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Study objectives were to: a) explore and describe the seasonal SCC fluctuation, over
several years, in Ontario dairy herds; b) describe the relationship between on-farm summer
weather conditions with that of the closest official meteorological station, and determine the
appropriateness of using meteorological station data as a surrogate for on-farm environment
monitoring; c) conduct a prospective case-control study to evaluate farm-level risk factors
contributing to a summer rise in somatic cell count (SCC); d) describe attitudes, motivations, and
perceptions held by a subset of Ontario dairy producers towards udder health.
A working definition of what constitutes a high summer increasing (HSI) herd was
developed. Herds that were smaller, produced low average BMSCC, filled less of their
production targets, and had a recent history of high seasonal variability had higher odds of high
summer elevations.
Environmental conditions measured inside dairy facilities exhibited a wide degree of
variability when compared to measurements made at the closest meteorological station. Tie stall
housing, pasture access, and inadequate ventilation strategies all contributed to higher daily mean
and maximum daily temperature-humidity index (THI) readings within the barn. After
controlling for these factors, THI within the barn environment remained higher than conditions

recorded at weather stations. Using weather station environmental data is not an accurate proxy
for on-farm conditions.
When evaluating on-farm risk for experiencing HSI, increased time in the pen of intended
calving, both pre- and post- calving, was associated in decreased odds of experiencing an
elevation in SCC over the summer, along with an increased number of cows milked per hour and
inconsistent application of premilking udder preparation. The diagnosis of clinical and
subclinical Streptococcal infections increased the odds of experiencing an elevation in SCC.
Participating dairy producers generally had high levels of self-efficacy beliefs when it
came to udder health management, although there was still the perception that, under certain
situations, mastitis is uncontrollable. Participants identified financial benefits and penalties as
potent motivators to lower their herd SCC. Finally, the results bring to light the effects that
increased regulations can have on the level of frustration and isolation perceived by dairy
producers.
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Chapter 1. Introduction and Literature Review
1.1 Introduction
Once the warm humid weather of the summer arrives, so too does the increased risk for
mastitis infections (Sargeant et al.; 1998, Schukken et al., 1992a; Green et al., 2006; Olde
Riekerink et al., 2007). Dairy producers and veterinarians alike have come to accept the fact that
the summer is a time of udder health compromise. Recent Ontario dairy industry initiatives have
focused on promoting proven preventative practices that help producers minimize mastitis risk in
their herds (Ontario Dairy Industry Working Group, 2012). The impetus for these extension
activities stemmed from changes to milk quality regulations. Bulk milk somatic cell count
(BMSCC) penalty threshold was reduced from 500,000 to 400,000 cells/ml August, 2012
(Ontario Dairy Industry Working Group, 2012). When yearly regulatory bulk milk data for 2010
was analyzed, 53% of all Ontario dairy herds were below 200,000 cells/ml in March, whereas in
August, that number dropped to 23% (Hand, K., unpublished data). There was an appreciable
decrease in the proportion of herds maintaining acceptable levels of udder health during the
summer; however, there was still one-quarter of dairy herds that were able to produce milk of
consistently high quality during the high-risk summer period. To date, no study has specifically
addressed the risk factors and protective determinants associated with udder health throughout
the summer. This review will describe the significance of mastitis to the Canadian dairy industry,
along with the potential determinants of summer-seasonality in herd somatic cell count.
1.2 Significance of Mastitis and Somatic Cell Counts
Mastitis is the most pervasive and economically important disease faced by the dairy
industry (Halasa et al., 2007; Hogeveen et al., 2011). In Canada, in a sample of 106 herds from
10 provinces, the mean incidence of clinical mastitis was estimated at 23 cases per 100 cow-
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years, with a range from 0.7 to 97.4 between herds (Olde Riekerink et al., 2008). Clearly,
mastitis affects a significant proportion of lactating cows, but is also highly dependent on herd.
Costs associated with the disease are attributable to decreased milk production, treatment of
clinical disease (cost of antimicrobial therapy and associated milk withhold), premature culling
or mortality, and monitoring (Hogeveen et al., 2011). The cost of clinical mastitis ranges from
$95 to $211 per clinical case (Cha et al., 2011). When added to the cost of subclinical mastitis,
the cost of udder health problems was estimated to range between $23 and $261 per cow per year
(Hogeveen et al., 2011). The most important factor related to the cost of both clinical and
subclinical mastitis is the volume of milk lost (both through discarded milk and reduced
production) (Dohoo et al., 1984; Seegers et al., 2003; Hand et al., 2012).
Somatic cells in bovine milk consist of macrophages, neutrophils, lymphocytes, and
sloughed epithelial cells (Sordillo et al., 1997; Rainard and Riollet, 2006). In the healthy
mammary gland, macrophages are the predominant cell type, whereas during inflammatory
conditions, neutrophils represent greater than 90% of all somatic cells (Rainard and Riollet,
2006; Oviedo-Boyso et al., 2007). The most important factor affecting somatic cell count (SCC)
in milk is infection of the mammary gland with bacterial pathogens (Dohoo and Meek, 1982;
Reneau, 1986). SCC are used as a measure of intramammary infection (IMI) status of dairy
cattle (Dohoo et al., 1984). Factors such as age, stage of lactation, season, and both diurnal and
day-to-day variation are considered minor influences on SCC (Reneau, 1986; Harmon, 1994).
Typically, a cut-off SCC value of 200,000 cells/ml in composite milk samples from individual
cows is used to differentiate between infected and uninfected cows (Dohoo and Leslie, 1991).
This value reflects an optimization of diagnostic sensitivity and specificity, thus minimizing
diagnostic error (Schukken et al., 2003). In Canada, Individual cow SCC (ICSCC) are measured
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in milk samples collected for herd monitoring services (CanWest DHI) to produce productionweighted herd average SCC values, used by managers to monitor herd udder health over time.
From a regulatory perspective, bulk milk SCC (BMSCC) levels are monitored as an
important indicator of milk quality. Producers face monetary penalties if they exceed SCC
thresholds (Dekkers et al., 1996). Elevated BMSCC is associated with an increased risk of
violative antibiotic inhibitor residues, likely due to increased antibiotic treatment of mastitis
cases (Schukken et al., 1992). Persistently elevated herd SCC could be associated with high
prevalence and/or incidence of subclinical and clinical IMI, respectively, primarily due to
contagious mastitis pathogens such as Staphylococcus aureus and Streptococcus agalactia.
Some herds with low BMSCC typically experience relatively more clinical mastitis due to
environmental pathogens such as E. coli, Klebsiella spp., and Streptococcus uberis (Erskine et
al., 1987; Erskine et al., 1988; Hogan et al., 1989; Barkema et al., 1998b). The relationship is far
from absolute, as herds with low SCC may still be afflicted primarily by contagious pathogens,
while high SCC herds will often experience high rates of clinical and subclinical mastitis due to
environmental pathogens (Hoblet et al., 1988).
Elevated herd BMSCC have a negative impact on dairy product quality through altered
milk processing characteristics and reduced shelf life. Relative to low SCC milk, milk with high
SCC has increased whey proteins (specifically Immunoglobulin G) with lower levels of casein
(Schukken et al., 1992; Le Marechal et al., 2011). There is also a reduction of the total fat
percentage in milk, likely as a result of damage to milk secretory epithelium (Schukken et al.,
1992; Le Marechal et al., 2011). High SCC milk also has poorer organoleptic qualities (Santos et
al., 2003), a shorter shelf life (Barbano and Santos, 2006), and lowered cheese and yogurt yield
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(Oliveira et al., 2002; Le Marechal et al., 2011). Prevention of mastitis benefits the producer and
the entire dairy industry value chain by increasing production efficiencies.
1.3 Seasonality of Herd Somatic Cell Counts
In temperate climates, regional BMSCC levels follow a consistent and repeatable
seasonal pattern. Herd SCC levels tend to peak in the late summer and early fall months (July to
October), while reaching a nadir in the winter and early spring (February to April) (Nelson et al.,
1967; Bodoh et al., 1976; Igono et al., 1988; Morse et al., 1988; Schukken et al., 1992; Sargeant
et al., 1998; Gilson et al., 2004; Green et al., 2006b; Olde Riekerink et al., 2007; Lukas et al.,
2008; Pavel and Gavan, 2011; Zucali et al., 2011).
An early study of the seasonal phenomenon analyzed the bulk tank milk leukocyte counts
of 2,000 herds across the United States, through direct microscopic evaluation over the entire
year (Nelson et al., 1967). The authors found that the proportion of bulk tanks with milk
leukocyte counts greater than 1,000,000 cells/ml increased from a low of 10% in March through
early May to greater than 65% in July, a period where temperatures reached a maximum value of
42 degrees Celsius (Nelson et al., 1967). This study, though it employed a high number of herds,
only followed these herds over a single year, employing laborious methods to measure SCC in
milk. In addition, the comparability of this study to the current dairy production system in
Canada is limited, given the disparity in average BMSCC levels. Nevertheless, this was the first
peer-reviewed research to identify a trend in BMSCC seasonality.
A subsequent study, sampling 16 herds over 2 years and 134 herds concomitantly over
the second year, employed a filter DNA method to quantify the SCC of individual cow
composite milk samples from Wisconsin Dairy Herd Improvement (DHI) samples to study
factors that contributed to variability in SCC over time (Bodoh et al., 1976). There were
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significant year effects reported in the study, with population SCC in the first year peaking at 1
million cells/ml in July, whereas for the second year, a peak of 750,000 cells/ml was reached in
August. Though the study describes this summer-seasonality, there was no attempt to collect data
on variables that would explain the phenomenon. In addition, the authors made no mention as to
the geographic location of the study population; therefore, it is unknown the regional climatic
conditions to which these herds were exposed. Also, similar to earlier work by Nelson et al.
(1967), the absolute levels of BMSCC described in the study limit the ability to apply them to
current dairy industry trends.
Another study, conducted over one year in Missouri focusing on a single university herd
of 165 cows found that SCC peaked in July through September, a phenomenon that was
positively correlated with temperature-humidity index (THI) (Igono et al., 1988). The fact that
the study was conducted in only one university herd, in a geographic region whose climate
differs greatly from that of Canada, limits the external validity of the study.
One of the first regional studies on BMSCC dynamics was conducted in Ontario over 6
years (1985 to 1992), specifically studying the effects of a provincial SCC reduction program on
all 9500 dairy herds in the province (Schukken et al., 1992). The lowest monthly mean provincial
bulk tank SCC average was attained in April, while the highest was in October, a trend consistent
over the 6 years of study. Schukken et al. (1992) used the entire population of Ontario herds as
their study population, a rarity in the literature. Not only does this give the study a high degree of
internal validity, the study production system (i.e. supply management) is similar to that of the
current Ontario dairy industry. One potential shortcoming of the study was in the analysis of
seasonality. The authors did not account for the clustering of BMSCC within herds, nor did they
allow for yearly variation in BMSCC seasonality when predicting the month of maximal
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BMSCC. In addition, the authors did not explore the specific determinants of this seasonal
phenomenon, they merely speculate on its cause. Nevertheless, the study lends strong evidence
to the presence of a summer-seasonal peak in BMSCC in Ontario dairy herds.
Another large-scale study of SCC in the continental United States found significant
regional differences in herd SCC (from Dairy Herd Improvement monitoring records) over time
(Gilson et al., 2004). Mean SCC differed significantly between the 4 regions studied, with the
southern region having the highest mean herd SCC value (413,000 cells/ml), and herds from the
Northeast region having the lowest mean levels (343,000 cells/ml). Seasonal variation in mean
herd SCC also differed by region, with the Mid-south and Southern states reaching lowest levels
in May, whereas the Northeast and Midwest states experienced their lowest levels in November.
All regions tended to experience their highest SCC values in June through September;
specifically, the Northern regions peaked in August, whereas the Southern regions peaked in
September. There were minor geographic differences in the way populations of herds
experienced seasonality. This highlights the importance of being aware of study location when
attempting to extrapolate results to different populations. Again, the study did not attempt to
explore the specific herd-level determinants of the summer-seasonality noted, nor did it
enumerate the number of herds included in the study.
The seasonal pattern noted in SCC is not restricted to North America. In the United
Kingdom, herd SCC values (based on herd aggregate of SCC from composite cow milk samples)
tended to peak in the months of August and September, with lowest levels reached in January
(Green et al., 2006b). This result is in contrast with an Irish study that found herd SCC to peak in
October-November, reaching lowest levels in April-May (Berry et al., 2006). Irish dairy herds
are commonly managed in a seasonal manner, with calving during spring months, whereas herds
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throughout England and Wales often have calving throughout the year (Berry et al., 2006). In
addition, the UK study drew conclusions from a study population of 33 herds over a single year,
whereas the Irish study employed over 9,000 herds over 10 years.
In Holland, herd SCC typically reached a peak between August to September, with lows
in February, based on 300 herds over four years of observation (Olde Riekerink et al., 2007).
Likewise, a study in Romania focusing on a single research station over 1 year, found that SCC
peaked from May through July (Pavel and Gavan, 2011), coinciding with the warmest summer
months. In Italy, researchers studied 22 herds over each of 4 seasons over one year (Zucali et al.,
2011). This study reported that SCC levels peaked in the “hot” seasons (June and July), whereas
the lowest levels were observed during the “cold” season (December through February). Finally,
Indian cattle also experienced significant seasonal variations in SCC, with peak levels
experienced during “hot-humid” months of July-August, and lowest levels in the winter months
of December-January in a governmental research farm over 1 year (Singh and Ludri, 2001).
Seasonality in herd SCC levels is a global phenomenon and not restricted to temperate climates.
In addition to the significant reduction in quality of dairy products from elevated BMSCC
(and therefore potential effects on marketing and sales of such products), another major concern
about seasonal rise in SCC over the summer period is the increased risk for financial penalty. A
study of the population (9500 herds total) of Ontario dairy herds shipping milk over the years of
1985 to 1991 found that herds maintaining monthly BMSCC of 400,000 and 300,000 cells/ml
had a probability of exceeding the 500,000 cells/ml regulatory threshold of 20 and 7%
respectively (Dekkers et al., 1996). This corresponded to an average penalty cost of $0.81 and
$0.17/hectolitre respectively. An American study of over 1500 dairy herds in the mid-west over
two years found that the odds of exceeding SCC threshold standards were greatly increased from
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June through August (Lukas et al., 2008). Elevations of both monthly SCC mean and variance
(coefficient of variance) were responsible for this increased risk (Lukas et al., 2008). The
overwhelming majority of studies focusing on seasonality in SCC have been descriptive in
nature, conducted on an aggregate regional level. There have been no large-scale observational
studies designed to specifically evaluate herd-level determinants of seasonality in mastitis and
SCC. Researchers have proposed several potential determinants of summer SCC elevations,
chief among them being the increased ambient temperature and humidity leading to elevated
environmental bacterial numbers, subsequently increasing mastitis infection pressure. The
following sections provide a summary of the major postulated determinants of SCC elevations
during the summer months.
1.4 Potential Determinants of Seasonal SCC fluctuations
1.4.1 Environmental Conditions and Pathogen Challenge
It is a long-standing hypothesis that the elevation in SCC experienced by dairy herds
during summer months is primarily due to hot, humid weather providing optimal survival and
growth conditions for environmental bacteria (specifically Gram negative and Streptococcal
species) (Hogan and Smith, 2012). Higher pathogen burdens increase teat end exposure and
subsequent risk of IMI due to environmental pathogens (Hogan et al., 1989). An early study
supporting this theory found that the rate of E.coli IMI during the summer months of June
through August was 0.021 cases/cow-day, versus 0.007 cases/cow-day for all other seasons
(Smith et al., 1985). The authors also found that environmental Streptococcal IMI rates were
significantly elevated from June to November relative to the winter (0.003 versus 0.0014
cases/cow-day), and that these infections were of longer duration (Smith et al., 1985). The
summer peak in IMI coincided with a peak in BMSCC, bedding bacterial counts, and ambient
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temperature during this same period. This study, though rich in depth and breadth of data, was
limited to one herd of 150 cows for a single year. Further, this herd had a very low prevalence of
S.aureus IMI, possibly limiting the generalizability of findings to a wider population of herds
with diverse infection pressures.
A subsequent study in Florida found a positive association between clinical mastitis
incidence and environmental conditions, specifically temperature-humidity index (THI) (Morse
et al., 1988). This study monitored a single university herd for six years and used a rate (clinical
mastitis cases/1000 cow-days) as the dependant variable in the analysis. At THI values less than
60, the rate of clinical mastitis was lower than 2 cases per 1000 cow days. However, when the
THI exceeded 78, the clinical mastitis rate was greater than 3 cases per 1000 cow days (Morse et
al., 1988). As noted previously, the geographic location of this study likely limits the external
validity for extrapolating these results to the Canadian dairy industry. Also, linear regression was
used to model their outcome, in this case, a clinical mastitis rate. Current understanding would
dictate that poisson or negative binomial techniques are more appropriate analytic methods for
such data, as the response variable (the rate of clinical mastitis) likely does not follow a Gaussian
distribution (Dohoo et al., 2011). This calls into question the accuracy of the study’s inferences.
Regardless, the direction of effect would likely have remained the same, with clinical mastitis
rates reaching peak levels whenever THI was in excess of 78.
Bacterial counts in bedding and clinical mastitis rates have been found to be positively
associated, and both are increased in the summer (Hogan et al., 1989). In this study, conducted in
Ohio, all bedding materials had higher bacterial counts during the summer months, with sand
having lower overall counts compared to organic bedding throughout the year, and with the
magnitude of difference being greatest in the summer. Positive linear relationships were also
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found between bedding bacterial count and the incidence of clinical mastitis due to all gram
negative pathogens and Klebsiella spp. Nine herds were included in the study, all of which had a
low prevalence of contagious pathogens and low BMSCC (80% of herd with linear score <5);
therefore, the applicability of findings to herds with diverse IMI pathogen profiles could be
questionable. Also, Hogan et al. (1989a) and Morse et al. (1988) made no connection between
incidence rates of clinical mastitis as explanatory variables for the outcome of summer increases
in BMSCC, thus limiting support for the theory that environmental pathogen challenge is
responsible for this phenomenon. A study of 18 Michigan and Pennsylvania herds over the
period of one year examined the associations between pathogens causing clinical mastitis and
two groups of herds sorted by yearly DHI herd SCC category (low BMSCC was < 150,000
cells/ml, high BMSCC was > 700,000 cells/ml), led to further ambiguity (Erskine et al., 1988).
The main finding was that the incidence of clinical coliform mastitis reached a peak during July
and August for herds with low BMSCC, whereas no such association existed in high BMSCC
herds. The authors did not report a summer increase in BMSCC accompanying this increased
incidence in coliform mastitis. The study highlights the diversity of infection pressures among
herds. The BMSCC rise could have different root causes, depending on the predominant
pathogen profile and management characteristics of the herd. The small number of farms used in
the study, along with the fact that herds classified as “high SCC” are no longer likely in the
Canadian industry (BMSCC penalty threshold of 500,000 cells/ml precludes the existence of
such herds) limits the ability to extrapolate to the Canadian industry.
A later longitudinal study of 300 Dutch dairy herds found that herds with BMSCC <
150,000 cells/ml had an increased incidence of Gram negative IMI relative to herds at BMSCC
between 150,000 to 400,000 cells/ml (Barkema et al., 1998b). The study also reported a higher
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incidence of contagious IMI in herds with BMSCC > 150,000 cells/ml, corroborating the
findings of Erskine et al. (1988). Green et.al (2006b) evaluated the individual cow SCC (ICSCC)
dynamics of 33 dairy herds across England and Wales. Specifically, the research investigated
factors associated with BMSCC increase seen over the summer months. One year of monthly
National Milk Records data were analyzed. Cows were classified at successive tests based on
their ICSCC using thresholds of <100,000 cells/ml (“low”), 101,000-199,999 cells/ml
(“medium”), and >200,000 cells/ml (“high”). New infections were classified as a transition from
low to high ICSCC on successive tests, whereas cows were considered chronically infected if
they remained high on successive tests. The authors concluded that over 70% of the increase in
SCC seen during the summer months was due to a higher proportion of chronically infected
cows (Green et al., 2006b). The proportion of cows with new infections was not different
between winter and summer, leading the authors to conclude that new infections play a minor
role in influencing the increase in BMSCC seen in the UK over the summer (Green et al.,
2006b). This research illustrated the dynamic nature of ICSCC in herds over time. The research
did not include bacterial culture. The authors speculated that these chronic infections were due to
higher rates of Streptococcus uberis infections. Also, as the study was conducted for only one
year, changes in the annual pattern were not documented. Further, the climate in the UK is more
moderate and wetter than that of Canada, with maximal summer temperatures for the whole of
the UK seldom greater than 21 degrees Celsius (Met Office, 2012). This could contribute to
different environmental exposures and pathogen challenges in the UK compared to Ontario.
Finally, many herds in the UK are managed on pasture during the summer months, in contrast to
herds in Ontario where >80% confinement is the norm. The epidemiology of mastitis on pasture
may be quite different from that of confinement housing, with Streptococcus uberis being a
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major mastitis pathogen on pasture (Lopez-Benavides et al., 2007). Application of these results
to Ontario dairy herds may, therefore, not be valid.
Addressing the specific etiological questions raised by Green et al. (2006b), a Dutch
study, based on data collected in the mid-1990s, evaluated the influence of season on BMSCC,
ICSCC, the incidence rate of clinical mastitis (IRCM), and pathogen-specific IRCM (Olde
Riekerink et al., 2007). BMSCC peaked between August and September in the four years
studied. In contrast to Green et al. (2006b), Olde Riekerink et al. (2007) found that the proportion
of new infections as defined by ICSCC changes was significantly elevated over the summer
months for both primi- and multiparous cows. In contrast, chronic infections were most prevalent
in the spring. Additionally, and somewhat paradoxically, the IRCM was highest over the winter
(when BMSCC was lowest); however, when looking at pathogen-specific rates, S. uberis and E.
coli IRCM were highest over the summer months for pasture-based and confinement herds
respectively. These trends coincided with the increase in new ICSCC elevations over the summer
months. The peak in chronic infections occurred earlier in the year, and the authors speculated
that this was associated with a peak in IRCM due to Staphylococcus aureus infections over the
winter months, coupled with Dutch producers retaining high SCC cows in order to meet annual
production quotas before the start of a new industry year in May (Olde Riekerink et al., 2007).
There were 300 study herds in the Netherlands over a period of four years, making use of
monthly ICSCC monitoring, as well as regulatory BMSCC pick-up data, and an intensive milk
culturing protocol. From a Canadian perspective, results from this study should be interpreted
with caution. A majority of herds in the Netherlands are managed on pasture, which could lead to
a different epidemiology of mastitis pathogens when compared to the confinement-based
Canadian industry. Another drawback of this study was its reliance on historic management data.
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Summer-specific environmental and management factors for individual farms were not
evaluated, which may have shed additional light on the reasons for SCC and IRCM elevations
over the summer period. Regardless, this study advanced understanding of the epidemiology of
summer udder health issues.
In summary, increased environmental temperature and humidity have been shown to
increase the growth of bacterial pathogens in the farm environment, thus increasing the exposure
of teat ends to mastitis-causing agents. Clinical mastitis rates can be increased during the
summer months, specifically due to Gram-negative and environmental Gram-positive pathogens.
Subclinical infections may be increased during the summer months; however, this is inconsistent
across geographic regions (Green et al., 2006b; Olde Riekerink et al., 2007), and has not been
studied in the Canadian dairy industry.
1.4.2 Immunologic Responsiveness and Heat
Heat and humidity experienced during the summer months place cows at an increased
risk of experiencing heat stress. A commonly used, standardized metric for measuring
environmental conditions in cattle, combining the relative effects of both heat and humidity is
the Temperature Humidity Index (THI) (Buffington et al., 1981; Kadzere et al., 2002). THI
values greater than 72 place cows at an increased risk for experiencing heat stress (Kadzere et al.,
2002). Recent research has found that the negative production effects of heat stress on the
modern high-producing dairy cow begin at much lower minimum and average daily THI values
of 65 and 68, respectively (Zimbleman et al., 2009). The authors concluded that when average
minimum or mean THI exceed these thresholds, cooling strategies should be initiated to mitigate
production loss.
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Heat stressed cows have lower feed intakes and activity levels, with increased respiratory
rates, rectal temperatures, higher peripheral blood flow, sweat production (West, 2003; Suthar et
al., 2012), and elevated cortisol levels compared to cows in thermoneutral conditions (Elvinger et
al., 1992; Lacetera et al., 2005). Immune suppression due to heat stress has also been evaluated
in vitro, with mononuclear cells having lowered function when incubated at THI levels
congruent with heat stress conditions (Lacetera et al., 2006). Although laboratory based, with
low (n=10) numbers of cows, all from a single herd, this study lends credence to the direct
effects of heat stress on immunological function in dairy cattle. Cows that calved during the
summer experienced a higher THI than cows calving during the rest of the year, and were found
to have elevated pre-calving cortisol levels, with lower levels of lymphocyte proliferation and
IgM production (Lacetera et al., 2005). Again, this study was conducted on one farm using 30
cows, limiting extrapolation of results to larger, commercial dairy cows. Elevated glucocorticoid
levels are associated with impaired neutrophil migration and function, with a subsequent increase
in mastitis risk in experimentally infected cows (Lohuis et al., 1988; Burton and Kehrli, 1995;
Diez-Fraile et al., 2003). A greater level of evidence for the effects of heat stress on
immunological function may have come from research that found heat abatement strategies,
specifically convective and evaporative techniques during periods of increased ambient
temperatures resulted in improved immune function in dairy cattle (do Amaral et al., 2011).
Cows exposed to cooling strategies had significant improvements in neutrophil oxidative burst
and phagocytosis compared to heat stressed animals. Furthermore, lymphocytes from cooled
cows had improved responsiveness to ovalbumin challenge relative to heat stressed cows.
Although this study used a small number of animals per treatment group (12 heat stressed and 9
cooled) in a research herd setting (thus limiting its generalizability to larger populations), it
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suggests that summer heat and humidity adversely affect immune function in dairy cattle, and the
abatement of such conditions are associated with an improvement in immune responses. Larger
scale cow- and herd-level studies are necessary to confirm this trend over a broad population. In
addition, further study is required to determine the importance that heat-induced immune
suppression plays in mastitis susceptibility.
1.4.3 Summer, Transition Disorders, and Mastitis
Transition cows (cows within three weeks before and after calving) experience a decrease
in dry matter intake (DMI) around calving, coupled with an increase in nutrient demand for fetal
growth and initiation of lactation (Herdt, 2000). The disparity between energy needs and feed
intake results in a negative energy balance, and causes fat mobilization from body stores (Herdt,
2000). In dairy cattle, DMI is negatively associated with increased ambient temperature (West et
al., 2003; West, 2003). Summer temperatures, therefore, have the potential to reduce milk
production and body condition scores during periods of heat stress (West, 2003). Cows that calve
in the spring and summer seasons typically have the highest beta-hydroxy-butyrate levels
(Duffield et al., 1998), likely an effect of DMI depression over the summer months. A study
using 19 transition cows assessed liver fat accumulation and neutrophil function (Zerbe et al.,
2000). The research showed that antibody-dependent and –independent cytotoxicity, as well as
cell surface recognition structures and reactive oxygen species generation, decreased in
neutrophils derived from cows with higher levels of liver fat accumulation. These studies suggest
that immune function could be impaired during the summer in cows that are experiencing
metabolic disorders.
A much larger observational, cow-level study provides more convincing evidence that
pronounced negative energy balance in transition cows leads to elevated mastitis risk (van
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Straten et al., 2009). Using generalized linear mixed models, the authors found that animals in
the top quartile for body weight loss in the peri-parturient period had 25% greater odds of
experiencing an SCC greater than 250,000 cells/ml during the concurrent lactation. If the cow
experienced ketosis, they were at 44% greater odds of experiencing an event of SCC greater than
250,000 cells/ml. High cow numbers give the study the necessary power to detect a difference;
however, the low herd numbers encourage caution when extrapolating such results to a larger
population of herds. The study outlines the potential link between ketosis and elevated SCC.
Summer environmental conditions may drive down DMI and increase the risk of metabolic
disorders that could compromise immunity and increase mastitis incidence, although large-scale
studies that support this direct link are lacking in the literature.
1.4.4 Management changes and elevated summer SCC
In Canada’s supply managed dairy sector, producers are typically allotted the opportunity
to sell additional milk, over and above their quota allocations, in the fall of every year, a time
when processors have difficulty meeting consumer demand. To meet these production
incentives, it is likely that some producers maintain higher cow numbers in their milking herds,
through cow retention, acquisition, or targeted breeding. This becomes problematic when
facilities are inadequate to accommodate more milking animals. More animals per square foot
could lead to increased manure accumulation, which in turn leads to dirtier free stalls, udders,
and teats (Magnusson et al., 2008). In a study involving over 1000 animals from eight farms in
Wisconsin, it was concluded that cows with dirtier udders had 1.5 times higher odds of
contracting an IMI from a major pathogen, and had significantly higher linear scores relative to
cows classified as clean (Schreiner and Ruegg, 2003). Similarly, cows classified as having dirty
udders had SCC levels 100,000 cells/ml greater than cows having clean udders (Reneau et al.,
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2005; Sant'Anna and Paranhos da Costa, 2011). It is conceivable that producers retain more cows
in the late summer, leading to poorer hygiene and elevated odds of clinical and subclinical
mastitis, contributing to the summer-fall BMSCC rise. This research question has not been
addressed in the Canadian context, nor as an explanatory predictor of summer seasonality in
BMSCC.
Maintaining higher cow numbers in a finite space leads to increased stocking densities,
which also produces deleterious social effects. Increased stocking densities cause a decrease in
lying times (Fregonesi et al., 2007; Telezhenko et al., 2012), coupled with increased competition
for feed (DeVries et al., 2004; Proudfoot et al., 2009). Adverse social conditions have been
shown to enhance the physiologic stress response (increased cortisol) in dairy cattle (Herskin et
al., 2007), potentially causing immune suppression and predisposing these animals to mastitis. In
contrast, Krawczel et al. (2012) found no difference in lying times, hygiene, and inter-cow
aggression for cows that were overstocked to a level of 150% versus cows at 100%. This
difference is likely due to between-study variation in the level of overstocking (varying from
150% to 300%), maintenance of static social groups in some studies and not others, and facility
differences (stall size alley with, ventilation etc.). More work is needed to establish consistent
associations. Increased cow numbers could play an important contributing role to the increase in
BMSCC over the summer-fall period, but the presence and degree of this contribution has not
been studied.
It is possible that producers retaining more cows originally destined for culling could be
maintaining cows with chronic IMI in the herd. Maintaining a pool of S.aureus infected
individuals in a population increases the risk of new IMI (Zadoks et al., 2002). This study used
three Dutch dairy herds as the basis for a mathematical model for S.aureus transmission. Given
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the low number of herds used for input parameters and the failure of the model to predict the
biological observations in one herd, caution is needed. Such models, because of the complexity
of the biological phenomenon they wish to predict, may be inherently hampered by the required
assumptions. Regardless, the paper does provide an estimate of how IMI infections are
contracted and maintained in a herd, showing that maintenance of infected cows within a herd is
a potential risk, and merits further field-based study.
Finally, the summer is a period that presents substantial added workload for dairy
farmers. It is possible that some aspects of animal management receive less attention when the
focus is shifted, especially in owner-operated herds. Field studies quantifying this phenomenon
are rare. One study found that post-milking teat dipping decreased by 10 to 20% between the
summer months and the rest of the year (Barkema et al., 1998a). The authors speculated that this
was due to added workloads experienced over the summer months. Although it is true that some
farmers outsource their fieldwork, the majority of Canadian producers are engaged in some form
of additional fieldwork over the summer months. Additional studies evaluating the quality of
management in the summer relative to the rest of the year are warranted.
1.4.5 The “Summer Slump” in Milk Production and Elevation in SCC
It is widely accepted that an increase in cow SCC will cause a decrease in milk
production (Raubertas and Shook, 1982; Seegers et al., 2003; Halasa et al., 2007; Durr et al.,
2008; Hand et al., 2012). As the major determinant of elevation in SCC is IMI, the lowered
production associated with higher levels of SCC is likely through damage to the milk-producing
parenchyma of the mammary gland caused by bacteria and the inflammatory response to IMI
(Rainard and Riollet, 2006). In contrast, there is evidence of a mild dilution effect on milk SCC.
As milk production increases, there is a concomitant decrease in SCC. Bulk tank SCC was
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shown to decrease by 11.1% with each 1000 kg increase in fat corrected milk production
(Emanuelson and Funke, 1991). At the individual cow level, SCC levels show an inverse
relationship with the 305-day milk production curve, where cows at the early and late portions of
their lactation produce the least amount of milk and typically have the highest SCC (Schepers et
al., 1997). A large scale study using UK data found that, after controlling for parity, farm, days
in milk, and infection status, dilution played a significant role in test day SCC, especially at
lower SCC levels (Green et al., 2006a). This effect, though statistically significant, played a
relatively minor role in SCC levels.
With this in mind, an interesting unstudied notion is the possibility that the summer
elevation in SCC coincides with the decrease in milk production typically seen in North
American dairy herds. There is a provincial trend for milk production to peak in June, with a
nadir in production in November (Hovingh, 1998). This phenomenon is quite consistent from
year to year on the regional and individual herd levels, although there appears to be a wide
discrepancy in the magnitude of seasonal production changes between herds (Hoving, 1998).
Key herd-level determinants of this seasonal pattern in milk production for Prince Edward Island
dairy herds were: poor reproductive performance, internal parasite burden (Ostertagia spp.), and
provision of supplemental non-forage dry matter. The season-specific determinants of average
daily milk production have not been studied extensively, nor has the correlation between
seasonal milk production and SCC.
1.5 Producer Psychology: Attitude, Perception, Motivation, Knowledge, and Udder Health
Decades of research have been devoted to uncovering key management practices
associated with adverse udder health events on dairy farms. Specific cow and herd level risk
factors for clinical and subclinical mastitis, along with dry cow IMI, and elevated herd SCC have

19

been extensively reviewed (Barkema et al., 2006; Halasa et al., 2009a; Halasa et al., 2009b;
Dufour et al., 2011; De Vliegher et al., 2012; Hogan and Smith, 2012). Despite this, mastitis
remains among the most important of all production-limiting diseases faced by the dairy
industry. Industry professionals and researchers alike are becoming increasingly aware of the
role that producer psychology plays in the successful implementation of health management
practices on the dairy.
1.5.1 The Theory of Planned Behaviour
Evaluating, understanding, explaining, and predicting human behaviour is difficult. Over
time, several theories have been constructed to study and predict human behaviour. One such
theory that has received substantial attention is the Theory of Planned Behaviour (TPB) (Ajzen,
1991). Figure 1.1 depicts a diagrammatic overview of the theory. The theory posits 3 main tenets
as key determinants of context-specific behaviours, namely attitude, subjective norms, and
perceived behavioural control (PBC) (Ajzen, 1991). One’s attitude towards a specific behaviour
is shaped by behavioral beliefs, which are in turn influenced by the perceived consequences,
either favorable or unfavorable, of performing the specific behaviour (Ajzen, 1991). Subjective
norms are influenced by the individual’s normative beliefs, specifically referring to the belief in
the likelihood that socially important “others” either approve or disprove of a specific behaviour
(Ajzen, 1991). Finally, PBC refers to the level of control the individual perceives to have over
performing a specific behaviour (Ajzen, 1991). PBC is influenced not only through the presence
of physical limitations to performing behaviours, but also to the individual’s perception of any
factor limiting complete volitional control (Ajzen, 1991). Attitudes, subjective norms, and PBC
influence behavioral action through producing a motivation or intention to perform a specific
behaviour, though PBC can have direct effects on specific behaviours independent of intention.
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The efficacy of TPB at predicting behaviour varies widely between studies and
behavioural contexts; however, a meta-analysis from a dataset of 185 independent studies found
that the TPB accounted for 27% of the variance in behaviour and 39% of the variance in
intention (Armitage and Conner, 2001), lending credence to the use of this theory in explaining
human behaviour.
1.5.2 Social Studies in Dairy Cattle Research
Recently there has been an increased emphasis on social psychology research in the dairy
industry. Management style and attitudes have been found to play a significant role in the quality
of milk produced on dairy farms. Farms with low SCC (<150,000 cells/ml) were more likely to
be managed by younger, well-educated producers who performed tasks in a slow, clean, and
methodological manner in contrast to farmers with high SCC (>250,000 cells/ml), who favoured
speed over precision, labelled as “quick and dirty” producers (Barkema et al., 1999).
Dairy farmers are a diverse group of individuals, with a variety of attitudes and
motivations. A recent udder health study divided so-called “Hard to reach farmers” into four
categories: proactivists, do-it-yourselfers, wait-and-seers, and reclusive traditionalists (Jansen et
al., 2010c). These groups were differentiated based on their orientation towards their external
world and their trust in relationships. These groups of farmers differed markedly in their attitudes
towards a variety of information sources and management styles/practices. They all ascribed
importance to the prevention of mastitis; however, the methods used for obtaining and
implementing advice for its prevention were different between groups. Affecting change in such
a heterogeneous group of individuals calls for a multifaceted approach to communication and
motivation. Farmers are motivated by a variety of factors, both internal and external. With
respect to udder health, research has found that farmers take pleasure in producing quality milk
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from healthy animals, although monetary incentives and penalties were seen as equally important
factors in motivating the production of low SCC milk (Valeeva et al., 2007).
Effective communication is a key factor in increasing awareness of herd health issues and
motivating change on-farm. Recent research has found that two forms of communication, the
central route (instruction cards, treatment plans, monitoring software) and the peripheral route
(using a national advertising strategy promoting the use of latex gloves during milking) were
effective in producing a sustained and positive effect on farmers’ behaviours (Jansen et al.,
2010a; Jansen et al., 2010b). To act as an agent of change, one must adopt a proactive approach
that produces a personalized message, with realistic goals, within the context of the farmers’
environment (Lam et al., 2011).
Despite the increasing volume of recent literature dealing with dairy farmer attitude,
motivation, and communication, little work has been done in the context of the Canadian supply
management perspective. Central to the tenants of TPB, different behaviours are contextspecific, and as such, the determinants of specific behaviors can change over time, and may
differ depending on the external environment (Ajzen, 1991).
1.5.3 Qualitative and Mixed Method Research
Quantitative methods of inquiry are focused on employing a broad range of techniques in
a systematic manner, often involving the collection, tabulation, and analysis of data using
statistical methods that allow the researcher to answer research questions. Associations between
variables are measured and analyzed, all within a value-free framework, with the goal of
generalizing results to larger populations (Sale et al., 2002). Various techniques to ensure
objectivity include blinding, randomization, highly structured protocols, placebo controls, large
sample sizes, and written/oral questionnaires with a predetermined range of responses (Dohoo,
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2009). When seeking to understand meaning, as in the study of the complex nature of human
action, attitude, and behaviour, it is important to have a methodology that is able uncover
meaning and depth, rather than setting out to test predetermined hypotheses (Creswell, 2013).
Qualitative research is a broad and diverse methodology that attempts to accomplish this
understanding through the use of techniques and principles such as: multiple data sources
(words, images); analysis of data in an inductive and interactive manner; focuses on research
participants’ subjective views and meaning; framing human behavior and beliefs within a
predefined cultural and social lens; recognizing and reflecting upon the researchers’ interpretive
role in the design, analysis, and reporting phases of the study; and taking a holistic view of the
social phenomenon in question (Creswell, 2013; Hatch, 2002; Maxwell, 2005). Quantitative
researchers typically adopt a positivist approach to research, where it is assumed that one true
reality exists, and that through rigorous application of research methods, this reality can be more
fully known (Guba and Lincoln, 1994). Contrast this with qualitative researchers, who typically
adopt a constructivist paradigm, wherein reality is a social construct with a fluid definition that is
personally and situationally dependant (Guba and Lincoln, 1994). The ultimate goal of
qualitative research is to form a rich, deep description of the situation being studied that may or
may not be extrapolated to a broader population (depending on the context in which the research
was conducted) (Sale et al., 2002).
Thematic analysis is a flexible analytic method that, when applied to qualitative data in a
systematic manner, can identify, analyze and report patterns (themes) within the data, thereby
describing the data set in rich detail (Braun and Clarke, 2006). The analysis begins with the
researcher reading and re-reading all of the transcripts while making notes of initial ideas and
opinions emerging from the participants discussions. A bottom-up inductive approach to coding
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is driven by participant responses and interactions (Braun and Clarke, 2006). Briefly, codes are
generated by identifying interesting features of the data in a systematic fashion across the entire
dataset. Further, related codes are grouped into descriptive themes and reviewed in relation to
extracts (segments of participant responses that express a unique idea) coded across the entire
dataset for a theme. These initial themes are then refined and named. Ongoing analysis and
reflection generates a clear definition for each theme while identifying the interrelation present
between all themes.
Increasingly, researchers have come to recognize the value that both qualitative and
quantitative research methodologies have in exploring complex phenomena, and as such have
devised structured and pragmatic methods to follow when conducting research (Tashakkori,
2010). Specifically, mixed methods research is concerned with the integration of both qualitative
and quantitative within a single study to inform research (Johnson and Onwuegbuzie, 2004).
This mixing, or the explicit interrelating of quantitative and qualitative data, can be done at
several points throughout study conduct (Creswell and Clark, 2010). Creswell and Clark (2010)
outline six major mixed methods designs, with each having a specific recommendations on how
and when qualitative and quantitative research methods and results are integrated. Doing so
requires a pragmatic approach to rectify the differences in epistemological and ontological
assumptions that underlay qualitative and quantitative research (Tashakkori, 2010). Ultimately,
mixed methods research, combining the “best of both worlds”, has the potential to provide a
more complete view of complex research topics involving human behaviour.
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1.6 Summary and Research Objectives
In summary, it is evident that mastitis poses a significant challenge for the dairy industry,
and control efforts should be focused on periods of high risk for adverse udder health events. In
Ontario, the summer is a risk period at the regional, herd, and individual animal levels. To
produce a consistent supply of safe, high quality milk, effort should be afforded to the
understanding of mechanisms and determinants that cause seasonal fluctuations in milk quality.
From this, effective mitigation strategies may be developed and promoted. Doing so requires
more than a cursory description of the phenomenon on the regional level, or an observational
study in one or a few herds. The industry has a substantial understanding of the determinants of
udder health at the individual animal and farm level. Though several small-scale studies have
been conducted addressing key questions concerning seasonal determinants of SCC and udder
health, it seems surprising that more large scale studies have not been employed to further
explore the many issues that remain marginally addressed by theory and empirical experience.
The primary objectives of this thesis were:
1) To fully explore, describe and define the seasonal SCC fluctuation in Ontario
dairy herds using several years of retrospective regulatory milk data (Chapter 2).
2) To describe the relationship between on-farm summer weather conditions for 50
farms with that of the closest official meteorological station,* to determine the
appropriateness of using meteorological station data as a surrogate for on-farm
environment monitoring (Chapter 3).
3) To conduct a prospective case-control study to evaluate farm-level risk factors
contributing to a summer rise in SCC (Chapter 4).
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4) To describe attitudes, motivations, perceptions, and knowledge held by Ontario
dairy producers towards mastitis and udder health (Chapter 5).
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2.1 Abstract
Regionally aggregated bulk milk somatic cell count (BMSCC) data from around the world shows
a repeatable, globally pervasive cyclicity, with peak levels experienced during warm, humid
seasons. No studies have evaluated this seasonal phenomenon at the herd level. The objectives of
this study were to define summer seasonality in BMSCC on an individual herd basis, and
subsequently to describe the characteristics and dynamics of herds with increased BMSCC in the
summer. The data used for this analysis were from all dairy farms in Ontario, Canada between
January 2000 and December 2011 (n≈ 4000 to 6000 herds/year). Bulk milk data were obtained
from the milk marketing board and consisted of bulk milk production, components (fat, protein,
lactose, other solids), and quality (BMSCC, bacterial count, inhibitor presence, freezing point),
farm quota holdings, and milk quota and incentive fill percentage. A time-series linear mixed
model, with random slopes and intercepts, was constructed using sine and cosine terms as
predictors to describe seasonality, with herd as a random effect. For each herd, seasonality was
described with reference to one cosine function of variable amplitude and phase shift. The
predicted months of maximal and minimal BMSCC were then calculated. Herds were assigned
as low, medium, and high peak based on percentiles of amplitude for each of the four seasons.
Using the above seasonality definitions, two transitional repeated measures logistic regression
models were built to assess the characteristics of summer seasonal herds. Control herds were
defined as herds experiencing low levels of summer seasonality. Case herds for each model were
defined as herds experiencing either a moderate or high level of summer seasonality,
respectively. Based on the analyses performed, a history of summer BMSCC elevations
increased the odds of experiencing a subsequent elevation. As herd size decreased, the odds of
experiencing moderate to high BMSCC elevations increased. Herds with more variability in

37

daily BMSCC were at higher odds of experiencing moderate and high elevations in BMSCC, as
were herds with lower annual mean BMSCC. Finally, there was a negative association between
filling herd production targets and experiencing moderate to high elevations in BMSCC. These
findings provide farm advisors direction for predicting herds likely to experience elevations in
SCC over the summer and may help them to devise intervention strategies that focus on known
mastitis risk factors.
2.2 Introduction
Mastitis is among the most pervasive and economically important diseases faced by the
dairy industry (Halasa et al., 2007; Hogeveen et al., 2011). At the cow level, an elevated somatic
cell count (SCC) is a sign of inflammation in the udder, the cause of which is most likely a
bacterial intramammary infection (IMI) (Dohoo and Meek, 1982). Cows with higher SCC
produce less milk with altered processing characteristics, namely reduced shelf life, and an
altered protein content (Schukken et al., 1992a; Le Marechal et al., 2011; Hand et al., 2012). As
such, bulk milk SCC (BMSCC) is a commonly used gauge of milk quality, with dairy processors
and regulators worldwide placing regulations on acceptable levels.
It is a well-established and globally widespread finding that regionally aggregated
BMSCC means shows a repeatable, cyclic seasonal pattern (Bodoh et al., 1976; Igono et al.,
1988; Green et al., 2006; Olde Riekerink et al., 2007). Typically, BMSCC levels peak during the
warm months of the year, from July through October in the northern hemisphere. Studies in
Ontario, Canada have found bulk tank SCC averages are lowest in April and highest in October,
a trend consistent over a 6-year period (Schukken et al., 1992a; Sargeant et al., 1998). In Ontario,
monthly provincial mean BMSCC levels typically ranged from a nadir of less than 200,000
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cells/ml in the winter, to peak levels approaching 300,000 cells/ml in the summer (Sargeant et
al., 1998).
This seasonal compromise in milk quality is concerning for a number of reasons.
Producers with elevated BMSCC experience decreased milk production (Raubertas and Shook,
1982; Hand et al., 2012) and face financial penalties when they exceed the SCC regulatory
thresholds (Dekkers et al., 1996). It has been shown that increased BMSCC in summer poses a
significant challenge for producers to comply with such regulatory standards (Lukas et al., 2008).
Historically, there has been a positive association between inhibitor penalties (antibiotic residues
in milk) and external pressure to lower BMSCC, likely due to increased use of intramammary
antibiotic treatment (Schukken et al., 1992a; Sargeant et al., 1998).
There are several factors that contribute to the seasonal pattern in BMSCC. The increased
heat and humidity of summer provide optimal environmental conditions for bacterial growth,
increasing infection pressure and ultimately, the risk of clinical mastitis during the summer
(Smith et al., 1985; Hogan et al., 1989). However, the relationship between BMSCC and clinical
episodes of mastitis is far from clear. Herds with low BMSCC typically have higher rates of
clinical mastitis due to environmental pathogens (E.coli, Streptococcal spp., Klebsiella) (Erskine
et al., 1988; Barkema et al., 1998). Further, Olde Riekerink et al.(2007) found the incidence of
clinical mastitis in Holland to be highest in December to January, a trend that is inconsistent with
reported peak BMSCC levels occurring in August to September in the same study. Considering
the etiologic agent of clinical mastitis cases, the authors found that the incidence of
Streptococcus uberus and E.coli mastitis peaked in the summer months for pasture-based and
completely confined herds, respectively (Olde Riekerink et al., 2007). There is stronger evidence
to suggest that subclinical mastitis, reflected by cow-level SCC dynamics, and not necessarily
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the clinical mastitis rate, have a stronger influence on the summer rise in BMSCC. In the UK, it
was found that the summer rise in SCC was associated with an increase in the proportion of cows
with a chronically elevated SCC (2 consecutive tests greater than 200,000 cells/ml), with these
cows accounting for 71% of the increase in SCC over the summer (Green et al., 2006). Olde
Riekerink et.al. (2007) found that, in addition to higher proportions of cows with chronically
elevated SCC, there was also an increased risk of incident SCC elevations without concurrent
clinical mastitis.
In addition to increased pathogen challenge, there are also potential animal-level risk
factors associated with the summer. Animals experiencing heat and humidity could develop heat
stress and subsequent immune suppression, potentially increasing the risk of IMI (Diez-Fraile et
al., 2003; Lacetera et al., 2005). Also, the incidence of metabolic disease is often elevated in the
summer (Duffield et al., 1998), which could further contribute to immune suppression and an
increased IMI risk (van Straten et al., 2009).
Milk is a supply managed commodity in Canada, whereby the amount of milk sold by
individual dairy farmers is controlled through a quota system (expressed in kg of butterfat per
day) to match the domestic demand. Producers are typically allotted the right to sell additional
milk in the face of supply-demand mismatch. Typically, the summer and fall periods are times
where demand for milk outstrips supply. Producers aim to temporarily increase milk production,
either to attain fall/summer production incentives, or to increase production levels after periods
of under-production. Rapid and temporary increases in production are primarily achieved by
maintaining higher lactating cow numbers through cow retention, acquisition, or targeted
breeding. This becomes problematic when facilities are inadequate in size/capacity to
accommodate such temporary fluctuations, potentially leading to increased stocking densities
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with higher manure accumulation (Schreiner and Ruegg, 2003; Magnusson et al., 2008) and
therefore, increased pathogen challenge. Increased stocking densities could also lead to social
stress (DeVries et al., 2004; Herskin et al., 2007), potentially increasing susceptibility to IMI
through immune suppression. Producers who retain cows destined for culling could inadvertently
retain cows with chronic IMI in the herd, contributing to higher levels of BMSCC. Retention of
these cows could also increase the pool of infected animals, acting as a source of new IMI
(Zadoks et al., 2002).
Studies evaluating seasonal SCC trends in entire regional populations of herds over
extended periods are few in number. Also, there are no published studies that have described the
characteristics and BMSCC dynamics of the seasonal phenomenon at the individual herd level.
The objectives of this study were to define summer seasonality in BMSCC on an individual herd
basis, and subsequently, to describe the characteristics and BMSCC dynamics of herds with
increased BMSCC in the summer, in the context of the Canadian dairy industry.
2.3 Methods
2.3.1 Farms
The data used for this analysis were from the complete population of licensed dairy farms
in Ontario, Canada from January 2000 to December 2011. The number of farms decreased from
6100 herds in 2000 to approximately 4000 herds in 2011. The average farm size (milking and
dry cows) over this period ranged from approximately 40 in 2000 to 70 in 2011. For each year,
only herds selling milk for a complete year (>90% of milk pickup data available) were retained
for analysis. The Holstein breed accounts for greater than 90% of the cows milked in Ontario
(CanwestDHI, 2012). All milk produced in the province is evaluated for component content and
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milk quality at one laboratory (University of Guelph, Laboratory Services Division). All milk is
marketed to processors through the Dairy Farmers of Ontario (DFO).
2.3.2 Data
The data used in this study were obtained from the DFO and consisted of bulk milk
production, components (fat, protein, lactose, other solids), and quality (BMSCC, bacterial
count, inhibitor presence, freezing point), farm quota holdings, and milk quota and incentive fill
percentage from every farm in Ontario. Between January 1, 2000 and May 31, 2010, bulk tank
milk samples from each farm were analyzed 4 times per month. Subsequently (June 2010
onward), a sample from every bulk tank pickup (typically every other day) from each farm was
analyzed.
2.3.3 Statistical Analysis
The seasonality of BMSCC was assessed using a mixed linear model using random slopes and
intercepts with auto-correlated errors for repeated measures (PROC MIXED; SAS software
version 9.3; SAS Institute, Inc., Cary, NC). Natural logarithmic transformations of BMSCC were
performed to approximate the normal distribution of the data. Sine and Cosine terms with a
yearly period and daily frequency were included in the model to estimate seasonality (Stolwijk et
al., 1999). Random intercepts and slopes were calculated for each herd. To correct for year
effects, separate parameters were estimated for each year. The model used to approximate
seasonality was as follows:
lnBMSCCij = β0 + β1 sin(2π × dayijk/365.25) + β2 cos(2π × dayij/365.25) + u0i + u1isin(2π ×
dayij/365.25) + u2i cos(2π × dayij/365.25) + εij

[1]

where lnBMSCC = natural logarithm of BMSCC; β0 = intercept; β1, β2 = regression coefficients
for fixed effect; u0i = random effect for herd i; u1i, u2i = random coefficient for herd i; εij =
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residual error term. Repeated measures were modelled using a first order autoregressive
autocorrelation structure. In this analysis, the first order autoregressive correlation structure
(AR1) had a lower Akaike Information Criterion (AIC) compared with the autoregressive
moving average; therefore, this AR1 model was used. The size of the dataset prohibited model
convergence with the incorporation of more complex structures.
Herd-level seasonal variability was defined using random intercepts and regression
coefficients generated by applying equation 1. Briefly, the seasonality in herd BMSCC is
expressed through the cosine function as follows:
f(t)i = αi x cos [(2π × day/365.25) – σi] [2]
where α = the amplitude of the cosine function and σ = the horizontal phase shift of the cosine
function in radians (Stolwijk et al., 1999). From this equation, the predicted yearly dates of
maximal and minimal BMSCC were calculated for every herd, and for the population. For each
year, herds could be placed into one of 12 categories based on the season and severity of their
BMSCC peak for that year. Seasons were defined as summer (June 21 to September 22), fall
(September 23 to December 20), winter (December 21 to March 20), and spring (March 21 to
June 20). Further, based on thirds of the distribution for each year, herds were classified on the
amplitude of their fitted cosine curve as having low, moderate, or high degrees of seasonality.
For example, herds whose predicted BMSCC peak in 2011 occurred in the summer and the
amplitude of the peak was in the highest third were classified as “summer-high” peaking. The
classification frequency and dynamics of BMSCC seasonality across years were also assessed.
Figures were constructed of monthly BMSCC from select individual herds, versus model-fitted
BMSCC, to illustrate the seasonality categories.
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In order to assess the contribution of each farm to the overall provincial summer
BMSCC, a variable was created that utilized the number of somatic cells produced over the
acceptable milk quality target of 200,000 cells/ml (Schukken et al., 1992b). This parameter is
influenced by the BMSCC, and also the volume of milk produced. It is calculated as follows:
n 3

 ( BMSCC

ijk

Summer BMSCC Contributionijk =

 200) x Productionijk

i 7

MeanSummerMilk Productionk

Where i = summer month indicator (7,8,9) ; BMSCCijk = the BMSCC for herd j in month i of
year k; Productionijk = total milk production (in Kg) for herd j in month i of year k; Mean
Summer Milk Productionk = the mean milk production (in Kg) for all Ontario herds over the
summer months (July through September). A farm whose production over the summer months of
year k, whose BMSCC in July is 300,000 cells/ml, has BMSCC Contribution of 100 for that
period.
Descriptive statistics were generated for the final dataset. The variables quota and
incentive fill percentage are a representation of the proportion of quota and over-production
incentive days that the producer was able to fill. For example, a producer with 42 kilograms of
butterfat quota who shipped 39 kilograms on one day had a daily quota fill percentage of 93%.
Histograms were created to visually inspect variables for normality. Variables for quota, quota
and incentive fill percentage, and summer BMSCC standard deviation did not approximate the
normal distribution. Therefore, median and interquartile ranges were calculated for each variable.
Univariable comparison of central values was accomplished through nonparametric methods,
namely the Kruskall-Wallis one-way ANOVA (Proc NPAR1WAY, SAS version 9.3; SAS
Institute, Inc., Cary, NC).
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Using the seasonality definitions above, two transitional repeated measures logistic
regression models were built to assess the characteristics of summer seasonal herds. Control
herds were defined as herds experiencing low levels of summer seasonality. Case herds for each
model were defined as herds experiencing either a moderate or high level of summer seasonality
respectively. Variables considered for analysis were herd size (based on Kg butterfat quota
holdings), seasonal quota and incentive fill percentage, year, yearly mean BMSCC, milk bacteria
count, milk components (fat, protein, lactose, total solids), within-summer BMSCC standard
deviation, and transitional variables for the herd seasonality classification in each of the
previous two years. Initial analysis was performed using univariable logistic regression, with Pvalues < 0.2 used as the criterion for inclusion in the multivariable models. Variables identified
as associated with SCC seasonality (ie. P < 0.2) were assessed for collinearity using Spearman
Rank-order Correlation (ρ). High correlation coefficients (ρ > 0.6) were found between summer
quota fill and summer incentive fill (ρ = 0.72), and between fall quota fill and fall incentive fill
(ρ = 0.82). The quota fill variables were preferentially retained and used in subsequent analysis,
as the number of incentive days offered to producers varies by years. Continuous variables were
assessed for linearity with the inclusion of a quadratic term in the model. In the case of nonlinear relationships (i.e. quadratic term with p < 0.05), the quadratic term was included in the
model, otherwise the variable remained as continuous. Complete variable descriptions are
presented in Table 2.1.
Manual backward elimination was used to build the final multivariable, repeated
measures logistic model using PROC GLIMMIX in SAS (version 9.3; SAS Institute, Inc., Cary,
NC). A partial F-test with a p-value of <0.05 was required for the inclusion of any variable in the
final model. Several correlation structures were assessed, all resulting in similar (<10%
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difference) coefficient values and levels of significance. The final model included random effect
for residuals by herd using the first order autoregressive correlation structure to account for
repeated measures over time, as this method resulted in the lowest AIC value.
2.4 Results
2.4.1 Seasonality Classification
Table 2.2 presents the final mixed linear model of the seasonality in BMSCC for Ontario
dairy herds over 12 years of data. There was seasonal variation in all 12 years of analysis.
Figures 2.1a through 2.1c are examples of representative low, moderate, and high summerpeaking herds classified based on thirds of the distribution of the amplitude of the cosine
function for 2011 annual BMSCC for the herd.
Figure 2.2 illustrates the yearly distribution of herd BMSCC peak by season. Overall,
summer was the most frequent peak season, with 48 to 71% of herds experiencing summer
BMSCC peaks in a given year. Fall and spring were the next most frequent peak seasons, with
roughly 20 and 15 percent of herds experiencing peaks in these seasons respectively. Figure 2.3
illustrates the positive relationship between whole-province seasonal amplitude in BMSCC and
the proportion of herds peaking in the summer.
Within herds, the transition dynamics of seasonality classification between years was also
variable. Of all herds considered over the 12 years of available data, 26% experienced summer
elevations in BMSCC in most (>75%) of their years of operation. Furthermore, 71% of herds
experienced summer elevations in 50% or greater of their years of operation.
2.4.2 BMSCC contribution of Summer Seasonal herds
Analysis of the contribution of summer peaking herds to the provincial summer BMSCC
is presented in Figure 2.4. Herds experiencing a low level of summer BMSCC elevation
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contributed the least amount of SCC to the provincial BMSCC in 8 out of 12 years of analysis. In
2004, herds experiencing low levels of BMSCC elevation were actually the greatest contributors
to provincial summer BMSCC. Interestingly, high summer peaking herds had only 1 year out of
12 in which they were the greatest contributors to the provincial BMSCC. This result was likely
due to their smaller average herd size relative to low and moderate summer peaking herds (Table
2.3). For the remaining 10 out of 12 years of study, herds experiencing moderate levels of
BMSCC elevations were the predominant contributors to Ontario’s summer BMSCC levels.
2.4.3 Descriptive Statistics
Table 2.3 describes differences among herds in the four seasonality categories over 12
years. Quota holdings were significantly different among all seasonality categories, with smaller
herds experiencing greater summer BMSCC elevation. Herds experiencing summer elevations in
BMSCC filled approximately 2% less of their milk production quota over the summer period
relative to herds with low, non-summer seasonality. Added production incentives are typically
allotted in the months of July through November, when producers are permitted to ship the
equivalent of between 0.5 and 4 additional days of milk during the month, depending on the
year. Summer-peaking herds filled 3 to 5% less of their added production incentives over the
summer period. Within-month summer BMSCC standard deviation also significantly increased
as the severity of summer BMSCC increased. Annual BMSCC was different among all groups.
Although the magnitude was small, a significant trend existed, where herds experiencing the
largest absolute summer BMSCC elevation had the lowest annual BMSCC (239,000 cells/ml),
followed by low non-summer (253,000 cells/ml), moderate summer (250,000 cells/ml), and low
summer (258,000 cells/ml) peaking herds respectively (Table 2.3).
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2.4.4 Characteristics of Summer Seasonal herds
In univariable analysis, 11 variables were associated with seasonality classification, and
10 remained significant in the final multivariable model (Table 2.4). Herds experiencing
moderate to high elevations in BMSCC in the spring or summer of the previous year had
increased odds of experiencing a high summer BMSCC elevation in the subsequent year.
Similarly, moderate and/or high elevations in the summer of 2 years previous (i.e. summer of
2004 if the current year is 2006) were again positively associated with a high BMSCC elevation
in the current year. In addition, herds with moderate or high BMSCC elevations in the fall, or
high BMSCC elevations in the spring, had higher odds of experiencing high BMSCC elevations
in the current year. The odds of experiencing a high summer BMSCC rise were significantly
higher for herds filling less of their quota allocation. This relationship was reversed when
considering winter quota fill, where the higher the degree of quota allocations filled, the greater
the odds of experiencing a high summer BMSCC elevation. Based on quota holdings, smaller
herds had greater odds of experiencing high summer BMSCC elevations relative to larger herds.
As the average annual BMSCC decreased, the odds of experiencing high elevations in summer
BMSCC increased. Herds that had violative bulk milk bacterial counts were less likely to have
high summer BMSCC increases, but herds experiencing 3 or more months above BMSCC
penalty levels were more likely to have high summer increases.
For the analysis of moderate versus low BMSCC elevation herds, 11 variables were
significant in the univariable analysis, of which 7 variables remained in the final model (Table
2.5). Moderate or high summer seasonality in either of the previous 2 years was associated with
higher odds of experiencing a moderate BMSCC elevation in the current year. Herds
experiencing moderate fall elevations in the previous year had lower odds of a moderate summer

48

rise in the current year. Herds filling lower amounts of their quota allocations over the summer
had higher odds of experiencing moderate summer BMSCC rises, although the strength of this
association was also less than that observed in herds experiencing high BMSCC increases. In
addition, herds that had lower annual BMSCC throughout the year had higher odds of
experiencing moderate summer BMSCC elevations. When controlling for other significant
variables, herd size was not associated with experiencing moderate BMSCC elevations (relative
to low summer BMSCC elevations).
2.5 Discussion
The first objective of this study was to characterize the seasonal variability in BMSCC at
the herd level. Although BMSCC for Ontario followed a consistent and predictable sinusoidal
pattern, herds that contributed to this phenomenon experienced a diversity of seasonal
fluctuations.
The current approach to describe summer seasonality in BMSCC was not without some
drawbacks. There were areas of the yearly time series that were not adequately described by the
model (Figure 2.1a, months 1 and 2 of 2011, for example). Assigning one sinusoidal function per
herd per year was specifically employed to distill major trends in herd BMSCC levels, where
such minor, transient increases in BMSCC appear as areas of poor model fit. Overall, the
modelling strategy provided a logical, objective, and systematic method of classifying
overarching herd-level trends in yearly pick-up BMSCC.
The major contributors to Ontario summer BMSCC were the 50 to 70% of herds that
experienced BMSCC peaks in the summer time. Specifically, herds that experienced moderate
BMSCC elevations contributed the highest proportion of cells over and above the 200,000
cells/ml milk quality target. Although, by definition, there was no difference in the number of
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herds in moderate versus high summer BMSCC elevation categories, herds in the moderate
group tended to be larger, producing relatively more milk than high BMSCC elevation herds.
Similar trends in monthly SCC contributions have been in other studies (Schukken et al., 1992b;
Sargeant et al., 1998; Berry et al., 2006).
Results of the current study support the observation that the summer BMSCC elevation is
a repeatable event within a herd. Herds that have experienced a peak in BMSCC during the
summer of either of the previous 2 years had higher odds of experiencing a summer peak in the
current year. The severity of BMSCC peak was a strong influencing factor in predicting the
occurrence of summer elevations in BMSCC. Herds experiencing high amplitude BMSCC peaks
in the spring, summer, or fall of previous years had higher odds of experiencing a moderate to
high elevation in the current summer. This is not surprising, given the strong positive
relationship between mean BMSCC and standard deviation (Schukken et al., 1992b; Lukas et al.,
2008). Low levels of variation in BMSCC are linked with a consistent application of “best
management practices” for mastitis control; whereas herds that experience high levels of
variation in BMSCC are likely to be smaller herds and have inconsistent management procedures
(Reneau and Lukas, 2006). Management practices (or lack thereof) are highly dependent on
farmer mindset and beliefs, which can be difficult to alter (Jansen and Lam, 2012), potentially
leading to an increased likelihood of repeated summer BMSCC elevations over time in a herd.
Although a formal supply management for milk production exists in several countries,
results of the current study uncover potential determinants of seasonal BMSCC elevation
severity. Quota is designed to be filled and reconciled monthly, with limited ability to
compensate for over- or under-production in one month by offsetting production in another
month. Herds that experienced moderate and high BMSCC elevations filled significantly less
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quota in the summer than herds with low levels of seasonality. There is a question of cause and
effect in this situation. Elevations in SCC are consistently associated with reduced milk
production (Losinger, 2005; Durr et al., 2008; Hand et al., 2012). High summer SCC could limit
milk production and, therefore, hamper ability to fill allocated quota. However, herds filling a
lower proportion of quota during the summer might retain or purchase more animals to bring
production back in line with quota allotment. In the face of finite facilities, this action may result
in increased stocking densities. Increased stocking density in late gestation and early lactation
cows resulted in a significant increase in SCC (Green et al., 2008), potentially due to increased
pathogen challenge from higher levels of manure contamination (Schreiner and Ruegg, 2003;
Magnusson et al., 2008). Moderate and high peaking BMSCC herds could have warmer farmspecific microclimates when compared to low peaking BMSCC herds, with the severity of
BMSCC increase and production decrease proportional to temperature within the barn. On
average, both BMSCC and rates of clinical and subclinical mastitis are highly correlated with
regional increases in temperature and humidity (Smith et al., 1985; Morse et al., 1988; Green et
al., 2006; Olde Riekerink et al., 2007). Herds with higher rates of clinical mastitis tend to have
higher rates of antibiotic usage, with associated milk withhold leading to lower bulk tank milk
production. In addition, lack of effective heat abatement could increase the effects of summer
heat stress in a herd, with concomitant production losses (West, 2003), increased rates of
metabolic disease (Duffield et al., 1998; Wheelock et al., 2010), immune suppression (Lacetera
et al., 2005; do Amaral et al., 2011), and lower reproductive success (Schefers et al., 2010).
Calving patterns could also play a role in lower summer milk production in high peaking herds.
Unabated summer heat might reduce conception success during the summer, which would
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manifest in the subsequent year with fewer cows calving in the spring and reaching peak milk
production in the summer.
Winter quota fill was also associated with severity of summer BMSCC rise. Herds filling
less than 98% of their quota in the winter were less likely to experience a moderate or high
summer BMSCC elevation in the subsequent year than herds with low levels of BMSCC
elevation. This situation could also be associated with calving patterns, as herds that have had
suboptimal reproductive success the previous summer could experience a rebound in conception
rate over the fall. This could result in a situation where a higher proportion of cows reaching
peak milk production over the late fall and early winter period of the following year, thus filling
a higher proportion of their quota allocation. Finally, it is possible that a proportion of the
elevation in BMSCC occurring over the summer time could be due to a concentrating effect
associated with a decrease in average daily milk production per cow. Daily milk production per
cow also follows a seasonal pattern, with peak production in the spring and early summer, and
nadir levels occurring in the late summer and fall months (Hoving, 1998). This nadir coincides
with peak levels of BMSCC in summer peaking herds. There is a body of research that shows
that, as milk production increases, there is a significant dilution effect of SCC (Emanuelson and
Funke, 1991; Laevens et al., 1997; Green et al., 2006). It is possible that such an effect could be
contributing to BMSCC elevation in moderate and high summer-peaking herds; however, this
effect is likely a minor because, as the SCC increases in magnitude, the contribution of a dilution
effect diminishes and the contribution of inflammation to secretory tissue damage increases
(Green et al., 2006) . The focus of the current study was to describe the seasonal dynamics of
BMSCC on a herd level using the entire population of dairy herds in Ontario. As such, individual
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animal SCC values from the Ontario Dairy Herd Improvement association were not included in
analysis.
Smaller herds were at significantly increased odds of experiencing a high degree of
summer seasonality relative to larger herds. In all models, a higher degree of summer standard
deviation in BMSCC was highly associated with experiencing moderate or high elevations in
BMSCC. This finding is in agreement with other research that has found a strong positive
correlation between mean and standard deviation in BMSCC (Schukken et al., 1992b; Lukas et
al., 2008). Specifically, smaller herds are at an increased risk of exceeding BMSCC regulatory
thresholds relative to larger herds, and this increased risk could be explained through an increase
in the variability of BMSCC experienced by smaller herds (Lukas et al., 2008). In smaller herds,
one cow with an elevation in SCC contributes a higher proportion of cells to the BMSCC than
would a single cow in a larger herd. This acts to increase BMSCC variability in smaller herds.
Interestingly, when BMSCC variability (summer BMSCC standard deviation) is controlled, herd
size remained associated with high summer BMSCC elevations. Much of this remaining effect of
herd size could be related to differences in management practices that vary with herd size (Dong
et al., 2012). In that study, larger herds tended to practice stricter biosecurity, had fewer off-farm
commitments, were more diligent in culling high SCC cows, and followed HACCP protocols.
When these variables were controlled in that study, herd size had no bearing on BMSCC.
Herds that produced milk with low average annual BMSCC tended to have greater odds
of experiencing elevations in the summer period relative to high BMSCC herds. Herds whose
annual average BMSCC was less than 150,000 cells/ml had the highest likelihood of
experiencing moderate and high BMSCC elevations relative to herds that had a monthly BMSCC
greater than 275,000 cells/ml. One possible explanation could be that, as average BMSCC
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decreases, the relative importance of environmental pathogens increases. Several studies have
reported that the incidence of mastitis due to environmental pathogens is higher in herds that
maintain low SCC (Erskine et al., 1988; Barkema et al., 1998; Bradley, 2002). A Canadian study
found that the E.coli and culture-negative incidence rate of clinical mastitis (IRCM) was higher,
and the S.aureus IRCM was lower in herds with low and moderate BMSCC (Olde Riekerink et
al., 2008). The incidence of both new and chronic intramammary infections, based on individual
animal SCC, is increased during the warmer summer months (Green et al., 2006; Olde Riekerink
et al., 2007). It is possible that herds experiencing moderate and high levels of summer BMSCC
elevation experience an increase in both clinical and subclinical mastitis due to environmental
pathogens. This hypothesis could not be tested here, as the data available for the present study
did not include IRCM or individual cow SCC values.
Milk quality differed between low and moderate/high summer peaking herds. Herds
experiencing one or more months with bacterial counts above the regulatory threshold were
actually less likely to be high summer-peaking herds. There is a positive association between
average monthly BMSCC and bacterial count in milk (Schukken et al., 1992a). Low peaking
herds had higher annual BMSCC averages, but when controlled for this, low peaking herds still
had slightly higher odds of experiencing high monthly bacterial counts. Elevated bacterial counts
in milk are associated with a variety of factors, such as poor milking practices, improper cooling
of milk, unclean or unsanitized milking equipment, and mastitis (Jayarao and Wolfgang, 2003).
It is possible that herds experiencing low levels of summer BMSCC elevation have a higher
prevalence of risk factors for experiencing high bacterial counts that are unrelated to udder health
(i.e. poorer milking equipment sanitation, improper milk cooling). It is also possible that this is a
spurious relationship. Further on-farm studies focusing on high bacterial count risk factors would

54

be necessary in order to understand this relationship. Herds that experienced high BMSCC
elevations in the summer were also more likely to record 3 or more months with BMSCC greater
than the regulatory BMSCC threshold (until 2012) of 500,000 cells/ml. All of the herds that
experienced BMSCC levels above the limit had annual BMSCC greater than 275,000 cells/ml
(473 out of 8022 herd-years).
2.6 Conclusion
The summer is a period of increased risk for BMSCC elevations. The proportion of herds
that experience elevations in the summer poses a challenge to the maintenance of consistently
high quality milk. Herds that are smaller or produce low average BMSCC were at an increased
risk for experiencing an elevation in BMSCC. Herds that had a recent history of high seasonal
variability also had higher odds of high summer elevations. There was a significant association
between the degree of summer seasonality and the ability to maintain milk production at farmspecific targets (quota). These factors provide farm advisors with some direction for predicting
herds that are most likely to experience significant elevations in BMSCC over the summer
period, and therefore, can inform targeted and specific intervention strategies that focus on
known mastitis risk factors.
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2.8 Tables and figures
Table 2.1: Description of yearly variables for herd level analysis of seasonality over 12 years
(2000 to 2011) of regulatory BMSCC1 data for Ontario dairy herds
Variable
Description
Herd Size
Based on Kg of butterfat under the herd daily quota holdings
i.e. A herd of 40 cows, with each cow producing 1.1 Kg butterfat daily
would have 44 Kg quota
Quota Fill (%)
Summer Variables are based on the percentage of quota allocation the producer
Fall has filled for each season.
i.e. for producers that consistently produced 5% less than their quota
Winter allocations would allow during the entire summer months would have
Spring a quota fill percentage of 95%.
Incentive Fill (%)

For each season and herd, the percentage of over-quota production that
the herd was able to fill.
i.e. fall incentives in the year of 2010 gave the producers an added 3
days of production for the season. A herd with 44 Kg of quota per day
would have the right to ship 132 Kg (3x44) additional butterfat for that
period, over and above their allocated milk quota.

Average BMSCC
(x 1,000 cells/ml)

Over 12 mo, arithmetic average monthly weighted BMSCC for the
year

BMSCC threshold
breach (yes/no)

3 or more monthly BMSCC values > 500,000 cells/ml (regulatory
limit)

Bacterial count
threshold breach
(yes/no)

1 or more monthly bactoscan level >121,000 bacterial count/ml,

Transitional Variables
Previous 2 years classifications used as risk factors in transitional
for Previous Years
model; 12 in total – season (Summer, Fall, Winter, Spring) x severity
Classification
(low, moderate, high)
1
BMSCC = Bulk Milk Somatic Cell Count
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Table 2.2. Results from final mixed model evaluating seasonal variation for ln(BMSCC1) over
12 years for dairy herds in Ontario
Year
2000

Effect Estimate
SE
P value
Intercept 5.3966 0.0046 <0.0001
sine
-0.0610 0.0025 <0.0001
cosine
-0.1034 0.0021 <0.0001
2001 Intercept 5.3369 0.0051 <0.0001
sine
-0.0833 0.0027 <0.0001
cosine
-0.1086 0.0022 <0.0001
2002 Intercept 5.3359 0.0052 <0.0001
sine
-0.0877 0.0027 <0.0001
cosine
-0.0858 0.0022 <0.0001
2003 Intercept 5.2963 0.0055 <0.0001
sine
-0.1714 0.0028 <0.0001
cosine
-0.1081 0.0022 <0.0001
2004 Intercept 5.3058 0.0056 <0.0001
sine
-0.0623 0.0027 <0.0001
cosine
-0.0608 0.0022 <0.0001
2005 Intercept 5.3515 0.0059 <0.0001
sine
-0.1275 0.0027 <0.0001
cosine
-0.0858 0.0023 <0.0001
2006 Intercept 5.3703 0.0059 <0.0001
sine
-0.1087 0.0028 <0.0001
cosine
-0.0532 0.0023 <0.0001
2007 Intercept 5.3949 0.0058 <0.0001
sine
-0.0950 0.0029 <0.0001
cosine
-0.0578 0.0023 <0.0001
2008 Intercept 5.4138 0.0060 <0.0001
sine
-0.0987 0.0028 <0.0001
cosine
-0.0602 0.0024 <0.0001
2009 Intercept 5.4060 0.0060 <0.0001
sine
-0.0674 0.0029 <0.0001
cosine
-0.0577 0.0024 <0.0001
2010 Intercept 5.4334 0.0058 <0.0001
sine
-0.1105 0.0028 <0.0001
cosine
-0.1066 0.0024 <0.0001
2011 Intercept 5.4336 0.0058 <0.0001
sine
-0.0981 0.0027 <0.0001
cosine
-0.0736 0.0022 <0.0001
1
BMSCC = Bulk Milk Somatic Cell Count
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N
6095

5824

5560

5300

5137

4886

4614

4428

4306

4206

4310

4106

Table 2.3. Comparison of median (and IQR1) production characteristics among seasonality
categories over 12 years of analysis
Low NonModerate
Summer
Low Summer
Summer
High Summer
Seasonality
Seasonality
Seasonality
Seasonality
Total herd-years
6494
8736
8022
8021
44.8c(30.6Quota -Kg Butterfat
43.3a(29.2-66.9)
46.9b(31.7-74.1)
70.94)
38.4d(26.3-57.4)
Quota Fill - %
96.1c(90.9a
b
Summer 97.3 (92.2-100.4) 96.7 (91.4-100.0)
100.0)
95.5d(89.9-99.6)
100.1(95.8100.3(96.1100.3(95.8Fall
103.2)
100.2(95.9-103.3)
103.5)
103.7)
101.8(97.3102.6(98.8102.9(99.2Winter
106.4)
102.5(98.7-107.2)
107.5)
108.0)
a
b
c
100.4 (97.1100.2 (99.9100.0 (96.9100.0d(96.6Spring
104.5)
104.0)
103.7)
103.8)
Incentive Fill
Summer
12.2a(0-62.7)
5.78b(0-53.1)
1.89c(0-50)
0d(0-50)
Fall
49.4(0-89.6)
48.1(0-89.1)
48.3(0-90.2)
49.5(0-90.4)
Summer SD
BMSCC
68a(47-97)
71b(48-102)
78c(54-112)
90d(63-128)
x1000 cells/ml
Mean Annual
BMSCC
238a(180-315)
245b(186-321)
239a(180-311)
228c(176-294)
a,b,c,d
= values in same row with differing superscripts denote statistically differing values (P <
0.05).
1
IQR = Interquartile Range
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Table 2.4. Results from final multivariable logistic regressing model for comparison between
low (referent) and high summer seasonal Ontario dairy herds over 12 years of analysis.
Estimate SE
P-value OR1
Intercept
1.49
0.36
<0.0001 4.44

Seasonality:
Previous Year

Seasonality:
2nd Year Previous

Moderate
Summer
High Summer
Low Fall
Moderate Fall
High Fall
Low Spring
Moderate
Spring
High Spring
Low Winter
Moderate
Winter
High Winter
Low Summer
(ref)
Moderate
Summer
High Summer
Low Fall
Moderate Fall
High Fall
Low Spring
Moderate
Spring
High Spring
Low Winter
Moderate
Winter
High Winter
Low Summer
(ref)

0.44

0.06

<0.0001 1.56

0.69
-0.11
-0.13
0.05
0.04

0.06
0.09
0.09
0.09
0.09

<0.0001
0.192
0.131
0.531
0.693

1.98
0.89
0.88
1.05
1.04

0.33

0.09

0.0003

1.40

0.52
0.09

0.09
0.16

<0.0001 1.69
0.5668 1.09

-0.08

0.16

0.6299

0.92

-0.04

0.17

0.8376

0.97

0.14

0.06

0.025

1.15

0.28
0.03
0.05
0.25
-0.17

0.06
0.08
0.08
0.08
0.10

<0.0001
0.68
0.56
0.003
0.08

1.32
1.04
1.05
1.28
0.84

-0.04

0.10

0.67

0.96

0.06
-0.16

0.09
0.16

0.52
0.30

1.06
0.85

-0.06

0.17

0.71

0.94

-0.33

0.18

0.06

0.72

0

0.00

Summer BMSCC
SD (x1000 cells/ml)

0.02

0.001

<0.0001 1.02

Quota Fill
(Summer)
Quota fill
(Winter)

-0.02

0.003

<0.0001 0.98

0.01

0.002

<0.0001 1.01
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Size
(Kg Quota)
Avg Annual
BMSCC
(x1000 cells/ml)
Year

# monthly bacterial
counts >121,000
cfu/ml/yr

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011 (ref)

-0.002

0.000

<0.0001 0.99

-0.010

0.000

<0.0001 0.99

-0.36
-0.25
-2.09
-0.08
-0.15
-0.93
-0.94
-0.47
0.07
0.000

0.09
0.08
0.10
0.08
0.08
0.09
0.09
0.09
0.08
.

<0.0001
0.002
<0.0001
0.36
0.07
<0.0001
<0.0001
<0.0001
0.42
.

0.69
0.77
0.12
0.92
0.85
0.39
0.38
0.62
1.06

0.15

0.05

0.003

1.16

0
1+
0.00
less than 3
-0.59
0.11
<0.0001 0.56
BMSCC Threshold
months > 500
3+ months >
500
0.00
1
OR is the odds ratio (the odds of being classified as “high summer”, relative to “low summer”
BMSCC seasonality)
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Table 2.5. Results from final multivariable logistic regressing model for comparison between
low (referent) and moderate summer seasonal Ontario dairy herds over 12 years of analysis.
Estimate SE
P-value OR1
0.98
0.24
<0.0001 2.68
Intercept

Seasonality:
Previous Year

Seasonality:
2 Years Previous

Summer BMSCC
SD (x1000 cells/ml)
Quota Fill (%)
(summer)

Moderate
Summer
High Summer
Low Fall
Moderate Fall
High Fall
Low Spring
Moderate
Spring
High Spring
Low Winter
Moderate
Winter
High Winter
Low Summer
(ref)
Moderate
Summer
High Summer
Low Fall
Moderate Fall
High Fall
Low Spring
Moderate
Spring
High Spring
Low Winter
Moderate
Winter
High Winter
Low Summer
(ref)

0.28

0.05

<0.0001 1.33

0.23
-0.11
-0.26
-0.02
0.07

0.06
0.07
0.08
0.08
0.08

<0.0001
0.115
0.001
0.784
0.382

1.25
0.89
0.77
0.98
1.07

0.15

0.08

0.076

1.16

0.16
-0.29

0.08
0.15

0.075
0.052

1.17
0.75

-0.11

0.15

0.470

0.89

-0.22

0.16

0.181

0.80

0.06

0.05

0.26

1.06

0.14
-0.06
-0.06
0.11
-0.10

0.06
0.07
0.08
0.08
0.08

0.01
0.43
0.39
0.14
0.20

1.15
0.94
0.94
1.12
0.90

-0.03

0.08

0.76

0.98

-0.12
-0.21

0.09
0.14

0.17
0.14

0.89
0.81

0.01

0.15

0.92

1.02

-0.005

0.16

0.97

0.99

0.01

0.001

<0.0001 1.01

-0.01

0.002

0.0002

0.00

0.00
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0.99

Avg Annual
BMSCC
(x1000 cells/ml)

-0.004

0.000

<0.0001 0.99

-0.03
0.08
0.68
0.97
2002
-0.04
0.07
0.58
0.96
2003
-0.84
0.07
<0.0001 0.43
2004
0.08
0.07
0.26
1.09
2005
-0.03
0.08
0.84
0.98
2006
-0.44
0.08
<0.0001 0.64
2007
-0.40
0.08
<0.0001 0.67
2008
-0.08
0.08
0.32
0.92
2009
0.09
0.07
0.24
1.09
2010
2011 (ref)
0.00
1
OR is the odds ratio (the odds of being classified as “moderate summer”, relative to “low
summer” BMSCC seasonality)
Year
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BMSCC (x 1000
cells/ml)

500
400
300
200
100
0
Month

Figure 2.1a. Low peaking summer herd in 2011. Solid line represents model prediction for the
herd, and (•) represents actual bulk milk somatic cell count (BMSCC).
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Figure 2.1b. Moderate peaking summer herd in 2011. Solid line represents model prediction for
the herd, and (•) represents actual bulk milk somatic cell count (BMSCC).

68

BMSCC (x1000 cells/ml)

500
400
300
200
100
0
Month

Figure 2.1c. High peaking summer herd in 2011. Solid line represents model prediction for the
herd, and (•) represents actual bulk milk somatic cell count (BMSCC).
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Figure 2.2. Distribution of the season in which the highest bulk milk somatic cell count
(BMSCC) occurred in all herds in Ontario, Canada: Summer (■), Fall ( ), Spring ( ), and
Winter (□)
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Figure 2.3. Comparing the proportion of herds experiencing peak BMSCC levels in the summer
months (bars) with the Provincial amplitude (severity) of the peak in bulk milk somatic cell
count (BMSCC) (line).
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Figure 2.4. Contribution to Ontario Summer bulk milk somatic cell count (BMSCC) from 2000
to 2011 for low (■), moderate ( ) and high (□) summer peaking herds.
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3.1 Abstract
High ambient heat and humidity have profound effects on the production, health,
profitability, and welfare of dairy cattle. To describe the relationship between summer
temperature and relative humidity (RH) in the barn and determine the appropriateness of using
meteorological station data as a surrogate for on-farm environmental monitoring, a study was
conducted on 50 farms in Ontario, Canada over the summer (May through September) of 2013.
Within-barn environmental conditions were recorded using remote data loggers. These values
were compared with those of the closest official meteorological station. In addition, farm-level
characteristics and heat-abatement strategies were recorded for each farm. Environmental
readings within the barn were significantly higher than those of the closest meteorological
station, however this relationship varied greatly by herd. Daily Temperature Humidity Index
(THI) values within the barn tended to be one unit higher than those of the closest weather
station. In addition, tie stalls, herds that allowed access to pasture, and herds that had no
permanent cooling strategy for their cows had the highest mean and maximum daily THI values.
Minimum daily THI values were nearly 4 units higher for tie stall relative to free stall herds.
Overall, due to farm-specific and unpredictable variability in magnitude of environmental
differences between on-farm and weather station readings, researchers attempting to study the
effects of environment on dairy cows should not use readings from meteorological stations, as
these will often under-estimate the level of heat stress to which cows are exposed.
3.2 Introduction
High ambient heat and humidity have profound effects on the production, health,
profitability, and welfare of dairy cattle (Collier et al., 2006). Heat dissipation through
conduction, convection, evaporation and radiation become less effective as temperature and
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humidity rise, causing an increase in body temperature (West, 2003). To gauge the level of heat
stress in cattle, a composite index of heat and humidity, the temperature-humidity index (THI), is
a widely used metric (Bohmanova et al., 2007). Historically, it has been accepted that daily
average THI values in excess of 72 defined heat stress in dairy cattle (Igono et al., 1992;
Armstrong, 1994). However, recent research has found that the negative production effects of
heat stress on high producing dairy cows begin at lower minimum and average daily THI values
of 65 and 68, respectively (Zimbleman et al., 2009). Such conditions of heat stress cause
decreases in dry matter intakes resulting in lower milk production (West et al., 2003; West,
2003). Heat stress also has negative effects on reproductive performance, through altered ova,
sperm, and embryo viability, and reduced expression and shorter duration of estrus (Ravagnolo
and Misztal, 2002; Pereira et al., 2013). In addition, heat stress may contribute to an increased
incidence of metabolic disorders (Duffield et al., 1998; Wheelock et al., 2010) and immune
suppression (Elvinger et al., 1992; do Amaral et al., 2011).
The global climate is getting warmer, with a concurrent increased incidence of severe
weather events (IPCC, 2007). In North America, summer heat waves, understood as acute
periods of extreme warmth, have increased in frequency over the 33 years of analysis (Smith et
al., 2013). Relative to tropical and subtropical regions where environmental conditions remain
relatively consistent throughout the year, the summer months in temperate climates represent a
period of unique concern, as physiological adaptations to episodic periods of heat stress can take
weeks to occur (Collier et al., 2006). Therefore, an increased understanding of the risks
associated with heat stress conditions may be relevant for producers in temperate climates.
There are a variety of factors that influence the environmental conditions within a dairy
barn. In addition to external climatic conditions, factors such as cow numbers and density, shade,
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the number and size of fans and sprinkler cooling systems, barn orientation and position relative
to prevailing winds, can all influence the environmental conditions inside the barn (Collier et al.,
2006; Schueller et al., 2013). A recent German study reported that on-farm measures of
temperature and humidity differ significantly from those of the closest official meteorological
station, and as such are likely a better gauge of conditions experienced by cows in a herd
(Schueller et al., 2013). That study also reported diversity in the variability between on-farm and
meteorological station readings on the seven study farms, indicating the presence of farm-level
effects contributing to the establishment of barn microclimates. A key limitation of this European
study was the use of unconditional correlation analysis, which does not control for repeated
measures over time or other potential confounders.
Use of meteorological station data as a surrogate for on-farm measurements would be
would be more convenient and cost effective versus installing environmental monitoring
equipment in the barn. A previous North American study, set on one farm in Georgia, comparing
the environmental conditions within the barn to that of the closest meteorological station
concluded that data collected from the weather station was an acceptable surrogate for on-farm
exposures (Freitas et al., 2006).
The objectives of this study were to first describe the relationship between temperature
and relative humidity (RH) in the barn for 50 farms with conditions recorded at the closest
official meteorological station, while exploring and controlling for farm-specific environmental
factors. In doing so, the appropriateness of using meteorological station data as a surrogate for
on-farm environmental monitoring will be determined.
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3.3 Materials and Methods
3.3.1 Farm selection and recruitment
This study was part of a larger initiative designed to investigate summer-specific herdlevel determinants of bulk milk somatic cell count (BMSCC) seasonality in commercial dairy
herds in Ontario. Farms were selected based on their historical milk quality, and the predicted
probability that they would experience a high elevation in their BMSCC during the summer 2013
study period. A list of all dairy farms in Ontario currently selling milk (approximately 4100
operations) was available for selection of herds. A modified prospective case-control study was
designed to study the determinants of summer BMSCC rise. Based on results from chapter 2, all
herds currently producing milk in Ontario were assigned a probability of experiencing an
increase in BMSCC for the summer of 2013. For inclusion in the study, herds must have: owned
over 30 Kg of butterfat quota; participated in Canwest Dairy Herd Improvement milk recording
services at a frequency of greater than 9 visits per year; had a weighted monthly BMSCC
average of between 150,000 and 250,000 cells/ml in January of 2013; and been in either the top
third or bottom third of projected probabilities for experiencing a high elevation in BMSCC over
the summer of 2013. A list of 452 herds was generated that fit these criteria. Recruitment letters
were mailed, and three weeks later producers were contacted by telephone to determine their
willingness to participate. A total of fifty herds were selected purposively for the study, based on
funding and logistical constraints.
3.3.2 Farm visits
Initial farm visits were conducted during May 2013. Each farm was visited to administer
a validated survey (Dufour et al., 2010) designed to assess environmental, housing, biosecurity,
and management practices associated with udder health. In addition, one data logger (HOBO
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U23-01 Pro V2 temperature/relative humidity data logger, Onset Computer Corporation, Bourne,
MA, USA) was placed to record ambient temperature and relative humidity within each barn at
half-hour intervals. Data loggers were installed as close to the midpoint (length and width) of the
main lactating cow housing area at a position approximately 8 to 10 feet above the floor and
equidistant between ventilation devices, if present. The data loggers were collected at the
conclusion of the study (October 2013). Data from loggers were downloaded as a comma
separated variable (CSV) file for further analysis.
3.3.3 Environmental data
All weather stations in Ontario with hourly ambient temperature and relative humidity
readings were considered for use in the current analysis. The geographic distance between each
study farm and the closest two weather stations was assessed using Google Maps Distance
Calculator (http://www.daftlogic.com/projects-google-maps-distance-calculator.htm, last
accessed December 23, 2013) by entering the decimal degrees (latitude and longitude) for the
study herd and official weather station. The weather station with the shortest distance to each
study herd was used as the station of comparison for that particular farm. Subsequently, daily
temperature (T) and relative humidity (RH) data were downloaded for each weather station for
the period June 1 through September 30, 2013, inclusive, from the Government of Canada’s
official climate database (http://climate.weather.gc.ca/). The geographic locations of official
weather stations and study farms are shown in Figure 3.1.
As data logger readings were made at half hour intervals, they were subsequently
converted into hourly readings by taking the mean value for T and RH of two readings for each
hour in which they were recorded. Data from individual farm logger readings were then merged
with corresponding hourly weather station data readings to form a complete dataset. Values for
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hourly temperature humidity index (THI) were calculated using the following formula (NRC,
1971):
THI = (1.8 × T°C + 32) − (0.55 − 0.0055 × RH%) × (1.8 × T°C − 26)

[1]

where T = ambient dry bulb temperature in °C, and RH% = relative humidity in percent.
3.3.4 Data analysis
All data were analysed using SAS 9.3 (PROC SUMMARY, PROC FREQ; SAS Institute,
Inc., Cary, NC). Variables were created for the difference in T, RH, and THI between the data
loggers and the official weather station. Subsequently, daily values for mean, maximum T,
minimum T, RH and THI were calculated for on-farm loggers and meteorological stations. Daily
weather data from the official meteorological stations (T, RH, THI) were summarized by station.
Differences in measurements (on-farm readings minus meteorological station readings) were
calculated and subsequently summarized in aggregate and at the individual farm level. Time
series plots were made comparing weather station THI with that of on-farm logger readings at
the study population and individual farm levels to visually assess differences in THI.
Farm characteristics available for analysis were: barn type (free stall versus tie stall);
access to pasture (yes/no); ventilation system (negative pressure, positive pressure, highvolumelow-speed fan, and none/temporary); use of natural ventilation in the summer (yes/no);
presence of sprinklers (yes/no); number of milking cows; stocking density (number of milking
cows/number of stalls); meteorological station location; and distance from the closest official
meteorological station (in km). Herds in the ‘none/temporary’ class for ventilation had either no
functional fans present, or employed temporary fans for ventilation during warmer periods of the
summer. The relationships between daily THI outcome variables of interest (mean, minimum,
and maximum THI) for official weather station and on-farm readings were assessed using
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Pearson correlation analysis (PROC CORR, SAS Institute, Inc., Cary, NC), and subsequently,
three models were created to explore each outcome.
Initially, univariable linear regression was performed with on-farm THI (daily mean,
maximum, and minimum) as the outcome of interest and all available predictor variables.
Variables with P - values < 0.2 were retained for inclusion as potential predictors in the final
models. Variables were assessed for collinearity using Pearson and Spearman Rank-order
Correlations (ρ). In addition, continuous variables were assessed for linearity by including a
quadratic term in the model. In the case of non-linear relationships (i.e. quadratic term with P <
0.05), the quadratic term was included in the model, otherwise the variable remained as linear.
Manual backward elimination was used to build the final multivariable, repeated
measures linear model with PROC MIXED in SAS 9.3 (SAS Institute Inc., Cary NC). Variables
with significant F-tests (P < 0.05) were retained in the model. All biologically plausible
interactions were explored. Interactions were retained in the final model at P < 0.05. The final
model used to describe the association between weather station maximum daily THI and on-farm
maximum daily THI was:
MAXTHI(farm) =β0 + β1 MAXTHI (ws) + β2 barn type +β3 vent-pos + β4 vent-tunnel + β5 pasture
+ β6 THI(ws) x barn type + ε [2]
The final model for mean daily THI (ws) and on-farm mean daily THI was:
MEANTHI(farm) = β0 + β1 MEANTHI (ws) + β2 barn type + β3 vent-pos + β4 vent-tunnel + β5
MEANTHI(ws) x barn type + ε [3]
The final model for minimum:
MINTHI(farm) = β0 + β1 MINTHI (ws) + β2 barn type + ε [3]
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Where β0 = the intercept; βi = regression coefficients for fixed effects; barn type = either free
stall or tie stall housing; ws = meteorological weather station; vent-pos = use of positive pressure
ventilation system; vent-tunnel = use of negative pressure ventilation system; and ε= residual
error term. Repeated measures were modelled using the autoregressive moving average (ARMA)
covariance structure. In all models, the ARMA covariance structure was chosen, as it produced
models with the lowest Akaike information criterion (AIC) compared with all other structures
(Dohoo et al., 2009). Residuals for the three models were visually assessed for normality and
homogeneity of variance across predicted values. Scatterplots of raw residuals against predicted
THI values were generated to assess predictive accuracy of all three models.
3.4 Results
A total of 50 farms were enrolled in the study; however due to equipment malfunction
and subsequent failure, the number of farms with environmental data decreased as the study
progressed. In total, the number of farms with at least one day per month with 24 temperature
and humidity recordings was 48 in June (34 farms with a complete month), 34 in July (17
complete), 17 in August (4 complete), and 5 in September (4 complete). The herd characteristics
for the 50 herds are presented in Table 3.1.
In aggregate, T and THI were higher in the barn than at weather stations. Table 3.2
includes the differences in mean daily T, RH, and THI between on-farm data logger readings and
the official weather station data from the 11 stations employed in this study. The difference in
daily RH between on-farm and official meteorological station readings varied by month, though
on aggregate, T and RH were consistently higher in on-farm data logger readings throughout the
entire summer period. Average maximum, mean, and minimum daily THI values for on-farm
logger and meteorological station readings are shown in Figures 3.2 a to 3.2c, respectively.
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Herd-day readings from farm data loggers had a far greater proportion of minimum and
mean daily THI readings in excess of 65 and 68 than corresponding meteorological station
readings (Table 3.3). Logger readings in Appendix 1 illustrate the level of variability between
environmental readings in barns and those taken at the nearest meteorological station. Even for
the herds with the lowest median daily differences (herds 137 and 147), there was still a wide
variability in the magnitude of difference in daily THI readings, as evidenced by the wide
interquartile ranges in daily differences, specifically in the mean and minimum THI differences.
Table 3.4 shows the difference in the number of THI hourly readings (logger readings minus
meteorological station readings) in excess of 68, stratified by herds that were either close (< 25
km) or far (> 25 km) from their referent meteorological station. Note that, on average, herds that
were closer to their referent weather station had numerically more THI hourly readings in excess
of 68 (relative to their referent weather station) than herds that were further to their
meteorological station, however this was not significantly different. Table 3.5 illustrates this
difference across the sample of herds. Measurements of the maximum daily THI show a
narrower magnitude of difference than mean and minimum daily THI readings. Visual
representations of herds that have high, medium, and low (based on percentiles) differences
between on-farm logger- and meteorological station - generated mean daily THI values are
represented in Figures 3.3 a-c.
Results for the final multivariable linear mixed models for mean, maximum and
minimum daily THI are presented in Tables 3.6, 3.7 and 3.8, respectively. Controlling for all
significant covariates, all models predicted higher on-farm THI readings relative to official
weather station daily values. Barn type was a significant predictor in all models, where free stall
housing had THI 2.3 units lower in mean THI than tie stalls. Barn type was the only significant
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predictor for the daily minimum THI model. An example of model predictions is presented under
the conditions experienced on July 14, with a randomly selected meteorological station
maximum, mean, and minimum THI of 78,72, and 67 for that day (Table 3.9). For example, free
stall herds that did not allow pasture access and employed some form of permanent ventilation
system had mean and maximum THI values 4.4 and 4.2 units lower than tie stall herds that
allowed access to pasture that employed either no or temporary ventilation strategies,
respectively. Herds that allowed their cows pasture access had significantly higher values for
maximum daily THI, and a tendency for higher mean daily THI values relative to complete
confinement herds (P = 0.09), however the relationship was not significant for minimum daily
THI.
Figures A through C in Appendix 2 present the raw residuals plotted against model
predicted THI values for mean, maximum, and minimum daily values respectively. Examining
mean and maximum daily THI residuals, 81% percent of residuals for both THI indices had
values ranging between -2 and +2 THI units, with only 51% of residuals having values between 1 and +1 THI units. For minimum daily THI, only 50% of residuals had values between -2 and
+2 THI units.
3.5 Discussion
The main objective of the study was to decide whether it is appropriate to use the
meteorological data from the closest weather station to approximate the conditions within the
barn on dairy farms in Ontario. On a herd basis, the environmental readings (T and THI)
obtained using loggers in the cow barn were consistently higher than those of the closest
meteorological station, although the magnitude of this difference varied greatly by the day. Even
herds in the lowest quartile of difference (logger – meteorological station reading) still had a
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wide level of variation in daily values (Table 3.7). These results are in agreement with Schuller
et.al (2013), who found that T, RH, and THI were consistently higher within the barn
microclimate compared to official meteorological stations. Overall, the study by Schuller et.al
(2013) noted a mean THI difference of 11.1 ± 6.5 throughout the two years of study. During the
summer months, Schuller’s results more closely agree with the current study, with mean
differences of 3 to 4 THI units noted. There were differences in environmental conditions and
study methods and analysis between the two studies. Notably, Ontario weather stations averaged
90 readings with THI over 72 during the three summer months, whereas Schuller reported 25
readings in excess of THI 72 over the same period. The Schuller study was also based on
relatively few (seven) herds, thus potentially limiting broader generalizability. Another
difference between studies was farm proximity to meteorological stations. The current study
averaged 27 km, whereas Schuller et al. (2013) averaged 13 km between farm and
meteorological station. However, in the current study, distance was not a significant predictor of
the relationship between meteorological station and farm environmental data. Finally, Schuller et
al. (2013) did not account for repeated measures nor were other predictor variables included that
could potentially confound the relationship between meteorological station and on-farm
environmental readings. The current study has attempted to address some of these concerns.
Another study conducted in North America concluded that distant meteorological station
environmental data was adequate to use as a surrogate gauge of on-farm conditions (Freitas et
al., 2006). A major limitation of that study was that it based its conclusions on observations from
a single farm. Using a sample of 48 farms, the present study shows that the high level of
variability in agreement between within-barn and weather station environmental data, both
between barns, and also within the same barn over the summer period.
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Inspection of the raw residuals (the difference between the observed and model-predicted
value for the individual observation) for each model allows for the evaluation of the predictive
usefulness of the model (Dohoo et al., 2009). Although raw residuals for all models were
normally distributed and homogeneous in variance across predicted values, there was still a wide
degree of variation across the population of herds over time. Twenty percent of residuals for the
mean and maximum daily THI models had values of greater than ± 2 THI units. When
considering minimum daily THI, the residuals have a higher degree of variance, with only half
having values between ± 2 THI units. This finding suggests that, although these models have
utility in understanding and describing relationships between on-farm and meteorological
readings while controlling for potential confounders at the population level, at the level of the
individual barn, their variable ability to predict within-barn environmental conditions holds
questionable value. There are a variety of factors that could influence the microclimate within
the barn environment and that could explain why they might differ from meteorological station
conditions. Some structural considerations that affect the internal environment of a barn and that
were not assessed in the current study include barn orientation relative to prevailing winds,
presence of foliage surrounding the structure, elevation, barn width, roof slope, and roof type and
insulation (Shoshani and Hetzroni, 2013). Other factors that contribute to internal barn
microclimate are stocking density, air velocity and exchange through mechanical ventilation
systems, presence of sprinklers, and shade (Stowell et al., 2001; Kadzere et al., 2002; WagnerStorch and Palmer, 2002; Stowell et al., 2003). To increase the usefulness of a predictive model,
future studies should evaluate these factors in an attempt to improve the accuracy of model
predictions. Alternatively, building-specific environmental monitoring is likely more appropriate
to describe environmental conditions within a specific barn.
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In the current study, housing type was found to play a significant role in determining
daily THI values within the barn environment. There is a lack of peer reviewed literature that
documents the influence of housing type on within-barn conditions. One study found that cows
housed in loose housing systems had significantly lower temperatures relative to free stallhoused cows (Shoshani and Hetzroni, 2013). The authors attributed these differences to higher
animal densities seen in free stall housing, along with additional structural elements (i.e. stall
dividers and cement walls) that may act to obstruct air flow and increase temperature and
humidity within the barn. Extrapolating this hypothesis to the present study, tie stall barns
typically have higher cow densities per square foot of overall floor space than free stalls milking
the same number of cows. Tie stalls do not have the additional floor space requirements
associated with cow movement, nor do they typically employ large drive-through feed delivery
systems that are present in free stall facilities. Tie stall facilities tend to be older than free stalls
(Simensen et al., 2010), typically having lower ceilings with solid external walls, leading to a
restriction in natural ventilation and resulting in higher temperature and humidity values in the
barn. Only one tie stall facility in the current study was constructed within the last 10 years, the
remainder being predominantly older bank-barn style facilities.
Pasture access was also significantly associated with an increase in mean and maximal
daily THI values. One explanation is producers allowing their cows access to pasture likely did
not have their ventilation systems functioning when the cows were outside of the barn,
potentially contributing to higher THI conditions within the barn. All producers in the study
noted that they would keep their cattle indoors on exceedingly warm days in the summer,
although none were able to describe explicit criteria upon which this decision was made. It is
possible that some herds that pasture their cows did so on several warm days throughout the
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summer, potentially leading to more extreme daily environmental conditions measured within
these facilities. This could affect the welfare and performance of the cows, because when THI
was in excess of 72, cows housed exclusively on pasture with access to shade had increased
levels of systemic cortisol levels relative to cows housed exclusively indoors (Higashiyama et
al., 2013). Further, when given the choice, cows will elect to remain indoors during periods
where daily THI is high, predominantly choosing to access pasture at night when environmental
conditions are milder (Falk et al., 2012). One must also consider reverse causation in this
relationship. Specifically, producers that had older/warmer barns might have been more likely to
allow cows access to pasture, rationalizing that conditions are cooler at pasture relative to the
barn. Producers that pasture their cows during the summer period should consider potential
deleterious health and welfare effects of allowing cow access to pasture during periods of
extreme environmental conditions.
Presence of ventilation, either positive or negative pressure systems, played a significant
role in decreasing the environmental extremes within the barn. Despite this intervention,
environmental conditions within the barn were often still warmer relative to ambient conditions.
A focus on heat stress abatement strategies within the barn, such as air movement with fans,
soaking the cow's body, high pressure mist to cool the air in the cows' environment, and facilities
designed to minimize the transfer of solar radiation have all been proven to minimize the effects
of heat on body temperature and thereby improve dry matter intake, milk production,
reproduction, and immunological function in cows during the summer period (Collier et al.,
2006; Smith et al., 2006; do Amaral et al., 2011; Calegari et al., 2012).
Interestingly, both distance from, and location of, the meteorological station had no effect
on the relationship between weather station environmental readings and those of on-farm data
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loggers. Herds that were closer to their respective meteorological station actually had
numerically more THI hourly readings greater than 68 (relative to the meteorological station)
than did herds that were farther away from their respective weather station; however, this
difference was not statistically significant. Although the weather conditions within Ontario vary
by region, this variance might not be profound enough to enable the statistical detection of a
difference in logger THI when distance or weather station is introduced into a multivariable
model. Also, herd size and stocking density were not identified as significant predictors of onfarm THI. As external temperature and humidity increase, compensatory homeostatic
mechanisms begin to take over, whereby the cow’s physiologic system attempts to dissipate heat
gain through conduction, convection, radiation, and evaporation (primarily through increased
respiratory rate) (Kadzere et al., 2002). Future studies should evaluate barn-specific factors (i.e.
herd size, stocking density) on indicators of cow-level heat stress (body temperature, respiratory
rate). It stands to reason that an increased concentration of cows attempting to increase heat loss
would increase the temperature inside the barn environment; hence, herds with higher stocking
densities would likely have higher THI values.
There were only 43 of 50 herds with adequate records for analysis; therefore, the study
was limited in degrees of freedom available for construction of larger multivariable models. The
insulating rubber bracket attaching the battery to the units malfunctioned, causing logger
batteries to discharge at a precipitous rate, leading to premature unit failure. Replacement parts
were not available until the conclusion of the study, leading to an incomplete dataset for analysis.
In addition, low herd numbers could have limited the power to detect statistical
differences in THI for some predictors classified as non-significant. Another potential limitation
of the study was the reliance on a single temperature/humidity logger per farm. Again, Schuller
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et al. (2013) found that there was significant variability in environmental conditions within
barns. The current study attempted to minimize any bias that barn-specific microclimates would
have caused through standardized placement of data loggers in each barn. The results of both
studies show very similar trends when comparing on-farm environmental readings to those of
meteorological stations. Therefore, any bias associated with installing a single (vs multiple) data
logger per farm, though not specifically examined, was likely minimal. There are several farmlevel factors, such as age of the barn structure, cow density per square foot, airflow-blocking
physical structures, and performance characteristics of fans employed, that were not accounted
for in the current study that played a role in the predictive ability of the model on an individual
herd basis.
Additional studies focused on studying the relationship between meteorological station
and on-farm environmental readings should seek to include a larger number of herds, along with
a more detailed data collection procedure, focusing on quantification of specific ventilation
strategies, barn construction and orientation, and presence of prevailing winds. With a better
understanding of this relationship, a model could be constructed that would conceivably allow a
more accurate prediction of on-farm environmental conditions from readings taken at
meteorological stations.
3.6 Conclusion
Environmental conditions measured inside dairy facilities exhibit a wide degree of
variability when compared to measurements made at the closest meteorological station. Tie stall
housing, provision of pasture access, and use of fewer ventilation interventions were found to
contribute to higher daily mean and maximum daily THI readings within the barn. After
controlling for these factors, THI within the barn environment remained higher than ambient

89

conditions recorded at weather stations. When considering the wide and unpredictable variability
in the difference in magnitude of environmental readings, coupled with the wide variation in the
number of hours in excess of heat stress-level THI readings throughout the summer between barn
and meteorological station, using weather station environmental data is not a good proxy for onfarm conditions. Environmental readings should be made within the barn to ensure accuracy
when measuring environmental exposure levels.
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3.8 Tables and Figures
Table 3.1. Herd and barn characteristics, stratified by housing type, for the Ontario dairy farms
comprising the study population (n=50)
Free stall
Tie stall
Overall
Number of farms
20
30
50
Pasture access
3
8
11
1
Positive pressure
11
11
22
ventilation
Tunnel2 ventilation
2
14
16
3
HVLS
6
1
7
Sprinklers
2
0
2
4
Distance from WS
29.90 (7.90 – 65.53)
25.35 (1.50 - 51.31)
27.32 (1.50 – 65.53)
Number of milking
92 (30-337)
52 (27-131)
70 (27-337)
5
cows
1
Fans that mechanically push air into the barn, such that the air pressure within the barn is
higher than that of outside
2
Fans that mechanically pull air into the barn, such that the air pressure within the barn is lower
than that of outside
3
High-velocity low-speed overhead fans
4
Mean (range) in kilometers
5
Mean (range) number of cows milking
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Table 3.2. Population average (n=50) mean daily temperature, relative humidity, and THI onfarm and at the nearest official weather station for study herds
June
July
August
September
Temperature (°C)
Barn
19.69 ± 3.20
22.88 ± 2.97
20.96 ± 2.10
19.32 ± 3.14
(16.42-22.99)
(19.33-26.50)
(17.63-24.60)
(16.36-22.71)
WS
17.47 ± 3.67
21.23 ± 3.31
18.76 ± 2.41
15.70 ± 4.23
(12.98-21.75)
(16.47-25.74)
(13.62-23.68)
(10.22-20.64)
1
Difference
2.21 ± 1.49
1.65 ± 1.33
2.19 ± 1.73
3.62 ± 2.50
RH (%)
Barn
WS
Difference
THI
Barn
WS
Difference

74.33 ± 9.92
(60.20-86.17)
74.70 ± 10.19
(55.53-92.21)
-0.37 ± 5.21

78.49 ± 7.57
(64.82-89.14)
76.31± 7.71
(57.30-92.17)
2.18 ± 5.57

75.29 ± 7.25
(60.36-86.67)
76.64 ± 6.74
(53.99-93.72)
-1.34 ± 6.20

75.00 ± 8.95
(62.35-85.19)
78.57 ± 8.38
(57.38-94.49)
-3.58 ± 6.69

66.19 ± 5.07
(61.29-70.34)
62.40 ± 5.69
(55.59-68.15)
3.61 ± 2.17

71.26 ± 4.79
(66.13-75.84)
68.28 ± 5.09
(61.70-73.80)
2.97 ± 1.85

68.01 ± 3.52
(62.93-72.76)
64.37 ± 4.03
(56.52-70.79)
3.64 ± 2.64

65.59 ± 5.03
(61.05-69.88)
60.00 ± 6.57
(51.15-66.93)
5.58 ± 3.52

1

difference (barn reading minus meteorological station reading) in average daily herd T, RH, and
THI
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Table 3.3. Herd-days per month with minimum and mean THI readings greater than 65 and 68
respectively, for on-farm measurements versus the nearest meteorological station using herds
with complete sets of daily readings
Month
June
July
August September
n=34
n=17
n=4
n=4
Herd-days
1146
716
175
83
logger
330
403
61
19
# (%) Herd-Days with
(28.80)
(56.28)
(34.86)
(22.89)
min THI > 65
meteorological
126
259
13
6
station
(10.99)
(36.17)
(7.43)
(7.22)
logger
381
502
81
25
# (%) Herd-days with
(33.24)
(70.11)
(46.21)
(30.12)
mean THI > 68
meteorological
221
389
41
12
station
(19.28)
(54.33)
(23.43)
(14.46)
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Table 3.4. Mean difference* (# logger hours - # meteorological station hours > 68) for herds with
complete months’ worth of data over the summer period between herds that were close (less than
25 km) and far (greater than 25 km) from the closest meteorological station
Variable
Close2 (95% CI)
Far3 (95% CI)
P - value
1
Diff # hrs THI > 68
196 (165-226)
170 (145-197)
0.21
*
Average difference among farms for each distance category for the entire summer period
1
Number of hours on-farm with THI values exceeding 68 minus number of hours at closest
weather station in excess of 68
2
Farm less than 25 km from the closest weather station
3
Farm greater than 25 km from the closest weather station
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Table 3.5. Median daily THI difference (on-farm logger THI minus weather station THI) in 2120
herd-days
Variable1
Median
IQR2
Range
diffmax
1.74
0.74
3.19
-2.88
12.84
diffmean
3.09
1.90
4.69
-4.89
14.86
diffmin
4.64
2.67
7.70
-17.70
28.00
1
diffmax = daily difference, by herd, in maximum, mean, and minumum THI readings (logger
THI – WS THI) for all full days recorded
2
IQR = Interquartile Range
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Table 3.6. Final multivariable linear mixed regression model assessing the relationship of
meteorological station mean daily THI, barn type, pasture access, and mechanical ventilation
type on mean daily THI as measured by on-farm data loggers
Effect
Estimate
SE
P
95% Confidence Interval
Intercept
15.86
0.48 <0.0001
14.89-16.84
WS1 daily mean THI

0.81

0.01

<0.0001

0.80-0.82

FS
TS

-2.27
Ref

0.29

<0.0001

-2.85- (-1.69)

Yes
No

0.53
Ref

0.29

0.08

-0.08-1.13

Barn type2:

Pasture:

Ventilation
None3
1.61
0.47
0.002
0.65-2.58
Positive Pressure4
0.49
0.31
0.12
-0.13-1.11
Negative Pressure5
Ref
1
Meteorological weather station
2
FS = free stall; TS = tie stall
3
barns had either no means or temporary means of providing mechanical ventilation
4
Fans that mechanically push air into the barn, such that the air pressure within the barn is
higher than that of outside
5
Fans that mechanically pull air into the barn, such that the air pressure within the barn is lower
than that of outside
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Table 3.7. Final multivariable linear mixed regression model assessing the relationship of
meteorological station maximum daily THI, barn type, pasture access, and mechanical
ventilation type on maximum daily THI as measured by on-farm data loggers
Effect
Estimate
SE
P
95% Confidence Interval
Intercept
12.19
0.51
<0.0001
11.15-13.24
WS1 daily max THI

0.85

0.01

<0.0001

0.84-0.87

FS
TS

-1.13
0

0.35

0.002

-1.83-(-0.42)

Yes
No

0.88
Ref

0.36

0.02

0.15-1.62

Barn type2:

Pasture:

Ventilation:
None3
2.20
0.58
0.0005
1.01-3.37
Positive pressure4
0.43
0.37
0.26
-0.32-1.18
Negative pressure5
Ref
1
Meteorological weather station
2
FS = free stall; TS = tie stall
3
barns had either no means or temporary means of providing mechanical ventilation
4
Fans that mechanically push air into the barn, such that the air pressure within the barn is
higher than that of outside
5
Fans that mechanically pull air into the barn, such that the air pressure within the barn is lower
than that of outside
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Table 3.8. Final multivariable linear mixed regression model assessing the relationship of
meteorological station minimum daily THI and barn type on minimum daily THI as measured by
on-farm data loggers
Effect
Estimate
SE
P
95% Confidence Interval
Intercept
27.68
0.69
<0.0001
26.28-29.08
WS1 daily min THI

0.63

0.01

<0.0001

0.61-0.65

FS
-3.71
TS
Ref
1
Meteorological weather station
2
FS = free stall; TS = tie stall

0.51

<0.0001

-4.73- (-2.68)

Barn Type2:
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Table 3.9. Predicted on-farm THI calculated based on mean, median, and minimum THI at the
closest meteorological station of 78, 72, and 67 respectively
Daily THI
Barn Type
Pasture
Ventilation
Mean
Maximum
Minimum
Yes
71.91
77.62
No
No
73.53
79.82
Free stall
66.18
Yes
72.44
78.51
Yes
No
74.05
80.71
Yes
74.18
78.75
No
No
75.79
80.95
Tie stall
69.89
Yes
74.71
79.64
Yes
No
76.32
81.84
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Figure 3.1. Map of the geographic distribution of official weather stations ( )and study farms
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( ) in Southern Ontario
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Figure 3.2 a. Population average maximum daily THI measured at the official weather stations
(—) and on-farm data loggers ( - - - ) of study population (n=48 herds) over the summer of 2013
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Figure 3.2 b. Population average mean daily THI measured at the official weather stations (—)
and on-farm data loggers ( - - - ) of study population (n=48 herds) over the summer of 2013
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Figure 3.2 c. Population average minimum daily THI measured at the official weather stations
(—) and on-farm data loggers ( - - - ) of study population (n=48 herds) over the summer of 2013
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Figures 3.3 a. Graphic plots of mean daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative study herd with high-magnitude differences
between on-farm readings and weather station readings
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Figures 3.3 b. Graphic plots of mean daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative study herd with medium-magnitude differences
between on-farm readings and weather station readings
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Figures 3.3 c. Graphic plots of mean daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative study herd with low-magnitude differences
between on-farm readings and weather station readings
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4.1 Abstract
It is a well-established and globally widespread finding that regionally aggregated bulk
milk somatic cell count (BMSCC) means shows a repeatable, cyclic seasonal pattern, with levels
reaching their highest point in the warmest months of the year. The objective of this study was to
investigate farm-level environmental, pathogen, and management risk factors associated with
elevations in BMSCC during the summer. Based on historic seasonality patterns, 50 herds were
recruited to participate in the study. Each herd was visited three times during the summer, with
two of those visits occurring at milking time. Herds were classified as high summer bulk milk
somatic cell count (BMSCC) increasing (HSI) and low summer BMSCC increasing (LSI) based
on Fourier regression techniques assessing pick-up BMSCC levels between January and
December 2013. A total of 30 herds were classified as HSI. Multivariable logistic regression
models were employed to assess the relationship between environment, pathogen, and
management variables with the odds of being classified as an HSI herd. After controlling for
winter BMSCC, an increase from the first to the second assessment of the summer in the
proportion of cows scored as having dirty and hyperkeratotic teat ends was associated with
increased odds of experiencing a summer elevation in BMSCC. In addition, increased number of
cows milked per hour increased was associated with higher odds of experiencing a summer
increase in BMSCC. When evaluating environmental risk factors, herds that experienced high
sample prevalence of Gram positive environmental (GPE) and yeast subclinical infections tended
to have higher odds of experiencing summer BMSCC elevations. For instance, herds with a 30%
prevalence of GPE pathogens diagnosed from subclinical samples taken from high SCC cows
had 20 times the odds of being classified as HSI herds, relative to herds with a 10% prevalence
of GPE pathogens. Herds that did not practice regular udder hair removal were at significantly
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higher odds of experiencing summer BMSCC elevations. Herds that allowed their close-up cows
to stay in the pen of intended calving for 10 days had 0.25 times the odds of being classified as
an HSI herd relative to herds that allowed their cows access to such pens for less than 1 day.
Prevention practices should focus on mitigating risk factors associated with environmental
mastitis pathogens.
4.2 Introduction
Mastitis is among the most common and economically important diseases faced by the
dairy industry (Halasa et al., 2007; Hogeveen et al., 2011). At the cow level, an elevated somatic
cell count (SCC) is a sign of inflammation in the udder, the cause of which is most likely a
bacterial intramammary infection (IMI) (Dohoo and Meek, 1982). Cows with higher somatic cell
count (SCC) produce less milk, with a reduced shelf life and a lower protein content (Schukken
et al., 1992; Le Marechal et al., 2011; Hand et al., 2012; Hand et al., 2012).
It is a well-established and globally widespread finding that regionally aggregated bulk
milk SCC (BMSCC) means shows a repeatable, cyclic seasonal pattern (Bodoh et al., 1976;
Igono et al., 1988; Green et al., 2006; Olde Riekerink et al., 2007). Typically, BMSCC levels
peak during the warm months of the year, from July through October in the northern hemisphere.
Studies in Ontario, Canada have found bulk tank SCC averages are lowest in April and highest in
October, a trend consistent over a 6-year period (Schukken et al., 1992; Sargeant et al., 1998a).
There are several factors that potentially contribute to the seasonal pattern in BMSCC.
The increased heat and humidity of summer provide optimal environmental conditions for
bacterial growth, increasing infection pressure and ultimately the risk of mastitis during the
summer (Smith et al., 1985; Hogan et al., 1989). However, the relationship between BMSCC and
clinical episodes of mastitis is far from clear. Herds with low BMSCC typically have higher rates

112

of clinical mastitis caused by environmental pathogens (E.coli, Streptococcus spp., Klebsiella)
(Erskine et al., 1988; Barkema et al., 1998). Furthermore, Olde Riekerink et al. (2007) reported
the incidence of clinical mastitis in Holland to be highest in December to January, but peak
BMSCC levels occurred in August to September. They found that the incidence of Streptococcus
uberis and E.coli mastitis peaked in the summer months for pasture-based and completely
confined herds, respectively (Olde Riekerink et al., 2007). There is also evidence that subclinical
mastitis, defined as cow-level SCC dynamics, and not necessarily the clinical mastitis rate, have
a stronger influence on the summer rise in BMSCC. In the UK, the summer rise in aggregate
SCC was associated with an increase in the proportion of cows with a chronically elevated SCC
(2 consecutive tests greater than 200,000 cells/ml), with these cows accounting for 71% of the
increase in SCC over the summer (Green et al., 2006). Olde Riekerink et al. (2007) found that, in
addition to higher proportions of cows with chronically elevated SCC, there was also an
increased risk of incident SCC elevations without concurrent clinical mastitis.
In addition to increased pathogen challenge, there are also potential animal-level risk
factors associated with the summer. Animals experiencing heat and humidity could develop heat
stress and subsequent immune suppression, potentially increasing the risk of IMI (Diez-Fraile et
al., 2003; Lacetera et al., 2005). Also, the incidence of metabolic disease may be elevated in the
summer (Duffield et al., 1998), which could further contribute to immune suppression and an
increased IMI risk (van Straten et al., 2009).
Milk is a supply-managed commodity in Canada, where the amount of milk sold by
individual dairy farmers is controlled through a quota system (expressed in kg of butterfat per
day) to match domestic demand. Producers may be allotted the right to sell additional milk in
the face of supply-demand mismatch. Typically, the summer and fall are when demand for milk
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outstrips supply. Producers aim to temporarily increase milk production, either to attain
fall/summer production incentives or to increase production levels after periods of underproduction. Rapid and temporary increases in production are primarily achieved by maintaining
greater lactating cow numbers through cow retention, acquisition, or targeted breeding. This
becomes problematic when facilities have inadequate capacity to accommodate such temporary
fluctuations, potentially leading to increased stocking densities with higher manure accumulation
(Schreiner and Ruegg, 2003; Magnusson et al., 2008) and therefore increased pathogen
challenge. Increased stocking densities could also lead to social stress (DeVries et al., 2004;
Herskin et al., 2007), potentially increasing susceptibility to IMI through immune suppression.
Producers who retain cows destined for culling could also inadvertently retain cows with chronic
IMI, increasing the pool of infected animals as a source of new IMI (Zadoks et al., 2002).
There are no published studies that have investigated the specific farm-level risk factors
associated with summer elevations in BMSCC. The objective of this study was to investigate
farm-level environmental, pathogen, and management risk factors associated with elevations in
BMSCC during the summer.
4.3 Materials and methods
4.3.1 Farm selection and recruitment
A longitudinal prospective case-control study was designed to understand the herd-level
determinants of summer BMSCC rise. Herds were selected based on their historical milk quality,
and the predicted probability that they would experience an elevation in their BMSCC
throughout the summer months. A dataset, including the most recent two years of bulk tank
pickup data (milk is picked up daily, or more commonly on every other day in Ontario), of all
dairy farms in Ontario currently selling milk (approximately 4100 operations) was made
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available from the Dairy Farmers of Ontario (DFO, the milk marketing board of Ontario). Based
on chapter 2, all herds were assigned a predicted probability of experiencing an increase in
BMSCC for the summer of 2013. Briefly, based on the combination of herd-specific
characteristics (such as a recent history of summer BMSCC increase and quota holdings) of
significant model covariates, predicted probabilities for high summer elevations in BMSCC were
computed. For inclusion in the study, herds must have: owned over 30 Kg of butterfat quota;
participated in Canwest Dairy Herd Improvement monitoring services at a frequency of greater
than 9 visits per year; had a weighted monthly BMSCC average of between 150,000 and 250,000
cells/ml in January of 2013; and been in either the top third or bottom third of projected
probabilities for experiencing an elevation in BMSCC over the summer of 2013. In this context,
an elevation in BMSCC was defined based on model predicted sinusoidal amplitudes of BMSCC
levels, with the top third of population BMSCC amplitudes considered as “high elevations”. A
list of 452 herds (226 herds each from the top and bottom third of projected probabilities) was
generated that fit these criteria. Recruitment letters were mailed, and a week later producers were
contacted by telephone to determine their willingness to participate. A total of 50 herds (25
“case” herds expected to experience high amplitude increases in BMSCC, and 25 “control”
herds, expected to maintain consistent BMSCC levels) were recruited for the study, the number
that could be feasibly assessed during the summer with the funding and labour resources
available for the study.
4.3.2 Farm visits
Three visits per farm were conducted from May through August 2013. The first visits
were completed in May. During this visit, a validated udder health questionnaire (Dufour et al.,
2010) designed to assess environmental, housing, biosecurity, and management practices
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associated with udder health was administered by in-person interview. In addition, one data
logger (HOBO U23-01 Pro V2 temperature/relative humidity data logger, Onset Computer
Corporation, Bourne, MA, USA) was installed to record ambient temperature and relative
humidity in the barn at 30 minute intervals. Data loggers were installed at the midpoint of the
main lactating cow housing area for each farm, approximately 2.5 to 3 meters above the floor
and equidistant between ventilation devices (when present). Data loggers were collected at the
conclusion of the study (September 2013). Data from loggers were downloaded and converted
into a comma separated variable (CSV) file for further analysis.
Up to 100 mature cows (both lactating and dry) from each farm (or the entire herd when
cow numbers were less than 100) were selected in a systematic random manner for hygiene
scoring (Cook and Reinemann, 2007; Watters et al., 2013). Cows were classified on a 4-point
scale for each of lower leg, udder, and flank hygiene (score of 1 = no manure to 4 = heavily
contaminated with manure). Sample size was supported by research that found accurate
estimates of the proportion of hygiene scores > 3 (cows classified as “dirty”) could be made by
sampling 15% of the dairy herd (Endres et al., 2014). Observers were given instruction on
scoring details along with visual examples for each score. They practiced scoring cows prior to
study commencement, with inter-observer agreement within acceptable standards (Kappa > 0.8).
Producers were instructed on the proper sampling of milk from cows with clinical mastitis cases
for bacteriologic examination, along with the specific definitions of clinical mastitis, as
previously outlined (Sears and McCarthy, 2003). They were instructed to collect and freeze
quarter milk samples from all cases of clinical mastitis for collection at subsequent herd visits.
Each herd was visited at two separate milkings throughout the remainder of the summer.
A modified version of the udder health portion of the validated questionnaire by Dufour et al.
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(2010) was administered. Milking procedures, including udder sanitation and preparation
practices, preparation event timing, and total milking time were recorded by a single operator
using a manual stop-watch. Milking timings were taken from a convenience sample of 10 to 15
animals throughout the entire milking and consisted of predip contact time (the time between
predip application and physical removal), udder stimulation time (time spent fore-stripping milk
and physically cleaning teat ends), prep-lag time (time between the beginning of udder
stimulation and unit attachment), and unit on-time (total time the unit was attached to the cow).
Additionally, a minimum of 90 cows (or the entire herd where producers were milking less than
90 animals) were randomly selected for teat end hyperkeratosis assessment (Neijenhuis et al.,
2000). Teat ends were classified as: no ring – teat ends are smooth with no visible hyperkeratotic
ring; smooth ring – raised and smooth ring encircles teat oriface; rough – roughened keratin ring
encircles the teat orifice, with fronds extending < 3 mm; and very rough - roughened keratin ring
encircles the teat orifice, with fronds extending > 3 mm. The random sampling of 90 cows
ensured the ability to detect 20 % of the herd with rough or very rough teat ends (confidence
level of 95% with a desired margin of error of 15%) for the largest study herd (n = 350)
(Reinemann et al., 2001; Dohoo et al., 2009). When teat end hyperkeratosis classification was
dichotomized into “smooth” (combining no ring and smooth ring classifications) versus “rough”
(combining “rough” and “very rough” teat end classifications) the inter-observer agreement was
within acceptable limits (Kappa > 0.8). During these visits a subset of animals was again
randomly sampled for hygiene scoring in the same manner as for the May visits.
Prior to each milking time visit, Dairy Herd Improvement (DHI) records were reviewed
to generate a list of high SCC cows as potential milk culture candidates. At each visit, the ten
cows with the highest SCC levels at the most recent DHI test were further evaluated. Milk from
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each quarter was assessed using the California mastitis test (CMT), with aseptic quarter samples
collected from the highest positive quarter, along with aseptic composite samples collected from
each cow. In animals without a positive CMT reaction, only a composite milk sample was
collected. Prior to sample collection, teat end hygiene was assessed for each cow using visual
inspection of alcohol swabs used to clean teat ends. Teat end hygiene was scored on a 4-point
scale with teat ends being swabbed using cotton soaked in alcohol prior to the collection of
aseptic milk samples. The scoring system was as follows: 1 - no visible dirt/manure or teat dip
present on swabs; 2 - visible teat dip presence on swabs, with no dirt/manure present; 3 - visible
dirt/manure present on swabs, with no dirt/manure was present when teats were re-swabbed; and
4 - visible dirt/manure/dip on teat end swab after 2 or more attempts to clean.
4.3.3 Milk Cultures
All milk samples were submitted to the Animal Health Laboratory (University of Guelph,
Guelph, Ontario) for identification of mastitis pathogens. Ten microliters of each milk sample
was plated on sheep blood agar plates (Oxoid Ltd., Basingstoke, UK) using a calibrated loop
(Thermo Fisher Scientific Inc., Waltham, MA) and incubated at 35°C ± 2°C for 48 h. Mastitis
pathogens were identified using colony morphology, Gram stain, and biochemical pattern in
accordance with National Mastitis Council guidelines (Hogan et al., 1999).
4.3.4 Statistical analysis
All statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary,
NC).
Seasonality definition. The definition of summer seasonality was based on techniques
employed in chapter 2. Briefly, seasonality of BMSCC was assessed using a mixed linear model
using random slopes and intercepts with autocorrelated errors for repeated measures (PROC
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MIXED), including sine and cosine terms with a yearly period and daily frequency (Stolwijk et
al., 1999) (equation 1).
lnBMSCCi = β0 + β1 sin(2π × dayi/365) + β2 cos(2π × dayi/365) + u0i + u1isin(2π × dayi/365) +
u2i cos(2π × dayij/365.25) + εi

[1]

where lnBMSCC = natural logarithm of BMSCC; β0 = intercept; β1, β2 = regression coefficients
for fixed effect; u0i = random effect for herd i; u1i, u2i = random coefficient for herd i; εij =
residual error term. Repeated measures were modelled using a first order autoregressive
autocorrelation structure. In this analysis, the first order autoregressive correlation structure
(AR1) had a lower Akaike information criterion (AIC) compared with the autoregressive moving
average; therefore the AR1 model was used.
Briefly, the seasonality in herd BMSCC is expressed through the cosine function as
follows:
f(t)i = αi ×cos [(2π × day/365.25) – σi]

[2]

where α = the amplitude of the cosine function and σ = the horizontal phase shift of the cosine
function in radians (Stolwijk et al., 1999). From this, the predicted dates of maximal and minimal
BMSCC were calculated for each herd and for the population. Herds could be placed into one of
12 categories based on the season and severity of their BMSCC peak. Seasons were defined as
summer (June 21 to September 22), fall (September 23 to December 20), winter (December 21 to
March 20), and spring (March 21 to June 20). Further, based on thirds of the distribution for each
year, herds were classified on the amplitude of their fitted cosine curve as having low, moderate,
or high degrees of seasonality. Herds that experienced moderate or high amplitude increases
during the summer were classified as high summer BMSCC increase herds (HSI), whereas herds
experiencing low amplitudes of variation were classified as low summer BMSCC increase herds
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(LSI). For the purposes of this study, the definition of seasonality was extended, as there was a
subset of study herds that were classified as fall- or spring- peaking herds; however, they also
had increased BMSCC during the summer. In addition to the above HSI definition, a herd that
experienced an increase in their milk volume-weighted monthly BMSCC to greater than 300,000
cells/ml during the summer was also classified as an HSI herd for analysis. The threshold of
300,000 cells/ml was used for classification based on previous work that showed that when
BMSCC increased above this value on a monthly basis, there was an increased risk of exceeding
the regulatory threshold of 400,000 cells/ml (Sargeant et al., 1998a).
Teat end and cow hygiene variables. Variables for teat end hygiene and teat end
hyperkeratosis were dichotomized, as there were relatively low numbers in the extreme
classification categories for each variable respectively. With respect to teat end hygiene, teats
were classified as “clean” (teat end hygiene score of 1 or 2) or “dirty” (teat end hygiene score of
3 or 4). For hyperkeratosis, teat ends that had either “rough” or “very rough” were considered
together for analysis. Cow hygiene classification was dichotomized, with each cow receiving a
hygiene score as either “clean” (hygiene score of 1) or “dirty” (hygiene score of 2 or greater) for
each of the 3 anatomic locations scored (legs, flank, and udder scores). This was done, as under
the hygiene scoring system employed, a hygiene score of 2 or greater constituted an area where
more than 50% covered with manure.
SCC Infection dynamics. Records from DHI monitoring were available for analysis.
From these, SCC infection matrices were calculated based on a threshold of intramammary
infection set at 200,000 cells/ml (Dohoo and Leslie, 1991; Schukken et al., 2003). Definitions of
infection categories were based on previous work (Fauteaux et al., 2011) and included the
proportions of the herd that was: uninfected; had new, or chronic, or cured intramammary
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infections; proportion of cured intramammary infections; and the proportion of animals that
calved with elevated SCC. The proportion of uninfected cows in the herd was defined as the total
number of cows in the herd with SCC < 200,000 cells/ml on the current test day divided by the
total number of cows evaluated on that test day. The proportion of new intramammary infections
was defined as the number of cows with SCC < 200,000 cells/ml at the previous test and SCC >
200,000 cells/ml for the current monthly test divided by the total number of consecutive tests
where the previous test was under 200,000 cells/ml. The proportion of chronic intramammary
infections was defined as the number of cows with SCC > 200,000 cells/ml in two consecutive
tests divided by the total number of consecutive test pair possibilities. Cure proportion was
defined as the number of cows that had SCC > 200,000 cells/ml the previous test and SCC <
200,000 cells/ml in the current herd test divided by the number of cows that had an SCC >
200,000 at the previous test. Finally, the proportion of fresh intramammary infections was
defined as the number of cows calving with an SCC ≥ 200,000 cells/ml divided by the number of
cows with a first test SCC reading on test day. All proportions were expressed as percentages for
analysis.
On-farm weather data. All weather stations in Ontario with hourly ambient temperature
and relative humidity readings were considered for use in the current analysis. The weather
station with the shortest distance to each study herd was used as the station of comparison for
each farm. Subsequently, daily temperature (T) and relative humidity (RH) data were
downloaded for each weather station for June through September 2013, inclusive
(http://climate.weather.gc.ca/, last accessed March 29, 2014).
As data logger readings were made at half hour intervals, they were subsequently
converted into hourly readings by taking the mean value for T and RH of two readings for each
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hour in which they were recorded. Data from individual farm logger readings were then merged
with corresponding hourly weather station data readings to form a complete dataset. Values for
hourly temperature humidity index (THI) were calculated (NRC, 1971) as:
THI = (1.8 × T°C + 32) − (0.55 − 0.0055 × RH%) × (1.8 × T°C − 26) [3]
where T = ambient dry bulb temperature in °C, and RH% = relative humidity in percent. From
this, daily maximum, minimum, and mean THI were calculated for each farm and corresponding
weather station. As a result of equipment malfunctions, the data from on-farm loggers were
incomplete. A total of 34, 17, 4, and 4 herds had complete monthly recordings for the months of
June, July, August, and September, respectively. Therefore, the daily THI values from the month
of June were the only results considered for modeling purposes, in an attempt to maximize
analytical power.
Subclinical and clinical milk cultures. For subclinical IMI cultures, pathogen-specific
summer sample proportions were calculated. Cows from which a mastitis pathogen or pathogens
were positively identified in either quarter or composite milk samples were subsequently
classified as being infected with those pathogen(s) for a given sample. Pathogen-specific
sampling proportions were then calculated for each herd across the summer, with each herd
having a denominator of approximately 20 cows. Based on the sampling strategy and herd-level
focus of analysis, the same high SCC or clinical cow could be sampled multiple times throughout
the summer. Gram-positive environmental cocci (Streptococcus uberis, Streptococcus
dysgalactiae, Streptococcus spp., and Enterococcus spp.) and Gram-negative coliform (E.coli,
Klebsiella spp., Serratia spp., and Pseudomonas spp.) infections were classified as Grampositive environmentally acquired (GPE) and Gram-negative environmental (GNE) infections
respectively. Other major mastitis pathogens for which prevalence was calculated were
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Staphylococcus aureus, Coagulase-negative Staphylococcus (CNS), and Yeast/Prototheca spp.
IMI respectively. Pathogen-specific clinical mastitis incidence rates were subsequently
calculated for each herd as the number of recorded mastitis cases per cow-day at risk (June 1 to
August 31), then converted to an annualized rate (clinical cases per 100 cow-years). In addition,
pathogen-specific mastitis rates were calculated for CNS, Staphylococcus aureus, GNE, and
GPE pathogens respectively.
Univariable analysis. Statistical comparisons were made between potential predictor
variables in LSI and HSI herds. Univariable statistical comparisons included the Fisher’s exact
(Proc FREQ), two-sample t-test (Proc TTEST), Wilcoxon signed rank test (Proc NPAR1WAY),
and the Kruskall-Wallis one-way analysis of variance (Proc NPAR1WAY) where appropriate.
Variables that differed between LSI and HSI herds with P < 0.2 were included in initial
multivariable models.
Multivariable regression analysis. Potential effects of average herd size (average
number of milking cows present in each herd over the summer), average herd days in milk,
average lactation number, winter BMSCC, pasture access, and housing type were entered into
the model and retained if significant (P < 0.05) or if they produced confounding (a change of
greater than 20% in the coefficients of other variables within the model; Dohoo et al., 2009). All
variables with P < 0.2 in the univariable analysis were assessed through backwards step-wise
elimination, with variables having P-values for partial F-tests or type III tests of fixed effects of
> 0.05 eliminated from the model after assessment of biologically plausible interactions and
confounding. Continuous variables were assessed for linearity through inclusion of a quadratic
term in the model. When significant (P < 0.05), this quadratic term was retained in the model.
Variables included in the final model were assessed for collinearity through examination of

123

variance inflation factors (VIF) using Proc GLM . VIF values in excess of 10 indicate high
collinearity.
Two separate multivariable logistic regression models (one assessing milking time risk
factors and the second environmental and management risk factors) were constructed to estimate
the odds of a herd being classified as an HSI herd (Proc GLIMMIX). For the milking time
logistic regression model, variables assessed included: prevalence of “rough” teat ends per
milking visit; change in prevalence of “rough” teat ends between the two assessments; number of
cows milked per hour; prevalence of “dirty” teat ends per milking visit; change in prevalence of
“dirty” teat ends; prevalence of Staphylococcus aureus IMI; and summer mean of new, chronic,
cured, and high fresh SCC matrices. All biologically plausible interactions were assessed.
For the environmental and management risk factor logistic regression model, variables
assessed included: prevalence of “dirty” udder, leg, and flank scores per visit; change in
prevalence of “dirty” udder, leg, and flank scores; number of days before and after calving spent
in maternity housing; use of core antigen vaccine (yes/no); practice of blanket dry cow therapy
(yes/no); practice of removing udder hair (yes/no); incidence of overall, Staphylococcus aureus,
CNS, GPE, and GNE clinical infections respectively; stocking density (number of milking cows
/ number of milking stalls in free stall barns); number of days before calving spent in housing
intended for calving; number of days post-calving spent in maternity pen; % of calvings
occurring in maternity pens; the sample prevalence of GPE, GNE, yeast, and CNS from
subclinical milk samples; and the proportion of hours in June with THI ≥ 68.
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4.4 Results
4.4.1 Descriptive and univariable analysis
Prior to study commencement, 26 herds were predicted to experience an increase in
summer BMSCC. Based on the definition of summer seasonality, 30 study herds were classified
as HSI and 20 were classified as LSI. Using results from the summer of 2013 as the gold
standard, the ability of the model to predict an increase in summer BMSCC (positive predictive
value) was 62%; whereas the ability to predict herds that would become LSI herds (negative
predictive value) was 42%.
General descriptive udder health and production characteristics of each group are
presented in Table 4.1. Of note, LSI herds had fewer milking cows, had a winter BMSCC that
was 34,000 cells/ml lower, and tended to have lower herd average days in milk (DIM) than HSI
herds. During the summer, average milk and protein per cow were lower in HSI herds, whereas
median summer BMSCC for the group (by design) was higher by 100,000 cells/ml.
Univariable comparisons of HSI and LSI herds for all variables in the general housing
and environmental management survey are presented in Appendices 4 through 6. Table 4.2
presents survey variables that were considered for multivariable analysis (i.e. P < 0.2). One area
of difference was in maternity pen management. LSI herds reported that a higher proportion of
their cows calved in their designated maternity pens than HSI herds. LSI herds also reported that
cows spent a longer time in housing areas intended for calving, both pre- and post-calving than
HSI herds. In addition, a higher proportion of HSI herds reported using coliform mastitis
vaccines relative to LSI herds. Also, a lower proportion of HSI herds were likely to practice
udder hair removal, and tended to treat less than 100% of cows with long-acting intramammary
antibiotics at dry-off relative to LSI herds. Producers in the LSI category identified a lower
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threshold of alarm for the BMSCC at which they considered their tank to be high relative to HSIclassified producers (median BMSCC alarm level = 200,000 cells/ml versus 250,000 cells/ml).
In addition, there was a significant trend for LSI producers to have a lower threshold for
considering an individual cow SCC as high, relative to HSI herds (median individual cow SCC
considered high by LSI producers = 300,000 cells/ml versus 500,000 cells/ml for HSI
producers).
Of note from milking time observations, there was a trend for HSI herds to clean milking
gloves more frequently than LSI herds. Also, a higher proportion of HSI herds tended to practice
pre-milking teat dipping than LSI herds. A higher proportion of herds in the HSI category
reported cleaning their teat dip cups after every milking relative to LSI herds. There were no
significant differences between LSI and HSI herds for any milking time parameter (contact,
stimulation, prep-lag, or unit-on times) at the first or second milking visit, and these measures
did not differ between visits (Table 4.3). Teat end hygiene scores, grouped by seasonality
category and stratified by milking visit are presented in Table 4.4. In univariable analysis, HSI
herds showed a significant increase in the proportion of dirty teat ends between the first and
second visit, such that HSI herds had dirtier teat ends than LSI herds at the later summer visit.
The proportion of rough teat ends was significantly higher in HSI herds at the second milkingtime visit (HSI=0.27 versus LSI= 0.23, Table 4.5). This difference was due to a significant
decrease in the proportion of rough teat ends between the first and second visit for the LSI herds
(0.29 to 0.23), whereas the proportion of rough teat ends in the HSI group did not differ between
visits.
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There was no difference between HSI and LSI groups in terms of hygiene scores of
udder, legs, and flank at any of the three summer visits (Appendix 7). Within seasonal
classification groups, hygiene scores did not differ between herd visits (P > 0.05).
Daily THI parameters (minimum, maximum, and mean) differed between groups for the
month of June (Table 4.6), being consistently higher for HSI herds relative to LSI herds. July
maximum daily THI values differed between groups (P = 0.012), however minimum and mean
THI values were not significantly different. In September, mean and minimum daily THI values
were lower for LSI herds (P = 0.002 and P < 0.0001 respectively). In addition, the proportion of
hourly readings with THI ≥ 68 was different between LSI and HSI herds. LSI herds averaged
35% (95% CI: 30.6-35.6%) and HSI herds averaged 43% (95% CI: 38.8-47.3%) of hours in June
with THI ≥ 68 (P = 0.03).
Individual cow SCC parameters are presented in Figures 4.1 to 4.4 respectively. Of note,
HSI herds had a significantly higher percentage of their herd in excess of 200,000 cells/ml
throughout the year (Figure 4.1). In addition, the rates of new intramammary infections (based
on SCC patterns) were significantly higher in May, July, and August for HSI herds (Figure 4.2),
whereas the proportion of the herd calving with SCC in excess of 200,000 cells/ml was greater
for HSI herds in June, July, and September (Figure 4.3). Finally, the rate of chronic infections
was higher for HSI herds in the months of May, August, and September (Figure 4.4). There was
no difference in the summer cure rate of IMI between LSI and HSI herds.
A total of 341 cases of clinical mastitis, from 276 cows, were cultured from June through
August inclusive. A total of 48 out of the 50 participating farms submitted samples. Results from
clinical samples are presented in Table 4.7.a. Contamination rates were low overall (2.2 %) and
did not differ between groups. Isolation of Streptococcus uberis was significantly higher in HSI
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herds, and when considered as one group, the proportion of clinical mastitis cases diagnosed with
GPE species (S.uberis, S.dysgalactiae, Streptococcus spp., and Enterococcus spp), was 23% for
HSI herds and 6% for LSI herds. The overall rates of clinical mastitis (per 100 cow-years) did
not differ significantly between LSI and HSI herds in the summer (Table 4.7.b). When stratifying
the rates by pathogen groups, HSI herds had a significantly higher rate of clinical mastitis caused
by GPE infections than LSI herds.
In total, 1696 milk samples were taken from 785 suspected subclinically infected cows
(949 composite samples, 747 quarter samples). Culture results by seasonality category are
presented in Table 4.7.c. LSI herds had a higher proportion of samples with no bacterial
pathogens isolated (50% for LSI group versus 42% for HSI group, P = 0.02). The proportion of
samples with Staphylococcus aureus isolated was higher in the HSI group than the LSI group
(24% versus 17%, respectively). When considered as a group, the proportion of samples positive
for GPE pathogens was higher in the HSI relative to the LSI group (12% versus 6%, P = 0.006).
Isolation of yeast was also more prevalent in HSI samples relative to LSI (2.5% versus 0.3%, P =
0.02). Conversely, the LSI group had a higher proportion of samples positive for CNS than did
the HSI group (23% versus 17%, P = 0.05).
4.4.2 Multivariable analysis
Solutions from the two multivariable logistic regression models assessing milking-time
and environmental risk factors for summer-seasonal elevations in BMSCC are presented in
Tables 4.8 and 4.9, respectively. When assessing variables for collinearity, cows per hour and
milking herd size had high VIF values. Each variable was separately introduced into the model.
Milking herd size was not significant (P > 0.1), nor did it exert a confounding effect in the
model, and therefore was excluded from the analysis. After controlling for winter BMSCC, an
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increase from the first to the second assessment of the summer in the proportion of cows scored
as having dirty and hyperkeratotic teat ends was associated with increased odds of experiencing a
summer elevation in BMSCC. For instance, herds that experienced a 20% point increase in the
prevalence of dirty and hyperkeratotic teats had 2.2 and 4.1 times the odds of experiencing
summer elevations in BMSCC, respectively. In addition, increased number of cows milked per
hour was associated with higher odds of experiencing a summer increase in BMSCC. For
example, herds that milked 60 cows per hour had 6 times the odds of experiencing a summer
elevation in BMSCC relative to herds that milked 40 cows per hour.
When evaluating environmental risk factors, herds that experienced high sample
proportion of GPE and yeast subclinical infections tended to have higher odds of experiencing
summer BMSCC elevations (Table 4.9). For instance, herds with a 30% of the samples from
subclinical samples taken from high SCC cows as GPE had 20 times the odds of being classified
as HSI herds, relative to herds with 10% of the samples from high SCC cows diagnosed as GPE
microorganisms. Herds that did not practice regular udder hair removal were at significantly
higher odds of experiencing summer BMSCC elevations. Increased lengths of time in housing
intended for calving were associated with lower odds of experiencing an increase in BMSCC
over the summer (Table 4.9). Herds that allowed their close-up cows to stay in the pen of
intended calving for 10 days had 0.25 times the odds of being classified as an HSI herd relative
to herds that allowed their cows access to such pens for less than 1 day.
In the final model combining environmental and milking time risk factors, only winter
BMSCC and cows milked per hour remained significant in the final model (Table 4.10). Tough
not statistically significant, variables for percent change in teat end hyperkeratosis, proportion of
GPE and yeast, days pre-parturition spent in housing intended for calving, and the practice of
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udder hair removal were retained in the model and reported in Table 4.10 as results seemed to
suggest potential associations (P < 0.1) with summer elevations in BMSCC.
4.5 Discussion
This is the first study that has sought to integrate cow- and herd-level udder health risk
factors in order to elucidate potential predictors for the summer rise in BMSCC. In addition, the
longitudinal nature of this prospective case-control study allowed investigation of the variability
or consistency in management and environmental factors that could explain the summer rise in
BMSCC.
Herds recruited for the study were selected based on their probability of experiencing an
increase in BMSCC over the summer. Previous work found that large summer rises in BMSCC
were associated with smaller herds that had lower yearly average BMSCC relative to herds that
experienced moderate and low BMSCC elevations (Chapter 2, Table 2.4). In the current study,
LSI herds tended to be smaller and have lower January BMSCC values than HSI herds (Table
4.1). The higher the BMSCC experienced in winter, the higher the odds of experiencing a rise in
summer BMSCC. It should be noted that herd sampling was purposive and not random,
potentially introducing self-selection bias into the study. Previous studies show that younger,
more educated individuals, along with individuals that are concerned with the risks of disease are
more likely to participate in scientific studies (Galea and Tracy, 2007). It is possible that, to
some degree, study participants that were eventually classified as LSI herds were the former
more educated and proactive group, readily willing to participate in research. Herds classified as
HSI may have fallen into the second type of participants – those experiencing udder health
issues, and therefore more concerned with mastitis at time of recruitment. Differences in
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BMSCC in January for the current study were not large, with mean BMSCC differing by 25,000
cells/ml between LSI and HSI herds.
When assessing survey results, one interesting outcome was that increased time in the
pen intended for calving actually was associated with decreased odds of being classified as a HSI
herd (Table 4.10). This result is perhaps expected, given that several survey-based studies have
failed to find housing practices that have been consistently associated with SCC levels (Dufour et
al., 2011). Having cows stay in their intended maternity pens for greater than two days has been
associated with poor udder health (Nyman et al., 2009); however, other studies have found no
such association (De Vliegher et al., 2004). The finding here is surprising, given that variables
associated with the type and frequency of bedding, along with the frequency of cleaning dry cow
and calving facilities, all potentially more direct explanatory variables, were not associated with
summer BMSCC status. It is possible that the small sample size of 50 herds limited the power to
detect a difference between groups. In addition, the classification of calving area for the current
study was broad. The pen of intended calving included a dedicated calving pen or dry cow
housing areas that included multiple cows, so long as the producer intended for calving to occur
in this area. Variables associated with maternity pen housing (average number of cows in
maternity pen at a given time and use of housing area for purposes other than calving) were not
significant in univariable or multivariable analysis, nor did they interact with number of days
pre-partum spent in pen of intended calving. This significant association is driven by the
management choice of LSI producers, specifically the higher proportion of producers that chose
to calve cows in close-up, group-housed pens. As such, LSI herds had a lower number of pen
moves, which is associated with less social turmoil resulting in improved metabolic health (Cook
and Nordlund, 2004). Lower levels of metabolic disease is associated with lowered the odds of
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elevated SCC in fresh cows (van Straten et al., 2009). Relative to HSI herds, LSI herds could
have experienced lower levels of metabolic disease in fresh cows with a subsequent decrease in
the incidence of IMI at calving, although the current study did not assess the metabolic status of
fresh cows.
Removal of udder hair has been consistently associated with lower herd SCC (Dufour et
al., 2011). Relatively large odds ratios and confidence limits noted in Tables 4.9 and 4.10 suggest
that the sample size of herds would need to be increased to improve upon the precision of the
effect estimates. Of note, there was only 1 out of 20 (5%) LSI herd that did not practice routine
udder hair removal, whereas there were 9 (30%) such herds in the HSI group. This likely
impacted the precision of the effect estimate seen for udder hair removal; therefore odds ratio
estimates should be interpreted with caution.
Producer perception of the level of BMSCC that was considered high was significant in
univariable analysis, but not controlling for BMSCC in winter. Management style, including
farmer attitudes and perception of risk, are significant predictors of both clinical mastitis and
herd BMSCC (Barkema et al., 1999; Jansen et al., 2009), and are likely explanations for the
confounding effect that BMSCC had on the relationship between perceived high BMSCC level
and risk of experiencing high summer increases in BMSCC.
Several studies have reported a positive relationship between overall udder hygiene and
SCC (Schreiner and Ruegg, 2003; Dohmen et al., 2010; Sant'Anna and Paranhos da Costa,
2011). Teat end contamination with mastitis pathogens after udder preparation and prior to unit
attachment can lead to increased rates of intramammary infections (Munoz et al., 2008; Gleeson,
2013). Overall, herds that had variable teat preparation effectiveness, as evidenced by increasing
proportion of teat ends classified as dirty between milking visits, had higher odds of
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experiencing increases in BMSCC relative to herds that prepared teat ends consistently and
experienced little change in the prevalence of dirty teat ends between assessments. The number
or variety of milking technicians, a change in stimulation time, or an increase in the proportion of
udders with dirty hygiene scores, all potentially explaining the increased prevalence of dirty teat
ends, were not different from the first to the second visit in HSI herds. This finding supports the
hypothesis that the risk of experiencing a significant summer increase in BMSCC is associated
with variability in udder health management practices, in this case a lapse in the effectiveness of
pre-milking teat preparation at the second milking time visit. One potential bias that could have
affected this association is that teat end hygiene was assessed solely in high SCC cows. Though
not measured in this study, there is a positive association between roughened teat ends and SCC
level (Neijenhuis et al., 2001), which could have, in turn, impacted the effectiveness of udder
preparation. Thus, the estimate of dirty teat end proportions in the current study might not be
reflective of the effectiveness of udder preparation for the entire herd. It is important to note,
however, that the relationship between HSI classification and a change in the percentage of dirty
teat ends remained after controlling for teat end hyperkeratosis. Teat end hygiene was measured
on high SCC cows in this study in an attempt to minimize the “Hawthorn effect”, whereby when
a subject is being observed, they improve their behavior to a level that is not reflective of their
normal performance (Dohoo et al., 2009).
Teat end hyperkeratosis is associated with an increased risk of both elevated SCC and
clinical mastitis (Neijenhuis et al., 2001; Breen et al., 2009a; Breen et al., 2009b), presumably
due to increased environmental pathogen load on teat ends (Paduch et al., 2012). Levels of
hyperkeratosis were significantly lower for LSI herds on the second milking visit, relative to HSI
herds (Table 4.5). As the proportion of hyperkeratotic teats decreased between the first and
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second visit, so too did the odds of being classified as an HSI herd (Tables 4.9 and 4.10). This
relationship remained significant, regardless of average DIM, the percentage of the milking herd
in their first lactation, and milking timing variables (stimulation time, prep-lag time, and total
unit on time), all variables associated with teat end hyperkeratosis (Neijenhuis et al., 2000).
Inter-rater agreement was acceptable for teat end hyperkeratosis scoring, and additionally the
same rater was used for greater than 70% of milking visits, therefore the differences in teat end
classifications between milkings are likely real. One potential explanation for the decrease in
proportion of roughened teat ends in LSI herds might be that the managers of these herds were
more proactive in their control of vacuum levels and milking unit on-times throughout the
summer time, leading to a decrease in the proportion of cows with roughened teat ends on their
farm (Neijenhuis et al., 2000). By lowering the proportion of hyperkeratosis, herds lowered their
risk of experiencing summer increases in BMSCC.
As the number of cows milked per hour increased, so did the odds of a herd being
classified as HSI. Although several recommendations regarding optimal cow throughput during
milking have been espoused, there is a scarcity of peer-reviewed literature addressing the
relationship between udder health parameters and milking efficiency measures. The difference in
cows milked per hour cannot be explained by the current study, as all milking time variables did
not differ between HSI and LSI herds. Research has shown that producers who worked
methodically and precisely had higher levels of udder health than those who worked quickly with
less precision (Barkema et al., 1999). Milking technicians at LSI herds could have been more
attentive and methodical during milking relative to milkers at HSI herds. This study is the first to
have examined the relationship between udder health and milking efficiency, as measured by
number of cows milked per hour.
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All individual cow SCC status rates were significantly elevated during the summer
months for HSI herds (Figures 2 through 4). As a result, LSI herds maintained a higher
proportion of their herd with SCC levels below 200,000 cells/ml throughout the summer. This
finding is in agreement with Olde Riekerink et al. (2007), who found that the increase in
BMSCC over the summer was associated with increases in the proportions of both new and
chronic IMI over that same period. In contrast, Green et al. (2006) found that the summer rise in
SCC was more strongly associated with an increase in the proportion of cows with consecutive
SCC readings greater than 200,000 cells/ml (chronically infected cows). The current study
objective was to compare risk factors between herds that did and did not experience appreciable
increases in BMSCC over the summer. Green et al. included only herds that experienced a
summer-seasonal increase in BMSCC, presumably analogous to HSI herds in the current study.
The sample of herds examined in the current study showed significant monthly differences in
new IMI rates (based on changes in SCC) when comparisons were made across the year, with
July and September having the highest levels of new SCC elevations (i.e. an overall increase in
new SCC increases across all herds). This observation differed from Green, who found no such
seasonal difference across time. Management, climate, and pathogen exposures differ greatly
between the United Kingdom and North America. The current study is the first to look at SCC
dynamics on a herd basis in Canadian herds.
A positive association between increased THI and mastitis infections has been
established (Zucali et al., 2011; Arcaro et al., 2013; Hammami et al., 2013); but studies assessing
whether mastitis risk differs by herd over a broad range of barn microclimatic conditions are
lacking. Recent work noted a more pronounced SCC increase in herds that had a higher mean
daily THI (Lambertz et al., 2014). In the current study, minimum, mean, and maximum daily
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THI, along with percentage of hourly readings with THI ≥ 68 were all significantly higher in HSI
herds relative to LSI herds in univariable analysis. Despite this, THI variables were not
significant predictors of summer seasonality status in final multivariable logistic regression. The
current study included readings from June and, unfortunately, only from 34 herds. This fact
limits both the statistical power of the analysis and the generalizability of findings. Data loggers
were limited to one location per farm, located in the same area for each farm, thereby enabling
relative comparisons to be made. Recent research has shown that internal barn climates vary
within the building (Schueller et al., 2013). Measurement of barn temperature and RH data from
other important areas in the barn, such as dry cow and maternity housing, might have led to a
fuller understanding of the relationship between THI and udder health. Increased heat and
humidity of the summer has deleterious effects on the immune system (Elvinger et al., 1992;
Lacetera et al., 2005; Hammami et al., 2013), and also acts to increase the pathogen load in the
environment (Hogan et al., 1989; Lobeck et al., 2012). To delineate the relative importance that
such effects have on summer udder health risk, future attempts should focus on evaluating cow
physiology and environmental pathogen load over a wide variety of farm microenvironments
across a larger number of farms.
In the current study, the influence that cow hygiene had on risk of summer seasonal
increases in BMSCC was equivocal. Although many studies have found a positive relationship
between cow hygiene and clinical or subclinical mastitis (Schreiner and Ruegg, 2003; Reneau et
al., 2005; Sant'Anna and Paranhos da Costa, 2011), others have reported no such relationships
(DeVries et al., 2012; Watters et al., 2013). The population of herds participating in the current
study is not representative of the general population, as they were selected based on BMSCC in
January being between 150,000 and 250,000 cells/ml. It is possible that, coupled with low study

136

power, cow hygiene in these herds was superior to that of the population in general, thereby
minimizing the ability to detect meaningful differences between groups. This notion is supported
by the significantly lower prevalence of dirty cows in the current study relative to that of Cook et
al. (2007). In addition, the higher prevalence of tie-stall housing seen in the current study likely
contributed to improved cow hygiene, as this housing system is associated with cleaner cows in
general (Cook et al, 2007).
Milking timing variables were not different between LSI and HSI herds. Each timing
variable had wide confidence intervals surrounding each mean, indicating substantial variation
for each parameter in the population studied. This likely contributed to an inability to detect a
difference between LSI and HSI herds. Premilking udder preparation practices have an influence
on producing sustained and consistent milk ejection (Kaskous and Bruckmaier, 2011; Watters et
al., 2012), which in turn could have an influence on udder health (Tancin et al., 2007). Previous
studies have failed to report a consistent relationship between premilking preparation times and
mastitis risk (Rasmussen et al., 1990; Jago et al., 2010). Despite this, the literature addressing the
influence of premilking udder preparation timing on subsequent direct measures of udder health
parameters (SCC, clinical mastitis) is sparse.
The current study found a significant relationship between clinical and subclinical
infections with GPE pathogens and summer increases in SCC, whereas no such relationship was
found for GNE pathogens. HSI herds were less likely to effectively and consistently remove
debris from teat ends prior to unit attachment, leading to an increase in risk of environmental
mastitis. These results are in agreement with previous studies that found that clinical mastitis
during the summer was primarily caused by pathogens of environmental origin (Hogan et al.,
1 8 ; Makovec and Ruegg, 2003; Oster s et al., 2006; Olde Riekerink et al., 2007). Olde
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Riekerink et al. (2007) specifically noted the incidence rate of clinical mastitis for Streptococcus
uberis and E.coli peaked during the summer months of the study. Streptococcal species can
cause IMI, both clinical and subclinical, that can persist for weeks to months (Groomers et al.,
1985). In addition, GPE infections, specifically Streptococcus uberis, can be quite resistant to
treatment (Hillerton and Berry, 2003; Oliveira et al., 2013). Together, these factors increase the
chances that GPE pathogens will be recovered from both clinical and subclinical IMI. Contrast
this with E.coli and other Gram-negative pathogens, that typically cause short-lived clinical
infections, thereby limiting the ability to diagnose such infections from high SCC/subclinically
infected cows (Sears and McCarthy, 2003). Another factor that may have affected the ability to
diagnose GNE infections was the fact that clinical samples were frozen and stored, thereby
reducing the recovery of GNE, as studies have shown that the amount of viable E.coli
microorganisms are significantly reduced after periods of freezing (Pankey et al., 1987;
Schukken et al., 1989). One interesting association was the diagnosis of yeast as the causative
agent of subclinical mastitis with increased risk of being classified as an HSI herd. This result
may reflect a true causative risk factor. In addition, HSI herds had numerically higher clinical
mastitis rates and, therefore, could have had higher treatment rates than LSI herds. Treatment of
clinical mastitis with intramammary antibiotics is a risk factor for yeast IMI (Crawshaw et al.,
2005). The current study lacked detailed records describing the clinical management of mastitis
cases, therefore this hypothesis cannot be tested further.
Clinical mastitis rates in the summer did not differ significantly between LSI and HSI
groups (Table 4.9). A recent Canadian study found the median rate of clinical mastitis was 16.7
cases per 100 cow-years. The median rate in LSI herds (17.4 cases per 100 cow-years) is
comparable to this, whereas the median rate in HSI herds was higher, at 27.3 cases per 100 cow-
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years, but low herd numbers and high between-herd variation in rates limited the ability to detect
a difference. The median rate of GPE clinical mastitis was significantly higher in HSI versus
LSI herds on univariable analysis; however, the difference was not significant when included in
the final multivariable logistic regression model. Both the collection of samples for clinical
culture and reporting of clinical mastitis cases were less than ideal during the study. When
producers were asked to submit milk samples from clinical cases, many mentioned that there was
one or more cases that were not taken. Further, at study completion, recording sheets supplied to
participating producers were frequently absent (n=30), or contained information on fewer cases
than the producer submitted. As such, it is highly likely that cases of clinical mastitis were
missed or not recorded by farmers. Anecdotally, participants expressed feelings of regret for not
collecting milk samples from clinical cows, frequently citing fieldwork as preoccupying much of
their attention. Poor record keeping practices in association with clinical mastitis episodes were
noted in recent Nordic studies, with results ranging between 50 to 90 percent of all cases
recorded in a mandatory national dataset (Wolff et al., 2012; Espetvedt et al., 2013). In the
Canadian context, variation in accuracy of recording of clinical mastitis by producers has been
cited as a possible explanation for the wide range in clinical mastitis incidence rates reported
(Sargeant et al., 1998b; van Dorp et al., 1999; Olde Riekerink et al., 2008). Regardless, the study
highlights the important association that clinical intramammary infections of environmental
origin have with summer seasonal increases in BMSCC in temperate regions.
4.6 Conclusion
The summer is a period of increased risk of mastitis. Increased time in the pen of
intended calving, both pre- and post- calving, was associated with decreased odds of
experiencing an increase in SCC over the summer, although the mechanism for this is unclear.
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An increased number of cows milked per hour, and an increase in the proportion of dirty teat
ends from first to second visit were associated with higher odds of experiencing a summer
increase in BMSCC. In addition, HSI herds experienced significant increases in all apparent
infection dynamics based on month-to-month SCC changes relative to LSI herds. THI tended to
be higher in herds that experienced high BMSCC increases; however this relationship did not
hold after controlling for other significant variables. Finally, the diagnosis of clinical and
subclinical GPE infections was associated with an increase in the odds of experiencing an
increase in BMSCC throughout the summer. Further research is necessary to delineate the
contribution of farm-specific microclimates in relation to environmental pathogen challenge and
physiological status (i.e. heat stress), as contributing to the summer increase in BMSCC.
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4.8 Tables and figures
Table 4.1. General herd characteristics, udder health, and production parameters stratified by
seasonality class and temporal season for all study herds (n=50)
LSI1 (n=20)
HSI2 (n=30)
Median
IQR
Median
IQR
P-value
Milking cows
50
35-60
65
46-85
0.04
Dry cows
10
5-13
10
6-16
0.37
January SCC
193
172-219
222
203-234
0.01
Winter
Season SCC
170
157-195
214
192-247
0.005
Variables
DIM
158
154-169
171
161-186
0.051
(JanKg milk/cow/d
33.5
29.7-34.2
30.0
29.0-31.9
0.09
March)
Kg fat/cow/d
1.26
1.19-1.30
1.23
1.12-1.30
0.47
Kg protein/cow/d
1.04
0.94-1.11
0.99
0.93-1.06
0.21

Summer
Variables
(JuneSeptember)

1
2

Milking cows
Dry cows
Season SCC
DIM
Kg milk/cow/d
Kg fat/cow/d
Kg protein/cow/d

48
10
184
166
31.6
1.18
0.98

34-58
6-19
149-207
157-173
29.3-33.8
1.13-1.26
0.91-1.03

Low summer BMSCC increase herds
High summer BMSCC increase herds
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59
8
287
177
26.8
1.13
0.92

46-85
12-20.
260-332
163-187
29.0-31.2
1.08-1.20
0.84-0.98

0.05
0.36
0.0001
0.04
0.02
0.09
0.04

Table 4.2. Results from general and environmental management portion of udder health survey
stratified by seasonality class for study herds (n=50)
LSI1 %
HSI2 %
P-value
(n=20)
(n=30)
Responsibility of Fieldwork:
100% done by producer
50
70
0.21
50-99% done by
35
13
0.07
producer
15
17
0.87
100% done by custom
workers
Off-farm employment

5

20

0.22

Median (IQR) % calvings occurring
in maternity pens

100 (94-100)

90 (80-100)

0.02

Median (IQR) days in maternity pen
before calving

21 (5-24)

14 (7-21)

0.004

Median (IQR) days in maternity pen
after calving

3 (1-3.5)

2 (1-4)

0.04

Lowered culling rates to fill fall
incentives

60

33

0.08

Use of core antigen mastitis vaccine:

15

40

0.04

Management steps taken to limit
growth of hair on udders:
Clipping
Flaming
Clipping and flaming
Nothing

80
5
10
5

40
27
3
30

0.01
0.05
0.33
0.03

Practice of blanket dry cow
intramammary antibiotic treatment

90

70

0.09

Regular use of CMT to diagnose
mastitis:
Regular practice of culturing milk
from high SCC cows:

60

47

0.40

95

83

0.32

Median (IQR) Individual cow SCC
(x1000 cells/ml) considered by
producer as high

300 (225-750)

500 (400-1,000)

0.08

149

200 (190-275)

250 (200-300)

0.03

100
0
0

63
21
16

0.15
0.09
0.14

65

87

0.07

Median (IQR) BMSCC (x1000
cells/ml) considered by producer as
high
Method of cleaning gloves during
milking:
never
disinfectant solution only
water only
Use of predip
Low summer BMSCC increase herds
2
High summer BMSCC increase herds
1
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Table 4.3. Milking timings stratified by visit number for HSI and LSI herds
LSI1 Herds (n=20)
HSI2 Herds (n=30)
Visit
Milking
Mean
95% CI
Mean
95% CI
Number
Parameter
(s)
1
Contact
55.07
27.37-82.76
76.67
59.61-93.74
Time3
Stimulation 14.27
10.44-18.11
16.73
13.48-20.05
Time4
Prep-lag
125.10
97.58-152.6
121.10
98.35-143.9
Time5
Unit on
326.80
300.10-353.50
329.10
306.9-351.20
time
2

Contact
63.96
36.12-91.81
76.00
54.85-94.15
Time
Stimulation 16.27
11.23-21.30
17.18
13.45-20.91
Time
Prep-lag
123.80
91.96-155.60
124.60
92.61-156.60
Time
Unit on
335.10
303.60-366.60
314.40
294.90-333.90
time
1
Low summer BMSCC increase herds
2
High summer BMSCC increase herds
3
Total time (s) that teat dip is in contact with teats prior to preparation
4
Total time that teats are physically stimulated (includes all wiping and fore-stripping
performed)
5
Total time (s) between the beginning of stimulation and milking unit attachment
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P-value

0.15
0.32
0.82
0.89

0.47
0.76
0.97
0.23

Table 4.4. Teat end cleanliness score for LSI and HSI herds stratified by milking visit number
LSI1 (n=20)
HSI2 (n=30)
Visit
Teat end
Number
Proportion
Number
Proportion
P-value
Number
hygeine
1
Dirty
88
0.44
113
0.38
0.19
2
Dirty
86
0.42
169
0.56
0.003
1
Low summer BMSCC increase herds
2
High summer BMSCC increase herds
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Table 4.5. Teat end hyperkeratosis scores for LSI and HSI herds stratified by milking visit
number
LSI1 (n=20)
HSI2 (n=30)
Visit
Teat end
Number
Proportion
Number
Proportion
P-value3
Number
condition
1
Rough
400a
0.29
513a
0.28
0.47
Very
50b
0.04
58b
0.03
0.49
Rough
Rough
236c
0.23
525a
0.27
0.01
Very
38b
0.04
47b
0.02
0.07
Rough
1
Low summer BMSCC increase herds
2
High summer BMSCC increase herds
3
P-values compare LSI and HSI herds within the same row
a,b,c
Values in same column with differing superscripts are statistically different (P < 0.05)
2
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Table 4.6. Daily on-farm datalogger temperature-humidity index (THI) results by month
stratified by seasonality classification for study herds (n=50)
LSI1 (n=20)
HSI2 (n=30)
Month
Daily THI
Mean
95% CI
Mean
95% CI
parameter
June
# herds3
10
24
Max
69.7
69.1-70.3
71.0
70.7-71.4
Mean
65.5
64.9-66.0
66.7
66.3-67.1
Min
60.7
60.0-61.4
62.0
61.6-62.5
July

August

# herds
Max
Mean
Min

5
75.1
70.7
65.6

# herds
Max
Mean
Min

2
72.8
67.8
62.4

P-value

<0.0001
<0.0001
0.0014

74.5-75.7
70.1-71.3
64.9-66.3

12
76.1
71.4
66.3

75.7-76.5
71.0-71.9
65.8-66.8

0.012
0.06
0.10

71.9-73.7
66.9-68.8
61.2-63.6

2
72.6
68.0
63.2

72.0-73.3
67.4-68.7
62.2-64.2

0.73
0.76
0.33

September

# herds
2
2
Max
69.0
67.3-70.7
70.7
69.3-72.0
Mean
63.8
62.1-65.5
67.2
66.0-68.5
Min
58.1
56.2-59.9
63.9
62.6-65.1
1
Low summer BMSCC increase herds
2
High summer BMSCC increase herds
3
Total number of herds with a complete month of environmental THI readings
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0.13
0.002
<0.0001

Table 4.7a. Distribution of mastitis pathogens taken from 341 cases of clinical mastitis (276
cows), stratified by seasonality classification for study herds (n=50)
Pathogen
LSI1
HSI2
P-value
4
N (% )
N (%)
CNS3
6 (6.9)
13 (5.12)
0.59
Staphylococcus aureus
14 (16.09)
32 (12.60)
0.47
E.coli
5 (5.75)
20 (7.87)
0.64
Serratia marcenscens
4 (4.60)
7 (2.76)
0.48
Klebsiella spp.
4 (4.6)
5 (1.97)
0.24
Lactococcus spp.
1 (1.15)
0
0.25
Streptococcus dysgalactia
2 (2.30)
7 (2.76)
1.00
Streptococcus uberis
0
24 (9.45)
0.001
Streptococcus spp.
1 (1.15)
9 (3.54)
0.46
Enterococcus spp.
1 (1.15)
16 (6.3)
0.08
Trueperella pyogenes
1 (1.15)
1 (0.39)
0.45
Yeast
2 (2.30)
2 (0.59)
0.27
Citrobacer spp.
1 (1.15)
0
0.25
Pasteurella multocida
0
1 (0.39)
1.00
Prototheca spp.
1 (1.15)
4 (1.57)
1.00
Corynebacterium
0
1 (0.39)
1.00
No bacterial growth
42 (49.0)
94 (44.1)
0.28
Contaminated sample
2 (2.3)
4 (2.1)
0.55
1
Low summer BMSCC increase herds
2
High summer BMSCC increase herds
3
Coagulase Negative Staphylococci
4
% of total cases of clinical mastitis, per seasonality category, with a given culture result
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Table 4.7b. Overall and pathogen group-specific incidence rates of clinical mastitis stratified by
seasonality classification.
Rate1
LSI2
HSI3
P-value5
4
Median (IQR )
Median (IQR)
Overall Incidence rate
17.4 (11.4-52.6)
27.3 (14.3-53.0)
0.23
Staphylococcus aureus
0 (0-6.0)
0 (0-7.1)
0.49
CNS
0 (0-5.3)
0 (0-1.7)
0.80
GPE
0 (0-0)
4.8 (0-11.5)
0.0008
GNE
3.8 (0-8.6)
0 (0-6.1)
0.69
1
Incidence rate = number of clinical case per 100 cow-years; CNS = coagulase negative
Staphylococcus spp., GPE = Gram-positive environmental infections, GNE = Gram-negative
environmental infections.
2
Low summer BMSCC increase herds
3
High summer BMSCC increase herds
4
Interquartile range
5
LSI versus HSI
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Table 4.7c. Distribution of mastitis pathogens from 1696 milk samples taken from 785 suspected
subclinically infected cows1 (949 composite samples, 747 quarter samples) stratified by
seasonality classification for study herds (n=50)
Pathogen
LSI2
HSI3
P-value
N (%)
N (%)
CNS4
69 (22.85)
82 (16.98)
0.05
Staphylococcus aureus
51 (16.89)
114 (23.60)
0.02
E.coli
2 (0.66)
6 (1.24)
0.71
Serratia marcenscens
7 (2.32)
14 (2.90)
0.82
Klebsiella spp
2 (0.66)
6 (1.24)
0.72
Streptococcus dysgalactia
2 (0.66)
13 (2.69)
0.06
Streptococcus uberis
3 (0.99)
9 (1.86)
0.39
Streptococcus spp.
7 (2.32)
17 (3.52)
0.40
Enterococcus spp.
7 (2.32)
21 (4.35)
0.17
Trueperella pyogenes
5 (1.66)
4 (0.83)
0.32
Yeast
1 (0.33)
12 (2.48)
0.02
Pasteurella multocida
1 (0.33)
5 (1.04)
0.41
Prototheca
4 (1.32)
8 (1.66)
0.78
Pseudomonas
0
1 (0.21)
1.00
Corynebacterium
2 (0.66)
5 (1.04)
0.71
bovis
No Bacterial Growth
150 (50)
201 (42)
0.02
1
Cows were selected based on SCC at previous DHI test. A list of the 10 cows with the highest
SCC was generated for sampling
2
Low summer BMSCC increase herds
3
High summer BMSCC increase herds
4
Coagulase Negative Staphylococci
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Table 4.8. Final multivariable logistic model for milking time risk factors associated with odds of
experiencing summer increases in bulk milk somatic cell count (BMSCC)
Effect
Estimate
SE
OR1
95% CI OR
P-value
Intercept
-12.00
3.81
0.003
Difference in teat end hygiene
prevalence 2

0.04

0.02

1.04

1.00-1.08

0.03

Difference in teat end
hyperkeratosis prevalence3

0.07

0.04

1.08

0.99-1.16

0.05

Cows milked per hour

0.09

0.04

1.09

1.01-1.18

0.03

Winter BMSCC

0.04

0.01

1.04

1.01-1.07

0.007

1

OR are assessed as one unit increases in the continuous variable
Prevalence of dirty teats at visit 2 minus prevalence of dirty teats at visit 1
3
Prevalence of hyperkeratotic teats (rough and very rough) at visit 2 minus prevalence of
hyperkeratotic teats at visit 1
2
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Table 4.9. Final multivariable logistic model for environmental risk factors associated with odds
of experiencing summer increases in BMSCC
Effect
Estimate
SE
OR1
95% CI OR
P-value
Intercept
-10.37
4.01
0.01
Prevalence of GPE2 diagnosed
from subclinical milk cultures

0.15

0.09

1.65

0.94-1.39

0.09

Prevalence of yeast diagnosed
from subclinical milk cultures

0.47

0.24

1.61

0.98-2.62

0.06

# Days pre-parturition in housing
area intended for calving

-0.14

0.07

0.86

0.75-0.99

0.04

Udder hair not clipped

3.42

1.72

30.6

0.06-975.31

0.05

Winter BMSCC

0.05

0.02

1.05

1.01-1.09

0.01

1

OR are assessed as one unit increases for continuous variables
Gram-positive environmental pathogen (Streptococcus spp. + Enterococcus spp. + Lactococcus
spp.)
2
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Table 4.10 Final multivariable logistic model for overall herd-level risk factors associated with
odds of experiencing summer increases in BMSCC
Effect
Estimate
SE
OR1
95% CI OR
P-value
Intercept
-17.73
6.67
0.01
Difference in teat end
hyperkeratosis prevalence2

0.09

0.05

1.09

1.00-1.21

0.07

Cows milked per hour

0.11

0.05

1.12

1.00-1.25

0.05

Prevalence of GPE3 diagnosed
from subclinical milk cultures

0.29

0.17

1.34

0.95-1.88

0.09

Prevalence of yeast diagnosed
from subclinical milk cultures

0.54

0.31

1.71

0.92-3.19

0.09

# Days before calving in
maternity pen

-0.17

0.10

0.84

0.67-1.03

0.09

Udder hair not clipped

5.24

3.02

189.51

0.42-999.99

0.09

Winter BMSCC

0.06

0.03

1.06

1.01-1.12

0.03

1

OR are assessed as one unit increases for the continuous variables
Prevalence of hyperkeratotic teats (rough and very rough) at visit 2 minus prevalence of
hyperkeratotic teats at visit 1
3
Gram-positive environmental pathogen (Streptococcus spp. + Enterococcus spp. + Lactococcus
spp.)
2
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Figure 4.1. Mean ± SE for proportion of the herd below the SCC threshold of 200,000 cells/ml
for LSI (---) versus HSI (—) herds.
*All months differ significantly between groups (P < 0.05)
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Figure 4.2. Mean ± SE for proportion of the herd with new test date SCC increases > 200,000
cells/ml for LSI (---) versus HSI (—) herds.
*Groups differ significantly at P < 0.05
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Figure 4.3. Mean ± SE for proportion of the herd with SCC > 200,000 cells/ml at first DHI test
for LSI (---) versus HSI (—) herds.
*Groups differ significantly at P < 0.05
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Figure 4.4. Mean ± SE for proportion of the herd with chronically elevated SCC > 200,000
cells/ml (2 consecutive DHI tests) for LSI (---) versus HSI (—) herds.
*Groups differ significantly at P < 0.05
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5.1 Abstract
Considerable research has focused on identifying risk factors for intramammary
infections, yet mastitis remains a pervasive and important production limiting disease on dairy
farms. Increasingly, researchers are appreciating the role that the dairy producer’s psychology
plays in determining management style and thus, udder health status of the herd. To understand
the complex nature of producer motivations, an approach is needed that allows for an engaged
and open discussion of the issues. The objective of this study was, through semi-structured focus
group interviews, to explore the attitudes, motivations, and perceptions of Ontario dairy farmers
with varying bulk milk somatic cell count (BMSCC) towards mastitis and udder health. In
December of 2011, 5 focus groups were conducted across Ontario, Canada, with independent
groups representing low, medium and high BMSCC producers, respectively. Groups were
established based on producer’s weighted monthly BMSCC levels as recorded in June, 2011. A
semi-structured interview guide was followed to discuss topics relating to udder health.
Thematic analysis was performed on the interview transcripts. Four key themes emerged from
the focus groups, namely empowered management to control mastitis, lack of power to control
mastitis, motivated management, and frustrations. Generally, producers noted the following
factors engender the perception of control over mastitis: management techniques (specifically,
culling infected cows and monitoring BMSCC); a perceived wealth of information on mastitis
control; and a proactive whole-herd management approach. In contrast, there were several areas
identified by producers that counteract this perception, contributing to perceived low levels of
control over mastitis. Participants identified that at certain times, they do not understand the
cause of BMSCC on their farm. Other times, producers cited improper sample handling, seasonal
issues, perceived milk culture shortcomings, and low herd size as factors that limited their
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control over mastitis in their herds. Several factors motivated participants to reduce their herd
SCC; however, financial penalties and premiums were the most commonly discussed. In dealing
with mastitis issues on-farm, producers perceived several factors that contributed to significant
feelings of frustration. Concerns over increased regulations leading to feelings of isolation from
their regulatory body, were noted as key factors that led to much frustration. The study sheds
light on the motivations, attitudes, and perceptions that characterize a subset of Ontario dairy
producers that participated in the study.
5.2 Introduction
The maintenance of a sustainable, safe, and wholesome food supply is paramount in the
forth-coming years, given the exponential human population growth, coupled with a burgeoning
middle class in developing nations (Miller and Auestad, 2013). Increasing efficiency in the
production of dairy and meat products will play a vital role in meeting this societal need (Capper,
2013; Miller and Auestad, 2013). Mastitis and elevated somatic cell counts (SCC) exert
significant effects on dairy product quality and production efficiency through a reduction in total
milk production per cow, altered milk processing characteristics, reduced shelf life (Barbano and
Santos, 2006); lower yields of casein, total fat, yogurt, and cheese; and poorer organoleptic
qualities (Le Marechal et al., 2011).
Several recent articles reviewed risk factors for subclinical and clinical mastitis, along
with dry cow intramammary infections (IMI), and elevated herd-level SCC. Management
techniques consistently shown to reduce mastitis risk include: good milking time and
environmental hygiene; use of a licensed post-dip; antibiotic therapy and/or the use of an internal
teat sealant at dry-off; routine milking machine maintenance; strict biosecurity practices,
including milking infected cows last and employing core antigen vaccines; clipping or flaming of
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udder hair; monitoring and maintaining records of clinical and subclinical mastitis, including
routine milk culturing; and a proactive, focused culling strategy (Barkema et al., 2006; Halasa et
al., 2009a; Halasa et al., 2009b; Dufour et al., 2011; De Vliegher et al., 2012; Hogan and Smith,
2012). Despite this knowledge, mastitis remains one of the most common and costly diseases
that the modern dairy industry continues to face (Hogeveen et al., 2011). Recent investigations
have shown that it is possible to improve udder health through implementation of best
management practices, tailoring recommendations to producer priorities and management style
(Jansen et al., 2010a; Jansen et al., 2010b; Steeneveld et al., 2014). Nevertheless, there is still a
large portion of producers that do not adopt, or only partially adopt, suggested management
changes (Steeneveld et al., 2014). This suggests a potential disconnect between generation,
dissemination, and implementation of recommended mastitis control procedures.
Increasingly, researchers are appreciating the role that the dairy producer’s psychology
plays in determining management style and thus, udder health status of the herd. Research has
shown that several factors motivate producers to lower their SCC, including the desire to have a
healthier herd and to avoid financial penalty, or attain quality premiums (Jansen et al., 2009).
Further, producer attitude towards mastitis prevention explained a significant proportion of the
variation in mastitis incidence in a Dutch study (Lam et al., 2011). Implementation of change in
management practices is increased with a proactive approach that produces a personalized
message with realistic goals, within the context of the farmers’ reality (Lam et al., 2011).
Producers whose management style was classified as “clean and accurate” were more
likely to have: lower herd SCC (<150,000 cells/ml), higher levels of education, greater
motivation to invest in the enterprise, better maintained records, and greater familiarity with their
cows than producers classified as “quick and dirty” (Barkema et al., 1999). There was a diversity
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of producer attitudes and perceptions as found in a study by Jansen et al. (2010c). This study
developed four categories of dairy producers, namely proactivists, do-it-yourselfers, wait-andseers, and reclusive traditionalists. The categorization was based on producer orientation towards
the external world and their trust in relationships. These groups of farmers differed markedly in
their attitudes towards a variety of information sources and management practices. They all
ascribed importance to the prevention of mastitis; however, the methods used for obtaining and
implementing advice for its’ prevention were quite different between groups. Affecting change
in such a heterogeneous group of individuals calls for a multifaceted approach to communication
and motivation.
To understand the complex nature of producer motivations, an approach is needed that
allows for an engaged and open discussion of the issues. Focus groups are semi-structured group
interviews, conducted by a neutral moderator and designed to explore the viewpoints, attitudes,
and beliefs of targeted individuals through the ongoing and complex interaction of group
participants (Krueger and Casey, 2009). Increasingly, focus group methods are becoming a
common and accepted research technique in veterinary medicine and animal agriculture research
(Kuiper et al., 2005; Coe et al., 2008; Coe et al., 2012; Pereira et al., 2013). Qualitative research
methods are designed to develop a detailed description of a person, group or phenomenon, and in
doing so, to gain a deeper understanding of social psychology and states of being (Creswell,
2013). Given the complexity and diversity associated with producer attitudes and perceptions,
qualitative methods provide a means towards understanding such areas (Vaarst et al., 2002;
Jansen et al., 2010c).
In Ontario, BMSCC regulation is based on weighted monthly bulk milk SCC (BMSCC)
values. Although there is currently no financial incentive program to encourage maintenance of
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lower herd SCC, producers incur penalties if any three out of four consecutive monthly
weighted BMSCC readings are above a set regulatory threshold. In August of 2012, the
regulatory threshold was decreased from 500,000 to 400,000 cells/ml. In addition, dairy
producers in Ontario must maintain milk production levels within a narrow range of their daily
quota allotment. Producers are typically allotted additional production allowance during the late
summer and fall when demand for milk is greater. Further, dairy producers aim to temporarily
increase milk production, either to attain fall/summer production incentives or to increase
production levels after periods of under-production. As such, Ontario dairy producers face
different challenges in the production of milk, and thus might have differing attitudes and
motivations relative to udder health. In an effort to better understand and characterize the
attitudes of “average” Ontario dairy producers towards udder health, the single producers’ milk
marketing cooperative commissioned the current study. The objective of this study was to
explore the attitudes, motivations, and perceptions of Ontario dairy farmers with varying
BMSCC towards mastitis and udder health.
5.3 Materials and methods
5.3.1 Producer Selection and Recruitment
To obtain a sample of Ontario dairy producers from across the province, two lists of
producers were generated, one containing all producers from southwestern Ontario, and the other
containing all producers from eastern Ontario. These two regions account for greater than 90%
of all dairy producers across the province. The highest and lowest 10% of producers, in terms of
monthly bulk milk somatic cell count (BMSCC), were excluded from this list to obtain a
representative sample of “average” dairy producers, as research shows that herds with moderate
BMSCC levels (between 150,000 to 400,000 cells/ml) have the highest total influence on
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provincial BMSCC (Sargeant et al., 1998). Producers were then stratified into quartiles based on
their weighted monthly BMSCC levels in June, 2011. The lists of producers in each BMSCC
category were then randomized using the randomize function in Excel (Microsoft, Seattle WA),
and producers were contacted by phone to ascertain their willingness to participate. A total of
five groups of producers were recruited, three in southwestern, and two in eastern Ontario. The
three groups in southwestern Ontario were: low (Q1- 0 to 25%), medium (Q2 - 26 to 50%), and
high (Q4 – 75-100%) BMSCC producers; whereas in eastern Ontario due to logistics and a lower
density of dairy producers in this region only two groups were formed low (Q1 and Q2 – lowest
50%) and high (Q3 and Q4 - highest 50%) BMSCC producers. With a goal of eight participants
per focus group, random recruitment took place until a total of 40 producers had agreed to
participate in the five scheduled focus groups.
5.3.2 Focus Group Interviews
The focus group interviews were conducted over three days in December, 2011. A semistructured interview guide, developed based on findings of prior research into udder health in
Holland (Jansen et al., 2010c), was followed using a series of standardized open-ended questions
and follow-up probes (Appendix 8). Producers were encouraged, by a trained facilitator, to
discuss topics relating to: the causes and disadvantages of high SCC; perception of mastitis risk;
mastitis treatment and prevention; the upcoming SCC regulatory threshold change (from 500,000
to 400,000 cells/ml in August, 2012); sources of information regarding mastitis prevention; and
their interaction with agricultural consultants to address udder health (Appendix 8). Following
the focus group discussion, participants completed a questionnaire that included general
demographic and farm management information. All focus groups were digitally audio-recorded
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and transcribed verbatim following the interviews by an independent research technician that
was not present for the focus groups.
5.3.3 Data Analysis
Following transcription, the verbatim transcripts were read by the first author (DS) while
concurrently listening to the audio recordings of the focus groups to confirm the quality and
accuracy of the transcriptions. Thematic analysis, a qualitative methodology employed to
identify, analyze, and report patterns within written data, was used to analyze the transcripts of
the focus group discussions (Braun and Clarke, 2006). The analysis started with the first author
(DS) reading and re-reading all of the transcripts while making notes of initial ideas and opinions
emerging from the participants’ discussions. A bottom-up inductive approach to coding was
driven by participant responses and interactions (Braun and Clarke, 2006). Briefly, codes were
generated by identifying interesting features of the data in a systematic fashion across the entire
dataset. Further, related codes were grouped into descriptive themes and reviewed in relation to
extracts (segments of participant’s verbal responses that express a unique idea) coded across the
entire dataset for a theme. These initial themes were then refined and named. Ongoing analysis
and reflection generated a clear definition for each theme while identifying the interrelation
present between all themes. All stages of analysis were completed using the program Atlas.ti
(Berlin, Germany).
5.4 Results
Focus group interviews ranged in length from 79 to 106 minutes. The general participant
and farm characteristics, including self-reported and actual BMSCC over the month of
November, 2011, are presented in Table 5.1. Approximately 200 producers were contacted to
participate, of which 40 agreed (approximately 20%). Of these 40 producers, 34 (85%) attended
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their respective meetings. The majority of participants (60%) managed tie-stall herds of Holstein
(90%) cattle. All participants attending their respective focus group meeting were either the
primary herd manager or were an equal managing partner with another individual.
Overall, four themes relating to Ontario dairy producer attitudes towards udder health
were developed: empowered management to control mastitis, lack of power to control mastitis,
motivated management, and frustrations. A conceptual schematic of the relationship among the
themes and sub-themes was developed (Figure 5.1).
5.4.1 Empowered management to control mastitis
Producers participating in the focus group discussions expressed a variety of perceptions
relating to their overall control of the udder health situation on their farm. Several sub-themes
emerged in relation to empowering management strategies for and controlling of mastitis,
including perceived efficacy to control mastitis using management techniques, information
availability, and holistic management of the herd.
Empowering management techniques. Participants across the five focus groups
dedicated a notable portion of their discussion to practices that they perceived as efficacious in
the control of mastitis on their farm. Control techniques such as culling high SCC cows, SCC
monitoring (individual cows and BMSCC), nutrition optimization, milking equipment
maintenance, milking management, and environmental cleanliness were discussed across all
focus groups. One of the most commonly mentioned methods of SCC control that participants
identified to be empowering was the culling of chronically high SCC cows. All groups of
producers recognized the value of culling as a method that gave them control over the udder
health situation on their farm; however, producers in high SCC groups expressed concerns about
the potential negative effects of focusing solely on SCC when culling, as well as a concern this
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could result in culling too many cows. As one producer in the low SCC group stated, “You have
to cull. If you want to get rid of problems you have to cull cows out too, with higher cell counts...
That's when you can fix your problems the quickest”. In support of this notion, another producer
in the same group stated, “That's what they say, if you have a cow with mastitis, that you treat
them right away…. If the mastitis comes back… you have to ship them then, end of story”. Some
producers in the high SCC group expressed the view that a cow with a high SCC must have other
negative attributes before they considered her a candidate for culling. One producer in the high
SCC group stated, “First thing I do is look for high ones [high SCC cows], and hopefully they're
the ones that happen to be on my cull list too, and get rid of them”. Taken one step further, while
acknowledging the empowering feelings that culling engenders with respect to mastitis control,
there was the sentiment that over-reliance on culling could be economically detrimental,
particularly in the high SCC group. Another producer in the high SCC group stated, “But then on
the other hand is like, what is the cost of it [culling high SCC cows], like you can get the somatic
cell down.... but then … your cull rate of the cows might go up drastically, so your turnover in
the herd would be a lot faster … maybe we get a little bit more milk per cow, but does it offset
the, the cost of getting that somatic down to, say, from three hundred thousand down to two
hundred thousand?”. Producers acknowledged the culling of high SCC cows as a powerful tool
in allowing them to control mastitis on their farm; however, basing culling decisions solely on
SCC was not seen to be feasible for some producers when culling rates become excessive as a
result.
Producers across all 5 focus groups identified SCC monitoring as a management
technique that further empowered them to control mastitis on their operations. Monitoring the
individual cow SCC, along with actively following their bulk tank SCC online as soon as the
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information was made available from the regulatory body, were seen as a vitally important
components to controling SCC and mastitis. One producer stated the internet was a real
advantage as they could get BMSCC information following milk pickup every two days to
closely monitor what was happening in the herd, “Now with the internet, and that every pickup is
only two days, I think that's a big improvement…at least you can keep track and see what's going
on”. Another producer mentioned, “Yeah, DHI [Dairy Herd Improvement] tells you where your
problems are ... are they in the first hundred days? They give you a lot of good information”.
Participants valued the empowerment felt through utilizing regular monitoring technologies to
improve udder health. In general, producers placed a high degree of importance on this
monitoring as a key strategy to prevent mastitis.
“The information is out there, you gotta go get it”. A common sub-theme that emerged
across all focus groups was the notion that important information and support relating to the
prevention and control of mastitis has been extensively developed and is readily available to
producers. As suggested by one producer in the low SCC group, “I think there's lots of
information out there and lots of opportunities, or places to go if you have a problem, right, got
your dealers and the DFO [Dairy Farmers of Ontario] staff and, your vet. There are certainly
people there available to deal with an issue if there is an issue”. Another producer from the
medium SCC group echoed this sentiment, “I think it's [information on mastitis prevention] all
out there, but you gotta go and get it, I guess”. Producers indicated that they believed agricultural
support professionals have a high level of understanding of the determinants of mastitis, and
when producers take the initiative to seek it, this information is available and accessible to them.
As one producer jokingly stated, “At my age, I have too much information”. Producers were not
specific about the type and quality of information they were receiving, only that, should they
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encounter problems with udder health, they felt as though there was adequate support and
information to help them deal with their issues. This was a sentiment echoed across all producer
groups. Whether or not producers made regular use of this information was not established from
the interviews.
Participants across all groups indicated they actively consulted with several advisors on a
regular basis to control mastitis on their farms. Overwhelmingly across the focus groups, the
veterinarian was seen by the participating producers to be the most commonly accessed source of
information on mastitis prevention practices. To a lesser extent, some producers mentioned also
regular consultations with nutritionists, regulatory inspectors, and milking machine technicians.
One producer from the low SCC group stated, “I think there's enough technology and support
that you should be able to get things in check. You know, veterinarians and DHI [Dairy Herd
Improvement]”. Taken further, one producer from the medium SCC group mentioned the
importance of having a team approach to dealing with mastitis issues, “Nowadays it's more like a
team approach … you gotta work as a team. If your nutritionist, your vet, and your equipment
dealer and, the way I look at it, everybody does their job in a team, everybody gets paid,
everybody's happy”. Use of the team approach for mastitis prevention and control was not a
commonly discussed topic, with the point only arising in two instances (i.e. two separate focus
groups) across all of the focus groups. Overall, producers were happy with both the amount of
information and the level of support available to them with regard to udder health on their farms
with the common quote mentioned by several participants being, “the information is out there,
you gotta go get it”.
Holistic herd management. In only the southwestern Ontario low and medium SCC
focus groups, participants discussed how a producer’s general attitude towards the management
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of all aspects of the herd plays a significant role in controlling mastitis risk. Specifically, these
producers noted that, in order to have success in producing milk that is low in SCC, one must not
only concentrate on the specific aspects of the farm that directly affect udder health, but one
should also strive to excel in all aspects of management. They noted their perception of a strong
association between producers that focused on quality management in all aspects of their herd
and subsequent high quality milk with low levels of BMSCC. One producer articulated this
message when he stated, “if you do everything right, quality is basically following your line. If
you do things right, I don't think cell count will really be a big issue. Like if it is an issue, like if
it flares up, then those kind of people usually take action right away too. That's basically, like, if
you do everything right, then you will do that right then too”. Producers, specifically in the
southwestern Ontario low SCC group, felt that proactive management, in other words
management that is focused more on prevention rather than reaction to problems, applied to all
facets of the enterprise while following overall best management practices (“doing it right”) will
naturally result in high quality milk that is low in SCC. Conversely, the southwestern Ontario
low SCC group perceived those who routinely have problems with mastitis to be “messy”
(cluttered and unhygienic) operators. As one low SCC producer stated, “Bad management ...
Usually messy operators, right? You can see it when you come in the driveway, if everything is
littered all over, well then you get to the barn and it's usually worse….Yeah, that's what the, the
salesmen usually say, they can tell when they hit the driveway what kind of a farm it is, right?”.
5.4.2 Lack of power to control mastitis
Although many producers participating in the focus group discussions identified
strategies and situations that engendered empowered feelings towards managing mastitis, a
variety of circumstances were identified where effective control over mastitis was perceived as
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unattainable. Five major areas were identified that embody the perception that, in certain
circumstances, producers perceive a lack of control over mastitis. These situations include:
producer ignorance as to the cause of BMSCC rise; issues with mastitis diagnostics;
overwhelming summer mastitis challenges; limitations of having smaller herds; and improper
sample handling on the part of regulatory authorities. Producers felt that these issues preclude
control over the udder health situation on their farm. This theme was present across all groups of
producers interviewed, with both high and low SCC producers feeling that, to varying degrees
between groups, that there are times when control over mastitis is not possible.
Unknown cause of SCC rise. Discussion involving the unknown cause of SCC rise and
the management challenge this posed to control the rise was a topic that received considerable
attention across the high SCC groups, although the focus group with producers in the low SCC
category from eastern Ontario also touched upon this topic. During their discussions many of
these participants noted having experienced situations where the root determinant (i.e.
management practice, infection etiology) of their mastitis problem eluded them. These producers
were frustrated when they received reports on their bulk tank and individual cows indicated they
are infected; however, when they attempt to determine the cause through milk culture, they
receive no diagnosis. One producer from the high SCC group noted, with respect to his bulk tank
SCC, “Well and the thing is this, it does go up and down, and like, and why, I don't know...”.
Another producer corroborated and expanded on this point, “To me it just jumps around so much
and they have no explanation…you don't have any disease… you're testing and testing and
testing, but then you go to a [continuing education producer meeting] and you really don't have a
good test for it”. Another producer indicated that “Sometimes you wonder about these somatic
cell counts from the, from DFO [Dairy Farmers of Ontario]. One day it’s at one sixty and then
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two pickups later it's at five hundred and then it drops, and you didn't change a thing!” During
the focus group discussions, it was apparent, at times, producers had difficulty understanding
why there was such variability in their BMSCC.
Negative perception of milk cultures. Across all focus groups there was a general level
of disappointment in milk culturing as a tool for managing mastitis. Specifically, producers
seemed frustrated with the length of time (lag in the availability of culture results is considered
too long to be useful) along with a low perceived level of sensitivity in detecting causal
pathogens. One producer from the low SCC group, perceiving a low level of efficiency in
culturing technology which led to a reduced feeling of self-efficacy to deal with mastitis
problems, stated, “But I mean if you want people to use it more, I think you better make it fast. If
you have two days, I'm not going to wait two days. Now, we got to pay money to wait two days.
To hell with that. They can pay me. I'm not going to wait two days. But I can't be that slow, it
can't be that slow either”. Another common thread leading to feelings of powerlessness in the
face of mastitis is the high level of inconclusive culture results. An exchange between two
producers in a high SCC group illustrates this ubiquitous sentiment when one producer stated,
“Everything comes back negative, so I don't know what that's telling me” to which another
producer replies, “Well, the worst part is when you send it, they culture it, come back, nothing
found”. Negative culture results relate to the previous theme of unknown causes of mastitis,
whereby negative culture results leave farmers in the dark as to the cause for mastitis on their
operation.
Seasonal issues and mastitis. Participating producers across the focus groups, regardless
of SCC level, had similar feelings of powerlessness regarding the inevitable rise in mastitis cases
that they experience during the summer months. The heat and humidity of the summer were seen

179

as tremendous, inevitable obstacles to preventing mastitis and maintaining low herd SCC. As one
producer in the low SCC group noted, “when you get too, uh, hot, basically you're also going to
start to get environmental problems. So basically, every cow will go up [in SCC] fairly quickly”.
Another producer from the same group supported this assertion when he stated, “I've seen, for
several years, August is - a change in weather coming, sometimes, and, I don't know, August is a
month that it might- [provide] perfect growing conditions for bacteria”. One producer, in the
medium SCC group, also identified the fact that fieldwork compounds this elevation in SCC and
mastitis rates, “The worst time is when you're busy in the field, you don't wanna have trouble in
the barn”.
Herd size and SCC. The overall average herd size for the participating producers was 81
(Table 5.1); however, for three of the five focus groups, average herd size was 60 cows. A
number of participants across focus groups recognized having difficulties maintaining low bulk
tank SCC in a small herd setting. Producers with a small dairy herd felt size was a source of
udder health issues that was not within their control. One producer from the medium SCC group
noted, “When you have a small herd, one can - poom! Up in the penalty zone very fast. Instantly,
yeah”. Another producer from the high SCC group had similar feelings when he said, “Like if
you have forty cows and have three bad ones it will spike you up as good as five in fifty or a
hundred cows”. Many producers outlined personal stories of instances where one or two cows
have had a significant influence on their bulk tank SCC.
Improper sample handling. Within the low SCC producer focus group in eastern
Ontario, the perception that improper milk collection and sample handling significantly affects
herd SCC was discussed. Producers in this focus group felt that there was a distinct possibility
that the variation in their herd SCC could be caused by improper sample handling, though no
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clear explanation was given as to the specific mechanism of this effect. One producer stated,
“But we look at our somatic cell count from the bulk tank, and from your DHI test, and there's a
big difference, and part of the reason is the way the sample is... handled, like, you have one
driver that'll go out, put it in the cooler right away, you have another driver that'll put the sample
in his pocket and talk to you”. This producer, along with others in the same group, perceived that
a portion of the cause of high SCC on their farm stems from improperly cooled milk sample
collection.
5.4.3 Motivated management
Every focus group was able to identify the benefits and in turn motivations to attaining
and maintaining a lower herd SCC. Producers briefly mentioned motivations such as increased
milk production, healthier herds, longer shelf life of fluid milk, an enhanced media perception of
the dairy industry, and improved food safety. As one producer in the low SCC group put it, “you
want a low cell count anyways. Your herd is healthier and you produce more milk like if you
look at the information that's out there, like... It's like two, three hundred litres per lactation”.
Another producer in the low SCC group noted an improvement in product quality in lower SCC
milk stated, “you get better shelf life out of a product that has a lower somatic cell count”.
Another producer from the medium SCC group stated, in reference to why he strived to lower his
SCC, “people sometimes forget, we’re not only producers, we’re consumers ourselves too…
That’s the way we try to look at it on our farm … if I don't wanna drink that milk …it's not
gonna be shipped”.
The overwhelming majority of producers cited financial motivations as their major driver
of maintaining lower SCC.
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Money talks. Producers in all focus groups mentioned the risk of incurring financial
penalties as a strong motivator to improve the udder health situation on their farm. “Penalties,
penalties make you react… so the penalty has to stay in place, because if it's not gonna hurt you
financially, and it will hurt you, lost production, but you don't really feel that. But if you've gotta
pay then it's ‘Oh, I better change.’”. Participants’ conversations focused on producers that
maintain herd SCC at levels that are close to the penalty threshold, their only motivation being to
avoid adverse financial repercussions. The general mentality was one that, outside of financial
penalty for maintaining higher SCC, a large proportion of producers have no incentive to lower
their herd SCC. One producer from the low SCC group stated, “But of all the people, they just
run at the penalty level just below that, and that's where they'll stay. If you lower it [the BMSCC
regulatory threshold], those'll go a little lower and operate underneath”. Another producer from
the same group supported this point when he said, “It's maybe unpleasant for the guy that always
is down there, and for whatever reason he slides into it. And get the heck back out. But that guy
will try everything to go back in line”. A producer from the high SCC focus group echoed this
sentiment when he stated, “Well, if they're gonna stay in business, they're gonna have to deal
with it”. Producers perceived high levels of unpleasantness and risk associated with penalties for
elevated BMSCC, and this feeling was enough of a motivator to lower herd SCC.
Another area of discussion that received considerable attention across all focus groups
centered on the motivation that would arise if the milk marketing board adopted the practice of
offering financial premiums for producing lower SCC milk. When discussing the potential
motivation that a financial premium would offer, one producer in the low SCC group of
southwestern Ontario stated, “I know, I would put more effort into it. Money talks right? Might
go down, actually”. One organic producer in the low SCC group spoke about the role of direct
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financial incentives in driving fellow organic producers to strive for lower BMSCC and mastitis
prevention when he said, “we [Canadian organic producers] get a premium for low bacteria and
low somatic cell. And I know that DFO, a lot of you guys are saying ‘Why shouldn't we be
getting the same thing?’, right? It helps, because I can show you on the chart from organic
farmers how we're all trying for that premium”. A further sentiment expressed by a number of
producers was that the premiums might actually be more effective than penalties in terms of
motivating producers to control their SCC. One producer from the high SCC group stated, “Well
its [a financial premium for lower SCC] better than, it's better than penalising it”. Put in a
different light, one producer in the low SCC group noted, “I think enticing is better than the stick
for motivating people”.
Supply management and SCC. An area that was discussed across all focus groups was
the interaction between supply management and udder health. Producers across groups noted that
in the fall, when there is an incentive to produce more milk, they would do so at the expense of
udder health. A statement by one in the low SCC group producer embodied this sentiment when
he stated, in reference to the added production incentives offered to producers in autumn, “now,
when there's lots of milk to be shipped, I’ll live with that problem [high SCC] cow” illustrating
the drive participants spoke of being induced by the immediate financial benefits of producing
more milk regardless of the cost to herd udder health. Another producer from the same group
echoed this opinion when he said, “In the fall especially with the incentive program that they put
in place, the focus is on more milk getting out the door. The more you get paid. So there's really
no big incentive other than the five hundred thousand penalty for producing high-quality milk.
You know, you hang on, I'm as guilty of it as anybody else, you hang on to any old bag that
produces milk, yeah”.
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Generally, producers indicated that elevated BMSCC levels were problematic with
respect to lost milk and risk of financial penalty; however, when faced with the financial
ramifications of not filling their quota demands, they routinely chose to continue milking high
SCC cows. One producer from the high SCC group noted, “if you're low on quota, and I do it
myself too, if I'm low on quota and I know my somatic cell's around three hundred and it
shouldn't be, well I'm not gonna kick that cow out, you know”. Another participant in the same
group reiterated this point by stating, “I think there's the time, if you're short of milk trying to fill
your quota, you're more liable to let it go. If you're over quota, well then you can treat the
animal, take it out or beef it or something”.
Optimal versus high SCC. When producers were asked about their perceptions of what
constitutes an optimal or high BMSCC, there was a vast diversity of opinions expressed. As a
general trend, low SCC focus groups had specific, low levels of BMSCC which they strove to
achieve. One producer in the low SCC group stated, “The best thing is, for somatic cell count,
the numbers between one hundred, and one fifty. I think that's the best rate you can have”.
Another producer from the medium SCC group indicated, “I like to see it [bulk tank SCC] under
200….”. In contrast, producers in the high SCC groups considered optimal and high herd SCC as
one and the same. For participants in the high SCC groups, the optimal BMSCC level was
anything lower than the penalty threshold. Their discussions focused on a perception of what
constituted a high BMSCC, namely the penalty threshold. When asked about the level of bulk
tank SCC that would cause a producer to take action, one producer in the high SCC group
indicated, “Well, it's always at the penalty level so I mean, if it's gonna be four hundred then
anything over three hundred, start sounding the alarms”. For this producer, the bulk tank penalty
level is a strong motivator to control mastitis, and their level of concern that will determine
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preventative action is set close to this penalty threshold. This producer further elaborated, “So if
it [the bulk tank SCC regulatory threshold] gets lowered to two hundred and fifty, then I'll be
concerned at two hundred thousand”. Another producer from the high SCC group cited the
300,000 cells/ml SCC level as a motivator to corrective action when he stated, “Over three
hundred….better start taking some cows out of line or something. Start to think about it”. One
low SCC producer agreed with this when he said, “What range would you get worried? Well, if
you get three hundred thousand you really, I think I would start looking”. Within the focus group
discussions producers in the low SCC group framed their conversations around proactively
striving for a lower herd SCC before problems arise, whereas producers in the medium and high
SCC groups consistently spoke of mainly reacting to BMSCC levels that they perceived as high,
rather than striving for lower BMSCC levels. The level perceived by most producers across the
focus groups as “high”, and thus necessitating corrective action, was typically cited 300,000
cells/ml.
Can SCC get too low? One theme that received considerable attention by participants in
three focus groups (the 2 low and 1 medium SCC groups) was the question of whether low SCC
could be detrimental to the health of both the individual cow and the herd in general. For the
producers in the focus groups in which this topic was discussed, many felt that it is possible for
the SCC of a cow or herd to get too low, and that low SCC levels are indicative of an inadequate
immune response, further predisposing to mastitis infections. One producer in the low SCC
group stated, “I like my somatic cell count to be high enough so that they build antibodies so that
if they get an infection they can fight it off”. Despite this sentiment, there was much
disagreement as to whether or not excessively low SCC can have detrimental health effects.
When one producer in the low SCC group from southwestern Ontario claimed, “Actually if you
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come beneath one hundred [less than 100,000 cells/ml], then it's too low actually, the cow gets
an infection, then it's, uh, most like the cow's gone…. the immune system, was not built up”,
another producer replied, “Well, that’s not the case... we tested all the cows individually… and
we were actually pretty alarmed when we had one cow with seven hundred thousand in one
quarter, but I have seen a lot of cows quarterly that only like, uh, a thousand cell count. A lot of
them. And, and that's, and basically that's the same thing, doesn't matter where you are, even
here, the lower your cell count is, the less problems you have”. Another producer in the medium
SCC group of southwestern Ontario stated, “I think the cow that has the lowest somatic cell
count is the one that gets sick, because it's got no resistance”. Again, this statement was met with
a contradictory opinion when another participant postulated, “I don't know, I have a hunch- I
used to think that way, I have a hunch the lower it is, they might take longer to get mastitis. Then
again, I don't know, I just have a hunch”.
5.4.4 Frustrations
Participants across all focus groups discussed a broad range of issues that engendered
feelings of frustration associated with mastitis control. In particular, producers felt there was a
lack of support from their marketing board (the Dairy Farmers of Ontario - DFO), in large part
due to the increasing regulatory framework being imposed upon their enterprises by the DFO.
Also, when dealing with udder health issues, there was significant disappointment with the
results associated with treating clinical mastitis cases. In addition, producers harbored
frustrations associated with results obtained from culturing cows with suspected intramammary
infections.
Feeling over-regulated. In large part, and throughout all focus groups, producers
expressed feelings of resentment stemming from the perception that milk quality regulations

186

have been excessively tightened. When speaking of the regulatory BMSCC threshold change
from 500,000 to 400,000 cells/ml, one producer from the low SCC group stated, “Or, lowering
our, the penalty level. Where is too much, too much?... I just find we're already pushing the
boundaries - I understand the advantage of it, but aren't we already at a significantly higher level
[of quality based on lower SCC threshold] than the Americans?”. This producer further
elaborated on new on-farm regulations that required increased record keeping and development
of standard operating procedures (SOP) when he said, “It's a bit overkill I think… A lot of the
stuff we're doing already… I guess it's all, to meet, uh, export regulations, but we're not
exporting anyways so where's our- why are we spending all this money on aggravation? To, to
comply with an export market when we're not exporting”.
Feeling isolated from regulatory body. In addition to feeling resentment, participants’
perception of over-regulation of the quality of milk fostered feelings of isolation among
participants from the DFO in Ontario. Producers perceived that, historically, they received
adequate levels of support from this regulatory body; however, during more recent times, they
felt as though they could not turn to this same organization for support of their udder health
problems. Many of these feelings seemed to coincide with the DFOs changing mandate of
regulation, coupled with the termination of udder health consulting services. One producer in the
low SCC group stated, “Talking to some of the neighbours, they feel that the dairy producer is at
the bottom of the ladder within our own organisation. If you run into trouble, the last person you
want to call is your fieldman, where twenty-five years ago or when I started farming it was the
first guy you called… if you run into trouble, you have no backup or no support from our own
organisation”. A participant from another (high SCC) focus group felt that, “He [the field service
representative for the DFO] should be the source for us, no matter what, to contact and say ‘Hey,
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what do you think about this? I think it's off.’ He should be right there and say, ‘Well this
program says this, the new study says that. I would do this and this to try.’ But he will come out
and say, ‘It's not my problem. You don't comply, I penalise.’ …We're almost, we're almost
scared to contact them…because he will look at this, and he will see that, he will just open a bag
of worms”. Another producer from the same focus group agreed when he said, “back before the
milk board took over the milk inspection…our field reps were really like another consultant in
our business. And you know, we dealt with them on quota issues … now we don't dare… you
would like to have it so that, you know, if we did have a problem with the farm that you'd say,
‘Can you come over here, just give me your perspective on things’”.
Lack of treatment success. Though several adjunct mastitis treatment strategies were
noted (i.e. topical udder creams, oxytocin, organic options), the majority of producers indicated
they treated clinical mastitis with intramammary antibiotics. Some producers noted moderate
levels of success in this regard, but the majority of participants expressed frustration with a
perceived high level of treatment failure, and a resulting increase in chronically infected animals
in their herd, “I don't know, I always focus on prevention [of mastitis] because I've never had
much success with treatment”. Another producer related his perceived treatment failures when
he said, “What works this year don't work next year. It gets immune to it or something”. Another
producer estimated his level of treatment success when using intramammary antibiotics when he
stated, “I'd say fifty percent, like it works sometimes, sometimes it doesn't, and there's no one
brand that seems to control everything”.
5.5 Discussion
The objective of the study was to characterize the attitudes, motivations, and perceptions
that a recruited group of Ontario dairy farmers have towards udder health and mastitis control on
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their farm. Results indicate that, though there are some important perceptional and attitudinal
differences between producers in high versus low SCC groupings, there were also several
commonalities.
For several decades, the theory of planned behavior has been used by researchers to
predict human intention to perform an action (Ajzen, 2011). Recently, the theory was used to
explain the behaviours of dairy farmers in the context of hoof health (Bruijnis et al., 2013),
animal welfare (Kauppinen et al., 2010), and mastitis treatment and prevention (Jansen et al.,
2010b; Espetvedt et al., 2013). The theory itself proposes three independent determinants of
intention, namely perceived behavioral control (the perceived level of difficulty to performing
said behavior), a person’s attitude toward a behaviour in question (the degree to which a person
has a favorable opinion of the behaviour); their subjective norm (the perceived social pressure to
perform the behaviour) (Ajzen, 1991). This theory appears to align well with the findings of the
current study in relation to the participants described behaviours and motivations relating toward
udder health.
Two major themes identified throughout the analysis phase dealt with the producer’s
perceived control over the udder health status of their herd, namely empowered management and
conversely, the lack of control over udder health. These themes embody the concept of perceived
behavioral control as a key determinant of human intention. As part of the theory of planned
behaviour, the control that a producer perceives to have over udder health is influenced by the
actual behavioral control – the time, knowledge, and resources available to the producer to
combat mastitis, along with self-efficacy beliefs – the producer’s strength of belief in their ability
to control the udder health situation on their farm (Ajzen, 1991). In the present study,
participating producers across the focus groups felt as though they possessed the tools,
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information resources, and ability necessary to combat udder health issues on their farms. The
most commonly discussed management practices identified were culling chronically infected
cows and monitoring bulk tank and individual cow SCC. They also had a generally positive
attitude towards the behaviour, insomuch as they believed that performing the behavior would
result in a lowering of their herd SCC. In many cases, dairy producers do have a high degree of
actual behavioral control over culling decisions in their herd, with culling chronically infected
cows being a highly efficacious method of rapidly lowering herd SCC (Kuiper et al., 2005). The
knowledge and implementation of key prevention and management techniques fosters a high
level of behavioral control in producers. This theme is in keeping with previous research that
found that most producers are highly confident in their ability to control herd SCC on their farms
through culling chronically infected cows (Kuiper et al., 2005).In addition, Jansen et al. (2010b)
noted that producers surveyed had high levels of perceived behavioral control over the mastitis
situation on their farms, the levels of which increased after a concerted national program
promoting mastitis prevention practices.
Under the subtheme of “holistic management”, producers described the whole dairy farm
as an entity over which they could exert control, focusing on broad “best management practices”
in areas such as nutrition, reproduction, cow comfort, and environmental hygiene. Through
proactive management and control of all these general areas, optimal udder health would
naturally follow. Producers contrasted this idea with the image of “messy operators” as being the
herds that do not focus their attention on best management practices across the operation, and are
more likely to experience poor udder health. The thesis of this argument aligns with Barkema
et.al (1

), who noted that producers who have a management style of “quick and dirty” were

less likely to: make use of records; work hygienically with clean hands and boots; and collect
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milk samples from clinically mastitic cows. Whereas these producers were more likely to: have
higher mastitis rates; start milking later than planned; and have messy farmyards, milkhouses and
parlours in comparison to producers described as “clean and accurate”. Producers that spend the
time to manage each part of the dairy in a methodological and accurate manner were more likely
to have success in udder health. This perception could have come from personal experience, as
this subtheme was strictly developed within one low SCC producer group. These low SCC
producers perceived high levels of self-efficacy in every faucet of the dairy, and not just one
specific management practice (as for culling chronically infected cows). In addition, these
producers had a strong positive attitude towards this proactive behaviour – a general belief that
the axiom of this behavior would result in the production of high quality milk with low SCC, in
addition to all other perceived benefits.
In contrast to this high level of self-efficacy in the control of herd SCC, many producers
also identified areas where they perceived a low level of control over udder health on their farm
(i.e. small herd size, the heat and humidity of the summer time). The theory of cognitive
dissonance states that individuals experiencing internal psychological conflicts attempt to restore
balance by eliminating this conflict (dissonance reduction) (Cameron, 2009). Control beliefs are
based on past experiences, the presence of requisite resources, second-hand experience (i.e.
experience of friends), and perceived barriers, where the higher the perceived barriers to
controlling mastitis, the lower the level of perceived behavioral control of the situation (Ajzen,
1991). One potential example of dissonance reduction from the present study is demonstrated in
the belief of some participants that there was adverse health risks associated with low SCC
levels, therefore justifying or rationalizing the need for SCC levels that would indicate an IMI
(i.e. > 200,000 cells/ml). Although some reports have noted that herds and cows that had very
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low SCC levels had higher rates of clinical mastitis, specifically due to Gram negative pathogens
(Erskine et al., 1988; Green et al., 1996; Barkema et al., 1998; Peeler et al., 2003), other studies
have failed to find an association (Hoblet et al., 1988; Zecconi et al., 2004). A clear message
should be sent to producers that cows with high (>200,000 cells/ml) SCC are likely infected with
a mastitis pathogen (Dohoo and Leslie, 1991; Schukken et al., 2003), and that the most effective
way of preventing mastitis in the herd is through adherence to the National Mastitis Council
(NMC) 10-point plan for mastitis control (NMC, 2001). Though producers across the focus
groups expressed relatively high levels of confidence in their ability to deal with udder health
issues, there were still some clear examples in which perceived control over the situation was
low contributing to producer conflict, especially among participants in the high SCC focus
groups.
Another common subtheme that limited producer self-efficacy in mastitis control
centered on the unknown etiologic causes for mastitis and SCC elevations. Participants described
experiencing fluctuations in udder health status over time, and often they did not understand the
cause. Prior research indicates that mastitis management can be ad hoc and up to 30% of
producers feel a significant gap in their own knowledge with respect to preventing mastitis
(Kuiper et al., 2005). Experiencing unexplained periods of mastitis could also indicate that,
participants might not be fully utilizing the available services for education or to evaluate the
udder health issues on their farm. In the case of fluctuating bulk tank SCC, the detection intensity
of clinical and subclinical mastitis could be sub-optimal for these producers, leading to the
inclusion of mastitic and high SCC milk in the bulk tank.
Unknown etiologic cause for mastitis and SCC elevations was also linked to the
frustrations participants expressed surrounding inconclusive milk culture results. Studies have
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found that the proportion of milk samples submitted for culture that yield no bacterial growth can
range between 20 to 50% of milk samples submitted to the diagnostic laboratory (Makovec and
Ruegg, 2003). Negative culture results fostered feelings of frustration in participants. Following
the theory of planned behavior, producers that have a negative attitude towards a particular
behaviour, in this case culturing the milk from clinically infected cows, could be less likely to
perform this behaviour. As noted previously, producers with low herd SCC are more likely to
diligently culture clinical mastitis cases (Barkema et al., 1999). Though this is not a cause and
effect relationship, the routine culturing of all IMI is one of the core recommendations of mastitis
control strategies (National Mastitis Council, 2001), and the failure to adopt such a practice
could limit success in mastitis control. Consultants need to work with producers to help them
understand the limitations and importance of bacteriological culturing of clinical and subclinical
cases to foster both a positive attitude towards culturing, and the confidence that, using the
results of culturing, the producer will be more empowered to minimize mastitis on their farm.
In Ontario, producers are not offered financial incentives to maintain lower BMSCC.
They are, however, expected to maintain a BMSCC below the set regulatory threshold of
400,000 cells/ml. In this system, penalties are assessed whenever the monthly weighted BMSCC
of a farm is above this threshold in three of any four consecutive months. At the time of the focus
group study was conducted, the BMSCC limit was at 500,000 cells/ml in Ontario, with a
scheduled threshold reduction set for eight months later, August 1, 2012. This regulatory
tightening was discussed throughout all focus groups and could have influenced the “motivated
management – money talks” theme. Although issues surrounding cow health and increased milk
production associated with motivations to reduce SCC were identified across all focus groups,
most discussions centered on external financial outcomes of bulk milk SCC (penalties and

193

incentives). Previous research has identified internal nonmonetary motivators (i.e. esteem and
taking pleasure from healthy animals) as having an equal effect on improving mastitis
management to external financial motivators (i.e. penalties and premiums) (Valeeva et al., 2007).
It is possible the impending change to the SCC penalty limit influenced the focus of participants
on financial outcomes of BMSCC; however, the present study did identify that both penalties
and premiums are strong motivating factors for producers to lower their BMSCC. Studies in
Ontario have found that penalty programs against elevated BMSCC had a strong influence in
reducing regional BMSCC levels (Sargeant et al., 1998). Producer normative beliefs, the
perceived behavioral expectations of referent individuals (in this case DFO regulators), hold a
major influence over the behavior of the study participants to reduce herd SCC. Such programs
create strong subjective norms, the perceived social pressure to engage or not engage in a
behaviour (in this case, whether or not to work on lowering SCC) (Jansen et al., 2009). What is
also evident from the focus groups is that an incentive program to lower herd SCC could
strengthen participant normative beliefs, and potentially motivate producers to further reduce
their herd SCC. In addition, an incentive program might act to foster positive attitudes towards
the DFO at time where participants are frustrated with the increased regulatory programs being
implemented in the near future.
Producers in this study have shown that, during times of increased demand for milk (i.e.,
fall production incentives); they were willing to increase production by knowingly milking cows
with elevated SCC. Interestingly, research has shown the idea that elevated SCC has detrimental
effects on milk production is a notion that is accepted by farmers; however, providing high SCC
producers with economic information on milk loss associated with mastitis was not seen by
farmers as a useful motivator (van Asseldonk et al., 2010). Producers in that study stated that
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their higher SCC levels were due to overall farm management, of which they were less likely to
change. Producers in the current study identified a willingness to accept the negative
consequences associated with retaining high SCC cows in order to achieve immediate financial
gains through the production of more milk, especially if they are not in danger of incurring a
financial penalty (i.e., BMSCC penalty). A few producers noted that, while milking cows with
elevated SCC has a negative effect on their BMSCC and increases their risk of penalty incursion,
the penalty system also allows them to accept periods where their BMSCC abuts or is in excess
of penalty threshold levels, as long as they are not in violation for three out of four consecutive
months (“Yeah, it's a comfortable range”, “there is room for error”). From a broader perspective,
these results show that, under times where immediate financial gains are possible, participating
producers were willing to forgo their herd’s health for short term financial gains. This might be
extrapolated to other milk-marketing systems in times of high prices for milk. The DFO expects
and accommodates increased volumes of milk in the Fall, and as such likely affects the
normative beliefs of producers, such that they perceive lower levels of social pressure to reduce
their SCC under periods of incentives for added milk production, as the penalty system has built
within it some “wiggle room” for higher BMSCC levels.
Producer perception of what constitutes a high BMSCC was consistently identified as
300,000 cells/ml. This number is similar to the 280,000 cells/ml identified by Dutch producers as
the BMSCC level at which they would consider that they have a mastitis problem. Producers, in
order to minimize the probability of exceeding the regulatory threshold of 500,000 cells/ml (the
BMSCC regulatory threshold at the time of the focus groups), should aim to ship milk lower than
300,000 cells/ml (Schukken et.al, 1992b). Producers may have experienced an increased risk of
penalty whenever their BMSCC has exceeded 300,000 cells/ml, and therefore, use this level as
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their motivation for corrective actions. It is also possible that farm advisors, having familiarity
with the literature, have recommended this level of BMSCC as a threshold for corrective action.
Such social pressures from regulators and advisors could have impacted subjective norms
influencing participants’ beliefs and shaped their threshold for corrective action when BMSCC
reaches this identified level. With tighter BMSCC regulations at 400,000 cells/ml it is advisable
that producers aim to maintain a BMSCC less than approximately 250,000 cells/ml (Schukken
et.al, 1992b). This change will likely affect high SCC producers to the greatest degree should
they not re-set their action threshold to reflect a new regulatory reality. Farms that maintain an
annual BMSCC reading of between 250,000 and 299,000 cells/ml, and 300,000 and 349,000
cells/ml have been shown to exceed the 400,000 cells/ml BMSCC threshold 12 and 22 % of the
time, respectively (Sargeant et.al, 1998). This represents a major risk to the producers for
financial penalty. Regulators and advisors alike should work in a collaborative and constructive
manner to re-set the normative beliefs of producers through cohesive communication strategies
within the specific social environment of the producer (Lam et al., 2011).
Producers face a variety of challenges in the control of mastitis on their farm. Many of
these challenges can contribute to a significant level of frustration for the producer. By far,
farmers in this study discussed at great length feelings of frustration over the perception that they
are being “over-regulated”, with little support from their regulatory body. Farming is a
demanding profession with a multitude of stressors, many of which are out of the producer’s
control (i.e. climatic conditions, taxation, international markets). Notable subthemes in the
present study associated with over-regulation (tightened regulations and perceived lower levels
of support) have been shown to create poor psychosocial work environments for agricultural
producers, potentially leading to increased levels of stress, mental illness, and depression
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(Kolstrup et al., 2013). In Ontario, the DFO serves as the milk marketing board for all milk
producers in the province. Additionally, the organization, comprised of dairy producers from
across the province, also has the responsibility to enforce milk quality regulations as established
under the Milk Act legislation. Participating producers across the focus groups expressed
frustrations with the perceived lack of support from the organization in the face of everincreasing regulations associated with the production of quality milk. Historically, the DFO
offered direct support to producers in the form of an udder health specialist consultant. The
dissolution of this service, coupled with formal industry initiatives to ensure responsible
antibiotic use and enhanced milk quality (Dairy Farmers of Canada, 2012) has potentially left
producers with feelings of isolation and frustration towards the DFO that they had historically
held as a support resource. These changes appear to have acted to alter the normative beliefs held
by producers towards the DFO, specifically that they are now “on their own” to deal with
mastitis problems on their farms. Further, some participants saw the DFO as an opponent, upon
which they could not rely for support to solve various mastitis issues. Further research should
examine the pervasiveness of these sentiments in a larger population of producers, along with
potential solutions to improve the situation, should these feelings of isolation and abandonment
prove prevalent.
Another major source of frustration for farmers with respect to udder health management
was the lack of perceived antibiotic effect in treating clinical mastitis. Depending on cow, farm,
infecting pathogen, and treatment factors, bacteriologic cure of clinical mastitis episodes
following intramammary antibiotic therapy typically range between 20-100% (Barkema et al.,
2006; Lago et al., 2011; Oliveira et al., 2013). The bacteriologic culture of milk from clinical
cases of mastitis is an important tool in managing udder health with antibiotics on farm. It
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provides etiologic information on the causative agent, thereby enabling targeted antimicrobial
treatment while establishing realistic prognostic expectations. Producers in the current study
generally have expressed several negative feelings about culturing mastitic cows. These negative
feelings appear to have made the participants less willing to use the services, while making their
mastitis treatment decisions in an ad hoc manner. In contrast, Espetveldt et al. (2013) found that
poducers had high levels of perceived behavioral control over the ability to treat mastitis, and
that this perception was held across all Nordic countries studied. Education efforts should be
made for producers in order to foster realistic expectations for both culturing and treating clinical
cases of mastitis. In addition, as several participants pointed out, the trend towards reduction in
antibiotic use to combat antimicrobial resistance development necessitates such educational
initiatives.
Using the theory of planned behaviour to interpret results, the attitudes and motivations
of participating Ontario dairy producers can be interpreted and contextualized. Participants had a
diversity of opinions concerning their perceived behavioral control over the udder health on their
farm. Notably, culling and monitoring BMSCC, along with a focus on applying best
management practices in all facets of their enterprises engendered the perception that mastitis
could be controlled. Conversely, participating producers perceived certain situations where
mastitis was difficult to control (for example low herd sizes, improper sample handling, heat and
humidity of the summer), which led to low levels of perceived behavioural control. Additional
frustrations associated with mastitis control (negative milk cultures from clinically mastitic
cows) engendered negative attitudes towards those control measures, thereby potentially
reducing their use. Farm advisors need to first recognize the potential for negative attitudes
towards beneficial behaviours, and second devise ways to minimize and prevent such attitudes
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from occurring. This effort starts with a clear and detailed explanation of the procedures, their
benefits, drawbacks, and the concerns or risks that could be experienced should they go
unimplemented. Further, producers face a variety of social expectations and pressures
(regulatory bodies, consultants, society) that, in turn, shape the response of producers to BMSCC
issues (i.e. participants would react when they perceive that regulators expect them to maintain
BMSCC below the regulatory threshold). Under periods of increased demand for milk,
participating producers shifted their management, potentially at the expense of the udder health
situation on their farm. Though they generally had a negative attitude towards this behaviour,
they likely faced a shift in subjective norms – the expectation that they fill this added production
incentives could be perceived as more important than optimizing udder health, especially
considering the latitude afforded them before incurring financial penalty for high BMSCC levels.
Finally, the dairy producers participating in the current study perceived an ever-increasing level
of social expectations being placed on the operation of their dairy farm. Regulators need to be
cognisant of the potential to engender negative attitudes towards the behavior they wish to
promote, potentially damaging the relationship they have with producers.
The aim of thematic analysis is to identify, analyze, and describe patterns (themes)
present in qualitative data in rich detail, while attempting to interpret these results within the
context from which they were derived (Braun and Clarke, 2006). As such, the producers
recruited to participate in the study, while constituting a diverse group of farmers from Ontario,
Canada, was not intended to be a wholly representative random sample of the population, from
which universally generalizable conclusions may be made. These results do substantiate and
further elaborate upon other research that has found a wide variety of self-efficacy, motivations,
knowledge-level, attitudes, and perceptions held by dairy farmers (Kuiper et al., 2005; Valeeva
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et al., 2007; Jansen et al., 2010c). Results should be interpreted in the light of the context in
which the focus groups were conducted. Although Canada is among the last countries in the
world with a functioning dairy supply management system, the results are nonetheless telling in
terms of producer behavior and motivation to improve udder health.
5.6 Conclusion
The participating dairy farmers from Ontario shared several common attitudes,
perceptions, and beliefs about mastitis prevention and udder health as their international
counterparts (Kuiper et al., 2005; Jansen et al., 2009; Jansen et al., 2010c).Though they generally
had high levels of self-efficacy beliefs when it came to udder health management, there was still
the perception that, under certain situations, mastitis is uncontrollable. This highlights the fact
that educational and extension efforts need to focus on ensuring that producers employ proven
mastitis diagnostic, prevention, and treatment practices in a systematic manner, with realistic
expectations. Participants identified financial benefits and penalties as potent motivators to lower
their herd SCC. As such, discussions related to udder health management should incorporate the
potential economic benefits of preventing mastitis; along with the risk of penalty incursion
should BMSCC levels increase. Finally, the results bring to light the feelings of intense
frustration and, on occasion abandonment, that participating producers experienced in the face of
tightening regulations and on-farm mastitis problems.
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5.8 Tables and figures
Table 5.1. Summary table of participant and farm characteristics by group, assessed using a postdiscussion questionnaire, for 5 focus groups conducted with Ontario dairy farmers in December,
2011
Focus Group
Low1
Med2 SW High3 SW Low E5
High E
Overall
4
SW
Number of Participants
8
5
7
7
7
34
Housing
Freestall
6
2
1
2
2
13
Type
Tiestall
2
3
6
5
5
21
Breed
Holstein
7
3
7
7
7
31
Jersey
1
2
0
0
0
3
June production
211
254
375
260
365
293
weighted BMSCC (x
1000 cells/ml)
Reported November
169
243
322
255
356
268
production weighted
BMSCC (x1000
cells/ml)
Actual November
173
287
315
313
395
294
production weighted
BMSCC (x1000
cells/ml)
Age (years)
45.6
57.6
50.7
47.9
51.4
50
Acres (owned and
316
400
269
417
509
378
rented)
Herd Size (milking
128
86
60
60
66
81
cows)
Acres per head6
2.7
4.6
4.6
7.3
7.8
5.4
Internet Access, %
62
60
43
100
100
74
Number of Milkers
3.2
2.4
2.7
2
2.6
2.6
Milkings in which
51
46
51
49
82
56
Producer Participates,
%7
1
Low SCC focus group
2
Medium SCC focus group
3
High SCC focus group
4
Southwestern Ontario
5
Eastern Ontario
6
Acres per head = acres of land worked divided by number of milking cows
7
Percentage of total milkings in which the participant takes part in milking some or all cows
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1
2

Figure 5.1. Thematic map outlining major themes and subthemes of thematic analysis generated from 5 focus groups conducted with
Ontario dairy farmers in December, 2011

3
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Chapter 6. General Discussion

6.1 Discussion
Since mastitis is the most economically important disease of dairy cattle, efforts that
focus on prevention during high risk periods are essential. Seasonal compromises in milk quality
can have effects throughout the dairy supply chain, ultimately affecting production efficiency,
profitability, and product quality. The main goals of the thesis were to characterize the herds that
contribute to the summer elevation in somatic cell count (SCC) at the population level (Chapter
2), in order to further characterize farm-level risk factors associated with being classified as a
“high summer SCC increase” (HSI) herd (Chapter 4). The farm environmental monitoring
chapter (Chapter 3) sought to describe farm microclimates and their determinants in order to
assess the feasibility of using official meteorological station readings as a proxy for farm-level
environmental exposures. The qualitative chapter (Chapter 5) explored the attitudes, perceptions,
and motivations that producers have towards udder health in general.
In order to study the phenomenon of summer seasonality in bulk milk SCC (BMSCC), a
working definition was needed that would adequately capture the experiences of the occurrence
on a herd basis (Chapter 2). To do this, Fourier regression techniques were employed to capture
the sinusoidal variability in BMSCC throughout the year (Schukken et al., 1992; Stolwijk et al.,
1999). This is the first study that applied such techniques to BMSCC at a herd level. An
interesting outcome was the realization that, although the majority (50 to 70% of herds)
experienced their highest BMSCC levels in the summer, there was a large proportion of herds
that experienced elevations in other seasons. When assessing contributions to summer BMSCC
seasonality on the population level, herds that experienced medium levels of BMSCC elevation
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were responsible for the bulk of all SCC in excess of 200,000 cells/ml on the population level.
Despite the larger magnitude of change in BMSCC seen in HSI herds relative to low summer
increase (LSI) and medium summer increase (MSI) herds, they rarely contributed the greatest
amount of SCC to the provincial BMSCC levels throughout the summer. This is a function of
herd size and overall BMSCC levels: HSI herds tended to be smaller and had annual BMSCC
levels that were lower than that of MSI and LSI herds, respectively. Another significant finding
of the descriptive study was that summer seasonality was a repeatable occurrence, with herds
that experienced a medium or high level of BMSCC elevation in either of the previous two years
being at higher odds (1.5 and 2 times the odds, respectively) of experiencing a summer BMSCC
elevation in the current year. In addition, after controlling for herd size, herds that experienced
wide between-pick-up swings in BMSCC levels during the summer also had higher odds of
experiencing high elevations in BMSCC. This fact could lead one to speculate that there could be
lapses in the consistency of udder health management practices during the summer period,
leading to an increase in intramammary infections (IMI) and subsequently, BMSCC variability
and levels. The results of Chapter 4 support this assertion, where herds that experienced
variability between the two assessments in the summer in the cleanliness of teat ends prior to unit
attachment, hence a higher level of variability in the effectiveness of teat preparation, had
significantly higher odds of being classified as a HSI herd. Also, herds that filled a lower
percentage of their production quota had higher odds of experiencing an elevation in BMSCC
over the summer. This was possibly due to higher IMI rates in HSI herds, associated with higher
volumes of discarded milk due to antibiotic treatment, and a reduced milk production associated
with elevated SCC. Although not measured, it may also have been driven by retaining high SCC
cows in the attempt to fill incentive production allotments. Subsequently, HSI and MSI herds
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filled a higher percentage of their quota allotment during the winter of the year, likely in an
attempt to fill under-production credits accrued during the summer months. Summer seasonality
in BMSCC affects a wide variety of Ontario dairy herds, and knowledge of the characteristics of
these farms provide advisors with important direction in predicting significant elevations in
BMSCC over the summer period, and therefore devising more targeted and specific intervention
strategies that focus on known mastitis risk factors.
Following the definition of herd-level summer seasonality in BMSCC, herds were
selected for further on-farm study, of farm-specific environmental conditions and their relation to
meteorological station readings (Chapter 3), as well as exploring the role that management and
pathogen profiles have on BMSCC during the summer period (Chapter 4). Environmental
readings, as measured by mean daily temperature-humidity index (THI), taken from within the
barn tended to be 1 unit higher compared to the closest meteorological station. One key
consideration here is that the magnitude of this difference varied greatly by herd. In addition,
there was wide variability in the difference in number of hours that a herd experienced at THI
levels greater than 68 relative to the closest official meteorological station. Distance to the
meteorological station did not affect the relationship between on-farm and meteorological station
environmental data. Herds that were housed in tie stalls, allowed access to pasture for the
majority of the summer, or had inadequate or temporary ventilation strategies all tended to have
the highest mean and maximum daily THI readings. Given the relatively poor level of
predictability in the models (as evidenced by the wide variance in model residuals from
regression analysis), along with the wide and unpredictable variability in the difference in
magnitude of environmental readings, using weather station environmental data is not a good
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proxy for on-farm conditions. Studies that seek to evaluate environmental readings within the
barn need to use barn-level measurements to ensure that accurate exposures are quantified.
Results of the, prospective case-control study shed light on some key areas of risk for
elevation in BMCC over the summer (Chapter 4). Herds that housed cows in the pens in which
they were intended to calve for longer prior to parturition had lower odds of being classified as
an HSI herd. There are conflicting reports in the literature as to the relationship between days
spent in the calving pen pre-calving and overall mastitis risk (Dufour et al., 2011). This
relationship could be confounded by environmental hygienic conditions, measures of which may
not have been sensitive enough to detect differences between HSI and LSI groups. Gauges of the
consistency of milking management throughout the summer were also found to be associated
with experiencing a high summer elevation in BMSCC. Specifically, herds that maintained
consistent levels of teat end cleanliness prior to unit attachment over the summer had
significantly lower odds of experiencing high elevations in BMSCC. In addition, herds that had a
lower prevalence of teat end hyperkeratosis at their second herd visit were at lower odds of
experiencing a high elevation in BMSCC. The cause for lower levels of hyperkeratosis in LSI
herds were not examined; however, it is possible that the managers of LSI herds were more
mindful of vacuum levels and the consistency of udder preparation and unit-on times throughout
the summer, contributing to an improvement in teat end condition. Herds that milked more cows
per hour, regardless of herd size, had higher odds of experiencing a high elevation in BMSCC
over the summer. As there were no significant differences in milking timing parameters
measured, there was an unmeasured factor leading to lower numbers of cows milked per hour.
This could have been due to a slower, more deliberate milking style practiced by milking
technicians in LSI herds, though no formal system to evaluate and quantify this quality was
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employed in the current study. A practical solution to this problem may be to video record
milkers and devise a more objective assessment system for evaluating milking style.
All measures of individual cow month-to-month changes in infection status, as measured
by composite milk SCC, were elevated in HSI herds. Specifically, HSI herds had a higher
proportion of new and chronic SCC elevations from July through September, whereas there were
no significant differences in January through June. Further, HSI herds did have a consistently
higher proportion of the herd above the 200,000 cells/ml threshold throughout the year relative to
LSI herds, indicating that udder health for these herds is generally poorer. Supporting this, HSI
herds had January BMSCC levels that were 20,000 cells/ml higher than LSI herds, indicating
that the baseline udder health situation on these herds was poorer throughout the year. Mean and
maximum daily THI was significantly higher for HSI herds relative to LSI herds, but this
relationship did not hold in multivariable analysis. In addition, infection status differed
significantly between LSI and HSI herds, with the latter having increased levels of Gram positive
environmental pathogens (Streptococus and Enterococcus spp.) cultured in milk from clinical
and subclinical mastitis cases. Though numerically higher, the rates of clinical mastitis (cases of
mastitis per 100 cow-years) through the summer did not differ between HSI and LSI herds.
Results from Chapter 4 highlight the importance of consistent application of udder health
management practices, along with a focus on preventing IMI of environmental origin to prevent
elevations in BMSCC over the summer.
Based on a series of focus group interviews conducted across Ontario, participant
producer attitudes, perceptions, and motivations towards udder health hold several important
commonalities and differences (Chapter 6). Generally, producers across all BMSCC categories
felt a high level of control over the udder health status on their farms, citing BMSCC monitoring
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and culling of infected cows as key factors that engender such feelings. There was still the
perception that, under certain circumstances (smaller herd size, heat and humidity of the summer,
inconclusive results from milk culturing), they had lower feelings of control of the udder health
situation. The latter situation highlights the fact that educational and extension efforts should be
dedicated to educate producers on proven diagnostic, treatment, and prevention practices, with a
focus on ensuring producers maintain realistic expectations regarding the limitations of treatment
and diagnostic practices. Key motivational factors to lower herd BMSCC that participating
producers noted centered on financial benefits and penalties. As such, discussions related to the
improvement of udder health should be framed within an economic context. Finally, producers
that participated in the study noted a variety of frustrations, accompanied by feelings of isolation
and abandonment, associated with a tightening of milk quality regulations and their overall
relationship with their regulatory body in general. As such, advisors and regulators alike should
be mindful of the effects that such regulations have on dairy producers. Further, producers are
not feeling high levels of support from their regulatory body, which in turn, engenders intense
emotions and resentment. One solution would be to have producers involved in collaborative
discussions regarding the direction and implementation of new regulatory programs and services
provided by the DFO, in order to ensure a stronger, “team-like” approach, as opposed to a
paternalistic, and potentially damaging, relationship.
6.2 Strengths and weaknesses
Though the current study has brought to light several promising results that can inform
current practices and future research, when critically appraising the project retrospectively there
are several aspects that could have been conducted differently.
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A major strength of the study was the inclusion of regulatory bulk milk data from the
entire population of Ontario dairy herds from 2000 to 2011. Only a handful of studies have
access to such a complete dataset for analysis, and this fact highlights the strength and
generalizability of the results obtained from Chapter 2.
Another unique strength of the research was the longitudinal nature of the on-farm study,
conducted over three visits during the summer. The use of multiple herd visits insured that, to a
certain degree, consistency of management practices could be studied. Little peer-reviewed
research has focused on the relationship between multiple milking time practices over time and
mastitis risk. Multiple observations enabled the study to uncover the importance that consistency
of management has on mastitis prevention during the summer.
Though qualitative methods are increasingly being employed in agricultural and
veterinary research, a dearth of research exists that attempts to encapsulate a rich, deep
description of the attitudes, perceptions, and motivations of producers. Countless survey-based
studies, though wide in breadth of material covered, lack the depth that qualitative techniques
provide. Of particular interest, no such qualitative study has been conducted in the context of the
Canadian dairy industry, where producers face significantly different economic realities than
dairy producers from any other part of the world.
Of note, on-farm environmental monitoring proved difficult for this study. Due to
equipment malfunction, a substantial proportion of temperature/relative humidity data loggers
were non-functional for varying durations throughout the summer. This affected the power to
detect a difference in THI between LSI and HSI herds in multivariable modelling, leading to type
II errors. In addition, Schuller et al., (2013) found significant microclimates within the same
barn. While loggers were placed in standardized locations within the milking cow barns for each

213

study herd, it is possible that the microclimates at these locations were not as important as other
locations (i.e. dry cow housing, maternity pens, fresh cow areas etc.) when evaluating the
relationship between environment and mastitis risk.
One of the main objectives of the prospective case-control study (Chapter 4) was to
evaluate the relationship between management consistency and mastitis risk over the summer
period. Due to budget and time constraints, the study population consisted of 50 farms. While the
study was able to uncover some interesting associations, the limited sample size likely reduced
detection of potentially meaningful associations during the analysis phase. For example, 70% of
HSI and 90% of LSI producers employed blanket dry cow therapy in their herd. To have
adequate power to detect such a difference (i.e. β = 0.2), the study would have required 128
herds (64 in each of the LSI and HSI categories) (Dohoo et al., 2009). When evaluating the
sample size necessary to detect group differences for a variety of variables explored in the
current study, similar sample size requirements were consistently required to detect whether
differences of the magnitude observed were significant. Such a study would demand greater
funding to support the added labour and materials necessary to complete the project in a seasonlimited timeframe. In addition, it would have been useful to include a more thorough and
objective assessment of bedding as a risk factor for the summer rise in BMSCC. Specifically,
bedding cultures and several objective and quantifiable bedding assessments should have been
done on each farm visit. Devries et al. (2012) utilized a systematic and standardized method to
evaluate bedding hygiene that could have been employed in the current study to form a more
accurate approximation of mastitis risk. Further, random sampling of bedding material for
bacterial culture in a manner similar to Hogan et al. (1989) would have allowed further
exploration of the relationship between farm microenvironments and mastitis risk. Finally,
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additional farm visits conducted in the low-risk winter period would have provided further
insight into the seasonal variability in farm management practices and established baseline levels
for management, pathogen, and environmental variables for each herd. With this information, it
would have been possible to answer whether there was a seasonal variability in management
practices within the same herd.
When conducting the focus group interviews for Chapter 5, the intent was not to align
results with the seasonality in BMSCC. As such, participants were not selected based on
seasonality status as defined in Chapters 2 and 4. If they had been selected in such a way, results
obtained may have been more directly applicable to the focus of the current project, namely
elucidating the key determinants of the summer seasonal rise in BMSCC.
6.3 Future research directions
The results of this research have generated several ideas for future research in udder
health management.
First, there was a considerable degree of variability in all study herds when evaluating
milking timing. Future research should focus on evaluating the consistency of milking timings
over a wide selection of herds to truly elucidate the relationship between udder preparation
routines and mastitis risk. In addition, herds employing automatic milking systems were not
specifically evaluated in this study. An interesting question to explore would be whether these
herds experience BMSCC to the same degree as conventional herds that milk from a parlour or
tie stall. Several udder health advisors are making specific recommendations with respect to
parlor efficiency goals and timing (i.e. cows milked per hour). There is a dearth of research that
has evaluated the mastitis risk associated with such recommendations, and further study is
warranted.
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Second, with regards to disentangling the relationship between environmental conditions,
heat stress, environmental challenge, and mastitis risk during the summer, future research should
employ animal based measures and improved environmental monitors to quantify the attributable
risk fractions for each area. Specifically, sentinel cows from several farms could be equipped
with remote body temperature monitors (ruminal or intravaginal devices for example) to quantify
the physiologic effects that heat has on cows and uncover the relative differences in heat stress
between farms, relating these findings to BMSCC or clinical/subclinical mastitis. Further, as
mentioned previously, systematic environmental bedding sampling/culture and hygiene
evaluation will allow for inclusion in a multivariable model to elucidate the relative importance
and interactions that these factors have on mastitis risk over the summer.
Finally, the human factor is increasingly seen as an important influence on production
animal health. Decades of udder health research have yielded numerous evidence-based
recommendations, yet many producers still do not employ them. Questions regarding udder
health management practices lend themselves to mixed methods research. Standardized
questionnaires and surveys strip context from producer responses. Future research into the
summer seasonality in BMSCC should include in-depth farmer interviews to uncover the overall
attitudes, intentions, and motivations that producers have towards udder health management
practices, along with their perceptions of the situation on their farm. A deeper understanding of
producer mentality regarding udder health in the summer would help to contextualize the results
of concurrent quantitative analyses. For instance, the current study (Chapter 4) found that, as
fewer cows were milked per hour, the odds of experiencing an elevation in BMSCC over the
summer decreased. Interview questions could focus on the meaning and enjoyment that the
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producer ascribes to milking, along with the importance the producer places on working
precisely and consistently.
6.4 Conclusions
The summer is a period of risk for poor udder health. Despite this, many producers
(approximately 20%, depending on the year) are able to maintain consistent BMSCC levels yearround. Herds that are smaller, had higher daily SCC variability, experienced SCC elevations in
previous summers, had lower annual SCC, and failed to meet production targets in the summer
are at an increased risk of experiencing high elevations in bulk tank SCC. Lower days in the pen
of intended calving, an increased number of cows milked per hour, an increased proportion of
teat ends classified as “dirty” between milking visits, an increased rate of new and chronic IMI
based on individual cow SCC, and an increased incidence of Gram positive IMI of
environmental origin were all associated with increased odds of experiencing an elevation in
BMSCC over the summer. When evaluating environmental conditions on-farm, meteorological
station weather readings are not a suitable proxy. And finally, though participating Ontario dairy
producers generally had high levels of perceived control when it came to udder health
management, there was still the perception that, under certain situations, mastitis is
uncontrollable. Dairy producers are a diverse group of individuals with a variety of attitudes and
motivations towards udder health.
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Appendices

APPENDIX 1. Chapter 3. Median difference in maximum, mean, and minimum daily THI
values (on-farm daily mean minus weather station daily mean) stratified by study farm
Farm Variable1 Observations Median
IQR2
Range
ID
101
diffmax
70
2.08
1.09
3.21
-1.73
7.70
101
diffmean
70
2.45
2.07
3.05
-0.41
5.06
101
diffmin
70
2.66
1.75
4.23
-2.82
7.32
102
diffmax
2
1.39
0.93
1.85
0.93
1.85
102
diffmean
2
4.43
1.92
6.94
1.92
6.94
102
diffmin
2
8.11
2.65
13.58
2.65
13.58
103
diffmax
72
5.61
3.83
7.13
1.73
12.84
103
diffmean
72
6.90
5.53
8.08
2.79
13.71
103
diffmin
72
9.92
7.92
13.15
4.68
17.92
104
diffmax
9
1.80
1.56
4.76
1.09
5.56
104
diffmean
9
5.44
5.38
6.42
3.69
8.39
104
diffmin
9
10.24
8.14
11.82
4.15
13.00
105
diffmax
32
4.09
2.04
4.84
0.28
7.15
105
diffmean
32
4.09
3.32
5.21
0.64
6.31
105
diffmin
32
5.10
3.91
6.20
-8.41
10.47
106
diffmax
54
1.02
0.56
1.44
-0.42
2.55
106
diffmean
54
1.80
1.51
2.40
0.91
4.09
106
diffmin
54
2.88
1.65
4.12
-0.12
8.74
107
diffmax
69
2.01
1.36
2.65
-0.94
4.28
107
diffmean
69
3.00
2.20
3.66
-4.84
4.94
107
diffmin
69
3.64
2.31
5.78
-15.81
11.13
108
diffmax
2
1.62
0.95
2.30
0.95
2.30
108
diffmean
2
3.61
1.09
6.12
1.09
6.12
108
diffmin
2
5.88
1.08
10.68
1.08
10.68
109
diffmax
2
4.27
3.46
5.08
3.46
5.08
109
diffmean
2
5.39
5.02
5.77
5.02
5.77
109
diffmin
2
2.69
-0.38
5.77
-0.38
5.77
110
diffmax
113
3.96
3.28
5.13
0.48
11.17
110
diffmean
113
4.39
3.46
5.68
1.89
10.02
110
diffmin
113
5.52
3.89
7.48
-1.19
11.53
112
diffmax
65
0.81
0.24
1.79
-1.14
5.16
112
diffmean
65
2.78
1.95
4.13
-3.24
7.23
112
diffmin
65
5.76
3.68
8.75
-2.95
18.09
113
diffmax
113
1.93
0.97
3.04
-0.32
9.74
113
diffmean
113
5.32
4.12
7.22
2.53
13.25
113
diffmin
113
9.21
7.07
13.54
4.15
23.81
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114
114
114
116
116
116
117
117
117
118
118
118
119
119
119
120
120
120
121
121
121
122
122
122
123
123
123
124
124
124
125
125
125
126
126
126
127
127
127
128
128
128
129

diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax

57
57
57
60
60
60
12
12
12
57
57
57
47
47
47
52
52
52
48
48
48
51
51
51
29
29
29
1
1
1
68
68
68
61
61
61
68
68
68
17
17
17
14

1.38
1.68
1.94
3.80
6.26
9.68
2.06
3.82
5.97
1.35
3.40
6.07
1.99
2.65
3.93
1.11
1.80
2.42
1.79
3.27
4.47
2.18
3.46
4.49
0.59
2.04
3.93
1.55
3.45
4.50
0.27
1.05
1.81
1.09
2.25
3.22
3.46
2.81
3.56
2.86
4.81
8.79
4.13

0.33
1.25
0.49
3.27
5.19
7.58
0.92
3.01
3.30
0.88
2.87
5.01
1.31
1.94
2.55
0.51
1.50
1.75
1.07
2.47
3.41
1.43
3.09
3.98
-0.18
1.69
2.95
1.55
3.45
4.50
-0.12
0.50
0.94
0.59
1.74
2.00
2.09
2.01
2.16
1.67
3.80
6.22
3.65
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2.55
2.23
3.55
4.56
7.27
12.27
3.41
5.34
8.59
1.59
4.64
8.62
2.86
3.49
6.55
1.92
3.09
5.48
2.22
3.85
6.49
2.96
4.07
5.38
1.68
3.19
4.90
1.55
3.45
4.50
0.84
1.75
3.31
1.67
2.73
4.24
4.82
3.96
5.01
3.74
6.76
12.65
4.60

-1.55
-0.18
-0.75
1.27
0.86
0.65
0.65
0.41
-12.43
0.09
2.06
3.20
-0.31
-4.60
-6.22
-1.18
0.43
0.45
0.05
1.42
1.73
-0.06
1.76
2.16
-2.75
-2.58
-15.56
1.55
3.45
4.50
-1.54
-0.49
-7.66
-0.37
-0.97
-12.34
-1.78
-4.77
-15.72
0.09
3.45
4.06
2.79

6.19
3.80
6.14
7.82
9.95
19.65
4.49
6.96
9.74
7.67
9.34
14.81
6.11
6.30
10.45
7.06
6.92
12.93
5.16
5.74
10.18
5.03
5.68
10.95
6.77
4.67
13.03
1.55
3.45
4.50
2.31
4.18
10.34
3.94
3.83
8.80
6.79
5.32
10.44
7.29
8.12
15.65
6.13

129
129
130
130
130
131
131
131
132
132
132
133
133
133
134
134
134
135
135
135
136
136
136
137
137
137
138
138
138
139
139
139
140
140
140
141
141
141
142
142
142
144
144

diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean
diffmin
diffmax
diffmean

14
14
30
30
30
13
13
13
52
52
52
5
5
5
20
20
20
40
40
40
36
36
36
111
111
111
22
22
22
62
62
62
61
61
61
40
40
40
14
14
14
1
1

4.86
6.19
2.08
3.82
6.24
7.41
6.28
5.62
2.10
2.87
3.61
0.18
2.67
2.67
2.05
3.84
7.59
1.31
2.79
4.68
1.99
2.67
3.43
0.56
1.68
3.46
0.12
0.39
0.56
2.23
1.70
1.61
1.27
2.07
2.93
0.42
1.29
1.58
2.43
5.52
9.01
0.53
2.74

4.03
5.05
1.68
2.92
3.87
6.80
5.78
4.65
1.56
2.12
2.35
-0.40
-0.32
2.12
1.16
3.47
6.20
0.73
2.24
3.10
1.57
2.16
2.64
0.13
1.16
2.29
-0.45
-0.14
-0.41
0.89
1.22
0.82
0.73
1.53
1.91
-0.06
0.63
0.70
2.07
4.85
7.73
0.53
2.74
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5.55
10.37
3.08
5.16
9.14
8.26
6.71
7.70
2.90
3.60
5.35
1.90
2.87
2.90
2.54
5.15
9.47
1.98
3.64
6.78
2.41
3.22
4.10
1.11
2.17
4.56
0.54
0.99
1.64
3.85
2.36
2.28
1.86
2.42
4.42
1.16
1.87
2.78
3.35
7.43
12.84
0.53
2.74

3.45
-8.20
0.55
-4.89
-17.70
5.66
4.55
3.81
-0.16
0.91
-0.05
-2.88
-1.49
-0.27
-0.81
2.28
2.88
0.12
1.49
1.50
0.66
-3.15
-14.10
-1.29
0.24
0.34
-1.29
-0.76
-2.13
-1.02
-0.39
-1.36
-0.96
-3.17
-5.86
-1.97
-0.39
-11.88
1.41
2.63
2.70
0.53
2.74

9.40
14.53
4.10
10.08
15.69
9.02
7.92
10.98
4.92
6.64
10.47
3.04
3.15
5.02
8.14
7.16
14.45
4.20
8.22
12.59
4.32
5.46
8.22
4.42
4.05
9.76
1.80
1.63
5.57
6.79
4.49
5.26
4.59
3.98
7.49
2.68
4.05
8.94
8.30
8.94
16.37
0.53
2.74

144
diffmin
1
6.53
6.53
6.53
6.53
6.53
145
diffmax
39
3.59
2.54
4.51
1.30
7.43
145
diffmean
39
4.26
3.37
5.64
0.19
8.16
145
diffmin
39
6.71
4.49
8.55
-8.21
12.47
146
diffmax
53
2.11
1.44
2.97
-0.51
7.86
146
diffmean
53
5.05
3.41
5.65
1.43
8.36
146
diffmin
53
7.46
5.55
10.01
2.85
16.42
147
diffmax
113
1.57
0.83
3.09
-0.81
10.16
147
diffmean
113
5.34
3.98
7.55
1.46
14.86
147
diffmin
113
10.48
7.19
14.53
4.39
28.00
148
diffmax
41
2.26
1.37
3.40
-0.07
6.63
148
diffmean
41
4.90
4.18
5.52
1.67
7.40
148
diffmin
41
7.00
5.92
8.54
-2.07
13.15
149
diffmax
27
0.69
0.08
1.10
-1.26
4.74
149
diffmean
27
2.25
1.64
2.97
-2.11
4.61
149
diffmin
27
3.34
2.74
6.04
-6.85
9.64
150
diffmax
44
0.13
-0.37
0.42
-1.01
1.34
150
diffmean
44
1.26
1.02
1.59
0.14
2.23
150
diffmin
44
2.68
1.74
4.14
-1.35
7.33
151
diffmax
51
1.18
0.67
1.67
-1.07
4.88
151
diffmean
51
2.90
2.41
4.39
0.87
7.58
151
diffmin
51
5.66
3.76
8.80
1.78
15.44
1
diffmax = daily difference in maximum, mean, and minumum THI readings (logger THI – WS
THI) for all full days recorded by herd
2
IQR = Interquartile Range
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APPENDIX 2. Chapter 3.
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Figure A. Scatterplot of raw residuals versus predicted mean daily THI from final multivariable
linear mixed regression model assessing the relationship of meteorological station mean daily
THI, barn type, pasture access, and mechanical ventilation type on mean daily THI as measured
by on-farm data loggers
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Figure B. Scatterplot of raw residuals versus predicted maximum daily THI from final
multivariable linear mixed regression model assessing the relationship of meteorological station
maximum daily THI, barn type, pasture access, and mechanical ventilation type on maximum
daily THI as measured by on-farm data loggers
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Figure C. Scatterplot of raw residuals versus predicted minumum daily THI from final
multivariable linear mixed regression model assessing the relationship of meteorological station
minimum daily THI and barn type on minimum daily THI as measured by on-farm data loggers
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90
85
80
75
70
65
60
55
50
45
40

Date
Figure A. Graphic plot of the maximum daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative study herd with high differences between onfarm readings and weather station readings
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Figure B. Graphic plot of the mean daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative study herd with high differences between onfarm readings and weather station readings
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Figure C. Graphic plot of the minimum daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative herd with high differences between on-farm
readings and weather station readings
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Figure D. Graphic plot of the maximum daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative herd with medium differences between on-farm
readings and weather station readings

229

Mean Daily THI

85
80
75
70
65
60
55
50
45
40

Date
Figure E. Graphic plot of the mean daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative herd with medium differences between on-farm
readings and weather station readings
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Figure F. Graphic plot of the minimum daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative herd with medium differences between on-farm
readings and weather station readings
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Figure G. Graphic plot of the maximum daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative herd with low differences between on-farm
readings and weather station readings
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Figure H. Graphic plot of the mean daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative herd with low differences between on-farm
readings and weather station readings
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69
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Figure I. Graphic plot of the minimum daily THI readings between on-farm loggers ( – ) and
weather station (---) readings for a representative herd with low differences between on-farm
readings and weather station readings
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Appendix 4. Chapter 4.Enironmental and management survey results for 50 study herds.
LSI1
%
HSI2
%
P-value
N
N
Barn Type:
Tie-stall
12
60
16
53
0.77
Free-stall
8
40
14
47
Outdoor Exposure:
None
12
60
19
63
0.74
Non-grassed lot
5
25
5
17
0.47
Seasonal
3
15
6
20
0.65
Median (IQR) total acres cultivated 277 (142-575)
400 (250-500)
0.40
over summer:
Median (IQR) acres per worker: 150 (60-240)
150 (110-217)
0.62
Responsibility of Fieldwork:
100% done by producer
50-99% done by
producer
100% done by custom
workers
Off-farm employment
Milking Cow Bedding type:
Stall
Straw
Management
Sand
Wood shavings
Manure
Peat Moss
Bedding frequency
< once/day
Once/day
Greater than
once/day
Frequency of stall
cleaning:
< 3 times/day
≥ 3 times/day
Use of stall
conditioner (i.e.
lime):
Maternity
Pen Numbers:
Pen
0
Management
1
2
3+
Bedding type:
N/a

10
7
3

50
35
15

21
4
5

70
13
17

0.21
0.07
0.87

1

5

6

20

0.22

15
3
1
0
1

75
15
5
0
5

20
6
3
1
0

67
20
10
3
0

0.57
0.65
0.52
0.41
0.21

6
10
4

30
50
20

12
12
6

40
40
20

0.76
0.48
1.00

9
11
8

45
55
40

14
16
13

47
53
43

1.00

1
7
7
5

5
35
35
25

2
15
8
5

7
50
27
16

0.55
0.29
0.53
0.47

1

5

2

7

0.73
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0.39

Straw
Straw/wood shavings
Wood shavings
Peat Moss
Frequency of
complete
replacement of
bedding:
N/a
Weekly
Monthly
Every calving
never
Median (IQR) %
calvings occurring in
maternity pens
Median (IQR) days
in maternity pen
before calving
Median (IQR) days
in maternity pen after
calving
Heat
Tunnel
Abatement
Basket fans
Overhead lowvelocity fans
Water sprinklers
Natural Ventilation
Strategies to
Purchasing cattle
fill fall
Targeted Breeding
incentives
Lowered Culling
Rates
No Attempt
Breeding + Low
culling rate
Purchase + breeding
Purchase + breeding
+ low culling
Summer fly control:
1
Low Summer BMSCC increase herd
2
High summer BMSCC increase herd

16
1
1
1

80
5
5
5

24
3
1
0

80
10
3
0

1.00
0.52
0.77
0.21

1
3
13
1
2
100 (94-100)

5
15
65
5
10

2
2
24
1
1
90 (80-100)

7
7
80
3
3

0.69
0.96
0.24
0.77
0.33
0.02

21 (5-24)

14 (7-21)

0.004

3 (1-3.5)

2 (1-4)

0.04

7
9
4

35
45
20

9
13
4

30
43
13

0.76
1.0
0.70

1
16
3
12
12

5
80
15
60
60

3
20
3
22
10

10
67
10
73
33

0.64
0.35
0.67
0.24
0.08

1
7

5
35

2
8

7
27

1.0
0.79

1
1

5
5

3
0

10
0

0.36
0.25

16

80

21

70

0.52
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Appendix 5. Chapter 4. General udder health survey results by seasonality classification
LSI1
%
HSI2
%
P(n=20)
(n=30)
value
Median (IQR) % clinical mastitis
60 (30-98)
70 (33-100)
0.82
cases treated:
Routine practice of swabbing teat
19
95
24
80
0.22
ends before treatment:
% of milkings in which owner
participates:
<75%
10
50
16
53
0.48
76-99%
6
30
5
17
0.27
100%
4
20
9
30
0.43
Number of milkers working in the
last 6 months:
≤2
6
30
7
23
0.61
3
8
40
8
27
0.32
4
3
15
7
23
0.47
5+
3
15
8
27
0.32
Purchase of milking cows over
6
30
9
30
1.00
past year:
Purchase of bred/springing heifers
2
10
7
23
0.28
over past year:
Precautions taken before purchase:
Inquire about SCC
4
20
6
20
0.79
Perform a CMT
1
5
0
0
0.21
Perform a milk culture
1
5
2
7
0.81
Nothing
2
10
4
13
0.72
N/a
12
60
18
60
1.00
Use of core antigen mastitis
3
15
12
40
0.04
vaccine:
Management steps taken to limit
growth of hair on udders:
Clipping
16
80
12
40
0.01
Flaming
1
5
8
27
0.05
Clipping and flaming
2
10
1
3
0.33
Nothing
1
5
9
30
0.03
% dry cows treated with labelled
intramammary product:
0
0
0
5
17
0.21
25
0
0
1
3
0.41
75
2
10
3
10
1.00
100
18
90
21
70
0.09
Regular use of CMT to diagnose
12
60
14
47
0.40
mastitis:
Regular practice of culturing milk
19
95
25
83
0.32
from high SCC cows:
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Median (IQR) Individual cow SCC 300 (225(x1000 cells/ml) considered by
750)
producer as high
Median (IQR) BMSCC (x1000
200 (190cells/ml) considered by producer
275)
as high
1
Low Summer BMSCC increase herd
2
High summer BMSCC increase herd
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500 (400-1,000)

0.08

250 (200-300)

0.03

Appendix 6. Chapter 4. Milking time practices stratified by seasonality classification
LSI1
%
HSI2
%
(n=20)
(n=30)
Number of Milkers
1
9
45
20
67
2
11
55
9
30
3
0
0
1
3
Use of Automatic takeoffs
14
70
20
67
Gloves Worn:
All milkers
10
50
18
60
Some milkers
2
10
1
7
No gloves worn
8
40
11
33
Method of cleaning gloves:
never
12
100
12
63
disinfectant solution only
0
0
4
21
water only
0
0
3
16
Use of predip
13
65
26
87
Method of predip application:
Non-return cup
11
85
21
81
Thrifty dipper
3
15
3
12
Spray
0
0
1
3.5
Return cup
0
0
1
3.5
Active ingredient within predip
Iodine
10
77
22
85
Chlorhexadine
1
8
1
4
Cleaner
1
8
1
4
Organic Acid
1
8
0
0
Alacide
0
0
2
7
Method of cleaning dippers
Rinsed with water
6
46
15
58
Scrubbed with soap
6
46
8
31
Not cleaned
1
8
3
11
Frequency of dipper cleaning
Every milking
4
31
15
58
Every other milking
2
15
4
15
Every other day
4
31
2
7
Once per week
1
7
2
7
never
2
15
3
4
Practicing of routine forestripping
10
50
14
47
Forestripped milk location
Gutter
2
20
1
7
Beneath the cow (parlour)
5
50
9
64
Strip cup
2
20
1
7
Bed beneath cow (tie-stall)
1
10
3
22
Use of dry-wipe only before unit
2
10
1
3
attachment

239

P-value

0.38
0.72
0.41
1.00
0.59
0.33
0.81
0.15
0.09
0.14
0.07
0.28
0.60
0.41
0.41
0.09
0.77
0.77
0.21
0.24
0.16
0.79
0.52
0.03
0.72
0.15
0.81
1.00
1.00
0.37
0.48
0.37
0.46
0.55

Use of udder wash solution to
clean teats
Use of commercial germicidal
wipes to clean teats
Teats are completely dried before
unit attachment
Method of drying teats
Disposable wipes
Re-usable cloth
Use of the same towel for multiple
cows
Towel is dried completely before
each use
1
Low Summer BMSCC increase herd
2
High summer BMSCC increase herd

3

15

1

3

0.29

2

10

2

7

1.00

17

85

27

90

0.67

7
10

41
59

13
14

48
52

0.55
0.81

5

25

7

23

1.00

8

80

8

57

0.32
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APPENDIX 7. Chapter 4. Cow hygiene scores for LSI and HSI herds, stratified over three herd
visits
Visit
Hygiene
LSI1
Proportion
HSI2
Proportion
P- value
Number
Parameter
(n=20)
(n=30)
1
Udder
1 920
0.96
1691
0.96
0.53
2 17
0.02
21
0.01
3 20
0.02
33
0.02
4 2
0.00
2
0.00
Legs
1 875
0.91
1623
0.94
0.19
2 6
0.01
4
0.00
3 70
0.07
111
0.06
4 8
0.01
9
0.01
Flank
1 910
0.94
1652
0.94
0.95
2 5
0.01
8
0.01
3 39
0.04
75
0.04
4 5
0.01
12
0.01
2
Udder
1 840
0.95
1750
0.96
0.24
2 13
0.01
19
0.01
3 30
0.03
41
0.02
4 2
0.01
6
0.01
Legs
1 788
0.89
1590
0.87
0.57
2 14
0.02
25
0.01
3 81
0.09
195
0.11
4 2
0.00
6
0.01
Flank
1 840
0.95
1709
0.94
0.37
2 7
0.01
23
0.01
3 33
0.04
79
0.04
4 5
0.00
5
0.00
3
Udder
1 1063
0.98
1885
0.98
0.85
2 11
0.01
18
0.01
3 13
0.01
27
0.01
4 0
0.00
2
0.00
Legs
1 982
0.90
1727
0.89
0.09
2 5
0.00
20
0.01
3 95
0.09
163
0.08
4 5
0.00
22
0.01
Flank
1 1019
0.94
1789
0.93
0.65
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2 8
3 53
4 7
1
Low summer BMSCC increase herds
2
High summer BMSCC increase herds

0.01
0.05
0.01
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19
112
12

0.01
0.06
0.01

Appendix 8: Chapter 5. Focus group interview guide to elicit attitudes, perceptions, and
motivations surrounding udder health
Attitudes towards mastitis/high SCC
1. Take a moment to think about the biggest issues or concerns on dairy farms in Ontario right
now…where does mastitis/high bulk tank SCC currently rank among these issues?
2. Why do you think some producers have lower SCC than others (or cows/herds with less
mastitis)?
a. Why do you think some producers have higher SCC than others (or cows/herds with
more mastitis)?
b. What do you think are some advantages to having a lower SCC?
3. At what level would you be concerned about your bulk tank SCC?
a. At what SCC level would feel you needed to take action to reduce your bulk tank
SCC?
b. Is there anything that frustrates you about bulk tank SCC?
4. (If applicable) Has anyone here received a letter from the Ontario Dairy Industry Working
Group about their SCC penalty risk? Or heard about another dairy producer receiving this
letter?
a. Was anyone surprised by the assessment of their SCC penalty risk?
b. What effect do you think the lowering in the regulatory standard for SCC in raw milk
will have on Ontario dairy producers?
Attitudes to seeking help for mastitis/high SCC
5. What would be some of the things you would do if you felt mastitis or SCCs were a problem
on your own farm?
a. Who or where would you go for help?

243

b. Is there anything that makes it difficult for you to deal with SCCs or mastitis issues
on your own farm?
6. On your farm, do you have a vet actively working with you on mastitis on an ongoing basis?
How?
a. How about your other advisors – what kind of help do you get from them regarding
SCCs and mastitis?
7. What do you think about mastitis treatment? (is it useful, successful, has this changed?, etc)
a. How are you doing now with mastitis compared to 10 years ago? Has anything
changed for you that you think affects mastitis in your herd in that time interval?
b. What are some of your past successes with mastitis or SCCs?
8. Where do you usually get information that you use to make decisions about SCCs and mastitis
on your farm?
a. For your own situation are there some topics or issues about mastitis and SCCs that
you’d personally would like to get more information on?
b. Do you think producers need more information on mastitis and SCCs?
c. Are there any particular tools or kings of information that you use to help address
mastitis issues (ie DHI, CowSCCs)?
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