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GENERAL INTRODUCTION



Field epidemiology in dairy production medicine

Sustainable dairy farming can be achieved by controlling common problems
faced by those in the dairy industry, such as farmers, veterinarians, and animal
husbandry extension officers. The Sustainable Agriculture Initiative Platform
Working Group has developed principles and practices for sustainable dairy
farming [99], specifically related to: 1) farming systems (farm site, feed
production, milking hygiene, and milk storage), 2) dairy cow care (animal
genetics, health planning and bio-security, and animal husbandry), 3) economic
sustainability (increasing output, food safety and quality, and market
opportunities and access), 4) social sustainability (social and human capital, and
local community/economy), and 5) environmental sustainability (soil, water,
biodiversity, energy, and waste). A variety of problems affect dairy farms, and
epidemiological approaches provide powerful tools for solving those problems.

Epidemiology is the study of the frequency, distribution, and determinants of
health and disease in populations [20]. Dairy production medicine addresses the
same issues to optimize production through the elimination and control of
diseases and the implementation of management practices that promote animal
health, welfare, productivity, and farm profitability [46]. By evaluating the
condition of a dairy farm epidemiologically, it is possible to identify and
investigate important risk factors—and causes—associated with adverse health
and disease events [22, 46] and develop appropriate interventions and evaluations.
Epidemiological monitoring is thus essential for continued improvement of dairy
farm productivity. The collection of baseline data on animal health and
productivity is the first step in this process and necessary to establish norms for

a particular region [22].



Causal inference in observational data

A randomized control trial is the best way to evaluate the causal effect of
factors of interest. The use of randomization in experiments provides a
probabilistic basis for balancing known and unknown factors between exposed
and un-exposed groups by minimizing the possibility of confounding [19].
However, in epidemiological studies, researchers often use observational data to
estimate the effect of an exposure on the outcome of interest. In observational
data, the conditions faced by the exposure and non-exposure groups differ, which
can introduce bias (confounding) in the observed measures of associations. Our
challenge is to identify and control factors that cause confounding in order to
obtain valid estimates of causal effects. A factor is considered a confounder if:
1. It is a cause of the outcome,
2. It precedes and is associated with the exposure, and

3. It cannot be determined by the exposure or the outcome [19, 53].

Identifying confounding variables using causal diagrams

Potential confounders that must be controlled can be identified using a causal
diagram (directed acyclic graph, DAG) [19, 53, 66]. A causal diagram expresses
the cause-and-effect relationship. The causal-ordering assumption is usually
based on a known time sequence and/or plausibility considerations. The following
guideline can be used to construct a causal diagram [23]:
1. Begin at the left with variables that are predetermined (e.g. Z in Fig. 1)
and progress to the right;

2. The remaining variables are placed in the diagram in their presumed causal



order (e.g. X, exposure; and Y, outcome in Fig. 1).

In Figure 1, the total association between X and Y consists of the following
two elements: 1) the genuine causal effect of X on Y (X — Y), and 2) the common
dependence of X and Y on Z (Z — X and Z — Y). In such cases, it is often said

that the causal effect of X on Y is confounded by Z (i.e., Z is a confounder) [66].
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Figure 1. A graph in which the causal effect of X on Y is confounded by Z



A procedure commonly used to identify confounder sets that must be adjusted
to estimate the causal effect involves blocking all paths that generate non-causal
associations between the causal variable and the outcome variable. This
procedure is known as Pearl’s back-door criterion, and it was explained by
Morgan and Winship as follows [67]:

If one or more back-door paths connect the causal variable to the outcome
variable, the causal effect is identified by conditioning on a set of variables Z
if
Condition 1. All back-door paths between the causal variable and the
outcome variable are blocked after conditioning on Z, which will always
be the case if each back-door path
a) Contains a chain of mediation A — C — B, where the middle
variable C is in Z, or
b) Contains a fork of mutual dependence A < C — B, where the
middle variable C is in Z, or
c) Contains an inverted fork of mutual causation 4 — C «— B,
where the middle variable C and all of C’s descendants are
not in Z; and
Condition 2. No variables in Z are descendants of the causal variable
that lie on any of the directed paths that begin at the causal variable
and reach the outcome variable,
where a path is any sequence of edges pointing in any direction that connects one
variable to another, and a back-door path is a path between any causally ordered
sequence of two variables that begins with a directed edge that points to the first

variable [67].



DAGity [100] is an online software (a package of R statistical software is also
available) that applies an extension of Pearl’s back-door criterion to identify
valid conditioning sets of covariates. A causal diagram can be designed depending
on the known information and/or the researcher’s hypothesis using DAGity, and
the minimal sufficient adjustment sets needed to estimate the effect can be

identified for further causal estimation.

Change-in-parameter criterion for detecting confounders

Once potential confounders have been identified, the magnitude of a
confounder can be determined using the change-in-parameter criterion [19]. The
difference between the estimate adjusted by a confounder and the unadjusted
crude estimate can be examined to determine how the confounder affects the
estimate. If the difference is sufficiently large, the covariate is classified as a
potential confounder. Note that failure to determine the difference in estimates
using the change-in-estimate criterion with the data at hand this does not mean
that the variable is not a confounder [53] in terms of generalizability (if different
datasets are used, the magnitude of the confounder’s effect might vary). Thus,

confounders should be selected based on a priori knowledge.

Statistical identification of confounders

Statistical algorithms can be used to identify potentially confounding
variables from a regression model based on their statistical significance (e.g.,
stepwise methods) [19]. However, the use of such statistical approaches to control
confounding and estimate causal effects has rapidly lost favour in recent years

[19]. The major problem is that it is not possible to distinguish between



intervening and other types of extraneous variables [19].

Models (e.g., regression models) are generally built with two broad objectives,
one for prediction and the other for understanding the (causal) relationships
between one or more predictors and the outcome of interest [24]. Automated
selection procedures are suitable for prediction models but not causal estimation
models because, as explained above, automated selections cannot differentiate

between exposure, confounders, and intervening variables.

Problems in dairy production medicine examined in this study

This doctoral research project addressed problems in dairy production
medicine related to sustainable dairy farming. | focused on bovine leptospirosis
in Japan and East Coast Fever (ECF) in Uganda. In terms of the principals of
sustainable dairy farming, leptospirosis and ECF are important considerations in
health planning and ensuring bio-security in dairy cow care. | also addressed
milking hygiene/mastitis control and feeding and reproductive management in
Uganda, which are important issues affecting farming systems, dairy cow care,
and economic sustainability.

Chapter 1 discusses the sero-prevalence and risk factors associated with
Leptospira Hardjo infection of dairy herds in Yamagata Prefecture, located in
south Tohoku, Japan. Leptospirosis is one of the most prevalent zoonoses caused
by bacteria of the genus Leptospira [3]. The most common causal species of
bovine leptospirosis is Leptospira of serovar Hardjo, for which cattle serve as the
maintenance host [34, 56]. Bovine leptospirosis is economically important due to
reproductive losses resulting from abortion, stillbirth, and infertility, as well as

increased services per conception and prolonged calving intervals [15, 16]. To



date, there have been no risk factor analyses of L. Hardjo infection on dairy farms
in Japan. Although a previous study did demonstrate the sero-prevalence in
Tohoku [48], the sample size was small.

Chapter 2 presents the results of farm-side analyses of tick control practices,
tick infestation of dairy cattle, acaricide resistance, and Theileria parva infection
to control ticks and ECF in Mbarara District, Uganda. ECF is a tick-borne disease
of cattle in which the etiological agent is the protozoan parasite, T. parva. The
parasite is transmitted by Rhipicephalus appendiculatus ticks [73]. ECF is
problematic due to economic losses resulting from high morbidity and mortality,
declining milk production, and costs of tick and disease control measures [33,
57]. In addition, severe acaricide resistance has been reported in Uganda [109].
Inappropriate farm tick control practices can both facilitate and accelerate the
development of tick resistance to acaricidal agents.

Chapter 3 describes the results of a study conducted to characterize prevailing
milk hygiene practices in addition to the prevalence of and risk factors for
subclinical mastitis (SCM) in Mbarara District, Uganda. SCM is difficult to detect
due to a lack of clinical signs [29]. The majority of mastitis losses result from
subclinical infections with high somatic cell counts, which in turn leads to
depressed production [11]. Mastitis is regarded as the most costly disease on dairy
farms worldwide [38]. A high prevalence of SCM has been reported in Uganda:
86.2% [2] and 90.0% [10] at the cow-level, in Kampala, the capital of Uganda;
and 76.1%, 87.9%, and 60.7% in Kiruhura [98], Kiboga [44], and Jinja Districts
[13], respectively. No risk factor analysis of milking hygiene and practices in
terms of development of SCM has been conducted in Uganda.

Chapter 4 discusses an investigation of the production status in terms of milk

9



yield, nutrition of dairy cows, and dairy management practices in the Mbarara
District of Uganda. The relationship between feeding management and the milk
production and nutritional status of dairy cows was evaluated. From the viewpoint
of milking physiology, dairy intensification involving a change in breeds and
management style can increase the risk of ketosis in dairy herds. Subclinical
ketosis (SCK) results in reduced milk production [114] and subsequent economic
losses [68]. Exotic-breed cattle exhibiting a higher milk yield are more
susceptible to negative energy balance than indigenous breeds and thus require
careful feeding management. In peri-urban Kampala, Uganda, the reported
prevalence of SCK in dairy cows during early lactation was 18.8% in 2013 and
13.9% in 2014 [17]; however, the prevalence of SCK and feeding management
practices in the southwestern region of Uganda have not been reported.

Finally, in Chapter 5, the approaches, challenges, and opportunities learned
from different epidemiological causality studies conducted in Japan and Uganda

are discussed.
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Chapter 1. Herd-level risk factors associated with Leptospira Hardjo

infection in dairy herds in the southern Tohoku, Japan

11



1.1. Introduction

Leptospirosis is one of the most prevalent zoonoses caused by bacteria of
the genus Leptospira [3] and it has been reported world-wide in wild and domestic
animals [56]. Sixteen genomospecies and >260 serovars of Leptospira have been
identified [56]. Leptospira are shed in the urine of infected animals which
contaminates water or soil, and they can survive there for weeks to months [50].
Infection with pathogenic strains of Leptospira commonly occurs through direct
contact with infected animal urine or indirectly through contaminated water [9,
56]. The bacteria can enter the body through the skin or mucous membranes (eyes,
nose or mouth), especially if the skin is broken from a cut or scratch [56].
Leptospirosis may present a wide variety of clinical manifestations in humans
[56]. Many human cases are mild, influenza-like illnesses lasting 3-5 days, which
are difficult to distinguish from other infectious diseases [28]. The most severe
disease form is Weil’s syndrome, which is characterized by jaundice, acute renal
failure and bleeding [9, 28, 50, 56].

The most common causal species of bovine leptospirosis is Leptospira
belonging to serovar Hardjo, and cattle are the maintenance host [34, 56]. A
notification of cattle which contract the disease by L. Hardjo is obligated in Japan.
Two types of L. Hardjo serovar have been identified: Leptospira interrogans
serovar Hardjo (type Hardjoprajitno) and L. borgpetersenii serovar Hardjo (type
Hardjo-bovis) [34, 56]. A high prevalence of serovar Hardjo in dairy herds has
been reported world-wide [55, 75, 92]. Although reported cases of L. Hardjo in
Japan are limited [48, 102], a cross sectional study throughout Japan found that
the overall sero-prevalence of L. Hardjo was also high [48]. The risk factors for

infection with L. Hardjo in dairy herds reported in previous studies in several

12



parts of the world included herd size, geographical region, movement of cattle
onto and off farms, co-grazing, professional visitors not wearing protective
clothing, rearing calves naturally, adult cows in contact with calves, and not
cleaning oral drenching equipment [55, 74, 92, 95]. Bovine leptospirosis is
economically important due to reproductive losses from abortions, stillbirths and
infertility, as well as increased services per conception and prolonged calving
intervals [15, 16].

There is no reported case of human leptospirosis caused by L. Hardjo in
Japan, and the most human cases caused by the other serovars are reported in
Kyushu and Okinawa district [70] where a subtropical climate is prevalent.
However, in New Zealand, it was the most common serovar in notified human
cases between 2011 and 2014, and slaughterhouse workers and livestock farmers
were the most frequently reported occupations among the cases [93]. Human
leptospirosis cases in Tohoku which is located in the northern part of Japan and
has a subarctic climate are rare, and there may be a possibility that leptospirosis
cases caused by L. Hardjo relating to livestock occupations in Japan are neglected.

Fifteen serovars have been reported in Japan [70]. Although it has not been
isolated, and the antibody showed cross-reactions between L. Hardjo and L.
Hebdomadis, the serological detections of L. Hardjo have been reported [48, 102].
Epidemiological study of L. Hardjo has not been clearly conducted yet in Japan,
and further researches are required. Thus, it is important to identify the
prevalence and the risk factors for L. Hardjo infection on dairy herds to control
it in the northern part of Japan on the aspects of both economic impacts on
farming productivity and human public health. However, there is no risk factor

analysis for L. Hardjo infection on dairy farms in Japan so far. The previous study
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[48] showed the sero-prevalence in Tohoku, but the sample size was small.
Therefore, Yamagata Prefecture Agricultural Mutual Aid Association initiated
investigations into the situation including epidemiological analysis. The
objectives of this study were to investigate the sero-prevalence and risk factors
for L. Hardjo infection of dairy herds in Yamagata Prefecture, the southern

Tohoku, Japan.

1.2. Materials and methods
1.2.1 Bulk milk sampling and diagnosis with Leptospira Harjo

A cross-sectional study was conducted with all of the 109 dairy herds
belonging to the biggest dairy association in Yamagata, Yamagata Prefecture
Dairy Farming Cooperative (YDFC), which covers the majority of the Okitama
region (Yonezawa, Takahata, Nanyo, Kawanishi, lide, Nagai and Shirataka) and
the southern part of the Murayama region (Yamagata, Kaminoyama, Yamanobe
and Asahi) (Fig. 2). This study population accounts for 33.6% (109/ 322 farms)
of the target population in Yamagata Prefecture [64]. None of the herds in this

study were vaccinated against L. Hardjo.
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Figure 2. Map showing the geographical locations and the sizes of Leptospira Hardjo sero-
positive and negative herds in Yamagata Prefecture. A disease cluster was detected in

Okitama region.
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Bulk tank milk samples were collected to test the herd level sero-prevalence
of L. Hardjo antibodies. Bulk milk sampling was conducted on 25th March 2014
at the normal time of milk collection. The Linnodee Leptospira ELISA Kit™
(Linnodee Animal Care, Ballyclare, Northern Ireland) was used [115] which
detects an 1gG antibody response to a lipopolysaccharide outer envelope epitope
common to both L. borgpetersenii serovar Hardjo and L. interrogans serovar
Hardjo [115]. The test was assumed to have a sensitivity and specificity for

individual serum samples of 94.1% and 94.8%, respectively [90].

1.2.2 Questionnaire survey

A questionnaire was designed to investigate the risk factors for herd level
sero-positive responses to L. Hardjo. Table 1 shows the contents of the
questionnaire. The questions were chosen based on the results of similar studies
of dairy herds [55, 75, 92, 95]. Open questions were used for the items of the
farm information, and closed questions were used for the other items of the
questionnaire. The survey was conducted between September 2014 and January
2015 by veterinary medical clinicians who regularly visit these herds, and the
herd owners were interviewed. While the survey was conducted, no investigator
knew the result of the ELISA test. Pre-testing on a small sample from the study
population was conducted and then the questionnaire was revised before applying
it to the study population. All the investigators were explained how to conduct
the survey before the administration. Data from the survey and the diagnostic
tests were digitized using an Excel® spreadsheet (Microsoft® Office® 2013,

USA).
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Table 1. The contents of the questionnaire regarding Leptospira Hardjo infection in dairy
herds (n = 109) in southern Tohoku, Japan

Category

Items

Farm information

Herd management

Hygiene management

Disease incidence

Movement of cattle

Location of the farm, herd size, average parity

Stall style, conduct of grazing, sources of feed and water, bedding material, calf
management (feeding, contact with cows), parturition management (existence
of separate calving pen, timing to discard placenta, isolation of neonatal
calves), contact with other domestic pet animals

Frequency of cleaning and disinfecting pens, change of clothing and boots of
visitors at farm visits, invasion of rodents and other wild animals, types of
vaccination and vermicide used

Frequency of visits by a veterinarian, frequency of abortion

History of introduction of cows within one year/ five years, history of use of

common grazing within one year/ five years

17



1.2.3 Collection of annual milk yield data
To understand the economic impact of leptospirosis on milk yield, annual

milk yield data of 109 farms in 2014 were obtained from YDFC.

1.2.4 Statistical analysis

The sensitivity and specificity for the ELISA kit were known as stated above.
However, these parameters were calculated at the individual animal level, and
cannot be applied to the herd level [94]. Therefore, this study used the apparent
prevalence, and the 95% confidence interval (Cl) was calculated.

For the univariable risk factor analysis at the herd level, comparisons
between the herd level sero-positivity on each factor of the questionnaire were
analyzed. Wilcoxon rank sum test was performed for count and non-normally
distributed continuous data, student’s t test for normally distributed continuous
data, Pearson's Chi-squared test with Yates' continuity for binary and categorical
data, and Fisher’s exact test for data when at least one cell included expected
frequencies < 5.

The variables with a p-value < 0.2 [24] in univariable analyses were
investigated further for collinearity, and variables whose correlation coefficient
were < 0.9 with any of the other variables, and variables that had biological
plausibility were fed into a multivariable model as explanatory variables. For the
multivariable analysis, a logistic regression was performed using a generalized
linear model (GLM) with binomial errors choosing the serological test results as
the outcome variable. Step-wise model simplification was performed checking
with a likelihood ratio test. Confounding was tested by monitoring the change of

logit of a factor of interest by removing a suspected confounder from the model
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[19]. Interaction terms among all the variables in the simplest model [24] were
tested. To evaluate a model, goodness-of-fit tests by Hosmer-Lemeshow test and
Akaike’s Information Criteria (AIC) were used. All the statistics were performed
using statistical software R version 3.1.0 [81].

To investigate for spatial clustering of L. Hardjo sero-positivity, spatial scan
statistics were performed using SaTScan™ version 9.4.4 [52]. For the analysis, a
purely spatial analysis for scanning the clusters with high rates using the
Bernoulli model was used, and the default settings were used for the other
features. The locations of participating farms were provided by YDFC.

For the economic impact, annual milk yield per cow, as total milk yield
delivered from a farm in 2014 divided by the number of adult cows in the farm,
was compared between sero-positive and negative herds using Wilcoxon Rank

Sum test.

1.3. Results
1.3.1 Prevalence
Seventy-one of the 109 sampled herds were positive, and the herd-level

apparent prevalence was 65.1% (95% CI: 56.2-74.1%).

1.3.2 Univariable analysis

The size of sero-positive herds (mean: 60.4, median: 39, range: 4 - 500) were
significantly larger than that of sero-negative herds (mean: 30.1, median: 27,
range: 4 - 160, p < 0.001). The average herd size of adult cows of the studied

farms was 50.0, and was representative of dairy herds in Japan (49.1
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animals/farm), but not Yamagata Prefecture (the target population, 30.3
animals/farm) [64]. Table 2 shows the results for binary and categorical variables.
A significantly negative correlation of the presence of cats at the farm premises
and sero-prevalence was identified (p = 0.005). A recent history of the
introduction of cattle and/or use of common grazing was positively associated
with sero-prevalence (p < 0.001). Herds with cattle introduced from or returned
from Hokkaido had significantly higher sero-positivity than those without (p <
0.001), while this relationship was reversed for herds in Tohoku district (p <
0.001).

There was no variable whose correlation coefficient was > 0.9 with any of
the other variables. The variable indicating the introduction from and/or the use
of common grazing in Tohoku district was eliminated from the multivariable
model, as the farms which did this had lower sero-prevalence than those that did
not, while all the farms which did not introduce cattle from Tohoku introduced

animals from Hokkaido.
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Table 2. Univariable analysis results for binary and categorical data (p < 0.2) associated
with sero-positivity against Leptospira Hardjo

Variables Positive herds  Negative herds Prevalence Statistics p-value
%
Stall style = Fisher's Exact Test ~ 0.09
Free stall 11 1 91.7
Free barn 1 1 50.0
Tie stall 55 34 61.8
Bedding material
Straw Chi-squared test 0.08
Yes 18 16 52.9 x?=3.08,df=1
No 48 18 75.0
Sawdust Chi-squared test 0.19
Yes 9 9 50.0 x2=171,df=1
No 57 25 69.5
Presence of cats Chi-squared test 0.005
Yes 14 18 43.8 x2=784,df=1
No 57 20 74.0
Frequency of vets visits Chi-squared test 0.08
(time/week)
Twice or more 28 8 77.8 x?=3.1,df=1
Once or fewer 39 28 58.2
Introduction of cows/use Fisher's Exact Test < 0.001
of common
grazing within 5 years
Yes 67 26 72.0
No 0 10 0
Introduced/returned from
Hokkaido Chi-squared test
Yes 57 7 89.1 x2=236,df =1 <0.001
No 8 15 34.8
Tohoku Chi-squared test
Yes 14 16 46.7 x?=185,df=1 <0.001
No 51 5 91.1
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1.3.3 Multivariable analysis

Two factors: the herd size and the place of introduction and/or common
grazing remained in the simplest model (see Table 3). The larger herd size (slope
= 0.08, standard error (SE) = 0.03; odds ratio (OR) = 1.08, 95% CI: 1.03 — 1.15,
p = 0.004) and the introduction of cattle from and/or use of common grazing in
Hokkaido (difference of logit = 2.84, SE = 0.71; OR = 17.13, 95% CI: 4.69 -
79.23, p < 0.001) were identified as risk factors for L. Hardjo. The removal of
herd size from the final model changed the logit of introduction from/use of
common grazing in Hokkaido by 4.3% ((2.84097-2.7257)/ 2.7257, data not shown
in the table), thus no strong confounding was found between the two factors. Also,
no significant interaction was found between the two factors. However, the
number of adult cows was significantly larger in the farms introducing cattle
from/use of common grazing in Hokkaido (mean: 66.6, median: 36, range: 4 -
500) than those do not (mean: 33.3, median: 28, range: 12 - 140, p = 0.04).

The variable of presence of cat which was significantly associated with sero-
positivity of L. Hardjo in the univariable analysis did not remain in the final
model. Herds with cats (mean: 30.4, median: 28, range: 4 - 100) were significantly
smaller than those without (mean: 58.3, median: 38.5, range: 4 — 500, p < 0.01),
and three models were compared for goodness-of-fit further: (1) the simplest
model, (2) a model including the variables in the simplest model plus presence of
cats, and (3) a model including place of introduction and presence of cats as
explanatory variables. Model 2 had the lowest AIC although the variable of cat
presence was statistically not significant (Table 3). Presence of cat was a
significant factor in the model 3. All the three models passed Hosmer-Lemeshow

tests (p > 0.05).
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Table 3. Multivariable analysis results of herd-level risk factors associated with Leptospira Hardjo infection in dairy herds in the
southern Tohoku, Japan

Factors Coefficient SE Oddsratio  95% confidence interval p-value AIC p-value of Hosmer-

Lemeshow test
1. Simplest model
Reference 3.20 1.03 0.04 0.00-0.25 <0.01 64.7 0.91
Herd size 0.08 0.03 1.08 1.03-1.15 <0.01
Introduced/returned from Hokkaido 2.84 0.71 17.13 4.69 —79.23 <0.01
2. Model including Herd size, place of introduction and presence of cats as explanatory variables
Reference -2.51 1.11 0.08 0.01-0.59 <0.05 64.0 0.90
Herd size 0.07 0.03 1.08 1.02-1.14 <0.05
Introduced/returned from Hokkaido 2.76 0.73 15.79 4,16 - 76.73 <0.01
Presence of cats -1.12 0.69 0.33 0.08-1.26 0.10
3. Model including place of introduction and presence of cats as explanatory variables
Reference 0.02 0.52 1.02 0.36 —2.85 0.97 735 0.96
Introduced/returned from Hokkaido 2.66 0.63 14.35 4.39 — 54.05 <0.01
Presence of cats -1.57 0.63 0.21 0.06 —0.70 <0.05

SE: standard error, AIC: Akaike’s Information Criteria
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1.3.4 Spatial analysis

The spatial distribution of L. Hardjo sero-positive and sero-negative herds
iIs shown in Figure 2. The spatial scan statistic detected a most likely cluster
(relative risk = 1.87, log likelihood ratio = 9.93, radius = 13.70 km, p < 0.01) in
the south part of the study area (Fig. 2). No significant secondary cluster was
detected.

The proportion of herds with cattle introduced/returned from Hokkaido in
the Okitama region (81.7% (58/ 71)), where the disease cluster was detected, was
higher than that in Murayama region (37.5% (6/ 16), p < 0.001). The herd size in
Okitama (median: 35 adult cows) was larger than that in Murayama (median: 18
adult cows, p = 0.002). The farm density (number of sample farms/area) and cow
density (number of adult cows at sample farms/area) in Okitama was 0.05/ km?
(87 farms/1757.7 km?) and 2.7/ km? (4698 adult cows/1757.7 km?) respectively,
whilst in Murayama the densities were 0.02/ km? (22 farms/880.5 km?) and 0.8/

km? (706 adult cows/880.5 km?) respectively.

1.3.5 Impact on milk production
The annual milk yield per cow was not significantly different between
sero-positive (mean 8,853.7 litre) and negative herds (mean 8,071.2 litre, p =

0.11).

1.4. Discussion
In this study, the herd level sero-prevalence of L. Hardjo in 109 herds
belonging to the largest dairy association in Yamagata Prefecture, Japan was

determined by ELISA. A previous study of only 10 herds in Yamagata reported a
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high herd level sero-prevalence of L. Hardjo (70%) using the same ELISA kit
[48]. In this study a more representative status for the region was identified
because all 109 farms in the largest dairy association were sampled, indicating a
slightly lower apparent prevalence of 65.1%. Moreover, it was confirmed that,
geographically, L. Hardjo is prevalent throughout Yamagata.

This was the first risk factor analysis for L. Hardjo infection in Japanese
dairy herds. We identified two risk factors from risk factor analysis which were
large herd size and history of cattle staying in Hokkaido. A third factor of
farm/cow density was determined from spatial analysis. In most of the previous
studies, large herd size was a common risk factor for both beef and dairy herds
[55, 75, 89]. Several studies have proposed that this may be due to a greater
chance of susceptible animals coming into contact with urine from infected
animals, because cows are kept at higher within-farm density, and L. Hardjo may
persist longer in larger intensive herds [36, 55, 75, 89]. In fact, herd size is a
common risk factor for a wide variety of animal diseases [89]. The herd size of
the study population was relatively larger than that of the target population
because the study population included an intensive dairy farming area in
Yamagata. The herd size was close to that of whole Japan and was representative
of dairy herds in Japan.

In the risk factor analysis we found a remarkable change of logit for the
factor of large herd size when the factor of history of cattle staying in Hokkaido
was removed from the model which suggested a strong association between the
two variables. Hokkaido is the largest dairy industry region in Japan and it plays
a role in distributing heifers to dairy farmers in all of the other parts of the

country. Particularly large scale dairy farmers are introducing heifers from,
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and/or sending them to common grazing in Hokkaido because it is so difficult for
them to find an alternative way. We confirmed the findings of a previous study
[48] which showed high sero-prevalence of L. Hardjo in dairy cattle in Hokkaido.
Therefore, vaccination of susceptible animals against L. Hardjo and/or
improvement of hygiene practices are highly recommended for farmers
introducing cattle from Hokkaido, not only in Yamagata, but also in other
prefectures.

Although the presence of cats at a farm did not remain in the simplest model,
it was a significant factor in the univariate analysis. Further analysis showed that
the model including herd size, cattle introduction from Hokkaido and presence of
cats had the best prediction among the three models compared, though the factor,
presence of cat was not significant. Larger farms were less likely to have a cat,
and this is biologically plausible because larger farms may introduce higher
biosecurity and do not have domestic animals other than cattle in the farms.
Having cats may be an effective preventative option because they reduce the
number of rodents by catching them. Rodent infection with L. Hardjo is sporadic
because they are not the maintenance host [36]. However, they have a high
probability of contact with both cattle urine and feed, which may facilitate the
long term maintenance of the pathogen in a farm.

This study found a disease cluster in the south of the study area in the
Okitama region, where cow and dairy farm densities are high. Higher prevalence
was associated with regions characterized as livestock production area in Mexico
[96], and herd management practices such as larger herd size [89, 90], beef cattle

compared to dairy [62], grazing acres, proportion of wet land grazed and stock
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bull [89], and longer period of housing cattle during winter, which was relevant
to close contact between cows [55] in Ireland.

In terms of the public health impact, in New Zealand, although almost all
dairy farmers vaccinate their livestock against leptospirosis [25], the number of
notified human cases caused by L. Hardjo is the largest among leptospiral
serovars [93], suggesting infected cattle and/or dairy products may be the largest
source of infection. However, human cases of L. Hardjo infection have never been
reported in Japan. This is probably because conducting a serotype specific L.
Hardjo diagnostic test is not common for human leptospirosis in Japan. The most
human cases are reported in the southern part of Japan, which has a subtropical
climate, and only two leptospirosis cases in farmers in Yamagata Prefecture were
reported between 2012 and 2014 [91], and the serotype specific L. Hardjo
diagnostic tests were not conducted [91]. However, considering high prevalent
areas of L. Hardjo in dairy cattle like Yamagata Prefecture, human leptospirosis
caused by L. Hardjo may be underreported especially among farmers and those
working in livestock industries.

In our study, there was no significant relationship between herd level milk
yield and sero-prevalence of L. Hardjo, and this was consistent with a previous
report [76]. However, leptospirosis may pose economic impact due to degraded
reproductive performance. One previous study reported a significant negative
relationship between L. Hardjo herd-level sero-prevalence and reproductive
performance [76]. Future studies should investigate this, as it is particularly
important for understanding the magnitude of the economic losses from this

disease.
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In conclusion, this study revealed that L. Hardjo is prevalent among large
herds, particularly in the aggregated dairy production area in Yamagata
Prefecture. The main source of disease introduction was purchase of cattle from
and/or use of common grazing in Hokkaido. An investigation into the
epidemiology and economic burden in dairy herds in other parts of the country is
urgently required to understand the potential public health impact as well as
economic losses in the dairy industry.

A coordinated control program for L. Hardjo in dairy herds should include
vaccination and improvement of biosecurity and rodents control. Communication

to farmers about the risk of infection should be started.

1.5. Abstract of Chapter 1

A cross-sectional study was designed to generate information on the herd
level prevalence and the risk factors for Leptospira serovar Hardjo in Yamagata,
the southern Tohoku, Japan. Bulk tank milk samples from 109 dairy herds were
used to test the herd level sero-prevalence of L. Hardjo using a commercial ELISA
kit, which detects both L. interrogans serovar Hardjo and L. borgpetersenii
serovar Hardjo. A questionnaire survey was conducted at the sampled farms, and
univariable and multivariable analyses were performed. Spatial clustering of L.
Hardjo at the herd level was examined using spatial scan statistics. Seventy-one
herds were found to be positive for L. Hardjo, and the apparent herd prevalence
was 65.1% (95% CI: 56.2-74.1%). The risk factors for sero-positivity were larger
herd size (p = 0.004) and cows with a history of staying in Hokkaido (p < 0.001).
The spatial scan statistic detected a most likely cluster (relative risk = 1.87, log

likelihood ratio = 9.93, radius = 13.70 km, p < 0.01) in the southern part of the
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study area where there are large herd sizes and farm density is high. This study
revealed that L. Hardjo is prevalent throughout Yamagata, and large scale herd
owners introducing cows from Hokkaido in particular should be aware of the risk

of infection.
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Chapter 2. Effect of chemical tick control practices on tick infestation and

Theileria parva infection in an intensive dairy production region of Uganda

30



2.1. Introduction

East Coast fever (ECF) is a tick-borne disease (TBD) of cattle whose
etiological agent is the protozoan parasite Theileria parva. The parasite is
transmitted by the tick Rhipicephalus appendiculatus, which feeds and drops from
infected cattle during the preceding stage of its lifecycle [73]. R. appendiculatus
feeds on animals at the larval, nymph, and adult stages. ECF is a problem due to
the economic losses resulting from high morbidity and mortality, milk production
loss, and the cost of controlling the ticks and the disease [33, 57]. In order to
control ECF on dairy farms, several methods have been developed to control the
vector. One major method is a chemical control by use of acaricides. However,
severe acaricide resistance has been reported in Uganda [109] as well as the rest
of the world [1]. Acaricide resistance is a natural response to selection pressure
[85], and inappropriate farm tick control practices may facilitate and accelerate
tick resistance development. Abbas et al. (2014) noted that acaricide application
practices are the most important factors that influence the pace at which
resistance develops. Consistent use of the same acaricide class on a farm for a
long period of time is amongst the leading drivers of selection for resistance [40].

In Uganda, a high proportion of acaricide-resistant ticks has been reported
[109]: 90% (27/30) of Rhipicephalus tick populations tested are resistant to the
synthetic pyrethroid (SP) class; resistance has also been observed for
organophosphate (OP, 13.3%), amitraz (12.9%) and OP-SP co-formulations (co-
formulations, 43.4%). Farmers in western Uganda complain about acaricide
failure due to acaricide resistance [109]. It has been reported that in the
southwestern region of Uganda, all the farms use chemical acaricides for tick

control, and inappropriate dilutions, higher frequency of use, malpractice in
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acaricide rotation, and use of substandard equipment for spraying are observed
(Vudriko et al., 2018). Without proper knowledge of acaricide resistance, farmers’
tick control practices may have even worsened over time. To overcome this
situation in Uganda, an integrated qualitative intervention approach, evidence-
based acaricide tick control model (EBATIC model) (Vudriko et al., 2018), has
been developed. Within this framework, acaricide rotation from either SP, OP, or
co-formulations to amitraz; and amitraz to SP, OP, or co-formulations is
recommended. The present study focused on the farm-side evaluation of tick
control practices based on the EBATIC model and risk factors associated with
tick infestation of dairy cattle, acaricide resistance, and T. parva infection to
provide quantitative evidence to prioritize effective countermeasures that are

suitable for the intensive dairy production areas in southwestern Uganda.

2.2. Materials and methods
2.2.1. Study area, design, farm selection

A cross-sectional study was conducted from October 2016 to May 2017
among dairy cattle herds in Mbarara District, located in southwestern Uganda
(Fig. 3). Thirty farms were selected by purposive sampling by the district
principal veterinary officer to represent the area based on the following criteria:
(a) herd size: 5 farms with small herds (< 10 adult cows per herd, including both
milking and dry cows), 20 with medium herds (between 10 and 40 adults per herd),
and 5 with large herds (> 40 adults per herd); (b) herd management type: 5 to 10
zero-grazing farms, and 20 to 25 grazing farms; (c) accessibility: farms accessible
by the project team using a vehicle for regular visits; (d) distribution of farms: 2

to 5 farms per sub-county and 5 to 6 farms per milk collection center, to facilitate
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diffusion of techniques; and (e) commitment to continue participating in the Japan
International Cooperation Agency (JICA) Safe Milk Promotion Project, which

aims to improve dairy productivity in Mbarara District.
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Figure 3. Map showing the geographical locations and the sizes of the study herds in
Mbarara, Uganda
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2.2.2. Data collection

Questionnaire survey

The presence and quality of herd-level tick control infrastructure, acaricide
use, production systems, and herd size were studied between July and August, the
dry season, in 2017. The presence and quality of tick control infrastructure and
equipment such as farm fences, cattle crushes, clean water sources, bucket pumps
for spraying, stores for acaricides, measuring cylinders, and mixing vessels for
acaricides (0: absent, 1: poor, 2: fair, 3: good, 4: very good) were assessed and
recorded on a check list during the survey. The quality was assessed by referring
to the recommended infrastructure and equipment criteria prepared under the
JICA EBATIC project (Vudriko et al., 2018). Information on acaricide class,
duration in months and frequency used, and who applies and supervises acaricide
application were collected for the current (acaricide in-use at the time of data
collection), immediately previous, and past acaricide use through interviews
using a structured questionnaire. Acaricide rotation was considered incorrect if
the change of acaricide was within the same class of acaricide, changing from co-
formulated acaricide to constituent mono-formulations, or not being sure of the

brand name of the acaricide used before changing to the current acaricide in use.

Tick infestation and acaricide resistance

From 10 to 15 adult dairy cattle were randomly selected and were driven to
the cattle crush where they were assessed for the presence or absence of visible
adult ticks on one half (side) of the body. The level of tick infestation was graded

as very low, low, high, and severe the criteria developed for this study: very low,
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no visible adult ticks on half the body; low, 0-5 mean number of adult ticks on
half the body; high, 5-20 mean number of adult ticks on half the body; and severe,
20< mean number of adult ticks on half the body. Visibly engorged female ticks
were hand-picked from their various attachment sites. The ticks were transferred
into aerated sample bottles and transported to the Research Center for Ticks &
TBD Control (RTC) laboratory at Makerere University, and their species were
identified using a published manual [111]. Acaricide efficacy tests were
conducted for farms where engorged female ticks were available (n = 13). We
adopted the method proposed for insecticide resistance testing by World Health
Organization [112] following the method described in a previous study [109]. The
manufacturers’ recommended concentration was considered as the

diagnostic/discriminating dose for all chemicals.

T. parva positivity

Sample size was calculated based on estimating prevalence in the study
population [20], setting a confidence level of 95%, a precision of the estimate of
5%, and an a priori estimate of the prevalence of 56.2% [43], which required 378
cattle. As a result, a total of 420 blood samples from calves to adults of exotic-
and cross-breed dairy cattle at the study farms were collected. Each blood sample
collected was applied on an FTA Classic Card (GE Healthcare) in accordance
with the manufacturer’s instructions. T. parva diagnosis via FTA card-NaOH-
based polymerase chain reaction (PCR) [51, 101, 103, 116] was performed for the
collected blood samples. A farm that had at least one T. parva-positive cattle was

classified as a positive farm.
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2.2.3. Statistical analysis

Descriptive statistics

Response counts and proportions were calculated for categorical variables of
the data collected. The mean herd size, as well as the median and range were
calculated. The overall prevalence of T. parva was calculated at the individual-

and farm-levels using the PCR results above.

Effect of the quality of farm tick control infrastructure/equipment on
the level of tick infestation at the herd level

To evaluate the relationships between tick control infrastructure/equipment
and tick infestation on dairy cattle, univariable analyses were performed first at
the herd-level using proportional odds models for tick infestation, an ordinal
response variable. Then second, using the factors whose p-values were < 0.2 from
the univariable analyses above and in the next section, a causal diagram was built
using DAGitty software [100] to understand the causal relationships between
those factors and to detect potential confounders. To estimate the total effects of
tick control infrastructure/equipment on tick infestation, multivariable analyses
were performed by setting each factor with a p-value < 0.2 from the univariable
analyses as an exposure variable and potential confounders detected by the causal

diagram.
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Effect of the quality of farm tick control infrastructure/equipment, and
the frequency and duration of acaricide use on 7. parva positivity at the
individual cow level

To evaluate the effects of the presence/quality of tick control
infrastructure/equipment and the frequency and duration of acaricide use on T.
parva positivity, univariable analyses were performed using generalized mixed-
effects models (GLMMs) with binomial errors, selecting T. parva positivity as
the binary response variable, and each presence/quality of tick control
infrastructure/equipment and acaricide use as the exposure variable. The reason
why the effects of farm level chemical tick control were measured at the
individual cow level was that the age effect on T. parva positivity was thought to
be important enough to separate it from the herd level effects. Multivariable
analyses were performed to estimate the total effects of tick control infrastructure
and acaricide use on T. parva positivity using GLMMs with binomial errors using
the same procedure as in the previous section: setting each factor with a p-value
< 0.2 from the univariable analyses as an exposure variable, setting variables
detected by the causal diagram as confounders, and setting T. parva positivity as
the response variable. An integrated prediction GLMM for T. parva positivity
was also created including all the factors with p-values < 0.2 from the above
univariable analyses in this section and the potential confounders detected by the
causal diagram. Then, model simplification using likelihood ratio tests was

performed by a backward stepwise method to obtain the final model.
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Power calculation

To ensure sufficient power for multivariable analyses, power calculations
were performed using the “pwr” package in the statistical software R [14] with a
confidence level at 95%, large effect size (0.35) [14], and intraclass correlation

coefficient (ICC) from each analysis for samples from the same herd.

2.3. Results

2.3.1. Descriptive statistics

Characteristics of farming and tick control

The mean herd size of the adult (primiparous and multiparous) cows of the
study population was 35.5 (median: 28.5, range: 4-250). Most of the study herds
applied an open-grazing system (93.3%, 28/30), and the rest of them, zero-grazing.
The proportion having good quality farm fencing was 80.0% (24/30). That of
having a cattle crush, 50% (15/30), a clean water source for acaricide dilution,
40% (12/30), and a bucket pump for spraying acaricide, 83.4% (25/30). Twenty
farms out of 30 (66.7%) kept the acaricide in good storage conditions as
recommended by the manufacturer’s guide. The proportions of farms that used
good quality measuring cylinders (well calibrated and clean) and mixing vessels
for acaricide (well calibrated and clean) were 90% (27/30) and 66.7% (20/30),
respectively.

The most frequently used acaricide at the time of the survey was co-
formulations (40.0%, 12/30), followed by amidine (36.7%, 11/30), SP (10.0%,
3/30), and OP (10.0%, 3/30). An acaricide that was being used by one of the farms

was not known because the acaricide class was not written on the product used at
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the farm, and thus could not be classified. The mean duration for which one
acaricide was used on the farm was 8.6 months (median: 3, range: 1-60). Sixty
percent of the farms (18/30) applied the acaricide twice a week, while the rest of
them (40%, 12/30) applied it once a week. All farms used the acaricides at a
higher frequency than the manufacturers’ recommendations: fortnight and/or
monthly acaricide application during the dry season and weekly application
during the rainy season (Vudriko et al., 2018). Incorrect acaricide rotation was

observed in 43.3% (13/30) of the farms.

Tick infestation and acaricide resistance

High tick infestation was observed at 30% of the farms (9/30). Tick acaricide
efficacy tests were conducted for the farms where engorged female ticks were
collected (n = 13). All the tick populations tested from all the 13 farms were
resistant to SP (13/13). In addition, 38.5% (5/13) of the tick populations tested
were resistant to OP, 69.2% (9/13) were resistant to co-formulations, while 84.6%
(11/13) were resistant to amidines. Thirty-eight percent (4/13) of the tick
populations tested from all the farms were resistant to all four classes of acaricide,
while 23.1% (3/13) and 38.5% (5/13) of the tick populations tested were resistant
to 3 and 2 classes of acaricide, respectively. Overall, 92.3% (12/13) of the farms
had multi-acaricide resistance. R. appendiculatus, a vector of ECF, was the
dominant tick species in 61.5% (8/13) of the farms, whereas Rhipicephalus
(Boophilus) decoloratus, a vector of babesiosis and anaplasmosis, was dominant

in 38.5% (5/13).
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T. parva prevalence

The overall prevalence of T. parva infection at the farm-level was 83.3%
(25/30, 95% confidence interval (Cl): 64.5-93.7), and that at the individual
animal-level was 45.2% (190/420, 95%CI: 40.4-50.1). The mean age of the
sampled cattle was 6.4 months (median: 4, range: 1-120). T. parva positivity
significantly increased over cattle age (odds ratio (OR): 1.05, 95%ClI: 1.01-1.09,

p = 0.024).

2.3.2. Effect of farm tick control infrastructure on tick infestation at the herd
level

Figure 4 shows a causal diagram including three main hypothetical
associations: i) the quality of tick control infrastructure/equipment influences the
appropriateness of acaricide use and thus the level of tick infestation on the farm
(FAO, 1983; Vudriko et al., 2018); ii) the appropriateness of acaricide use
influences the level of tick infestation [1, 40, 109] as well as the probability of
T. parva infection [47]; and iii) the level of tick infestation influences the
probability of T. parva infection [30, 47]. For the herd-level analysis, the herd
size and grazing system were considered as confounders, whereas for individual -
level analysis, the age of cattle was considered. A multivariable model found that
a good quality cattle crush was a preventive factor for tick infestation at the herd-
level, meaning that farms that had good quality cattle crushes had lower tick
infestation on the body surfaces of cattle (OR: 0.32, 95%CI: 0.15-0.63, p = 0.001,
n = 30, Table 4). This analysis had 78.1% power to detect a large effect size for

a model including 3 explanatory variables.
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Confounders

Infrastructures ﬁ Tick infestation T. parva positivity

Acaricide use

Figure 4. Causal diagram of the relationships between tick control infrastructure,
acaricide use, tick infestation, and Theileria parva infection
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Table 4. Effect of tick control infrastructure on tick infestation at the herd-level:
multivariable risk factor analysis results for factors whose p-values were less than 0.2

from the univariable analysis

OR 95%Cl p-value
Cattle crush 0.32 0.15-0.63 0.001
Herd size 1.01 1.00-1.03 0.099
Grazing 0.76 0.06-9.71 0.827

OR: odds ratio, Cl: confidence interval

Ordinal variables were used for tick infestation (1: very low, 2: low, 3: high, 4: severe) and the
quality of cattle crush (0: absent, 1: poor, 2: fair, 3: good, 4: very good). Herd size was the total
number of milking and dry cows. A binomial variable was used for grazing (0: zero-grazing, 1:

open-grazing).
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2.3.3. Effect of the quality of farm tick control infrastructure/equipment, and
the frequency and duration of acaricide use on T. parva positivity at the
individual cow level

To estimate the total effect of the quality of tick control
infrastructure/equipment on T. parva infection with variables whose p-values
were < 0.2 from the univariable analyses, four models were built to assess the
effects of the qualities of acaricide storage, acaricide measuring cylinders,
acaricide mixing vessels, and farm fencing on T. parva positivity at the
individual-level (Table 5). As a result, two preventive factors for T. parva
infection were found: the presence of secure acaricide storage (OR: 0.36, 95%Cl:
0.17-0.76, p = 0.008, n for herd = 30, n for cattle = 420) and good quality
measuring cylinders for acaricide dilution (OR: 0.32, 95%CI: 0.11-0.93, p =0.036,

n for herd = 30, n for cattle = 420). These models with p of 0.5 had 94.1% power.
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Table 5. Effect of tick control infrastructure on Theileria parva positivity at the individual-
level: multivariable risk factor analysis results for factors whose p-values were less than
0.2 from the univariable analysis

OR 95%ClI p-value
Effect of acaricide storage management
Fixed effect variables
Acaricide storage 0.36 0.17-0.76 0.008
Herd size 1.00 0.98-1.02 0.938
Grazing 2.54 0.09-70.70 0.583
Age (months) 1.05 1.01-1.09 0.015
Random effect variable Variance Standard deviation ICC
Herd 3.39 1.84 0.51
Effect of acaricide measuring cylinder quality
Fixed effect variables
Measuring cylinder for acaricide 0.32 0.11-0.93 0.036
Herd size 1.00 0.98-1.02 0.799
Grazing 4.86 0.16-149.61 0.366
Age (months) 1.04 1.01-1.08 0.023
Random effect variable Variance Standard deviation ICC
Herd 3.96 1.99 0.55
Effect of acaricide mixing vessel quality
Fixed effect variables
Acaricide mixing vessel 0.69 0.37-1.29 0.247
Herd size 1.00 0.98-1.02 0.932
Grazing 6.79 0.19-245.26 0.296
Age (months) 1.04 1.01-1.09 0.026
Random effect variable Variance Standard deviation ICC
Herd 4.45 211 0.58

45



Table 5 (continued)

OR 95%CI p-value

Effect of farm fence quality

Fixed effect variables

Farm fence 0.58 0.28-1.22 0.152
Herd size 1.00 0.98-1.02 0.819
Grazing 8.01 0.26-242.20 0.232
Age (months) 1.05 1.01-1.09 0.022
Random effect variable Variance Standard deviation ICC
Herd 4.08 2.02 0.55

OR: odds ratio, CI: confidence interval, ICC: intraclass correlation coefficient

Binomial variables were used for Theileria parva positivity (0: negative, 1: positive) and
grazing (0: zero-grazing, 1: open-grazing). Ordinal variables were used for the quality of farm
tick control infrastructure: farm fencing, acaricide storage, measuring cylinder, and mixing
vessel for acaricides (0: absent, 1: poor, 2: fair, 3: good, 4: very good). Herd size was the total
number of milking and dry cows.
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To estimate the total effect of the frequency and duration of acaricide use on
T. parva infection, three models were built for the duration of acaricide use, and
the frequency of use for immediately previous and past acaricide use (Table 6).
Of these factors, two were found to be risk factors for T. parva infection: a longer
period of the same acaricide use (OR: 1.06, 95%CI: 1.01-1.10, p =0.012, n for
herd = 28, n for cattle = 337), and a higher frequency (twice a week compared to
once a week) of immediately previous acaricide use (OR: 11.70, 95%Cl: 1.95-
70.13, p =0.007, n for herd = 26, n for cattle = 326). The model for the effect of

acaricide duration had 85.7% power.
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Table 6. Effect of frequency and duration of acaricide use on Theileria parva positivity at
the individual-level: multivariable risk factor analysis results for factors whose p-values
were less than 0.2 from the univariable analysis

OR 95%Cl p-value
Effect of duration of acaricide use
Fixed effect variables
Duration of acaricide use (months) 1.06 1.01-1.10 0.012
Acaricide storage 0.53 0.26-1.09 0.083
Measuring cylinder for acaricide 0.39 0.14-1.10 0.075
Acaricide mixing vessel 1.38 0.75-2.52 0.297
Farm fence 0.59 0.32-1.08 0.085
Herd size 1.05 1.00-1.10 0.062
Grazing 1.19 0.07-19.69 0.906
Age (months) 1.06 1.02-1.10 0.004
Random effect variable Variance  Standard deviation ICC
Herd 1.98 141 0.38
Effect of frequency of immediate previous acaricide use
Fixed effect variables
Frequency of immediate previous acaricide use 11.70 1.95-70.13 0.007
Acaricide storage 0.25 0.11-0.57 0.001
Measuring cylinder for acaricide 0.60 0.21-1.69 0.335
Acaricide mixing vessel 2.35 1.13-4.88 0.022
Farm fence 0.67 0.35-1.28 0.228
Herd size 1.02 0.97-1.08 0.378
Grazing 1.21 0.08-19.15 0.892
Age (months) 1.10 0.97-1.24 0.125
Random effect variable Variance  Standard deviation ICC
Herd 1.80 1.34 0.35
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Table 6 (continued)

OR 95%Cl p-value

Effect of frequency of second previous acaricide use

Fixed effect variables

Frequency of second previous acaricide use 1.77 0.13-24.26 0.670
Acaricide storage 0.43 0.17-1.11 0.080
Measuring cylinder for acaricide 0.46 0.14-1.49 0.195
Acaricide mixing vessel 1.54 0.63-3.73 0.341
Farm fence 0.65 0.28-1.53 0.327
Herd size 1.02 0.96-1.09 0.430
Grazing 2.09 0.03-165.00 0.741
Age (months) 1.06 0.97-1.16 0.168
Random effect variable Variance  Standard deviation ICC
Herd 2.55 1.60 0.44

OR: odds ratio, CI: confidence interval, ICC: intraclass correlation coefficient
Binomial variables were used for T. parva positivity (0: negative, 1: positive), frequency of
acaricide used (0: once a week, 1: twice a week), and grazing (0: zero-grazing, 1: open-grazing).
Ordinal variables were used for the quality of tick control infrastructure: farm fencing, acaricide
storage, measuring cylinder, and mixing vessel for acaricides (0: absent, 1: poor, 2: fair, 3: good,
4: very good). Herd size was the total number of milking and dry cows.
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A final integrated prediction model for T. parva infection using the predictor
variables of quality of tick control infrastructure/equipment and the frequency
and duration of acaricide use was created (Table 7). The final model included
significant factors: frequency of immediately previous acaricide use (OR: 35.62,
95%ClI: 2.71-468.85, p =0.007), frequency of past acaricide use (OR: 0.07,
95%CI: 0.00-0.92, p =0.043), the quality of acaricide storage (OR: 0.38, 95%CI:
0.21-0.68, p = 0.001), and farm fencing (OR: 0.46, 95%CI: 0.23-0.91, p =0.027,

n for herd = 22, n for cattle = 277). This analysis had 86.5% power.
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Table 7. Final integrated prediction model for Theileria parva positivity at the individual-
level

OR 95%CI p-value

Final integrated prediction model

Fixed effect variables

Frequency of immediate previous acaricide use 35.62 2.71-468.85 0.007
Frequency of second previous acaricide use 0.07 0.00-0.92 0.043
Acaricide storage 0.38 0.21-0.68 0.001
Farm fence 0.46 0.23-0.91 0.027
Herd size 1.01 0.97-1.06 0.568
Grazing 1.31 0.03-51.14 0.885
Age (months) 1.07 0.99-1.16 0.109
Random effect variable Variance Standard deviation ICC
Herd 1.46 1.21 0.31

OR: odds ratio, Cl: confidence interval, ICC: intraclass correlation coefficient

Binomial variables were used for T. parva positivity (0: negative, 1: positive), frequency of acaricide used
(0: once a week, 1: twice a week), and grazing (0: zero-grazing, 1: open-grazing). Ordinal variables were
used for the quality of tick control infrastructure/equipment: farm fencing and acaricide storage (0: absent,
1: poor, 2: fair, 3: good, 4: very good). Herd size was the total number of milking and dry cows.
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2.4. Discussion

Tick-borne diseases, particularly ECF, create a huge economic burden to the
dairy industry in southwestern Uganda, and in this study, the majority of farms
(>66.7%, 20/30) had infrastructure and equipment for chemical tick control of an
acceptable quality, except for a clean water source. Fences, cattle crushes, bucket
pumps, acaricide storage conditions, measuring cylinders, and mixing vessels are
reasonably cheap and accessible for many farmers. In addition, they may be easily
replaced with good quality options at relatively small cost, although this might
not be feasible for some smallholder farms. However, improving water source
quality requires a high expenditure, because the quality of the water source
depends on geographical and climatic conditions such as distance from clean river
or a town, altitude, or annual rainfall. The proportion of farms having appropriate
infrastructure/equipment for chemical tick control in our study was mostly
consistent with a previous study in southwestern Uganda, but the proportion of
farms having access to clean water was lower in our study (92.1% in the previous
study in southwestern Uganda) (Vudriko et al., 2018). This difference could be
from variations in geographical conditions.

The only ticks identified were R. appendiculatus and R. (B.) decoloratus in
this study. This was the same result as a previous study in southwestern Uganda
where intensive dairy farming has been conducted, while in the northwestern
region, a greater diversity of tick species was observed (Vudriko et al., 2018).
The limited tick species might be due to the high frequency of acaricide use
(Vudriko et al., 2018).

The top-two acaricide classes used at the farms currently were co-

formulations (40%, 12/30) and amidines (36.7%, 11/30). This result is consistent
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with the previous report (Vudriko et al., 2018). The lower use of SPs maybe due
to increased resistance in R. appendiculatus ticks in southwestern Uganda
(Vudriko et al., 2017). As shown in this study, all the tick samples were resistant
to SPs. In this situation, farmers may wish to shift from using SP to using co-
formulations and/or amidines. However, in this study high proportions of
resistant ticks to co-formulations (69.2%, 9/13) and Amitraz (84.6%, 11/13) were
detected from the farms where engorged female tick samples were collected. All
the farms used acaricides at a higher frequency than the manufacturers’
recommendations, which is once per fortnight in the dry season (Vudriko et al.,
2018). They instead applied twice a week at 60% (18/30) and once a week at 40%
(12/30) of the farms. In nearly half of the farms (43.3%, 13/30), incorrect
acaricide rotation was observed. The high exposure of ticks to acaricides and
incorrect acaricide rotation might be associated with the high tick resistance
observed in this study population.

Good cattle crush quality was a preventive factor for tick infestation from
the risk factor analysis. A crush is an infrastructure for restraining cattle when
the farmers are spraying cattle with acaricide. The quality of a crush contributes
to proper acaricide application to the whole-body surface of the cow. A previous
study also reported that inappropriate acaricide spraying or apparatus were risk
factors for acaricide resistance [40].

The risk factor analysis also revealed that a good quality acaricide measuring
cylinder was a preventive factor for T. parva infection. Improper acaricide
dilution at lower concentrations than the manufacturers’ recommendations may
accelerate the development of tick acaricide resistance. Moreover, a higher

concentration may increase the health risk of toxification in farmers. In this study,
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we could not estimate the effect of acaricide use and/or the condition of tick
control infrastructure on acaricide resistance due to the limited sample size. The
sample size was calculated to estimate the prevalence of T. parva infection. The
effects of the acaricide use on T. parva infection revealed by this study may
include the mediated effect of acaricide resistance (because acaricide use
influences resistance followed by tick infestation and T. parva infection). In order
to estimate the direct effect of acaricide use on resistance, further studies
including adequate sample sizes should be designed. The use of the same
acaricide for a long period of time and at high frequency were the main risk
factors from this study. The longer that farmers use the same acaricide, the higher
the risk of tick resistance development [1], which may result in high tick
infestation followed by high T. parva infection rates and ECF cases. On the other
hand, too short a period of time using the same class of acaricide will increase
the frequency of acaricide change, which also can facilitate multiple drug
resistance in ticks. The recursive association between higher-frequency of
acaricide use and T. parva infection (T. parva infection — higher-frequency of
acaricide use) may also exist. Well-coordinated tick chemical control guidance
by a regional veterinary authority would be key to target tick acaricide resistance,
as resistant ticks can be spread between farms.

In our study, older cattle had higher T. parva prevalence. Similar age-
dependence in T. parva prevalence targeting all age groups has been observed in
South Sudan [58]; however, no significant relationship [47] and even a negative
relationship [41] have also been reported. This variation might be due to several
factors including immunity and disease control programs, but in southwestern

Uganda, the positive relationship between age and T. parva prevalence in young
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cows may be due to constant infection on the farms. Overall prevalence also
varies among studies [41, 43]; however, background age structure, tick species
and population, and/or breeds are different, and no integrated information is
available.

In conclusion, in this study we quantitatively found that the farm tick control
practices and infrastructure reported in the EBATIC model were feasible and
valuable, and that the factors included in the model were significantly associated
with tick infestation and T. parva infection. In the current situation with intensive
dairy farming areas in southwestern Uganda, tick control infrastructure,
especially a cattle crush for restraining cattle, acaricide measuring cylinders, and
acaricide mixing vessels, and the frequency and duration of the same acaricide
use with effective acaricides, should be given higher priority in order to
effectively manage ticks and T. parva infections. Tick resistance to acaricides is
a very severe problem for dairy cattle management in the area. A lack of effective
acaricide types is often discussed among farmers without discussing improper
acaricide use practices and farm infrastructure, which are associated with tick
infestation and T. parva infection as revealed by this survey. Teaching the right
knowledge and practices to dairy farmers and to technical staff can help overcome

the severe challenge of acaricide resistance.

2.5. Abstract of Chapter 2

Chemical tick control is a major means of preventing East Coast fever (ECF),
especially in sub-Saharan Africa. However, in southwestern Uganda, improper
tick control practices and severe acaricide resistance have been reported. The

objectives of this study were to determine the risk factors associated with tick
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infestation in dairy cattle and Theileria parva infection, and to generate evidence
for the prioritization of effective countermeasures for tick control. A cross-
sectional study was conducted in 30 farms in Mbarara District, and information
on tick control practices and tick infestation were collected. Tick samples were
collected from 13 farms to test tick acaricide efficacy. A total of 420 blood
samples from calves to adults of exotic- and cross-breed dairy cattle were
collected, and T. parva diagnosis via polymerase chain reaction was performed.
All the tick populations tested were resistant to synthetic pyrethroid (13/13).
Resistance to organophosphate was 38.5% (5/13); co-formulations, 69.2% (9/13);
and amidines, 84.6% (11/13). The overall prevalence of T. parva infection at the
individual-level was 45.2% (190/420, 95% confidence interval (Cl): 40.4-50.1),
and that at the farm-level was 83.3% (25/30, 95%CI: 64.5-93.7). A good quality
cattle crush was a preventive factor for tick infestation (odds ratio (OR): 0.32,
95%CI: 0.15-0.63, p = 0.001). Well-managed acaricide storage was also a
preventive factor (OR: 0.36, 95%ClI: 0.17-0.76, p = 0.008), and a good quality
measuring cylinder for acaricide was a preventive factor (OR: 0.32, 95%ClI: 0.11-
0.93, p =0.036) for T. parva infection. A longer period of acaricide use of the
same brand was a risk factor (OR: 1.06, 95%CI: 1.01-1.10, p =0.012), and a higher
frequency (twice a week) of acaricide use rather than once a week was a risk
factor (OR: 11.70, 95%CI: 1.95-70.13, p =0.007) for T. parva infection. In current
dairy farms in Mbarara District, these risk factors should be given high priority
for ECF control in order to effectively manage ticks and T. parva infections.
Teaching proper practices to dairy farmers and to technical staff should be used

to overcome the severe challenge of acaricide resistance.
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Chapter 3. Prevalence of subclinical mastitis and its association with milking

practices in an intensive dairy production region of Uganda
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3.1. Introduction
Mastitis is one of the most prevalent production diseases in dairy herds
worldwide; however, information on the economic burden of this disease is
limited for developing countries [29]. Clinical mastitis, which is characterized by
the changes in milk composition and appearance, decreased milk yield, and
clinical signs of inflammation, is easily detected, while subclinical mastitis
(SCM) is difficult to detect due to the limited signs [29]. The majority of mastitis
losses are from subclinical infections, which result in depressed production [11],
and mastitis is regarded as the most costly disease on dairy farms worldwide [38].
Dairy production in Uganda has recently shown steady annual growth [31]. The
total population in Uganda showed a rapid increase from 24.2 million in 2002 to
34.6 million in 2014 [104]. This population growth and the increase of annual per
capita milk consumption [113], as well as a sharp increase of dairy exports from
USD 299,032 in 2000 to USD 79,021,937 in 2017 [106], are pushing the dairy
industry into an important position for economy of the country.
A high prevalence of SCM was reported in Uganda: at the cow-level, 86.2%
[2], and 90% [10] in Kampala, the capital of Uganda; and 76.1%, 87.9%, and
60.7% in Kiruhura [98], Kiboga [44], and Jinja Districts [13], respectively. These
studies also showed the high prevalence of contagious mastitis due to contagious
bacteria such as Staphylococcus aureus and Corynebacterium bovis [2, 10, 13,
44]. A few studies reported poor milking practices in Uganda [13, 44]. Risk
factors for SCM reported in Uganda included lactation stage, breed [2], herd size,
zero- grazing [10], and parity [2, 10]. Very few study in Africa where cows are
still milked by hand reported the relationship between milking practices and SCM

[42]. No risk factor analysis has been conducted on the role in SCM of milking
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hygiene and practices in Uganda. Mbarara District located in southwestern
Uganda is one of the most intensive and important dairy production areas in
Uganda [8]; however, no studies on the prevalence of SCM have been conducted
in this region. The objectives of this study were to describe the prevailing milk
hygiene practices, as well as the prevalence of, and risk factors for SCM in

Mbarara.

3.2. Materials and Methods
3.2.1.Study design and farm selection

This study was conducted among dairy cattle herds in Mbarara District,
Uganda (Fig. 3). A cross-sectional study was carried out as a baseline survey for
a three-year project, Japan International Cooperation Agency (JICA) Safe Milk
Promotion in Mbarara (Safe Milk) Project between October 2016 and May 2017.
Thirty farms in Mbarara District were selected by purposive sampling by the
district principal veterinary officer to represent the area, based on the following
criteria: (a) herd size: 5 farms with small herds (< 10 adult cows per herd,
including both milking and dry cows), 20 with medium herds (between 10 and 40
adults per herd), and 5 with large herds (> 40 adults per herd); (b) herd
management type: 5 to 10 zero-grazing farms, and 20 to 25 grazing farms; (c)
accessibility: farms accessible by the project team using a vehicle for regular
visits; (d) distribution of farms: 2 to 5 farms per sub-county and 5 to 6 farms per
milk collection center, to facilitate diffusion of techniques; and (e) commitment
to continue participation in the Safe Milk Project. According to the District
Veterinary Office in Mbarara, the current total cattle population and the number

of dairy farms in Mbarara District are estimated to be 185,680 and 10,200,
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respectively (personal communication).

The sample size at the cow-level was calculated based on a comparison of two
proportions with the confidence level at 95% and the power at 80%: one
proportion as prevalence of SCM in the exposed group and another as that of non-
exposed. The mean of the prevalences was set as 75%, which was about an average
of previous studies [2, 10, 13, 44, 98], and detection of a risk factor was aimed
at 20% difference. The sample size was adjusted for multivariable analysis [20]
by increasing 20% considering medium level confounders, and was further
adjusted for a clustering effect assuming the intraclass correlation coefficient of
0.1 [20]. The number of animals per cluster of 20 (the average number of cows
per farm, personal communication with the district veterinary office) was used
for the calculation. Consequently, the required sample size was calculated as 504
cows (252 cows per arm).

All milking cows present in the farms at the visits were included in the study,
except at the largest farm, where only the first 50 cows in the milking order were

evaluated.

3.2.2.Data collection

Teat-end scoring

Teat-end scoring was conducted just before the California Mastitis Test
(CMT) was performed. Teat-ends were scored according to the method described
by Hulsen [39] using a scale of 1-4: 1, no observable callus ring; 2, a smooth
callus ring around the teat orifice; 3, a rough callus ring; 4 a very rough callus

ring. The highest quarter-level teat-end score within a cow was defined as the
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cow-level score.

California Mastitis Test (CMT)

CMT was performed to detect mastitis just after the individual milking in the
afternoon. For farms that did not milk cows in afternoons, CMT was performed
at farm visits. The results were classified as negative, trace, or score 1, 2, or 3,
depending on the amount of gel formed [86]. A quarter was defined as CMT
positive if it had a score 1 or above, and a cow was defined as CMT positive if it
had at least one CMT-positive quarter. CMT-positive cows/quarters with and
without clinical signs of inflammation were defined as clinical and SCM,
respectively. Milk samples from quarters with CMT scores of 2 or higher only

were collected just after CMT for microbiological tests.

Milking practice

A herd-level checklist was used to evaluate the milking practice and the level
of hygiene during afternoon milking. For farms that did not milk cows in
afternoons, milking practice information was requested from the
owners/managers. The contents of the checklist included cow and milk equipment
hygiene, cow comfort (if the cows showed stepping, kicking or restive behavior
when being milked before, at the beginning and end of milking), milkers’ hand
hygiene (wearing gloves; rinsing, disinfecting, and drying hands before touching
teats), fore-milking by stripping the teat of the first 4 to 5 squeezes of milk, calf
suckling before milking, observation to find abnormality (e.g., clots or flecks) in

the milk, pre-milking dipping and wiping of the teats and teat tips, whether wiping
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and drying of the teats was performed by using one towel per cow, good hand-
milking technique (holding a teat in the palm and removing the milk by squeezing
the teat with all five fingers [18, 42]), and post-milking dipping with a proper
concentration of the chemical and > 75% teat coverage. The cow hygiene was
classified into two levels, good or not, referring udder hygiene score chart [87].
The original hygiene score [87] had four levels (score 1 to 4), but in the study
population where grazing system is predominant, the majority of cows are free of
dirt, thus the score was simplified as good (the original was score 1) and not good
(> score 1). The milking cows’ comfort was checked for three different timing
(before, beginning of and end of milking) to understand cows’ behavior when
they are close to workers (signal of stress from human [39]), their teats were
touched by workers (signal of teat or udder problem already with), and the milk

flow was low (signal of over milking [79]).

Collection of farm and cow information

The farm-level information collected included herd size and conduct of
grazing, and the cow-level information, breed, age, parity, body condition score
(BCS) [32], and the calving date for cows that had delivered within roughly the

past 3 months from the farm visits.

3.2.3.Microbiological testing
The microbiological testing of milk samples followed the method
recommended by the National Mastitis Council of the United States of America

[71]. Immediately upon collection, milk samples were stored in an ice-cooler box
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with cold packs, then transferred to the laboratory at Mbarara District Veterinary
Office and kept at 4°C in a refrigerator. Within 24 hours after collection, a 10-
pL aliquot of each sample was inoculated on a 5% sheep blood agar plate using
an inoculating loop; the plates were then incubated aerobically at 37°C for 24 to
48 hours. The diagnostic tests were performed according to the method mentioned
above [71]. Milk samples that yielded more than two different microbe species
on a plate were considered as contaminated, unless S. aureus was present, in

which case S. aureus was defined as the dominant pathogen.

3.2.4. Statistical analysis

Descriptive statistics

For numeric variables, the mean, median, and range were calculated, and for
categorical variables, response counts and proportions. The overall and average
herd-level prevalence of SCM were calculated. Pathogens that are known to cause
mastitis, tend to live on the cow’s udder and teat skin, and are transferred cow/teat
to cow/teat during milking were defined as contagious [11], and the microbes
isolated by plating were classified into two groups of pathogens: contagious or
environmental. Since it is difficult to determine whether coagulase-negative
staphylococci (CNS) behave as contagious or environmental pathogens [80],
separate analyses were performed treating CNS as either contagious or
environmental pathogens. The proportion of contagious mastitis out of total

mastitis cases from which microbes were isolated was calculated.
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Causal diagram

In order to understand the relationships between milking practices and
mastitis, and to identify confounders and/or intervening variables of the
relationships in multivariable analyses, a causal diagram [19] was built, including
factors with the p-values less than 0.2 in the univariable analyses, as well as other

potential confounders on a priori basis, using the DAGitty software [100].

Effects of milking practices, cow’s calmness, and teat-end score on SCM

In risk factor analysis, first, univariable analyses for SCM were performed at
the cow-level for farm and cow attributes, milking practices, and teat-end scores
using generalized linear mixed-effects models (GLMMs) with binomial errors,
selecting SCM positivity as the binary response variable, and setting herd as the
random effect. Cows for which values were missing were excluded from the
univariable analyses. Second, multivariable GLMMs were built for each milking
practice variable whose p-values were < 0.2 in the univariable analysis with
potential confounders defined by the causal web as explanatory variables to
estimate the total effect of each milking practice [19]. Integrated prediction
GLMMs for SCM were also built with all the milking practice variables whose p-
values were < 0.2 in the univariable analyses and potential confounders and the
interaction terms. The variables with multi-collinearity and less biological
plausibility were excluded from the models. Backward stepwise model
simplifications were performed to identify the risk and/or preventive factors. In
the multivariable analysis, two level multiple imputation [12] was used for the

missing data using MICE package in the R statistical software. In order to
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evaluate the effect of clustering at the herd level, intraclass correlation

coefficients (ICCs) were calculated [21].

Relationships between milking hygiene management and infection with
contagious or environmental pathogens in SCM

In addition to the risk factor analyses, the relationships between milking
practices, and between the level of cow hygiene and infection with contagious or
environmental pathogens were analyzed using the data from quarters that yielded
microbes. Univariable analyses were performed by selecting the isolation of
contagious microbes (the rest of the isolates indicate environmental microbes) as
response variable in GLMMs, with the two classifications of contagious
pathogens: including CNS or not. Quarters from which two microbes were
isolated were classified as contagious category if at least one contagious pathogen
was detected. Milking practices that may facilitate infection with contagious
pathogens, and the level of cow hygiene that could be a cause of environmental
mastitis, were selected as explanatory variables. All these statistical analyses

were performed using the R statistical software, version 3.6.0 [82].

3.2.5.Ethical consideration

This study was performed as the baseline survey of JICA Safe Milk
Promotion in Mbarara Project, based on a bilateral agreement between JICA and
Mbarara District Local Government. Animals in this study were properly handled

using crush during sampling to avoid their stress and injury. Informed consent
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was obtained from all farms included in this study.

3.3. Results

3.3.1.Descriptive epidemiology results

Herd-level variable

Mean herd size of adult cattle for the 30 participating farms was 35.5 cattle
(median: 28.5; range: 4-250). Herds consisted of 4 small, 21 medium, and 5 large
farms, which almost matched the farm selection criteria. Twenty-eight (93.3%)
of 30 farms employed grazing systems; the other 2 farms practiced zero-grazing.
Milking hygiene and practices surveys were conducted for 29 farms; the exception
was a farm that performed milking only in the early morning. On the majority of
the studied farms, cows were clean (89.7%, 26/29), and calm before (89.7%,
26/29), at the beginning (89.7%, 26/29), and at the end (82.8%, 24/29) of milking.
Table 8 shows the milking hygiene practices observed in the studied farms.
Milkers’ hand and teat hygiene management levels were low. The proper hand-
milking technique (specifically, not finger milking) was employed at 17.2%
(5/29) of the farms. The average SCM prevalence at cow-level was 71.8%
(median: 82.0%, range: 0.0-100%), while at quarter-level, 40.6% (median: 42.3%,

range: 0.0-84.7%).
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Table 8. Milking hygiene practices in the 29 studied dairy farms in Mbarara, Uganda

Variables Number of farms  Percentage
Mastitic cows are milked last (NA = 1) 1 3.6
Milkers’ hands
Wearing gloves 0 0
Hands are disinfected 5 17.2
Presence of buckets to rinse and disinfect hands 6 20.7
Hands are dry before touching teats (NA = 1) 2 7.1
Forestrip 4-5 times 4 13.8
Calf suckling before milking 18 62.1
Try to detect abnormal milk 3 10.3
Apply proper hand-milking technique 5 17.2
Apply pre-dipping 0 0
Wipe and dry teat completely with towel before milking 7 24.1
Wipe teat-end before milking 5 17.2
Use of one towel per cow 5 17.2
Start milking 60-90 sec after the first teat stimulation 14 48.3
Finish milking within 5 min after first teat stimulation (NA = 2) 17 63.0
Apply post-dipping (NA =1) 3 10.7
Teat coverage rate of >75% in post-dipping (NA = 1) 2 7.1

NA: not available, because the checklist conductor failed to observe.
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Cow-level variables

Average of parity, daily milk yield (L/day), and BCS were 2.7 (median: 2,
range: 1-11, n = 293); 9.5 (median: 8, range: 1-32, n = 503); and 3.0 (median: 3,
range: 1.75-4, n = 571), respectively. The majority of farms (184/214, 86%) kept
exotic breeds such as Holstein Friesian, while 14% (30/214) kept cross breeds
between indigenous Ankole and exotic breeds. The 30 herds evaluated in the
present study comprised a total of 608 cows, of which three (0.5%, 95%
confidence interval (Cl): 0.1-1.4) cows had clinical mastitis, and 417 (68.6%,

95%CI: 64.9-72.2) had SCM in at least one quarter.

Quarter-level variables

A total of 2411 quarters in 608 cows were checked for mastitis, and the
prevalence of clinical mastitis was 0.2% (6/2411, 95%CI: 0.0-0.4) and that of
SCM was 39.2% (946/2411, 95%CI: 37.3-41.2). The remaining 21 quarters were
blind, dry, or missing teats. In the teat-end scoring, the majority (1,679/2062,
81.4%) was normal (score 1), 342 (16.6%) were smooth (score 2), and 41 (2.0%)
were rough (score 3). Very rough teat-ends (score 4) were not observed.
Microbiological tests were performed for 576 quarter milk samples that exhibited
CMT scores of 2 or more. Of these 576 samples, 289 (50.2%) yielded microbes
(Table 9). Contagious bacteria other than CNS consisted of C. bovis, S. aureus,
and S. agalactiae, and the remaining isolates were classified as environmental
microbes. The proportions of contagious mastitis quarters among those from
which microbes were isolated were 75.8% (219/289, 95%CI: 70.3-80.5) and

55.7% (161/289, 95%CI: 49.8-61.5) depending on whether CNS were classified
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as contagious or non-contagious bacteria, respectively.
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Table 9. Microbiological test results from 576 quarter milk samples of which California
Mastitis Test scores were 2 or more in studied dairy farms in Mbarara, Uganda

Pathogen isolated Number of samples Percentage
Corynebacterium bovis 88 15.3
Staphylococcus aureus 65 11.3
Coagulase-negative staphylococci 56 9.7
Other streptococci (unidentified) 29 5.0
Trueperella pyogenes 24 4.2
Streptococcus agalactiae 0.9
Coliforms 4 0.7
Prototheca species 0.2
Yeast 1 0.2
Others (unidentified) 10 1.7
No growth 278 48.3
Two different species? 6 1.0
Contaminated® 9 1.6

9Pairs of the listed microbes

Y)Milk samples with more than two different species isolated on a plate were considered
contaminated, unless one of the species was S. aureus, in which case S. aureus was defined as

the dominant pathogen.
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3.3.2.Effect of milking practices, cow’s calmness, and teat-end score on
SCM

Causal relationships for SCM with milking practices, and calmness at end of
milking and teat score were hypothesized as Figure 5. Breed [2] and parity [2,
10] have association with SCM on the basis of a priori, so does milk yield in a
biological sense. Thus they were regarded as the confounders. The variable of the
cow’s calmness at the beginning of milking (signal of teat or udder problem
already with) was excluded from the causal diagram; although the p-value was <
0.2 at the univariable analysis, as this factor was presumed to be the effect (rather

than the cause) of mastitis.
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Confounders

Teat score
Hand milking technigue

Cow calmness at end

Milking time (< 5 min.)

Figure 5. Causal diagram showing relationships between subclinical mastitis (SCM) and
milking practices. The variables of milking practices with p< 0.2 at univariable analyses,
and the observed variables associated with the milking practices and SCM on the basis of

a priori were included in the diagram.
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To estimate total effect of milking practices on SCM, three multivariable
GLMMs: a) effect of cows calm at end of the milking and b) milking time, and c)
teat-end score, were built at the cow-level with the confounders following the
causal diagram above. From model a), calmness of cows at the end of milking
was a preventive factor for CMT positivity (odds ratio (OR): 0.20, 95%CI: 0.05-
0.79, p = 0.021, Table 10 (a)). From model c), higher teat-end score was a risk
factor for CMT positivity (OR: 1.75, 95%ClI: 1.14-2.68, p = 0.011, Table 10 (c)).
Milking time did not have a significant effect on SCM (p = 0.203, Table 10 (b)).
The final integrated prediction model included two significant predictors: loss of
cow’s calmness at end of milking (OR: 0.17, 95%CI: 0.05-0.64, p = 0.009) and
bad teat end score (OR: 1.75, 95%CI: 1.14-2.68, p = 0.011, Table 10 (d)). No
collinearity with a correlation coefficient > 0.9 was found among variables in the
models. No interaction terms between explanatory variables were remained in the

final prediction model.
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Table 10. Multivariable risk factor analysis results for calmness, milking-practice, teat-
end-score, and integrated effects on California Mastitis Test positivity

Variables Odds Ratio 95%CI p-value

a) Effect of calmness at end of the milking
Fixed effect variables

Cow’s calmness at end of the milking 0.20 0.05-0.79 0.021
Milking time (< 5 min.) 0.53 0.14-1.96 0.331
Hand-milking technique 0.61 0.15-2.49 0.489
Parity 1.10 0.93-1.30 0.233
Milk yield 0.97 0.92-1.03 0.346
Breed 1.20 0.40-3.55 0.730
Random effect variables Variance Standard deviation ICC
Herd 1.00 1.00 0.23

b) Effect of milking time
Fixed effect variables

Milking time (< 5 min.) 0.41 0.10-1.63 0.203
Hand-milking technique 0.55 0.12-2.51 0.433
Parity 1.10 0.93-1.30 0.253
Milk yield 0.98 0.92-1.04 0.462
Breed 1.16 0.28-4.80 0.820
Random effect variables Variance Standard deviation ICC
Herd 1.33 1.15 0.29

c) Effect of teat end score

Fixed effect variables

Teat end score 1.75 1.14-2.68 0.011
Cows calm at end of the milking 0.19 0.05-0.72 0.015
Milking time (< 5 min.) 0.53 0.15-1.89 0.317
Hand-milking technique 0.54 0.13-2.15 0.374
Parity 1.10 0.93-1.29 0.247
Milk yield 0.97 0.91-1.03 0.297
Breed 1.18 0.36-3.86 0.766
Random effect variables Variance Standard deviation ICC
Herd 0.96 0.98 0.23
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Table 10 (continued)

Variables Odds Ratio 95%Cl p-value
d) Integrated effects

Fixed effect variables

Cows calm at end of the milking 0.17 0.05-0.64 0.009
Teat end score 1.75 1.14-2.68 0.011
Hand-milking technique 0.69 0.20-2.39 0.555
Parity 1.10 0.93-1.29 0.248
Milk yield 0.98 0.92-1.03 0.421
Breed 1.25 0.38-4.09 0.697
Random effect variables Variance Standard deviation ICC
Herd 1.00 1.00 0.23

ICC: Intraclass correlation coefficient
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3.3.3.Relationships between milking hygiene management and infection
with contagious or environmental pathogens in subclinical mastitis
(SCM)

Tables 11 and 12 shows the relationships between milking practices and the
level of cow hygiene, and the proportions of contagious mastitis quarters as a
function of quarters from which microbes were isolated. When CNS were
classified as contagious pathogens, use of one towel per cow to wipe teats was a
preventive factor for infection with contagious bacteria (OR: 0.27, 95%CI1: 0.09-
0.85, p = 0.025), while good cow hygiene was positively associated with infection
by contagious bacteria (OR: 6.21, 95%CI: 1.66-23.29, p = 0.007, Table 11). When
CNS were classified as environmental pathogens, only cow hygiene was

statistically associated with environmental mastitis (p = 0.002, Table 12).
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Table 11. Relationship between contagious mastitis and milking practices/level of cow hygiene at quarter level, among quarters from
which bacteria were isolated, when coagulase-negative staphylococci (CNS) was classified as contagious bacteria

Variables Percentage of_ contagious Contagious/bacteria isolated 0Odds Ratio 95% ClI p-value
mastitis quarters

Disinfecting hands before milking 79.4 27134 1.00 0.22-4.63 1.000
Not conducted 75.3 192/255 Reference

E;ﬁzesnce of buckets to rinse and disinfect 86.3 44/51 182 0.45-7.33 0.400
Not present 735 175/238 Reference

Drying hands after washing and before 69.2 013 0.43 003526  0.508

milking
Not conducted 76.3 200/262 Reference

One towel per cow use for teat wiping 60.5 46/76 0.27 0.09-0.85 0.025
Not used 81.2 173/213 Reference

Cow hygiene appeared good 80.8 189/234 6.21 1.66-23.29 0.007
Not good 54.5 30/55 Reference

CI: confidence interval
The numbers of observation were 23/176/289 at herd/cow/quarter levels, other than drying hands before milking (22/167/275).
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Table 12. Relationship between contagious mastitis and milking practices/level of cow hygiene at quarter level, among quarters from
which bacteria were isolated, when coagulase-negative staphylococci (CNS) was classified as environmental bacteria

Percentage of contagious Contagious/bacteria isolated

Variables mastitis quarters Odds Ratio 95% CI p-value

Disinfecting hands before milking 67.6 23/34 2.01 0.69-5.86 0.201
Not conducted 54.1 138/255 Reference

E;ﬁzesnce of buckets to rinse and disinfect 68.6 35/51 220 0.90-5.35 0.084
Not present 52.9 126/238 Reference

Drying hands after washing and before milking 46.2 6/13 0.53 0.11-2.66 0.441
Not conducted 57.6 151/262 Reference

One towel per cow use for teat wiping 44.7 34/76 0.51 0.23-1.12 0.093
Not used 59.6 127/213 Reference

Cow hygiene appeared good 60.7 142/234 3.71 1.64-8.39 0.002
Not good 34.5 19/55 Reference

Cl: confidence interval
The numbers of observation were 23/176/289 at herd/cow/quarter levels, other than drying hands before milking (22/167/275).
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3.4. Discussion

A high prevalence of SCM was seen in the study population at both the cow-
(68.6%) and quarter-levels (39.2%). This prevalence was comparable to those
obtained in other studies in different regions of Uganda, which yielded cow-level
prevalence of 60.7-90% [2, 10, 13, 44, 98]. The prevalence of clinical mastitis
was low in this study; however, the burden should be measured as an incidence
rate in future as most cases occur at the early lactation stage [61].

The multivariable risk factor analyses for SCM detected a preventive factor,
cow’s calmness at the end of milking and a risk factor, bad teat score. Teat-end
scoring originally was developed in response to the increased occurrence of
damaged teats observed due to the mechanical forces of vacuum and collapsing
liners following the introduction of machine milking systems [72]. However, our
study identified damaged teats as a risk factor for SCM even among the hand-
milking dairy farms. In the study areas, cross-breed cows have smaller teats than
exotic breeds such as Frisian, and traditional milkers pull teats strongly using two
fingers (middle finger and forefinger) or the combination of forefinger and thumb,
especially at the end of milking when milk flow decreases (consensus
observations by the authors and participating farmers). Such ways of milking
might damage teats and upset the cows during milking time, either or both of
which could predispose the cows to mastitis; this inference also would explain
the preventive factor, cow’s calmness at the end of milking. On the other hand,
one study reported that a stripping technique of removing milk from the teat by
moving the thumb and forefinger distally along the teat is a preventive factor for
SCM [42]. In the present study, hand milking technique itself did not have an

association with SCM and the milking practice checklist was applied and recorded
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only for the first milker at each farm. To assess milking techniques, more detailed
assessments of milking techniques may be required.

Based on the microbiological cultures, the most prevalent pathogen in the
study population was C. bovis, followed by S. aureus and CNS. Previous studies
also found that staphylococci [2, 10, 13, 44, 98] and Corynebacterium spp. [44,
98] were the major isolates. In the present study, contagious microbes were
isolated at a higher proportion than environmental microbes. Key control options
to counteract contagious bacterial transmission are post-milking teat dipping, dry
cow therapy, milking hygiene, and culling [11, 37, 54, 71, 80]. In the studied
farms, hygiene practices were not performed consistently during milking, which
might facilitate the transmission of contagious bacteria. Previous studies reported
that level of knowledge of SCM was low in Uganda [13, 44]. Such low awareness
of SCM may be a cause of the poor compliance with recommended hygiene
practices. Bacterial culture in this study was performed only for milk samples
with CMT 2 and higher, which might underestimate the proportion of pathogen
which cause mild mastitis.

The CNS bacterial group comprises more than 50 species and subspecies [80].
CNS appear to infect the teat canal and gland from skin sources or the
environment [71]. Many CNS infections are transient and the risk of cow-to-cow
spread is low [71]. Thus, it is difficult to classify CNS as either contagious or
environmental bacteria. In our study, the use of one towel per cow for wiping
teats, intended to prevent transmission of pathogens from cow to cow, had a
negative association with contagious mastitis when CNS were classified as
contagious bacteria. CNS may play a role as contagious bacteria on the studied

farms.
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Intra-herd correlations with values < 0.2 are common for infectious diseases
of animals [21]. The models built in the present study had high ICCs (> 0.2),
indicating that the farms exhibited a moderate clustering effect. Herd-level
management might affect to SCM, and should be the target of interventions. To
deal with the clustering effect, GLMMs were used for the present study, and this
statistical approach appeared adequate. However, there may have been a selection
bias, given that the studied farms were participants in the Safe Milk Project and
so may already have had good relationships with the District Veterinary Office.
Such farms may have greater knowledge of diseases than the general population
in Mbarara District, and our results might be underestimating the actual mastitis
prevalence.

In conclusion, prevalence of SCM, particularly due to contagious pathogens,
was high in Mbarara District. Formulation of callosity ring around the teat
orifices was a risk factor, and comfortable milking may prevent SCM; the use of
one towel per cow to wipe the teats would prevent contagious mastitis; and the

maintenance of a clean udder environment would reduce environmental mastitis.

3.5. Abstract of Chapter 3

A high prevalence of subclinical mastitis (SCM) has been reported in Uganda;
however its risk factors associated with milking practices were not known. A
cross-sectional study was conducted to investigate the risk factors in Mbarara
District where hand-milking is dominant. In 30 farms, herd-level milking
practices were observed. California Mastitis Tests (CMTs) and teat-end scoring
were conducted for 608 cows. Milk samples (n =576) were collected for microbial

culturing. Risk factor analysis for SCM were performed. Among quarters
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microbes were isolated, relationships between contagious/environmental
microbial infection and milking management were analyzed. The SCM prevalence
was 68.6% (95% confidence interval (Cl): 64.9-72.2%) and 39.2% (37.3-41.2%)
at the cow- and quarter-levels, respectively. Microbes were isolated from 48.8%
of the milk samples: Corynebacterium bovis (15.3%), Staphylococcus aureus
(11.3%), coagulase-negative staphylococci (CNS) (9.7%), streptococci other than
Streptococcus agalactiae (5.0%), and others (7.5%). The preventive factor for
SCM was cows calm at the end of milking (odds ratio (OR): 0.20, 95%CI: 0.05-
0.79, p = 0.021), and risk factor, rough teat-end (OR: 1.75, 95%ClI: 1.14-2.68, p
= 0.011). Classifying CNS as contagious bacteria, use of one-towel-per-cow for
teat wiping was negatively associated with contagious pathogen (OR: 0.27,
95%Cl: 0.09-0.85, p = 0.025), while good cow hygiene positively (OR: 6.21,
95%ClI: 1.66-23.29, p = 0.007), suggesting that it is more probable to have
environmental pathogens if the cow is dirty. Appropriate hand-milking practices
that avoid teat damage and an introduction of one-towel-per-cow practices are

expected to reduce SCM in Uganda.
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Chapter 4. Current dairy herd management practices and their influence on
milk yield and subclinical ketosis in an intensive dairy production region of

Uganda
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4.1. Introduction

Dairy production in Uganda has recently shown steady annual growth of
8%][7], and increased 2.7-fold from 585,374 tons in 1991 to 1,600,861 tons in
2015[31]. The total population in Uganda has been increasing by 3.0% annually,
and showed a 1.4-fold increase from 24.2 million in 2002 to 34.6 million in
2014[104]. This population growth and the almost two-fold increase of annual
per capita milk consumption from 28.5 liters in 1997 to 50 liters in 2007[113], as
well as a sharp increase of dairy exports from USD 299,032 in 2000 to USD
79,021,937 in 2017[106], are pushing the dairy industry into a more important
position for both food security and economy of the country.

Development of the dairy industry is determined by technical interventions:
an increase in the cattle population, improved reproductive management such as
introduction of exotic breeds and use of artificial insemination (Al), and feeding
management. Although indigenous breeds such as Ankole and Zebu still
predominate (13 million) over exotic breeds such as Friesian, Guernsey and
Jersey (1 million) in Uganda as of 2016[105], the southwestern region of Uganda
has intensified dairy production through introduction of exotic and cross-breeds
cattle[7]. The demand for Al is high, but the proportion of farms using it is still
limited (12.3%)[7], and the insemination rate in the region is still low[113]. A
previous report in 2011 characterized the dairy industry in the region further as
having a dominance of grazing farms, limited use of commercial supplement feeds,
and 2-3 times higher milk yields in exotic and cross-breed cattle which are
genetically improved than indigenous breeds[7].

From the viewpoint of milking physiology, dairy intensification involving a
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change of breeds and management style may increase ketotic risk in dairy herds.
During the transition period around calving, from 3 weeks before to 3 weeks after,
nutrition requirements for the fetus and milk production exceed energy intake,
inducing a physiological state of negative energy balance (NEB)[27]. The
adaptation of cows to NEB can be measured as suppressed levels of non-esterified
fatty acids and g-hydroxybutyrate (BHB) in the blood, and if adaptation fails,
ketosis occurs, characterized by a lack of appetite and decreased milk
production[78]. Even without clear clinical signs, cattle are diagnosed with
subclinical ketosis (SCK) when cows have >1.2 to 1.4 mM BHB/L blood[68, 78],
resulting in reduced milk production[114] and economic loss[68]. Exotic breed
cattle with a higher milk yield are more susceptible to NEB than indigenous
breeds, and thus require careful feeding management during the transition period.
In peri-urban Kampala, Uganda, the prevalence of SCK of dairy cows in early
lactation was reported as 18.8% in 2013 and 13.9% in 2014[17]; however, SCK
prevalence and feeding management in the southwestern region of Uganda have
not been reported.

The objectives of this study were to describe the milk yield and nutritional
status (using BHB as an indicator) of dairy cattle, and dairy management practices
(in particular feeding management of dairy farms in the Mbarara district, the
central area of the region in terms of culture and history), and to investigate the
relationships between feeding management practices, and milk production and

nutritional status of dairy cows.
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4.2. Materials and methods
4.2.1. Study area

This study was conducted in the Mbarara district in southwestern Uganda (Fig.
3). The average annual rainfall is 1,200 mm, with two rainy seasons from
February to May and September to December; the temperature ranges between
17°C and 30°C with a humidity of 80-90%[60] at an altitude of mostly 1,000-
1,400 m. These conditions provide suitable environment for dairy production, and
the area is located in the cattle corridor[49]. Farms participating in the study were
located in 10 of the 17 sub-counties in Mbarara district, namely Biharwe, Bubaare,
Bukiro, Kagongi, Kakiika, Kakoba, Kashare, Rubaya, Rubindi, and
Rwanyamahembe. Mbarara district contains the high cattle population[63] and
most of the improved dairy breeds[7] in the country. According to the District
Veterinary Office in Mbarara, the total cattle population in Mbarara district is
currently estimated to be 185,680 on 10,200 dairy farms (personal

communication).

4.2.2. Study design and farm selection

A cross-sectional study was conducted from October 2016 to November 2016,
and from the middle of February 2017 to March 2017. Thirty farms belonging to
the Uganda Crane Creameries Cooperative Union were selected by purposive
sampling in Mbarara district, based on the following criteria: (a) herd size: 5
farms with small herds (<10 adult cows per herd, including both milking and dry
cows), 20 with medium herds (between 10 and 40 adults per herd), and 5 with
large herds (>40 adults per herd); (b) herd management type: 5 to 10 zero-grazing

farms, and 20 to 25 grazing farms; (c) accessibility: farms accessible by the
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project team during regular visits; (d) geographic distribution of farms: 2 to 5
farms per sub-county and 5 to 6 farms per milk collection center, to facilitate
diffusion of techniques; and (e) willingness to continue participation in a dairy
development project funded by Japan International Cooperation Agency (JICA)
for three years.

In total, 506 adult cows were involved in the study, including primiparous
and multiparous cows, and heifers which would deliver within the succeeding

month after the survey. All the cows were assumed to be sampled only once.

4.2.3. Data collection

Reproduction data

Cow-level data were collected at the time of farm visits when reproductive
and nutritional assessments were being performed. Reproductive information
including dates of last calving, first service (Al or natural breeding), last service,
and next calving were collected by interviewing owners and/or workers, and the
information was updated at following farm visits until December 2017. These
data collections were conducted mainly on those animals that delivered within
averagely 3 months prior to the visits to avoid recall bias since many of the farms
did not keep written reproductive records. From the data, days to first service,
days open, and calving interval were calculated. Breeding practice information

(use of bulls, Al, or both) was also collected at the herd level.

Nutrition status
Body condition scoring (BCS) [32] was performed for the cows selected based
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on a factsheet provided by the UK Agriculture & Horticulture Development
Board: 5-point scale, 0.25 increments[4]. Training on scoring was conducted
before implementation of the study in order to reduce bias among assessors. After
body condition scoring of the cows in the early lactation stage, blood samples
were collected from coccygeal vessels using 2 mL syringes, and tested for BHB
using Precision Xceed (Abbott Japan, Tokyo, Japan) pen-side test kit immediately
after sampling. SCK and clinical ketosis (CK) were diagnosed when BHB was

more than or equal to 1.2 and 3.0 mM/L blood, respectively[68, 78, 88].

Feeding and herd management

Feeding management data were collected by interviews conducted at the time
of farm visits. The recording sheet included: practice of grazing and rotational
grazing, size of grazing area, contents and quantity (kg, as sampled basis) of
supplementary feed (concentrates or fodder). Average grazing area per cow was
calculated from the collected data, by dividing the size of grazing area by the
number of adult cows at the farm. The feeding combination pattern was classified
into the following categories: a) grazing only (no supplementary feeding), b)
grazing and fodder supplement, ¢) grazing and concentrate supplement, d) grazing
and both fodder and concentrate supplement, and e) zero-grazing.

Other herd-level information collected by the interviews included herd size
and milking time per day, and at cow-level, daily milk yield (L), parity and breed.
Herd size was calculated as the number of adult cows at the farm. Breed was
classified as either an exotic dairy breed, mainly Holstein Friesian, or a cross

with the local Ankole breed based on the appearance, as there were no pure
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Ankole breed cattle on the selected farms.

4.2.4. Data management

All data collected from interviews, scoring, and ketone diagnostic tests were
initially recorded on hand-written record sheets in English. Recording criteria for
sheet contents, also written in English, were confirmed among the assessors and
record keepers before the survey to avoid information bias. Data were then
digitized using Excel spreadsheets (Microsoft Office 2013, USA) and imported

to Access (Microsoft Office 2013) for assembly.

4.2.5. Statistical analysis

Descriptive statistics

Data collected were summarized at herd and cow levels. For numerical data,
the mean, median and range were calculated, and for categorical data, the
response counts and proportions. The average number of cows per herd was used
for herd-level numerical data. A farm which kept at least one exotic breed cow
was categorized as a farm keeping an exotic breed. Prevalence of SCK and CK

were calculated for cows within 21 days after calving[88].

Causal diagram for association between feeding management, milk yield
and blood A-hydroxybutyrate (BHB) concentration

A causal diagram was built to describe the relationship between feeding
management, milk yield and blood BHB concentration with potential confounders

(Fig. 6). Biologically, feeding management has an effect on milk yield and
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nutritional status of cows, and milk yield also affects the nutritional status[27,
35] because feed intake and milk production represent energy intake and output,
respectively. Breed, parity, days after calving and milking time per day were
selected as potential confounders because these attributes affect milk yield and
BHB, and would have an association with the feeding management[26, 35, 59, 77,

114].
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Confounders

Milk yield Blood ketone concentrate

Feeding management

Figure 6. Diagram of the relationships between feeding management, milk yield and blood
B-hydroxybutyrate
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Effect of feeding management on blood BHB concentration

Univariable linear mixed-effects models (LMMs) were performed selecting
the BHB concentration of cows within 21 days after calving as a response variable,
and feeding management factors (practice of grazing and rotational grazing,
grazing area per cow, concentrate/forage feeding and quantity) as explanatory
variables. The herd, as a nominal variable, was set as a random effect. Cows with
missing data were excluded from analyses. Next, in order to estimate the total
effect of feeding management on BHB, a multivariable model was built using
LMMs for each variable whose p-value from the univariable analyses above was
<0.2, setting the variable of interest (feed management factors) as the exposure
variable with potential confounders (breed, parity, days after calving and milking
time per day) as the covariates. The logarithm of BHB concentration was used for
analyses because the assumption of normality did not meet on the original scale,

but on the log scale.

Effect of feeding management on daily milk yield

Total effect of feeding management on daily milk yield per cow was analyzed
using linear mixed-effects models (LMMs) setting the herd as a random effect.
First, univariable models and second, multivariable models were built. A
logarithm of milk yield was chosen as a response variable. The logarithm of milk
yield was used for analyses because the assumption of normality did not meet on
the original scale, but on the log scale. Practice of grazing and rotational grazing,
grazing area per cow, conduct of concentrate/fodder feeding and that of quantity

were chosen as the predictors of interest in the univariable analyses. The variables
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whose p-values were <0.2 from the univariable analyses were selected for the
multivariable analyses by controlling the potential confounders, which were
breed, parity, days after calving and milking time per day to estimate the total
effect of each exposure variable. Furthermore, to make milk yield prediction
models, the multivariable model including all the variables whose p-values were
<0.2 with the potential confounders above was built using LMMs. The final model
was created by the stepwise backward model simplification, forcing the
confounders remained in the model. All these statistical analyses were performed

using the statistical software R, version 3.5.1[83].

Power calculation

To ensure the power for multivariable analyses, calculations were performed
using the “pwr” package in the statistical software R[14], with a confidence level
at 95%, effect size of small (0.2), medium (0.15) and large (0.35)[14], and
intraclass correlation coefficient of 0.1 for samples from the same herd. With
these assumptions, the milk yield data analysis, including 506 cows, had 99.3%
power to detect a medium effect size for a model including 5 explanatory
variables, and that of blood ketone body (n = 35) had 56.8% power to detect a

large effect size for a model with 5 explanatory variables.

4.2.6. Ethical consideration
This study was performed as the baseline survey of JICA Safe Milk
Promotion in Mbarara Project, based on a bilateral agreement between JICA and

Mbarara District Local Government. Animals in this study were properly handled
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using crush during sampling to avoid their stress and injury. Informed consent

was obtained from all farms included in this study.

4.3. Results
4.3.1. Dairy production system

The mean herd size of adult cattle was 35.5 cattle (n = 30). The means for
herd average days after calving and that of milk yield were 106.8 days (n = 26)
and 9.8 L/cow/day (n = 30), respectively (Table 13). The mean milk yields of
cross-breed and exotic breed cattle were 7.3 (median: 7, range: 1-20) and 11.2
L/cow/day (median: 10, range: 1-32), respectively (Table 13). The mean herd
average blood BHB for cows within 21 days after calving was 0.84 (range: 0.40-
1.50) mM/L (Table 13), and that for individual-level was 0.84 (range: 0.20-3.20)
mM/L. The relationship between blood BHB and days after calving was shown in
Figure 7. The prevalence of SCK and CK within 21 days in milk were 17.1% (6/35,
95% confidence interval (Cl): 6.6-33.6%) and 2.9% (1/35, 95% CI: 0.1-14.9%),
respectively. The overall proportion of exotic cows among total number of adult
cows was 74.5% (377/506), and 83.3% (25/30) of farms kept at least one exotic
breed cow. Use of bulls, Al, and both breeding methods were practiced in 60.0%
(18/30), 33.3% (10/30) and 6.7% (2/30) of farms, respectively. From reproduction
records available on 12 farms, the mean of days to first service after delivery was
120.3 (median: 96, range: 6-549, n = 107). The mean days open was 118.4
(median: 92, range: 17-549, n = 100), and that of calving interval was 415.3,
(median: 384, range: 302 - 833, n = 40). Supplementary concentrate and fodder
feeding were used in 40% (12/30) and 70% (21/30) of farms, respectively.

Brewers waste (30%, 9/30 farms), maize bran (13.3%, 4/30), formula feed (13.3%,
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4/30), barley (3.3%, 1/30), and sunflower meal (3.3%, 1/30) were fed in the farms
studied and categorized as concentrates. Fresh grass [Napier (Pennisetum
purpureum), sorghum (Sorghum bicolor), Rhodes grass (Chloris gayana), lablab
(Dolichos lablab), 40%, 12/30], corn silage (20%, 6/30), grass silage (10%, 3/30),
haylage (16.7%, 5/30), hay (10%, 3/30), and banana peels (10%, 3/30) were fed
and classified as fodder. Grazing was conducted at 93.3% of farms (28/30), and
56.7% (17/30) used rotational grazing. The mean grazing area was 2.8 ha/cow/day
(n = 26, Table 13). Feeding combination patterns were: grazing only (26.7%,
8/30), fodder (cut and carry) and grazing (33.3%, 10/30), concentrates and
grazing (3.3%, 1/30), concentrates, fodder and grazing (30%, 9/30), and zero-

grazing (6.7%, 2/30).
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Table 13. Herd-level information of cows, farms and feeding management in the study

n Mean  Median Range
Herd size 30 35.5 28.5 4.0-250.0
Average parity 28 2.7 2.8 0.7-4.5
Average days after calving 26 106.8 115.4 13.6-233.7
Average milk yield (L/cow/day) 30 9.8 9.2 1.8-23.3
Average BCS 22 3.0 3.1 2.3-34
Average blood BHB concentration (mM/L) 9 0.84 0.80 0.40-1.50
Concentrate feeds? (kg/cow/day) 11 6.6 4.0 1.0-22.0
Fodder® (kg/cow/day) 12 11.2 11 1.0-36.0
Grazing intensity (ha/cow/day) 26 2.8 1.6 0.2-11.9

BCS: body condition score, BHB: B-hydroxybutyrate, n: number of observations
Concentrate feeds: brewers waste, maize bran, formula feed, barley, sunflower meal
bFodder: fresh grass, corn silage, grass silage, haylage, hay, banana peel
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Figure 7. Blood B-hydroxybutyrate (BHB) concentration of dairy cows in early lactation
stage in Mbarara, southwestern Uganda
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4.3.2. Effect of supplementary concentrates and fodder, their combination,
and rotational grazing on the milk yield

From the univariable analysis, variables with p-value < 0.2 were: feeding
concentrates (p = 0.006) and its quantity (p = 0.050), feeding fodder (p = 0.090)
and its quantity (p = 0.124), feeding combination (p = 0.009), and conduct of
rotational grazing (p = 0.118). The six multivariable models were built for the
variables above by controlling potential confounders, and results are shown in
Table 14. Cows fed supplementary concentrates had higher milk yield (9.20
L/cow/day) than those which were not (5.95 L/cow/day, difference in log: 0.44,
95% C1: 0.02-0.85, ratio between groups in original scale (L/cow/day): 1.55, 95%
Cl: 1.02-2.34, p = 0.041, Model 1 in Table 14). Cows on farms where rotational
grazing was conducted had higher milk yield (5.78 L) than those in the farms
where rotational grazing was not practiced (3.46 L, difference in log: 0.51, 95%
Cl: 0.10-0.92, ratio between groups in original scale (L/cow/day): 1.67, 95% CI:
1.11-2.51, p = 0.017, Model 5in Table 14). The feeding combination did not have
a statistically significant effect on milk yield, but it showed a trend that the
combination pattern (feeding pasture, fodder and concentrates) had a positive
impact on milk yield compared to feeding pasture only (difference in log: 0.60,
95% CI: -0.01-1.21, p = 0.055, Model 6 in Table 14). The rotational grazing

remained in the final model, the same model as Model 5 in Table 14.
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Table 14. Multivariable analysis results on daily milk yield, adjusting potential

confounders as covariates

Variable Estimate in log 95% ClI p-value
Model 1
Feeding concentrates? 0.44 0.02-0.85 0.041
Breed® 0.08 -0.13-0.29 0.457
Parity 0.01 -0.01-0.04 0.284
Days after calving -0.00 -0.00 - -0.00 <0.001
Milking time/day 0.12 -0.37-0.61 0.618
Model 2
Concentrates quantity 0.04 -0.01-0.09 0.092
Breed® 0.08 -0.14-0.30 0.469
Parity 0.01 -0.01-0.04 0.296
Days after calving -0.00 -0.00 - -0.00 <0.001
Milking time/day 0.12 -0.40 - 0.65 0.634
Model 3
Feeding fodder® 0.33 -0.16 - 0.82 0.181
Breed® 0.06 -0.15-0.27 0.554
Parity 0.01 -0.01-0.04 0.287
Days after calving -0.00 -0.00 - -0.00 <0.001
Milking time/day 0.10 -0.44 - 0.65 0.696
Model 4
Fodder quantity 0.04 -0.01-0.09 0.137
Breed® -0.16 -0.45-0.13 0.280
Parity 0.03 0.00 - 0.06 0.096
Days after calving -0.00 -0.00 - -0.00 <0.001
Milking time/day -0.10 -0.77 - 0.57 0.754
Model 5
Rotation? 0.51 0.10-0.92 0.017
Breed® 0.08 -0.12-0.29 0.428
Parity 0.02 -0.01-0.04 0.245
Days after calving -0.00 -0.00 - -0.00 <0.001
Milking time/day 0.33 -0.14 - 0.80 0.157
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Table 14 (continued)

Variable Estimate in log 95% ClI p-value
Model 6
Feeding combination
a) Pasture only Reference
b)  Pasture & fodder 0.19 -0.41-0.80 0.513
c) Pasture & concentrates 0.34 -0.80-1.47 0.539
d) Pasture, fodder & concentrates 0.60 -0.01-1.21 0.055
e) Zero-grazing 0.50 -0.63-1.63 0.363
Breed® 0.06 -0.15-0.28 0.555
Parity 0.01 -0.01-0.04 0.285
Days after calving -0.00 -0.00 - -0.00 <0.001
Milking time/day 0.06 -0.52 - 0.64 0.826
Final model
Rotation? 0.51 0.10-0.92 0.017
Breed” 0.08 -0.12-0.29 0.428
Parity 0.02 -0.01-0.04 0.245
Days after calving -0.00 -0.00 - -0.00 <0.001
Milking time/day 0.33 -0.14-0.80 0.157

Cl: confidence interval

dFeeding concentrates: feeding or not (not feeding as reference); ®Breed: exotic or cross breed
(cross breed as reference); 9Feeding fodder: feeding fodder supplementary or not (not feeding
as reference); YRotation: practicing rotational grazing or not (not practicing as reference)
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4.3.3. Effect of supplementary concentrate feeding on B -hydroxybutyrate
(BHB)

From the univariable analysis, variables with p-value < 0.2 were: feeding
concentrates (p = 0.031) and its quantity (p = 0.010), feeding combination (p =
0.049), and conduct of rotational grazing (p = 0.032). In the multivariable
analysis, however, no significant effect of supplementary concentrates on BHB
was observed: feeding concentrates (difference in log: 0.56, 95% CI: -0.14-1.26,
p =0.092) and its quantity (difference in log: 0.19, 95% CI: -0.04-0.42, p = 0.082),
feeding combination (difference in log: 0.61, 95% CI: -1.99-3.21, p = 0.419), and
conduct of rotational grazing (difference in log: 0.59, 95% CI: -0.59-1.77, p =

0.237).

4.4. Discussion

Previous studies reported that the mean herd size of the dairy farms in
western Uganda in 2008 was 8.9 cattle[7, 63]. Due to the recent high demand of
dairy products, the cattle population has been increasing dramatically, and
according to the Mbarara District Veterinary Officer (personal communication),
the current mean herd size in Mbarara district is 18.2 cattle, which is about twice
larger than that of the western region in 2008. Cattle breeds were also
dramatically changed and local Ankole breed is predominantly used for beef
production (personal communication with dairy farmers). The exotic-breed cows
and their crosses were dominant in the dairy herds. Characteristics of the cattle
population including herd size and cattle breed might be a result of the milk
demand that has caused an increase in milk production in recent years. However,

it should be noted that because of the purposive sampling, the mean herd size of
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the study population was probably higher than the target population and the
proportion of exotic and/or cross-breed cattle might be overestimated, as
motivated farmers were invited to the project.

The adaption rate of Al in this study (40% of the farms sampled) was higher
than in previous reports (12.3% in southwestern Uganda[7] and 25.1% in
Rwanda[59], though the majority of farms in Mbarara still use a bull for breeding.
This suggested a potential of rapid improvement of breeds to increase milk yield
in Uganda. On the other hand, although the majority of farmers considered that
introducing a new breed was crucial to improve milk production, their major
concern with new Dbreeds was sensitivity to the local environment and
diseases[69]. A study of a decade ago reported the insufficiency of Al service to
meet the demand of dairy farmers and limited insemination rate in the
southwestern region[113]. Our study showed that the reproductive performance
of exotic and/or cross-breed cows (average days to first service, 120.3 and days
open, 118.4) was adequate when compared to dairy standards in an industrialized
area, although the calculation of reproductive performance was conducted only
for farms that kept reproductive records. As an example of a dairy reproduction
benchmark, farms in the northeast region of the United States with herd sizes of
25-50 cows described mean days to first service and days open of 91 and 147,
respectively[97]. In large commercial dairy herds in Ethiopia which kept only
exotic breeds of Holstein or Jersey and used Al only for breeding, the average
days open was 192.3[6]. Another study in Ethiopia showed that an experimental
farm which kept cross-breed cattle and used a bull for breeding, a nearly similar
environment to our study population had average days open of 80 and calving

interval of 356[5]. The average days to first service and days open in the study
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population were very close, indicating a high conception rate. This high
reproductive performance might be because the majority of farms (66.7%) used
bulls for breeding, which presents higher heat detection rate and quality/quantity
of semen compared to Al. However, such good records might suggest a rapid
improvement of Al service delivery infrastructure in Mbarara district.

More than 70% of farms in the study fed their cows not only natural pastures,
but also fodder and/or concentrates. Our findings show that cows fed concentrates
had higher milk yield than those that were not. Also, the trend shown in the results
suggests the importance of feeding a combination of concentrates and fodder
together with pasture to increase the milk production. Diets should be properly
balanced for energy, protein, fiber and minerals, and taking fiber with
concentrates is important to digest matter and intake energy properly[65].
Otherwise, lack of rumination, loose manure formation and low milk fat
composition occur, and consequently milk yield will not increase adequately. To
increase milk production in the current situation in Mbarara, feeding balanced
supplementary materials to suffice nutritional requirements of the cows is
essential. Besides, supplementary feeding is also important in terms of meeting
feeding shortages during the dry seasons. Due to the shortage of natural pasture,
milk production decreases and milk price increases during the dry seasons[7]. To
cover this shortage, pasture harvesting and storage techniques should be expanded.
Applying a rotational grazing system, which increases the feed intake efficiency
and saves the pasture resource, had a positive impact on milk yield in this study.
The majority (88.2%, 15/17) of farms who used rotational grazing had no rule for
the rotation but mainly rotated depending on the grass availability. Applying

well-managed rotational grazing techniques should have much better potential for
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milk production, and detailed technical information about pasture management
should be extended to local farmers. Further studies are required to assess the
effect of the rotation method, and also to find adequate/reasonable practices that
can be applied in the current situation in Uganda.

Cows fed with concentrates had higher milk yield than those which never fed
concentrates. The blood BHB concentrate was not significantly different between
cows fed with concentrates and those not fed. These facts might suggest that the
current feeding strategy in Mbarara had a potential to increase milk production,
and at the same time the cows’ energy balance were stable with the management.
This is reasonable because in a biological sense, an adequate feeding management
which enhances nutrient intake can contribute to the milk production and
nutritional status of cows[35, 78]. However, this study also revealed that SCK
and CK cows were observed with the prevalence of 17.1% and 2.9%, respectively.
Moreover, although the effect of feeding supplementary concentrates on BHB was
not statistically significant, it showed the trend that feeding concentrates had a
positive association with blood BHB concentrate (p = 0.092) indicating that the
feeding management tends not to suffice NEB. It is highly possible that the
number of SCK/CK cows would be increased in near future since the herd
management in Mbarara had been changing into more intensive due to high milk
production demands. For those SCK/CK cows, special care such as close
observation of their appetite and propylene glycol administration for cows with
poor appetite in early lactation is needed in order not to lose production. Proper
herd management will help dairy farmers in Mbarara to prevent and control
CK/SCK cases and improve milk yield at farm level as the proportion of exotic-

breed cows is likely to continue growing. To increase milk production and to

104



overcome the NEB status of cows in the dairy production area in Uganda,
knowledge of proper herd management practices should be extended to the
farmers.

In conclusion, exotic dairy cattle breeds were dominant and quite a few
cross-breeds are present in dairy farms in southwestern Uganda. The present study
revealed that exotic and cross-breed cows have the potential to produce more milk,
given sufficient supplementary feeding, recommended as concentrates together
with fodder. SCK/CK cows were observed in this study area. Cows with high
ketone concentrations require special precautions. In order to increase milk yield
without nutritional disorders, training of dairy farmers about adequate feeding
management practices is important in Uganda where the dairy industry is fast

developing.

4.5. Abstract of Chapter 4

Dairy production in Uganda has recently shown steady growth. Development
and intensification of dairy production may bring about the issue of negative
energy balance (NEB) followed by ketosis in cattle. However, the current dairy
herd health and management status in the southwestern region of Uganda has not
been reported. The objectives of this study were to describe herd management
practices and production status in this region, and to investigate relationships
between feeding management practices, nutritional status, and daily milk yield of
dairy cows.

Thirty farms participated in this study. Herd attributes, management
practices, nutritional and production status of the cows were collected by

interviews and inspections from October 2016 to March 2017. In order to estimate
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the total effects of feeding management on blood S-hydroxybutyrate (BHB) and
milk yield, a causal diagram was created. Multivariable analyses were performed
using linear mixed-effects models, setting BHB of cows within 21 days after
calving and milk yield as response variables, feeding management factors as
exposure variables, potential confounders as covariates, and herd as a random
effect variable.

The mean herd size of adult cows on participating farms (n = 30) was 35.5
and average milk yield 9.8 L/cow/day. The proportion of exotic breeds was 74.5%
of 506 adult cows. Supplementary concentrates and forage were used in 40% and
70% of farms, respectively; grazing was conducted at 93.3%. The prevalence of
subclinical ketosis (SCK) for cows within 21 days after calving was 17.1% (6/35,
95% confidence interval (CI): 6.6-33.6%). From the multivariable models
estimating the total effect, cows fed concentrates had higher milk yield (9.20
L/cow/day) than cows not (5.95 L/cow/day, ratio between groups: 1.55, 95% CI:
1.02-2.34, p = 0.041). Cows in the farm where rotational grazing was conducted
had higher milk yield (5.78 L) than those in the farms where rotational grazing
was not (3.46 L, ratio between groups: 1.67, 95% CI: 1.11-2.51, p = 0.017). No
significant effect of feeding management on BHB was estimated (p = 0.092).

Exotic dairy cattle breeds are dominant on dairy farms in southwestern
Uganda. This study revealed that exotic and cross-breed cows have the potential
to produce higher milk yields, given sufficient nutrition. SCK cows were
observed in this study area. Cows with high ketone concentrations require special
precautions. In order to increase milk yield without nutritional disorders in
Uganda where the dairy industry is fast developing, introduction of adequate

feeding management is important.

106



Chapter 5. General discussion
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5.1. Highlights of this thesis

In this PhD thesis research, | conducted problem-oriented field epidemiology
studies by targeting dominant problems in dairy production medicine with respect
to sustainable dairy farming. | focused on bovine leptospirosis in Japan and East
Coast Fever (ECF), mastitis control, and feeding and reproductive management
practices in Uganda. For each topic, descriptive epidemiological analyses were
performed first to characterize the current dairy farming situation. Second, risk
factor analyses were conducted to identify factors associated with problems and
determine the degree to which these factors affect problem development. The
evidence obtained from the risk factor analyses could facilitate future study
opportunities and/or interventions to overcome problems affecting sustainable
dairy farming.

The risk factor analyses had two primary objectives. The first objective was
to predict the outcome of interest and identify factors that contribute to the
predicted outcome to provide a general understanding, as shown in the L. Hardjo
invasion study (Chapter 1). The second objective was addressed via a hypothesis-
driven study, which was performed to estimate the causal relationships between
various exposures and outcomes by controlling potential confounders. The
exposures are commonly (but not necessary) variables conducive to intervention
[53]. The latter approach was carried out in the ECF, mastitis control, and feeding

and reproductive management studies (Chapters 2-4).

5.1.1. Herd-level risk factors associated with Leptospira Hardjo infection in
dairy herds in the southern Tohoku, Japan (Chapter 1)

The prevalence of bovine leptospirosis caused by L. Hardjo in southern
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Tohoku, Japan, is not well known. Bovine leptospirosis is recognized as an
economically important disease in agriculture due to reproductive losses [15, 16],
and it is important in human health because it is one of the most prevalent
zoonoses in the world [3]. This cross-sectional study found that L. Hardjo
infection at the farm-level was prevalent in southern Tohoku (apparent herd
prevalence: 65.1%), and larger herd size and a history of cows staying in
Hokkaido Prefecture were identified as risk factors for L. Hardjo infection. A
disease cluster of L. Hardjo-positive farms was detected in the southern part of
the study area, where larger herds were aggregated at high density.

The risk factors identified in this study (herd size and sending/introducing
cattle to/from Hokkaido) are difficult to control through intervention because
changing these states directly affects management style. However, the knowledge
obtained from this study would increase farmer awareness of leptospirosis and
alternative actions. For example, introducing a vaccination program protects
cattle and farmers from the infection. The results of this study also suggested that
the presence of cats on farms can help reduce the incidence of L. Hardjo infection,
although it was not statistically significant. Further study could test the
hypothesis that the presence of cats has a preventive effect on L. Hardjo infection
and determine the extent of any protective effect.

To identify risk factors in this study, a method using a stepwise statistical
algorithm was employed. The magnitude of confounding was tested using change-
in-estimate criteria. These methods were applied because the purpose of this study
was to identify risk factors that are good predictors of L. Hardjo infection rather
than estimating the magnitude of the causal relationships. For future hypothesis-

driven studies such as the one described above (protective effect of cat presence),
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a causal inference approach could be used [53, 67].

5.1.2. Effect of chemical tick control practices on tick infestation and
Theileria parva infection in an intensive dairy production region of Uganda
(Chapter 2)

ECF is problematic due to economic losses resulting from high morbidity and
mortality, declining milk production, and the costs of tick-control and disease-
prevention measures [33, 57]. Severe acaricide resistance has been reported in
Uganda [109]. Inappropriate farm tick control practices can facilitate and
accelerate development of resistance in ticks, but no risk factor analyses have
been conducted in Uganda. This study found that the prevalence of T. parva
infection was 45.2% at the cattle level and 83.3% at the farm level. This study
also identified the following preventive factor for tick infestation: use of high-
quality measuring cylinders in the farm tick-control infrastructure; the preventive
factors for T. parva infection were well-managed acaricide agent storage and use
of high-quality measuring cylinders for acaricides. Risk factors for T. parva
infection included longer period of and higher frequency of acaricide use. The
effects of these factors were estimated quantitatively after adjusting potential
confounders using the causal inference method [19, 53, 67] explained in the
general introduction. The odds of a higher tick infestation level for cattle at farms
equipped with high-quality cattle crushes was 68% lower than at farms not so
equipped (odds ratio (OR): 0.32). The odds of being T. parva-positive for cows
at farms where acaricides were properly stored were 64% lower than at farms with
poor/improper acaricide storage (OR: 0.36). Cows at farms using high-quality

measuring cylinders for acaricides had 68% lower odds of being T. parva positive
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than cows at farms using lower-quality cylinders (OR: 0.32). The odds of T. parva
infection for cows at farms where acaricides were used for a longer period and at
a higher frequency were 1.06- and 11.7-times higher than for cows not at such
farms, respectively.

This study identified improper and insufficient acaricide use significantly
related to tick infestation and T. parva infection in the study area of Uganda.
Interventions targeting these factors could be expected to lower the incidence of
ECF, and this expectation was assessed quantitatively. This differed from the first
study discussed in Chapter 1. In the initial study design, the assessment points
(tick control countermeasures in this case) were selected based on the hypothesis,
and they were all factors considered amenable to intervention. This type of
baseline study is useful for designing the next intervention. In future research,
the impact of interventions related to acaricide use and the tick-control
infrastructure should be evaluated.

Another future study opportunity would be to estimate how strongly T. parva
infection spreads among cattle in a totally susceptible population (i.e., estimating
the basic reproduction number, Ro). The current study found that T. parva
prevalence was associated with age. From seroprevalence data with age-related
information, Ro can be estimated [45], but the accuracy of estimations using this
method depends largely on sample size [45]. Using a sufficient sample size, the

Ro of ECF in Uganda could be estimated.

5.1.3. Prevalence of subclinical mastitis (SCM) and its association with

milking practices in dairy herds in Mbarara district, an intensive dairy
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production region of Uganda (Chapter 3)

SCM is difficult to detect due to a lack of clinical signs [29]. Mastitis is
regarded as the most costly disease affecting dairy farms worldwide [38]. A high
prevalence of SCM has been reported in Uganda [2, 10, 13, 44, 98]. However, no
risk factor analyses of milking hygiene and practices relating to SCM and no
studies of SCM prevalence in Mbarara District, an intensive dairy production
region of Uganda, have been reported. This study revealed a high prevalence of
SCM (68.8%) at the cow level, and contagious pathogens were the majority of
isolated organisms. Use of a one-towel-per-cow approach for teat wiping was
negatively associated with contagious pathogen prevalence in the univariable
analysis. The major preventive factor for SCM was keeping cows calm at the end
of milking, whereas the major risk factor was rough teat end. The effects of these
factors were also estimated quantitatively after adjusting potential confounders
using the causal inference method. The odds of being SCM positive for cows kept
calm at the end of milking were 80% lower than those of cows not kept calm (OR:
0.20); the odds of being SCM positive for cows with rough teat ends were 75%
higher than those of cows with normal teat ends (OR: 1.75).

Mastitis control targeting a less-teat-stress strategy, which would contributes
to a cow’s calmness and good teat-end condition, could be expected to result in a
lower SCM prevalence in the target population in Uganda. From the evidence
gained in this study, these significant milking practices should be given a higher
priority among the milking practice variables assessed. To further evaluate these
estimations, an intervention study should be performed. The association between
contagious pathogens and the one-towel-per-cow approach was observed only in

the univariable analysis. Further study to evaluate the causal effect of contagious
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mastitis control quantitatively should be performed.

5.1.4. Current dairy herd management practices and their influence on milk
yield and subclinical ketosis in an intensive dairy production region of
Uganda (Chapter 4)

Subclinical ketosis (SCK) results in reduced milk production [114] and
economic losses [68]. In peri-urban Kampala, Uganda, the reported prevalence of
SCK in dairy cows during early lactation was 18.8% in 2013 and 13.9% in 2014
[17]; however, SCK prevalence and feeding management practices in the
southwestern region of Uganda have not been reported. This study found that the
prevalence of SCK in cows during early lactation was 17.1%. Cows fed
concentrates had 1.6-times higher milk yield than those not fed concentrates.
Cows at farms where rotational grazing was conducted had 1.7-times higher milk
yield than cows not at farms practicing rotational grazing. The effect of feeding
management on milk yield was quantitatively determined after adjusting potential
confounders.

The feeding management interventions of concentrate supplementation and
rotational grazing should be instituted. The adequate quantity of concentrate
varies based on conditions such as breed, milk yield, days in milk, parity, and
management style. Thus, supplementary feeding should be conducted within the
plausible quantity. However, this study could not determine the optimal specific
qguantity of concentrate supplement. By feeding concentrates, milk yield would
increase, but at the same time, the number of cows with ketosis might also
increase because in the current situation in Mbarara, SCK/clinical ketosis cows

were observed more often at high-production farms where supplementary feeding
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was conducted. The relationship between feeding management and blood g-
hydroxybutyrate concentration identified in this study was determined with a
limited sample, however. To better assess this effect, further analysis with a

sufficient sample size is required.

5.2. Future perspectives

This PhD research epidemiologically described several problems common in
dairy production medicine and also identified the risk factors associated with the
significant problems. To improve productivity and prevent zoonotic diseases
relative to the current baseline in sustainable dairy farming, proper record
keeping, monitoring, data description, and the cycle of evaluations and
interventions must be performed continuously. Although the intervention studies
in Uganda were not included in this thesis, they were conducted apart from the
thesis research. Based on the baseline survey results, intervention packages were
created (see Appendix), and the extension work was conducted. The results of the
interventions are currently being evaluated. Below, | will briefly introduce some
of the results reported in the final report of the Japan International Cooperation
Agency (JICA) Partnership Program entitled “Safe Milk Promotion in Mbarara
Project” [84]. The prevalence of SCM and T. parva infection after the
interventions declined significantly compared with the baseline; the tick
infestation level was significantly lower than at baseline; and milk yield per cow
after the interventions was significantly higher than at baseline.

Changing practices after the proper interventions have been carried out or as
industry conditions change could introduce new problems. Problem solving is a

continuous process in dairy production medicine. The evidence and approaches
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described in this thesis could be used to solve problems in a wide variety of areas

in dairy production medicine.
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APPENDIXES

Supplemental tables for Chapter 1. Herd-level risk factors associated with Leptospira
Hardjo infection in dairy herds in the southern Tohoku, Japan

132



Table S1. Univariable analysis results for binary and categorical data associated with
Leptospira Hardjo infection in dairy herds in the southern Tohoku, Japan

Variables Positive Negative Prevalence Statistics p-value
herds herds (%)
Herd management
Stall style Fisher's Exact Test  0.09
Free stall 11 1 91.7
Free barn 1 1 50.0
Tie stall 55 34 61.8
Grazing Chi-squared test 1
Yes 10 5 66.7
No 54 31 63.5
Source of feed Chi-squared test 0.45
Self-supplied 48 29 62.3
Purchased only 19 7 73.1
Source of water
Tap water Chi-squared test 1
Yes 35 19 64.8
No 32 17 65.3
Groundwater Chi-squared test 0.51
Yes 32 14 69.6
No 35 22 61.4
River water Fisher's Exact Test 1
Yes 4 2 66.7
No 63 34 64.9
Bedding material
Straw Chi-squared test 0.08
Yes 18 16 52.9
No 48 18 75.0
Sawdust Chi-squared test 0.19
Yes 9 9 50.0
No 57 25 69.5
Contact between cows and Fisher's Exact Test 1
calves
Yes 3 1 75.0
No 64 33 66.0
Feeding of calf Fisher's Exact Test 1
Milk replacer 36 67 35.0
Milk from cows 0 0 0
Presence of breeding pen Fisher's Exact Test  0.66
Yes 4 1 80.0
No 63 35 64.3
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Table S1 (continued)

Variables Positive Negative Prevalence Statistics p-value
herds herds (%)
Placenta cleaning Chi-squared test 0.51
Just after the calving 28 18 60.9
The same timing as the 38 17 69.1
pen cleaning
Neonatal calf isolation Chi-squared test 0.70
Just after the birth 56 31 64.4
After contact with the 11 4 73.3
dam
Presence of cats Chi-squared test 0.005
Yes 14 18 43.8
No 57 20 74.0
Hygiene management
Frequency of cleaning pens
Passage Fisher's Exact Test  0.74
Daily 58 32 64.4
Less than above 6 4 66.7
Stall Fisher's Exact Test 1
Daily 61 35 63.5
Less than above 1 1 50.0
Feed trough Fisher's Exact Test 1
Daily 60 33 64.5
Less than above 5 3 62.5
Water trough Chi-squared test 0.48
Daily 21 9 70.0
Less than above 39 26 60.0
Frequency of disinfecting Fisher's Exact Test  0.56
pens
More than once a year 26 12 68.4
Less than above 35 23 60.3
Change of clothing of Fisher's Exact Test  0.55
visitors
Yes 8 6 57.1
No 59 30 66.2
Change of boots of visitors Chi-squared test 0.55
Yes 18 7 72.0
No 49 29 62.8
Detection of rodents Chi-squared test 0.87
Yes 37 22 62.7
No 24 12 66.7
Detection of other wild Chi-squared test 0.72
animals
Yes 31 19 62.0
No 16 13 55.2

134



Table S1 (continued)

Variables Positive Negative Prevalence Statistics p-value
herds herds (%)
Vaccination use
L. Hardjo Fisher's Exact Test 1
Yes 0 0 0
No 71 38 65.1
Other vaccine Chi-squared test 0.81
Yes 42 25 62.7
No 19 9 67.9
Vermicide use Chi-squared test 1
Yes 22 13 62.9
No 39 21 65.0
Disease incidence
Frequency of vets visits Chi-squared test 0.08
(time/week)
Twice or more 28 8 77.8
Once or fewer 39 28 58.2
Abortion within 1 year Chi-squared test 0.74
Yes 41 24 63.1
No 26 12 68.4
Movement of cattle
Introduction of cows/use of Fisher's Exact Test <
common 0.001
grazing within 5 years
Yes 67 26 72.0
No 0 10 0
Introduced/returned from
Hokkaido Chi-squared test
Yes 57 7 89.1 <
0.001
No 8 15 34.8
Tohoku Chi-squared test
Yes 14 16 46.7 <
0.001
No 51 5 91.1
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Table S2. Univariable analysis results for count and continuous data associated with
Leptospira Hardjo infection in dairy herds in the southern Tohoku, Japan

Variables Positive herds Negative herds Statistics p-value

Herd size Wilcoxon rank sum test <0.001

Mean 60.4 30.1

Median 39 27

Range 4 -500 4-160
Average parity

Mean 2.7 2.9 Student’s t test 0.45

Median 2.7 3.1

Range 1.7-40 20-35
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The intervention packages of Japan International Cooperation Agency (JICA)
Partnership Program entitled “Safe Milk Promotion in Mbarara Project”
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Mobile OcOc (One Cloth for One Cow) 1

Before going to a milking parlor,

Ty Making disinfectant (200 ppm of sodium &' Squeeze them with clean hands,
hypochlorite) keep them in a bucket with a lid, and

prepare another empty bucket to put
the towel away

Fresh towr cls
N

Empty bucket

L s

If vou have JIKwhich 1z 3.5% sedium hypochlorite, |:>

dilute it into 175 times with water. ¢ b
:r 2L water+12mi 1K g' SRy e

#  Recommended temperature of dilution water is below 40°C eS—— o]

52 e mmaamaTn

)  Dip dried towels into the disinfectant,

keep them there for 10 min. @ Also, prepare a bucket with water for

washing hands

PR ST

M

Mobilize them to the parlor

At the parlor,
(@ Hold a cow which you are about to milk @  Wipe each teat by twisting your hand to
* Milk S. aureus (+) cows, at the last remove out the dirt

Use clean part of the towel for each
Twisting your hand

@y Wash your hand before milking each cow
a.  Wash your hands with a bucket
of water
b. Rinse your hands with clean
running water with disinfectant

& After finishing all the teats, wipe the teat
tips using the other side of the towel

(3 Pick up one towel from the bucket, and
use one towel for one cow when you
wipe the teats.

rwsean

& Put the towel away to the other bucket

Fresh towets

-

Used towels
I S ERAND SEED COATR

(@ Then, start milking
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Mobile OcOc (One Cloth for One Cow) 2

When you milk

-@ \% %

Problem of finger milking
* Some dairy farmers squeeze out milk
between the folded-over thumb and the
fingers, or between the fingers and a
straight thumb.

Proper hand milking
*  This diagram shows the action of the hand and

how milk is drawn out of the teats during
milking. * This milking method causes damage to the
*  Milk gently and DO NOT hurt teats. teat, hurting and upsetting the cow, thus
(Department of Agriculture, Republic of South Africa. 2008.) \ reducing the mllk ﬂOW and the pdeUCﬁO"j

Preparation for the next milking

(D Wash all the used towels W|th soap
and rinse cleanly ; /

After milking,

{from Tokachi-NOSAI}
Post dipping
* After milking, if * Dip>75%ofa
the cow’s calf teat length.
does not suckle,
use a teat dip to
prevent mastitis.

Contacts
Dr. Mwebembezi William (PRINCIPALVETERINARY OFFICER/DVO)
0772493143 / 0755744944
*  Mr. Karamuzi Godfrey (UCCCU)

0772539175
*  Dr. ByaruhangaJoseph (PROJECT CONSULTANT)

0774881544

THE JICA PARTNERSHIP PROGRAM
THE SAFE MILK PROMOTION IN MBARARA PROJECT

Republic of Uganda
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Intervention package instruction 1

Feeding strategy | Start from the step 1. Go ahead (step 2) if you can,

1. Increase DMI with whatever available
a. Hay: b. Silage:
harvest grasses while they are available Ask extension workers and/or specialist

(rainy season). Dry, store and feed them on the field how you make silage
when feeding is lacking. 3 77

c. Agricultural by-product
eg. Banana peal

2. CP /TDN balanced concentrate with
quantity of 1/3 of milk yield

The balance and the quantity are ruminologically and nutritionally
important for milk production

Maize bran

Brewers waste
Table 1 TDN/CP balanced feeding based on milk yield for brewers waste

which looks dry (approximate 85% DM)

g) 5 [10] 15 [ 20 [125( 30|

Brewers waste
(kg, 85% DM) 08 | 1.7 | 25 33| 42 |50

Maize bran (kg) g8 17 | 25| 33| 42 |50

Table 2 TDN/CP balanced feeding based on milk yield for brewers waste
of which water drips come out when it is squeezed by hand (approximate
60% DM)

Milk yield (kg) | 5 | 10 | 15 | 20 | 25 | 30

Brewers waste
(kg, 60% DM) Tl 24 | 35 &F | 60 | 71

Maize bran (kg) g8 17 | 25| 33| 42 |50
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Intervention package instruction 2

Ketosis management|

Interms of ketosis, high producing cow whose body condition score (BCS)
changed > 0.5 after calving and bad rumen fill score (RFS) should be aware

BCS check

2 weeks before the Delivery
expected day

BCS and RFS check

2 weeks after the
delivery

a. Score BCS for cows two weeks before and ¢

after the delivery date. Then, see the

Ifthe score is 1 (a sign of non-appetite),
give 200 ml of propylene glycol twice a

difference. day for 3 days.

b. Ifthe difference is = 0.5, check RFS. d. Ifthe condition is still bad, call a
ot L veterinarian for the further treatment.
s N ﬂf Rumen Fill Score 2 U

Inverted
Triangle
1
Ia Trapezoid ;
or Rectangle 7
l ni | ' )
- L Vi Others

Reproduction |

a. Set heat detection time every day
1. Assign one specific person to the
detection

2.  Spend = twice per day for the

detection
eg. Once in the morning, once more in the
afternoon after milking

3. Spend = 30 min. for each detection

Percentage of total mourting activities

600 10:00 1400 18:00
0:00 400 800 1200 16:.00 20000 2400

Hours of the day

Distribution of estrus singsin a day ¢4 2007

Heat detection time, frequency, and
heat detection rate
Heat detection rate
Frequenc
¥ Time
/day iy 10 20 30 60
1 22 31 36 39
2 33 43 55 61
3 45 55 65 71
4 49 61 71 78
Fertility. 2008 Univ. Arkareaz Jodie Pernirgton
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Intervention package instruction 3

Reproduction

b. Keep records of heat symptom
Strength, Type, and Time of detection

When to inseminate

Cominginto heat Standing heat Going off heat
8 hours (0-24 h) 16 hours (3-30 h} 8 hours (2-24 h)

L5,
by

N
Long extended transparent mucus
# Good for both Al and NM

rtificial Insamination | Too Eatly Late

MNatural Mating

Info Dairy Newsletter

c. Call Al technician or make a cow in heat get together with a bull

Contacts
* Dr. Mwebembezi William (PRINCIPAL VETERINARY
OFFICER/DVO)
0772493143 / 0755744944
* Mr. Karamuzi Godfrey (UCCCU)
0772539175
* Dr. Byaruhanga Joseph (PROJECT CONSULTANT)
0774881544

THE JICA PARTNERSHIP PROGRAM
RARA PROJECT

) =D
‘ s’

Republic of Uganda
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e How to make hay k:
1. Harvest grass from the first heading time to heading time.

2. Dry it without exposingrain
3. Keepitinadryplace avoidingrain and sunshine until dry season

o How to make silage

1. Prepare grass field 4. Putitinto a silo and press by feet until
it will not go down

a2
(from Japan Livestock Technology Association)
Trench silo Container silo

2. Harvest grass fromthe first heading time 5

to heading time
PR TR T e

Seal the silage with plastic sheets and
remove out air as much as possible

6. Cover the silo with soil and put stones
or tiers as weights on it

The firstheadingtime Headingtime

3. Cutit into small pieces (length of 1~ 3 cm)

(from Japan Livestock Industry Association)
7. After 20 days, fermentation will stop
and you can feed it to cows or keep
until dry season

(from Japan Livestock Technology ASsocation)

N\,

Type of silo

(from Japan Livestock Industry Association) ~ >
Trench silo Stuck silo Container silo Plastic bag silage )

{from Japan Lvestock Technology Association)

\
d Where to make a silo ki

1. Well drained, 2. Less sunshine, 3. Close to manger, 4. Close to grass field
J

\,

THE JICA PARTNERSHIP PROGRAM
THE SAFE MILK PROMOTION IN MBARARA PROJECT
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Body Condition Score

Rump V
Parts to observe
Score Hooks Pins
3.00 Fat Pat Fat Pat
275 Angular Fat Pat
2.50 Angluar Angular (Barely Fat Pat)
2.50> Angluar Angluar
Rump U
Parts to observe
Score Tailhead Ligament Sacral Ligament
3.25 Visible Visible
3.50 Barely Visible Visible
3.75 Not Visible Barely Visible
4.00 Not Visible Not Visible
4.25= Short Ribs Barely Visible

1

Trapezoid
or Rectangle

*

Thurl

{ownt of thighbanc)

a

Rumen Fill Score

2
Inverted U
Triangle

THE JICA PARTNERSHIP PROGRAM
THE SAFE MILK PROMOTION IN MBARARA PROJECT
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SacralLigament

N
Tailhead |/
Ligament

The pctures from Nakatsuji 2016, Dairy Japan

3s
Others

Goal (1+2)

20%=

DOrvision of Health and
Environmental Soences
(DHES)

= Rakuno (',.uum University
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Ticks and TBD intervention package instruction

Proper acaricide use|

a. Class of acaricide

Know the class of the acaricide you are using at your farm

Alfapor,
Alfatix,
Baytical,
Bayticol,
Cyperguard,
Grenade,
Paracide,

Paratryn,
Renegade,
Spot-en,
Sypertix,
TsetseTick,
Vapeo,
Veetocid

Milbitraz,
Paratraz,
Taktic

Class 1 M Synthetic pyrethroids
Class 2 W Amitraz

. ™\
Key points

There are many acaricides that
have different trade names but
belongto the same family

Knowing the family to which an
acaricide belongs help in making
appropriatedecisionon
prescription, change and/or
rotation

Itis recommended that
acaricides be procured from
licensed veterinary drug outlets

Class 3 W Organophosphate p /J
Class 1 & 3 [] Co-formulation
b. Rotational acaricide use c. Appropriateacaricide dilution

Appropriate acaricide use
starts with keeping records of
acaricide use at farm level

Synthetic

pyrethroi
ds

Appropriate
Rotation in
scenario where
all the four
groups of
acaricides are on
available

Amitraz .
Amitraz

Amitraz

Appropriate rotation informed by

technical guidance is needed

A

20 Liters:

C D E
=P ,[_ _l,
— 20uees _ .

Dlnes —

10 Liters.

~
Key points

You need to have a plan for both
materials, labor and volume of
acaricides to use for a given
herd size.

Strictly adhere to the
manufacturesrecommended
dilution

Use the right materials for
measuring and mixing
equipments
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Ticks and TBD intervention package instruction 2

Proper acaricide use (contd.)|

d. Appropriateand recommended crush
A good crush with one raw of cattle
- § 5 ! P

“‘Depth.of
b4 concrete
ey

FRONT VIEW SIDE VIEW OF THE CRUSH
e. Appropriate bucket pump

that can spray well all over face of cattle BUCKET PUMP
Integrated tick control strategies| Strategies of ECF Management|
; & Vaccinate your cattle against ECF I Early detection of diseases is
encouraged
2. Practice Tactical Rotational grazing || 2. Please submit samples to the
laboratory for testing to be sure
3. Practice zero grazing 3. Ensure early treatment to
increase chances of recovery
4. Monitor the progress of treatment
5. Consult a Vet for advice
Contacts
. Dr. Mwebembezi William (PRINCIPAL VETERINARY OFFICER/DVO)
0772493143 /0755744944
¢ Mr. Karamuzi Godfrey (UCCCU)
0772539175
. Dr. Byaruhanga Joseph (PROJECT CONSULTANT)
0774881544

THE JICA PARTNERSHIP PROGRAM
THE SAFE MILK PROMOTION IN MBARARA PROJECT

: (
EAREAR C)
j ICA “?‘s\:('('(‘l' /f o \
<>

Republic of Uganda
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ABSTRACT

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

Takeshi Miyama

A variety of problems are prevailing in dairy farms, and epidemiological approaches can be used
to solve those problems for sustainable dairy farming. In epidemiological study, a researcher often
obtains an observed data to estimate the effect of an exposure on the outcome. In observational data, the
conditioning in exposure and non-exposure group are different, which biases the observed measure of
associations. Our challenge is to identify and control factors that cause the confounding to obtain valid
estimates of causal effects. In this PhD thesis, risk factor analyses were conducted for dominant dairy
production problems, and the approaches applied in this thesis were discussed. Prediction models were
used to predict farm-level bovine leptospirosis invasion in Japan. Causal inference approaches were
used for East Coast Fever (ECF), a tick-borne disease, mastitis control, and feeding management in
Uganda.

Invasion level of bovine leptospirosis caused by Leptospira serovar Hardjo in the south Tohoku,
Japan was not well known. This cross-sectional study identified that L. Hardjo infection at farm-level
was prevalent in the south Tohoku, the apparent herd prevalence: 65.1% (95%CI: 56.2-74.1%), and
larger herd size (p = 0.004) and cows with a history of staying in Hokkaido Prefecture (p < 0.001) were
the risk factors of L. Hardjo infection. The disease cluster of L. Hardjo positive farms were detected
(relative risk = 1.87, log likelihood ratio = 9.93, radius = 13.70 km, p < 0.01) in the south part of the
study area where the larger herds were aggregated with high density. To identify risk factors which well
predict L. Hardjo infection in this study, a statistical algorithm, the stepwise method was used.
Magnitude of confounding was tested using change-in-estimate criteria.

ECF is a problem due to its economic loss resulting from high morbidity and mortality, milk
production loss, and control measure cost of ticks and the disease. This study identified that the

prevalence of T. parva infection at the cattle-level was 45.2% (95%CI: 40.4-50.1) and farm-level was
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83.3% (95%CI: 64.5-93.7). This study also detected the preventive factor for the tick infestation, good-
quality of cattle crush (OR: 0.32, 95%CI: 0.15-0.63, p = 0.001); the preventive factor for T. parva
infection, well managed acaricide storage (OR: 0.36, 95%ClI: 0.17-0.76, p = 0.008) and good quality of
measuring cylinder for acaricide (OR: 0.32, 95%CI: 0.11-0.93, p =0.036).; The risk factors for T. parva
infection were longer period of (OR: 1.06, 95%CI: 1.01-1.10, p =0.012) and higher frequency of (OR:
11.70, 95%Cl: 1.95-70.13, p =0.007) the acaricide use. The effect of these factors was quantitively
estimated after adjusting the potential confounders using the causal inference method.

Mastitis is regarded as the most costly disease on dairy farms worldwide. A high prevalence of
SCM was reported in Uganda. No risk factor analysis of milking hygiene and practices on SCM, and no
SCM prevalence study in Mbarara District, an intensive dairy production region of Uganda had been
reported. This study revealed the high SCM prevalence of 68.8% (95%Cl: 64.9-72.2%) at the cow-level,
and contagious pathogen were majority of the isolated pathogen. Use of one-towel-per-cow for teat
wiping before milking was negatively associated with contagious pathogen by the univariable analysis
(p = 0.025). The preventive factor for SCM was cows calm at the end of milking (OR: 0.20, 95%CI:
0.05-0.79, p = 0.021), and the risk factor was rough teat-end (OR: 1.75, 95%ClI: 1.14-2.68, p = 0.011).
The effect of these factors was also detected quantitively after adjusting the potential confounders using
the causal inference method.

SCK results in reduced milk production and economic loss. SCK prevalence and feeding
management in the southwestern region of Uganda had not been reported. This study identified that the
prevalence of SCK for cows in the early lactation was 17.1% (95%Cl: 6.6-33.6%). Cows fed
concentrates had 1.6 times higher milk yield (95%CI: 1.02-2.34, p = 0.041) than those not. Cows in the
farm where rotational grazing was conducted had 1.7 times higher milk yield (95% CI: 1.11-2.51, p =
0.017) than those not. The effect of feeding management on milk yield was quantitively detected after
adjusting the potential confounders.

This PhD thesis epidemiologically described the problems prevailing in dairy production medicine,
also revealed the risk factors associated with the dominant problems. These risk factor analyses had the
two main objectives. One is to predict the outcome of interest, and to identify which factors contribute
to the predicted outcome for general understanding as shown in L. Hardjo invasion study. The other is
hypotheses driven study, which is performed to estimate the causal relationship quantitively between an

exposure and outcome by controlling potential confounders. The latter approach was carried out in ECF,
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mastitis control, and feeding management studies. These approaches could be selected depending on
study objectives. The problem solving is a continuous process in dairy production medicine. For
sustainable dairy farming, to improve the dairy productivity and to prevent zoonotic diseases from the
current baseline, proper record keeping, monitoring, data description, evaluation and intervention cycle
should be performed continuously. The evidences and approaches in this thesis must contribute to solve

problems in wide variety of area in dairy production medicine.
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ABSTRACT IN JAPANESE (FIXER)

R & AW 7 BB AR EERRIE R 331 T 2 R REHE M1 B S M R 58

B 2 S R P R Be R A SE Y
INESE R g e Y
Mgy =izt

PP E I IR TRE R ISR A e BT, AEPEERERBUS ORI A MR FIETH D,
PRI B T, HHRBERTNT 7 b I M RIET R EHEET DB, ERE BN S
NIeT—252WMOES 2N bD, BT —X Tld, BB EIERBREN O SAF (15 5
THR)P R D Z N ZHUERBES ISR ZT, RRDREHET 2720121F, 20
AHER T ReE L, S 2 2 ERNEE L e D, ARELERSCTIE, BERAERERICBIT S
FRESIZ DN T 27 Rt &2 £l L, ZDHIEICONWTELZ LTz, HRIZBIT D RSV
NAOELT N AE TR TRE T VARV, U Z BT SRR (Bast
Coast Fever, ECF), FLEE i, Eikhia 58 B DU TR Rt am 2 FV TR L 72,

HARDOM FKALIZFB T, Leptospira g™ Hardjo IZ L » CHIE I Z S5 L7 hAE S
iE OIRR I DFEM 2 S 1L 22 Dy o To . ARBEWIBFZEIZ L 0 A 303 65.1% (95%Cl: 56.2-
74.1%) E FHALICIAS BRI L TWAD Z ERHL MM ENT, o, FREHEENRKEWZ L (p
= 0.004) & OLHFE I ZIFTEIE D & 5 4D G ITIEFE T 5 2 & (p < 0.001) 23 L. Hardjo Ji&4 > U &
JRFTHDHZ ENHBLME 7272, L. Hardjo D51 L DR (relative risk = 1.87, log
likelihood ratio = 9.93, radius = 13.70 km, p < 0.01) 78, KEUELEIE DB E 9 2 HFFE 0TS Hilik O FF
Ik Sz, ARFZETIE. L Hardjo &G D U 2 7 [T ICHEFHIT VT XA TH S
ATy TUA REx AW, &0 E &RFEMIZ X Change-in-estimate JE7E 2 I\ 7z,

ECF IZm\W iR & BOER, HAEEOK T, ¥ =xREMNFIZ L H8FHEEO - ORE
LB, UHURELNT TR TORFFRIC L DAL~V T. parva &4 D F R R
45.2% (95%CI: 40.4-50.1), F&55 L~LTlE 83.3% (95%CI: 64.5-93.7) Th-7-, U A7 KT
MRz L0, BRE O RERRGIIFRE D Z =2 OBLEIK 1T - 7= (OR: 0.32, 95%CI:
0.15-0.63, p = 0.001), E D E\ & & =Fl{#4& # (OR: 0.36, 95%Cl: 0.17-0.76, p = 0.008) & 7% %
=FIFHAH >V > & — (OR: 0.32, 95%Cl: 0.11-0.93, p =0.036) |&. T. parva &Y D BhEIKF TH
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>7, Fio. B ORRMEOR S =HIDOfE A (OR: 1.06, 95%Cl: 1.01-1.10, p =0.012) & &>
i FHAEE (OR: 11.70, 95%Cl: 1.95-70.13, p =0.007) IL T. parva J& %D U A 7 K1 Th -7, =
D O RIXIR FHE R 2 O CERMICHEE S,

FBERICB W THERIE, AR BRFBREOREWEH L SN TND, VT FDWN
< ODPOHUBTIZ BT HIFENERLE S (Subclinical mastitis: SCM)D =W AR NHE ST
WD, BEEENHITH D LT TIRO SCM OATFRRITHE SN TB LT, ki
A FEICEET 2 U 27 W FEHT O R E 1L/ o T2, AFRIZ L @V EER L1 SCM
H P (68.8%, 95%Cl: 64.9-72.2%) 338D H L, F - BEEEBRAEIC LV ABRMEOIAEY N
B TH D ERHALNT S NI, HEIRITIZ I\ THERLATO FLIE IS — B A7 & F A
T 52 & SARYEAEM ORI & ORIZAOMHBENFE SO H L7z (p=0.025), PEFLEEEIT 0
WHHHENTNDZ &1 SCM DRE#IK 1 Td - 7= (OR: 0.20, 95%CI: 0.05-0.79, p = 0.021), i
223LEAEIX SCM D U 2 7 [T - 7= (OR: 1.75, 95%Cl: 1.14-2.68, p = 0.011), =i HEhEIE
R Rm & O CE mIICHEE STz,

BENES b — 3 A (Subclinical ketosis: SCK)IXFEFLIEDIX FICfE » BFRLE 5 &k 27,

U H 2 H DEBEIRIZEN T SCK OAIRR & kG 5B EIT#mE ShToehol, K
FRZEIZ BN T, WHAHA DD SCK A9 17.1% (95%CI: 6.6-33.6%) T > 7=, HEIEHE
B LR, RS RIC AT L6 5@V LR 4 7R L7 (95%Cl: 1.02-2.34, p = 0.041), i
ol 2 20 U 7= 2401, FEERAICHRT L7 MmO B AR LT (95% Cl: 1.11-2.51, p =
0.017), Z AL HZhAUEIR RHER A VN CE BIICHEE S iz,

AR SCT, B ERBISICRE L TV A MBI W TR L, 2 b off#Eo
UAZRFEZRALNI LTIz, b U A7 RFHir a2 i+ 2 BRI =25, —oi, 4+
VT RAEZIEOHFETRO b L 912, BBROXMRTH L BREEEZTHIL, DR+
PNPHNCEIRL O A0 EEEMICEMET 2 2L Th D, Z2BIE. EORGEEZ BRI E L,
R 7Y B VAR RETRR R A . AR T 2S5 2 & TERNICHET D Z &
Thd, TOHIET ECF, AEKMHIE, GEHGGEZ L ZNOMIEIZIW TR E Tz,
IO DOFETMRO BRI LV EUNSBIREN D& Th D, BEERAEEREERICBT 2 /M
ARG L7 7 n B A Th D, Rt rlREREEEZ BIE L. AEMEOM L& BRI HEK
JuiE 2B <lid, meeiiska L 22 &, ST =4% 1 7 fHFROFER (HAE). FHm,
ANEND T A 7V EEGINC I L COS LER S 5, AR THOW L FIELE
FSIVIARRT, A EEREIR O AR R MR LS b D LB 2 D,
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