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ABSTRACT

To assess both the behaviors and social variables
related to antimicrobial therapy for clinical mastitis,
we sent a survey to 1,700 dairy farms in Michigan,
Pennsylvania, and Florida in January and February
2013. The survey included questions related to 7 ma-
jor areas: sociodemographic and farm characteristics,
milking proficiency, milking systems, cow environment,
infected cow monitoring and treatment, farm labor,
and attitudes toward mastitis and related antimicrobial
use. The overall response rate was 41% (21% in Florida,
39% in Michigan, and 45% in Pennsylvania). Herd size
ranged from 9 to 5,800 cows. Only a small proportion
of herds frequently or always cultured milk samples for
bacteriology from cows with a high somatic cell count
(17%), cows with clinical mastitis (18%), or bulk tank
milk (13%). Likewise, only 56% of herds frequently or
always maintained records of all treated cows and 49%
reviewed records before administering mastitis treat-
ments. Multivariate analysis determined that use of
treatment records was associated with increased likeli-
hood of frequent use for both intramammary (IMA) and
systemic (SYA) administration of antimicrobial drugs
for therapy of clinical mastitis. As would be expected,
use of natural (organic) therapies was associated with
decreased use of IMA, as was the respondent being a
member of an Amish community. Lower levels of educa-
tion and the use of bacterins to control Staphylococcus
aureus mastitis were also associated with decreased
IMA, whereas increased use of IMA at dry off and the
belief that “bad luck” plays a role in mastitis problems
were associated with increased IMA. Use of an internal
teat sealant, the respondent being the sole proprietor,
being from Michigan, use of conductivity to measure
subclinical mastitis, the respondent placing increasing
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importance on decreasing antibiotic residues in cull
cows, and having financial incentives for employees
linked to somatic cell count were associated with in-
creased use of SYA for the treatment of clinical mastitis.
Use of sand or mattresses for bedding were associated
with decreased SYA. These findings highlight the need
to improve the acceptance of practices that are consis-
tent with prudent antimicrobial use for the treatment
of clinical mastitis on dairy farms. Additionally, the
willingness of dairy farmers to administer antimicrobial
drugs for the treatment of clinical mastitis is associated
with other mastitis-related practices and attitudes.
Key words: clinical mastitis, antimicrobial treatment,
behavior, attitudes

INTRODUCTION

Mastitis is the most common reason for antimicro-
bial drug therapy for cows on US dairy farms (Pol and
Ruegg, 2007). In 2007, an estimated 16.4% of the ap-
proximately 9 million cows in the United States were
treated for this disease (USDA-APHIS, 2008), equating
to nearly 1.5 million mastitis cases treated annually. In
a Wisconsin study, about 80% of all antimicrobial drugs
used were for treatment or prevention of mastitis, which
included dry-cow therapy (Pol and Ruegg, 2007). In a
Canadian study, intramammary administration of an-
timicrobials (IMA) was estimated to account for 35%
of all antimicrobial use on dairy farms, which was lower
than use of antimicrobials administered systemically
(SYA, 38%; Saini et al., 2012). However, the propor-
tion of SYA that was administered for the treatment
of mastitis was not identified. Although antimicrobial
therapy improves animal health and well-being, the
economic losses associated with additional labor costs
and discarded milk are significant (Erskine et al., 2003).
Culled dairy cows account for 67% of residue violations
among all marketed livestock in the United States, and
83% of the residues in culled dairy cows resulted from
antimicrobial drug use (USDA-FSIS, 2011).
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To date, the risk of emerging antimicrobial resis-
tance among bovine mastitis pathogens has been low,
particularly for drugs with high therapeutic value in
human medicine (Erskine et al., 2004; Lindeman et al.,
2013; McDougall et al., 2014). Nonetheless, prudent use
of antimicrobials is needed on dairy farms, similar to
the stewardship of antimicrobial resources advocated
in human medicine (Weber, 2006). Microbial culture of
milk is a practical tool to identify causative agents and
target therapeutic regimens for effective mastitis treat-
ment. A study conducted on a large Michigan dairy
(Hess et al., 2003) demonstrated that on-farm bacte-
riologic culture of milk samples, when used as part of
the therapeutic selection criteria for cows with clinical
mastitis, reduced the number of treated cows by 80%.
A recent multi-state study also found a reduction in an-
timicrobial use when culture-based treatments replaced
empirical therapy (Lago et al., 2011a).

Standardized mastitis therapeutic protocols should
diminish spontaneous “cow-side” biases and establish
uniformity for therapeutic regimens (Wagner and
Erskine, 2013). However, actual on-farm therapeutic
decisions often differ from veterinary recommendations
(Vaarst et al., 2002), which may result from mastitis
therapy being administered without veterinary supervi-
sion. In a survey of Washington State dairy producers,
most agreed that using written protocols for disease
treatment could reduce therapeutic errors but fewer
than one-third had protocols (Raymond et al., 2006).
Additionally, Oliveira and Ruegg (2014) found that
there was considerable extra-label drug use for the
treatment of clinical mastitis and that over half of IMA
for the treatment of clinical mastitis was for cases that
were caused by Escherichia coli or for cases that did not
yield any bacteria on culture.

Risk factors that decrease therapeutic efficacy include
(1) increasing cow age, (2) high SCC before treatment,
(3) long duration of infection, (4) multiple infected
quarters, and (5) infections caused by Staphylococcus
aureus (Deluyker et al., 2005; Barkema et al., 2006;
Pinz6n-Sénchez and Ruegg, 2011). Particularly, chronic
infections are likely to have poor therapeutic outcomes
and may require an extended duration of antimicrobial
therapy (Owens and Nickerson, 1990; Erskine et al.,
2003; Oliver et al., 2004).

Thus, for veterinarians and advisors who promote
prudent antimicrobial use associated with mastitis
treatment, it is important to understand the behaviors
and attitudes of farm personnel with respect to (1)
utilizing bacteriologic data, (2) applying standardized
therapy protocols, and (3) identifying cow-level risk
factors through the use of records for better assessment
of potential therapeutic efficacy.
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Swinkels et al. (2015) reported that extended treat-
ment (defined as any therapeutic regimen beyond la-
beled dosing) was practiced on 37/38 dairy farms and
was perceived as part of the social norm of “being a good
farmer” and that mastitis was not treated “thoroughly”
if clinical symptoms were still visible at the time of ces-
sation of treatment. Interestingly, dairy farmers seemed
to administer extended therapy based on wanting to
comply with other farmers’ and veterinarians’ perceived
norms that extended treatment is better, resulting in
treatment protocols being driven by social approval
among peers (Swinkels et al., 2015). In a study of dairy
farms in the UK, intention to reduce antimicrobial use
was strongly driven by the respondents’ belief that
their social and advisory network would approve of this
behavior (Jones et al., 2015). Additionally, farms that
were more likely to remain in milk production were
significantly more likely to exhibit positive intentions
to reduce antibiotic use.

To gain a better understanding of the attitudes and
motivations that might affect decisions on the part of
US dairy producers to use antimicrobial drugs for mas-
titis, this study collected information from a survey sent
to dairy farms in Florida (FL), Michigan (MI), and
Pennsylvania (PA). Additionally, we included variables
that attempted to capture attitudes toward employee
training and education. The objectives of this study
were 2-fold: (1) to describe self-reported willingness
for IMA and SYA for the therapy of clinical mastitis,
and (2) to assess the relative and combined influences
of management practices and farmer’s attitudes and
beliefs on frequency of IMA and SYA for the therapy
of clinical mastitis. More specifically, 3 research ques-
tions guided the analysis in this study: To what extent
are dairy farmers’ management practices or behaviors
associated with self-reported IMA and SYA? To what
extent are dairy farmers’ attitudes or beliefs associated
with self-reported IMA and SYA? What specific dairy
farmers’ management practices/behaviors or attitudes/
beliefs are the most important in explaining IMA and
SYA?

MATERIALS AND METHODS

Dairy Farm Selection

Dairy farm selection protocols and survey question-
naire design were previously described in detail (Schewe
et al., 2015). Briefly, a mail survey was sent to a strati-
fied random sample of USDA grade A certified dairy
farms (farms meeting requirements for interstate milk
shipments set forth by the Pasteurized Milk Ordinance)
in MI, PA, and FL. Addresses of 7,983 grade A cer-
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tified dairy farms in FL, MI, and PA were obtained
to serve as the total farm population from which to
select our survey sample (full text of the survey is avail-
able at http://qualitymilkalliance.com/wp-content/
uploads/2015/01/133813108-A-Survey-of-Mastitis-on-
Dairy-Farms.pdf).

Before sample selection, dairy farms in both MI and
PA were stratified into “large” or “small-to-medium”
strata based on herd size distribution due to the small
number of large herds in those states. In PA, large
farms were defined as those with >250 cows and in
MI, large farms were defined as those with >500 cows
due to the larger mean and median herd size compared
with PA. Because of the small number of dairy farms
in FL, all 128 grade A farms in this state were included
in the sample. Sample weighting procedures to account
for differential probability of selection across herd size
strata are described below in the statistical analysis
section.

Survey questions covered 7 categories: (1) sociode-
mographic and farm characteristics (e.g., age, educa-
tion, race, Mennonite or Amish, native English speak-
ing, herd size); (2) milking proficiency (e.g., pre- and
postmilking teat disinfection, wearing gloves during
milking); (3) milking systems (e.g., parlor type, main-
tenance patterns); (4) cow environment (e.g., housing,
grouping, bedding); (5) infected cow monitoring and
treatment (e.g., record keeping, use of cultures); (6)
farm labor (e.g., number of workers, employee manage-
ment strategies); and (7) attitudes toward mastitis and
related antimicrobial agent use (e.g., farm goals, belief
in causes of mastitis, sources of information about
mastitis). More details about herd selection and survey
procedures have been described in a previous study
(Schewe et al., 2015).

Measures

Dependent Variables. The dependent variables in
this study were derived from self-reported frequency of
antimicrobial drug use on dairy farms to treat clinical
mastitis. Two types of antimicrobial drug use based on
route of administration were considered: IMA and SYA.
Respondents were asked (1) how often they used intra-
mammary antimicrobial drugs to treat clinical mastitis,
and (2) how often they used systemic antimicrobial
drugs to treat clinical mastitis. The item responses for
these questions were 1 = never, 2 = sometimes, 3 =
frequently, and 4 = always. These 2 variables (IMA and
SYA) were further each recoded into a dummy variable
(1 = frequently or always, 0 = never or sometimes) for
multivariate analysis.

Independent Variables. Independent variables
were selected from a list of previously described vari-
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ables (Schewe et al., 2015) including farm manage-
ment practices, particularly monitoring and treatment
practices of infected cows; social variables including
knowledge, behaviors, beliefs about mastitis control
and antimicrobial drug use; and labor management
practices and attitudes, as well as controls for sociode-
mographic and farm characteristics. Variables were
included in the logistic regression model only if they
met the significance threshold (P < 0.10) in bivariate
associations with the dependent variables (IMA and
SYA; Appendix Table A1).

Statistical Analysis

Analysis proceeded through 3 stages: (1) factor
analysis for dimension reduction among independent
variables, (2) bivariate analysis to determine which
independent variables to retain for multivariate analy-
sis, and (3) multilevel mixed-effects logistic regression
models to assess the relative and combined influences
of dairy farmers’ management and treatment behaviors
and attitudes on antimicrobial drug use on dairy farms,
including treatment practices for infected cows, dairy
farmers’ goals and attitudes, controlling for farmer’s
sociodemographic characteristics, farm structure, and
cow environment.

All analyses were weighted to account for the sam-
pling design in this study; weights were designed as
probability weights to reflect the differential probabil-
ity of each farm being sampled. Weighted analysis of
complex survey data has been demonstrated to produce
unbiased estimates and variances such that inference
for a specified significance level can be achieved with
correct probability coverage (McDowell and Pitblado,
2002). Farms in Michigan’s small-to-medium strata
had a probability of being selected of 0.39 and a sam-
pling weight of 2.56 (pweight = 1/probability of being
selected). Farms in Pennsylvania’s small-to-medium
strata had a probability of being selected of 0.12 and
a sampling weight of 8.42. Statistical significance was
defined as P < 0.05.

Factor Analysis. Principal component factor anal-
ysis with varimax rotation (Kim and Mueller, 1978)
was performed to reduce the number of independent
variables that were highly associated and loaded on the
same factor. Factor analysis confirmed the retention of
4 scales, all with eigenvalues >1, Cronbach’s o >0.60,
and high factor loadings (>0.60) that confirm internal
validity.

Bivariate Analysis. Bivariate associations with
the dependent variables were tested to determine which
independent variables were associated with IMA or
SYA and thus included in multivariate regression (P
< 0.10 threshold for inclusion). For binary (nominal)
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variables, we compared means of the dependent vari-
ables across the categories of the independent variables
using an adjusted Wald test to test for significance of
relationship. For ordinal and continuous variables, we
performed Pearson correlations and used a 2-tailed sig-
nificance test to test for significance with pairwise dele-
tion of missing cases. In this second stage, the extent to
which self-reported antimicrobial drug use differed by
herd size was also determined.

Multilevel Mixed-Effects Logistic Regressions.
We used multilevel mixed-effects logistic regression
model to assess the relative and combined effects of
dairy farmers’ management practices or behaviors
and attitudes or beliefs on IMA and SYA. The model
uses information from 624 dairy herds nested within 5
clusters of farm size. Farm size is treated as a random
effect. Farm size captures differences in the outcomes
between states. Pennsylvania and Michigan have rela-
tively smaller farm sizes as compared with Florida (Ap-
pendix Table A2). Of interest is the probability that
a dairy farmer will use antimicrobial drugs on dairy
farms (IMA or SYA = 1 if yes; 0 if no). The model
controls for farmer’s socio-demographic characteristics
(e.g., educational attainment, language of respondent,
being a member of an Amish community, and state),
farm structure (e.g., herd size and primary position in
the dairy-farm business), bulk tank SCC (BTSCC),
and cow environment (e.g., bedding types). Mixed ef-
fects logistic regression models of IMA and SYA were
performed in 3 steps.

First, we estimated a model with no predictors
(unconditional model) to determine the magnitude of
variation in the outcome between herds of different
farm sizes. Given a Bernoulli sampling model and a
logit link function, the level-1 model is expressed as

N = B()ja

and the level-2 model as

Boj = Yoo + Woj Koy ~ N(0, o).

In this model, T, is the average log-odds of using IMA
(or SYA); 7y is the variance between herds of different
sizes in average log-odds of using IMA (or SYA); and v
= log (d;/1 — dy) is the log-odds of success, where ¢;; =
the probability of success (e.g., using IMA or SYA); p;
is assumed to follow a normal distribution with mean 0
and variance 7.

Second, we estimated a full regression (conditional)
model that included all independent variables that
were significantly associated with the outcome(s) in
the bivariate relationships (P < 0.10). The conditional
model at level 1 is
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where X;; are herd-level predictors and (3,; the level-1
coefficients. In this model, the continuous or ordinal
predictors are grand-mean centered whereas all other-
level predictors are kept in their dummy variable met-
ric. At level 2, we treated (3; as random and considered
other level-1 coefficients as fixed:

Boj = Yoo + Hoj
Bpj = Yy, for p > 0.

The random effects i are assumed to follow a normal
distribution with mean zero and variance 7.

Third, we refined the model through backward step-
wise regression, excluding any variables with P > 0.10.
The state in which the farm was located and log-trans-
formed geometric mean BTSCC were retained in both
models as controls even if they were not significantly
associated with the outcomes (Schewe et al., 2015). We
also retained the culturing practices scale in the model
for SYA even if it was not statistically significant.

The fits of the models of both outcomes to the data
were assessed using the likelihood ratio test. The dif-
ference between —2 log-likelihood for the conditional
model and —2 log-likelihood for the null model followed
a chi-squared distribution (chi-squared deviance) with
degrees of freedom equal to the difference in the num-
ber of estimated parameters between the 2 models. In
both models, the chi-squared deviance statistics were
statistically significant, suggesting that both models fit
the data. To test for potential multicollinearity among
independent variables, bivariate correlations among
independent variables were first analyzed. Second, or-
dinary least square regression analysis of the dependent
variables was performed before recoding (i.e., as ordinal
scales) and estimated variance inflation factors (VIF)
and tolerance values (models not shown). The results
of these analyses revealed no highly correlated inde-
pendent variables that would cause a multicollinearity
issue (all VIF values were <10 and tolerance values
were >0.1).

RESULTS

Survey Response Rate and Representative Sample

Of the 1,700 dairy farms in the initial sample, 79
(4.6%) had an incorrect address or were no longer a
working farm. Thus, 1,621 valid farms were sampled, of
which 660 farms (41%) responded to our survey. The
response rate among valid farms was 21% in FL (25 of
119), 39% in MI (201 of 737), and 45% in PA (344 of
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Table 1. Frequency distributions and means of self-reported antimicrobial drug use and farmers’ mastitis management and treatment behavior

on 628 dairy farms in Florida, Michigan, and Pennsylvania

% of respondents indicating

Mean
Not ranking
Behavior variable Never  Sometimes  Frequently  Always  applicable score’ SEM n’
Use intramammary antibiotics 12.5 30.3 20.4 35.0 1.7 2.79 0.04 588
Use systemic antibiotics 22.5 45.9 12.3 12.3 6.9 2.15 0.04 537
Use of intramammary antibiotics at dry off (dry 9.5 10.0 3.8 76.8 3.48 0.04 613
treatment)
Use of anti-inflammatory drugs 27.3 474 13.6 8.6 3.1 2.04 0.04 564
Use of oxytocin to treat clinical mastitis 45.5 36.7 8.8 6.5 2.5 1.76 0.04 585
Use of natural (organic) therapies to treat clinical 49.2 26.8 11.1 8.4 4.4 1.78 0.04 559
mastitis
Use of alcohol pads before intramammary tube 74 6.9 5.6 78.0 2.1 3.58 0.04 596
infusions
Keep written or computer records for all cows 29.1 13.5 11.1 44.0 2.4 2.72 0.05 581
Review treatment records before making treatment 17.7 31.2 15.0 324 3.7 2.64 0.06 571
decisions
Treat mastitis cows for full course of antibiotic doses 8.5 18.0 15.4 55.5 2.6 3.21 0.04 595
Culture milk samples from high SCC or conductivity 33.3 47.1 9.9 6.4 3.2 1.89 0.03 575
cows
Culture milk samples from clinical mastitis cases 31.5 49.1 8.6 8.8 2.0 1.94 0.04 581
Culture bulk tank milk samples 53.7 31.9 5.9 7.0 1.5 1.66 0.04 580
Use vaccines to control Staphylococcus aureus mastitis 74.3 10.2 2.2 9.7 3.5 1.45 0.04 575
Use gram-negative bacterins to control coliform 53.5 5 4.2 31.6 1.3 2.14 0.06 594
mastitis
Use individual cow SCC to identify infected cows 18.4 29.4 20.8 28.6 2.8 2.61 0.05 588
Use conductivity in milk to identify infected cows 57.9 16.6 6.4 9.4 9.7 1.64 0.04 521
Train employees in mastitis protocols 10.2 12.5 15.1 42.3 20.0 3.12 0.05 456
Train employees in treatment protocols 13.7 13.9 12.5 40.5 19.5 2.99 0.05 459
Ensure strict compliance with milking protocols 6.3 12.2 22.3 55.4 3.7 3.32 0.04 566
Clean alleys/gutters after or during each milking 2.8 8.0 10.3 76.5 2.5 3.64 0.03 597
Milk mastitis and treated cows in a separate group 33.1 13.1 3.4 42.6 7.9 2.60 0.06 549
Use of oxytocin for milk letdown 36.4 52.2 7.0 3.0 1.5 1.76 0.03 593
Use of internal teat sealant (Orbeseal®) at dry off 49.9 6.0 1.8 40.9 1.3 2.34 0.06 591
Dock tails 68.1 7.7 3.3 19.9 1.0 1.75 0.05 602
Singe hair on the udders 58.9 19.1 10.0 11.6 0.5 1.74 0.04 600

"Excluding not applicable cases.
*Unweighted.
3Zoetis Animal Health, Parsippany, NJ.

765). Of the 660 responding farms, 32 respondents did
not complete at least 50% of the survey and were ex-
cluded from analysis. Thus, an unweighted total of 628
cases were used in the analysis. Of the 660 responses,
41% of surveys were received after the first mailing,
an additional 20% after one reminder postcard, an ad-
ditional 25% after the third mailing, an additional 11%
after the fourth mailing, and an additional 5% after
the fifth mailing (Schewe et al., 2015). Previously, we
had determined that our survey sample was largely rep-
resentative of USDA-reported state averages for herd
size, BTSCC, and production (Schewe et al., 2015).
Table 1 displays the prevalence and means of self-
reported antimicrobial use, other types of treatment,
treatment practices used to treat clinical mastitis, and
mastitis management behavior. About 35 and 20%
of the farms reported that they frequently or always
treated cases of clinical mastitis with IMA, respectively.
In contrast, only 12% indicated that they always or
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frequently (25% total) treated cases of clinical mastitis
with SYA (Table 1). About 77% of dairy farmers in this
study indicated that they always use IMA at dry off
(blanket dry-cow therapy; Table 1).

In terms of other treatment practices, about 22, 15,
and 20% of dairy farms indicated that they frequently
or always treated cases of clinical mastitis with anti-
inflammatory drugs, oxytocin, or natural and organic
products, respectively (Table 1). Additionally, 55, 47,
and 71% of farms indicated that they frequently or
always kept written or computer treatment records,
reviewed treatment records before making treatment
decisions, and administered the full regimen of therapy
when treating cases of clinical mastitis, respectively.
The majority of farms (85%) reported that alcohol
pads were always or frequently used before intramam-
mary infusions (Table 1). Only a small proportion of
herds frequently or always cultured milk samples for
bacteriology from high-SCC or high-conductivity cows
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for bacteriology (16%), clinical mastitis cases (17%), or
from bulk tank milk samples (13%) to aid in mastitis
treatment decisions, or used vaccines to control for
Staphylococcus aureus mastitis (12%). About 36% of
herds frequently or always used gram-negative bacter-
ins to control coliform mastitis (Table 1).

In terms of mastitis management, almost half of
herds (49%) frequently or always used individual cow
SCC to identify infected cows and 16% used conductiv-
ity in milk to identify infected cows. More than half
of herds frequently or always trained employees in
mastitis protocols (57%) and in treatment protocols
(53%). The majority of herds frequently or always en-
sured strict compliance with milking protocols (78%)
and cleaned alleys/gutters after or during each milking
(87%). About 46% of herds frequently or always milked
mastitis and treated cows in a separate group. About
43% of herds frequently or always used internal teat
sealant (e.g., Orbeseal, Zoetis Animal Health, Parsip-
pany, NJ) at dry off. The vast majority of herds never
or sometimes used oxytocin for milk letdown (89%),
docked tails (76%), or singed hairs on the udders (78%),
respectively (Table 1).

Table 2 displays the prevalence and means of dairy
farmers’ attitudes (or beliefs) regarding antibiotic use,
dairy farm business goals, and sources of information.
The vast majority of dairy farmers indicated that it is
important or very important to reduce antibiotics for
mastitis (81%), antibiotic residues in milk (83%), and
antibiotic residues in culled cows (81%), respectively. In
terms of dairy farm business goals, over 90% of dairy
farmers indicated that it is important or very important
to improve milk quality (94%), receive financial incen-
tives for milk quality (91%), increase income or profits
(93%), improve herd health (96%), and reduce feeding
costs (93%), respectively (Table 2). At least 85% of
dairy farmers indicated that it is important or very
important to stay in the dairy business (87%), improve
the image of dairy products (86%), increase milk pro-
duction (88%), recruit good employees (85%), retain
good employees (89%), and motivate employees with
positive feedback (88%), respectively (Table 2). Most
dairy farmers also indicated that it is important or very
important to set up the farm for the next generation
(72%), prepare for retirement (64%), reduce labor costs
(60%), closely supervise employees (72%), set goals for
employees (64%), include employees in setting farm
goals (62%), include employees in farm decisions (53%),
evaluate employees’ performance (73%), and provide
training opportunities for employees (73%), respectively
(Table 2). The vast majority of dairy farmers relied on
veterinarians as their source of information regarding
mastitis. About 85% of dairy farmers indicated that it
is important or very important to go to veterinarians
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for mastitis information. Over half of dairy farmers also
indicated that it is important or very important to get
mastitis information from milk cooperatives (55%) or
other dairy farm producers (55%), respectively.

Table 3 displays the prevalence and means of dairy
farmers’ attitudes (or beliefs) regarding mastitis
problems on their farms. About 45% of dairy farmers
agreed or strongly agreed that mastitis is a problem
on their farm. The majority of dairy farmers believed
(i.e., they agreed or strongly agreed) that the weather
(82%), milking equipment (85%), and employees (72%)
play an important role in mastitis problems on their
farm, respectively (Table 3). Most dairy farmers did
not believe (i.e., they disagreed or strongly disagreed)
that not following milking protocol (60%) or not fol-
lowing treatment protocol were problems on their farm,
respectively. Surprisingly, some dairy farmers believed
that stray voltage (47%) and bad luck (12%) play an
important role in mastitis problems on their farms,
respectively (Table 3).

Factor Analysis

Principal component factor analysis with varimax
rotation confirmed the retention of 4 scales to be used
as composite independent variables, 2 of which were
used in our previous study (Schewe et al., 2015; Table
4). The first scale represents culturing practices and
includes 3 behaviors related to milk culturing: cultur-
ing milk samples from high SCC or conductivity cows,
culturing milk samples from clinical mastitis cases, and
culturing bulk milk samples. The second scale represents
treatment records practices, combining 2 items: keeping
written or computer treatment records for all cows and
reviewing treatment records before making treatment
decisions. The third scale represents employee protocol
compliance, combining 3 items: ensuring strict com-
pliance with milking protocols, training employees in
mastitis protocols, and training employees in treatment
protocols. The fourth scale represents long-term farm
goals, combining 6 components: the relative importance
of staying in the dairy business, increasing income or
profits, setting up the farm for the next generation,
improving the image of dairy products, improving herd
health, and reducing feed costs.

Bivariate Analysis

Table 5 displays the average frequency of various
treatment practices for clinical mastitis on dairy farms
by herd size. Large farms were more likely than small
farms to use IMA during the dry off period. Large farms
were also more likely to use IMA, SYA, oxytocin, and
anti-inflammatory drugs to treat clinical mastitis than
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Table 2. Frequency distributions and means of dairy farmers’ attitudes or beliefs on 628 dairy farms in Florida, Michigan, and Pennsylvania

% of respondents indicating

Neither Mean
Very important nor Very ranking

Attitudinal or belief variable unimportant Unimportant  unimportant  Important important score SEM n'
Reducing use of antibiotics for mastitis 4.2 3.7 10.7 47.2 34.2 4.04 0.04 596
Reducing antibiotic residue in milk 5.4 1.5 10.5 26.8 55.8 4.26 0.04 593
Reducing antibiotic residue in culled cows 5.7 2.4 10.6 26.4 54.9 4.22 0.05 594
Improving milk quality 3.8 0.2 1.8 35.2 59.1 4.46 0.04 608
Receiving financial incentive for milk quality 4.0 0.8 4.6 31.5 59.1 4.41 0.04 607
Staying in the dairy business 3.9 3.1 6.1 33.6 53.4 4.29 0.04 611
Increasing income or profits 3.3 1.0 3.1 36.4 56.2 4.41 0.04 610
Setting-up the farm for the next generation 6.3 6.0 16.2 38.0 33.5 3.86 0.05 600
Improving the image of dairy products 3.5 2.0 8.8 49.0 36.7 4.13 0.04 600
Improving herd health 3.3 0.0 0.7 44.0 52.1 4.42 0.03 607
Reducing feed costs 3.6 0.3 2.8 41.2 52.1 4.38 0.03 611
Increasing off-farm income 13.5 27.8 34.2 18.8 5.8 2.75 0.04 591
Preparing for retirement 8.1 10.9 17.0 44.1 19.8 3.57 0.05 605
Reducing labor costs 4.3 6.7 29.5 35.8 23.8 3.68 0.04 584
Increasing herd size 10.8 23.6 36.2 20.3 9.1 2.9 0.05 602
Increasing milk production 3.0 2.0 6.6 40.1 47.6 4.28 0.04 603
Recruiting good employees 4.3 0.9 9.9 36.1 48.8 4.24 0.05 324
Retaining good employees 3.4 0.3 7.5 24.6 64.2 4.46 0.06 321
Motivating employees with positive feedback 3.7 0.6 7.8 44.1 43.8 4.24 0.05 322
Correcting employees with negative feedback 8.7 16.0 31.7 324 11.2 3.21 0.06 312
Closely supervising employees 2.5 5.6 19.6 52.7 19.6 3.81 0.05 321
Setting goals for employees 1.9 3.4 31.2 49.2 14.3 3.71 0.06 321
Including employees in setting farm goals 3.1 5.6 29.1 47.1 15.2 3.66 0.05 323
Including employees in setting farm decisions 5.6 11.0 30.1 46.1 7.2 3.38 0.05 319
Evaluating employee performance 1.9 2.8 22.7 59.5 13.1 3.79 0.04 321
Providing training opportunities for 2.8 3.1 21.4 54.4 18.3 3.82 0.05 322
employees

Sources of information: veterinarian 6.6 24 6.0 36.6 48.5 4.18 0.05 588
Sources of information: milk cooperative 11.3 14.4 18.8 41.3 14.1 3.32 0.05 547
Sources of information: cooperative extension 12.1 15.5 44.9 24.8 2.7 291 0.04 628
Sources of information: farm journals 6.7 12.7 32.3 42.9 5.4 3.28 0.04 536
Sources of information: other dairy producers 5.4 7.1 22.6 52.9 12.0 3.59 0.04 552
Sources of information: Internet 23.4 17.5 39.7 16.7 3.3 2.59 0.05 509
Sources of information: drug company 16.5 17.1 31.1 29.2 6.3 2.92 0.05 528

representatives
"Unweighted.

for all cows, treat mastitis cows with a full therapeu-
tic regimen, review treatment records before making
treatment decisions, culture bulk tank milk samples,

small farms. With respect to management practices,
large herds tended to use alcohol pads before intra-
mammary infusions, keep written treatment records

Table 3. Frequency distributions and means of dairy farmers’ attitudes or beliefs regarding mastitis problems on 628 dairy farms in Florida,
Michigan, and Pennsylvania

% of respondents indicating

Neither Mean
Strongly agree nor Strongly  ranking
Attitudinal variable disagree  Disagree  disagree  Agree agree score SEM n'
Mastitis is a problem on my farm 9.5 26.3 19.4 38.3 6.4 3.06 0.05 608
Not following milking protocol is a problem on my farm 18.2 41.8 22.9 14.8 2.2 2.41 0.04 593
Not following treatment protocol is a problem on my farm 21.8 48.5 21.8 74 0.5 2.16 0.04 592
Bad luck plays an important role in mastitis problems 32.5 33.2 22.1 9.9 2.4 2.16 0.04 597
Weather plays an important role in mastitis problems 2.8 6.3 8.9 67.7 14.4 3.84 0.03 606
Milking equipment plays an important role in mastitis 2.0 5.1 8.2 56.0 28.8 4.05 0.04 611
problems

Stray voltage plays an important role in mastitis problems 10.2 11.7 31.2 33.2 13.7 3.29 0.05 590
Employees play an important role in mastitis problems 4.5 5.2 18.2 43.8 28.5 3.87 0.04 562
"Unweighted.
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and use vaccines to control Staphylococcus aureus and
coliform mastitis more frequently than smaller herds.
In contrast, small farms were more likely to rely on
natural or organic therapies to treat clinical mastitis
than large farms. Large farms were also more likely
than small farms to use internal teat sealant at dry off,
dock tails, singe hair on udders, clean alleys/gutters
after or during each milking, and train employees in
mastitis protocols (Table 5).

Table 6 displays the average frequency of dairy farm-
ers’ attitudes by farm size. Dairy farming business goals
such as staying in the dairy business, increasing income
or profits, improving the image of dairy products,
improving herd health, reducing labor costs, increas-
ing herd size, and increasing milk production varied
by farm size. The means of these farming goals were
significantly higher for larger farms than they were for
smaller farms. Larger farms were more likely than small
farms to rely on information from the Internet and
drug companies and to believe that employees play an
important role in mastitis problems on the farm. Small
farms were more likely than large farms to believe that
bad luck plays an important role in mastitis problems.
Other dairy farmers’ attitudes (or beliefs) such as set-
ting up the farm for the next generation, increasing off-
farm income, and preparing for retirement goals, the
belief that mastitis is a problem on the farm, that not
following milking and treatment protocols are problems
on the farm, or that stray voltage play an important
role in mastitis problems on the farm also significantly
varied by farm size but in a nonlinear fashion (Table 6).

The bivariate analysis for selected independent vari-
ables that were associated with IMA at P < 0.10 and

1395

were used in logistic regression models to predict IMA
are displayed in Table 7 (mean and SEM for binary vari-
ables) and Table 8 (Pearson correlations for continuous
and ordinal variables). Those associated with SYA at
P < 0.10 are displayed in Table 9 (mean and SEM for
binary variables) and Table 10 (Pearson correlations
for continuous and ordinal variables). Comparison of
means and bivariate correlations indicated 19 binary
variables and 29 continuous and ordinal variables that
met the threshold for inclusion in the logistic regres-
sion model (P < 0.10) to predict IMA. For inclusion in
the logistic regression model to predict SYA, 19 binary
variables and 22 continuous and ordinal variables met
the threshold for inclusion.

Multivariate Analysis

Table 11 displays the multilevel mixed-effects logistic
regression model of IMA use on selected independent
variables. Seven independent variables were significantly
associated with IMA use (P < 0.05): being a member of
an Amish community, having a high school education,
believing that bad luck plays an important role in mas-
titis problems, use of IMA at dry off, use of vaccines to
control Staphylococcus aureus mastitis, the treatment
records scale, and use of natural (organic) therapies to
treat clinical mastitis. The results show that the odds
of IMA for the treatment of clinical mastitis were 1.6
times higher for dairy farmers who use IMA at dry off.
The most significant factor related to IMA, in terms of
relative odds, was the treatment records scale (an aver-
age scale that combines keeping written or computer
treatment records for all cows and reviewing treatment

Table 4. Principal component factor analysis for independent variables from a survey of 628 dairy herds in Florida, Michigan, and Pennsylvania

Item Factor loading Eigenvalue Cronbach’s o
Culturing practices 1.93 0.74
Culture milk samples from high SCC or conductivity cows’ 0.91
Culture milk samples from clinical mastitis cases’ 0.89
Culture bulk tank milk samples' 0.55
Treatment records 1.511 0.70
Keep written or computer treatment records for all cows' 0.869
Review treatment records before treatment decisions' 0.869
Employee protocols 1.910 0.73
Ensure strict compliance with milking protocols® 0.670
Train employees in mastitis protocols’ 0.884
Train employees in treatment protocols’ 0.824
Long-term farm goals 3.82 0.89
Staying in the dairy business® 0.77
Increasing income or profits 0.85
Setting up the farm for the next generation 0.61
Improving the image of dairy products® 0.79
Improving herd health® 0.87
Reducing feed costs® 0.85

"Where 1 = never, 2 = sometimes, 3 = frequently, 4 = always.

*Where 1 = very unimportant, 2 = unimportant, 3 = neither, 4 = important, 5 = very important.

Journal of Dairy Science Vol. 100 No. 2, 2017



KAYITSINGAETAL.

1396

[N ‘Aueddisred ‘i [eWIUY S1)07Z,

‘sfempe =  pue ‘AQjuonbory = ¢ ‘SOWOWOS = 7 “TOAU = T dIDYAM,

‘payySomu),

"SOLI0B0YED DZIS TLIR] UOOMIO( OIUDIOPIP JUEIYIUSIS JO 1503 PRA\ PoIsnlpy,

009  100°0> ¥0°0 L1 N0 147¢ qro €6°¢ 0to 06°T 80°0 P&l 90°0 it (STOPPN A1) UO Irey SFulg

¢09 1000~ G0°0 GLT 81°0 8L'C 61°0 6€°C €1°0 G0¢c 60°0 €91 G0°0 Vet Sled 3pod
&o L1p e

165 1000~ 90°0 ¥€'e S1°0 €€°¢ 61°0 €6°C S1°0 64°C ¢r’o Gr'e 80°0 ILT  ([B989GIQ) YUe[eds 1ed) [BUIUL JO aS[)

€65 1000 60°0 L'l 60°0 €6°1 L0°0 €6°1 00 €6°1 90°0 081 G0°0 a9l (UAODID] H[IUI I0] UID0}AXO0 JO Bs()
Q:o? 9yeredos

6V 100°0> 90°0 09°¢ L0°0 68°¢ 9r’0 €C'¢ cro 00¢ ¢l’o 6¢°¢ 60°0 6V°¢ © UL SMO9 pojral) @gm stseur A
LSUD{[IUL [ORD

169  T100°0> €00 ¥9°€ €00 G6°¢ L0°0 88°¢ 90°0 €8¢ 90°0 89'¢ 90°0 ov'e Surmp 10 oyye swyjd/sdaqpe wes)
(S[oo0g01d

994 L00°0 ¥0°0 (4R 80°0 L9°¢ 60°0 €4'¢ 60°0 cee L0°0 ge'e 80°0 qre supyrue i souerpdurod go:pm omsuH
(S[oo0g01d

657 100°0> G600 66°¢ 60°0 69°€ 11°0 Ve gy al'e 110 ¥6°¢C 110 9 yuouryesr) ut m@@\moaaw RL],

9¢r 1000~ G0°0 e 80°0 8G°€ 01°0 e 01°0 60°¢ 01°0 0r'e ¢l’o 19°¢ (S1000301d styryseut ut sppfojdud ured,
(DVA-T ‘g-r “8-9) snysewt

65 100°0> 90°0 Ve ¢l’0 8G°€ 81°0 86°C 10 6¢°C 01°0 88T L0°0 091 WLIOJI[O0D [OIFUOD O} SIUIIBA 8S[)
(STIISUL S79.40D

GLG 1000 700 S S1°0 L1 91°0 89°1 1170 19T 2070 9¢€'1 G0°0 €e'1 §120000)fiyydn] S [0IFUOD 0) SFUDILA IS[)
(SUoISnyut oqny Aretrureureyut

965 1200 700 8G°€ 9070 88°€ 01°0 69°¢ 01°0 (4 2070 09°¢ L0°0 e ar0joq sped [oqoore Jo ds()
(STIISBUL [OTUI[D JeaI1)

655 1000~ 700 8L'T L0°0 1¢'1 60°0 ve't L0°0 1671 L0°0 LLT 80°0 0¢'¢ 0 sorderoyy (9ruesio) emgeu jo os()
S1Isewt

8¢ 1000~ 700 9L'1 ¢l'0 6’1 ¢l’o a0'c 60°0 661 L0°0 €81 G0°0 8V'1 [BoIUI[o JRaL} 0} :Cofm 0 Jo 98]
(S9SOP drjoIqIyUR

G665 10070~ 700 1c'¢ L0°0 9L'€ 11°0 8G°¢ 60°0 9€°¢ 80°0 Ge'e 80°0 G8°¢ JO 9SINOY [0 0] SMOD STHSBUL Jedl],
(STUOISIAP JuauI}eal) Sulyeut

1.8 1000 G0°0 ¥9'¢ 60°0 e V1o 00°¢ 170 69°C 60°0 0¢'c 80°0 9€°¢ 9I0Jo( SPIOAIL JUSULIRIL) MITADY
SMOD [[® 10] SPI0dal

18¢ 1000~ G0°0 cL'e 90°0 88°€ 110 0s°€ €1°0 GLC 110 re 60°0 €€°¢ Huomyea.ry Eu:amﬁou 10 wayyIIm dooyy

08¢ 100°0> ¥0°0 99°1 cro 11°¢ 11°0 98°1 80°0 G991 80°0 091 90°0 11 (Sordures Y[ yuey Y[mq mymy
(SOSED SIYIISeUL

186 8400 ¥0°0 ¥6°1 4N0 (44 11°0 00°¢ 80°0 96°1 L0°0 ¥6°1 90°0 81 [BoTUl[o WOIf mm.EEmm S[iu omimes
(SMO0D ATATONPUOd-YSIY

GLG  0LL0 €00 68°1 [qN0) G6'1 11°0 68°T 80°0 ¥6°1 80°0 ¥6°1 G0°0 €8T 10 DDS-USIY Eoﬂ sofdures [iur dInymy
ST o

794 100°0> ¥0°0 ¥0°¢C 60°0 91I'¢ 11°0 e 60°0 ¥¢'e L0°0 80°¢ 90°0 GLT  yedry 0 sSnIp ioamEEme hjue Jo o)
((yumounyeary £1p) j30

€19 100°0> ¥0°0 i G0°0 G6°¢ 80°0 ¥8°€¢ 00 6L°¢ L0°0 a9'e 80°0 10°¢ L1p e 85055:@ Arewurenre1iur s
STjseu o

LG T100°0> ¥0°0 Gr'e cro (44 o 8€°¢C 0to L3¢ 80°0 1¢¢ 90°0 98°1 yeoly 01 mosoﬁsca or)sAs a8
STHISeU [Roru

88G 10070~ ¥0°0 6L°¢C 010 €e'¢ 11°0 (4R 60°0 ¥6°¢C 80°0 88°¢C 80°0 GE'¢  Yvad) 0} sonoqiue \mEE:EEwEE 98]

P PnEAd INHS IR NHS TN WNHS RN NS RO WHS  URN NHS RN RIECIELIIN

[®I0L 009< 665-04¢ 672001 66-04 04>

(sM00 SUM[TUI Jo IPqUNT) 97Z1S PIDE]

RIUCA[ASUUDJ PUR ‘UWeSIDI\ “@PLIO[] Ul SPIAY AIIep Q79 JO AOAINS ® WO} 9ZIS PIoY A( IOIARTD( S IOULIR] pue osn SNIp [eiqordruiue pajiodol-J[as Uedy "G 9[qe],

Journal of Dairy Science Vol. 100 No. 2, 2017



ANTIMICROBIAL USE IN CLINICAL MASTITIS IN EASTERN UNITED STATES

PaNULIUO,)

sur ad s1ymsewr
,SWA[qO 113S®

119 19670 200  8LT 100 LLT 900 €87 900  LLT 00  LLT 700 8L uropor juejrodur ue siefd juoudmbe waﬁwa
wwiﬂwﬁﬁozﬁ
909  G17°0 €00 8¢ €10 69°¢ 17°0 vLe 80°0 98°¢ L0°0 88°¢ G0°0 88°¢ syyysew ut ojox yueyrodut we sferd poﬁ,moms
;WEHEQOH
169 T00°0> €00 PA 200 1€°T 90°0 9¢'1 90°0 el 90°0 971 G0°0 91 spIjsewt ut o[ol juejiodurt we mkﬂm g png
Jurey Aur wo
a6 9200 Y00 9T 0T0 L6 o 11%¢ 600 LT L00 S0 900  Lgg  worqoxd e st [020301d JudUIIEOT) SULMO[[O] JON
Jurey Aur wo
€65 1000> 00 1P ST0 TLe PI0 €87% 010 9€7¢ 800 18 L00 9€7T wopqoad e st [000301d Sury[Iu 3UIMO[[0} JON
809 GO0 G000  90°€ ST0  60°€ G100 9F'€ 10 60°€ 600 16T L0000 F0€ ey Awr uo uo[qod e st syseyy
soATpejuasardox
8¢S 100°0> S0°0 6'C €10 19°€ 1o 9¢°¢ 170 80°€¢ 010 L8°C 80°0 6V'¢C (Auedurod Snp UONRULIOJUI JO S90S
605 T00°0> G0°0 65°C €10 86°C SN0 08¢ cro 8¢ 01°0 65°C 80°0 Gc'e (FOUIDIU] TUOIJEULIOJUL JO SOIINOG
Tes  00€°0 700 65€ cro Lee Y0 16€ 600 8¢ 800 L9€ L0000 G9E  (swonpord AIrep I0Uj0 [UOTRULIONUL JO S00IMOG
9€¢  G¥6°0 ¥0°0 8C'¢ cro 61°€ e€T0 8C'¢ 010 1€°¢€ 80°0 0€¢ 80°0 9¢'€ (STRWIMO[ TiTe] :UOTIRULIOUI JO SIDINOG
mﬁommgoﬁmm
Lcs  L19°0 ¥0°0 00¢ 010 c0'c o 60°¢C 80°0 G0'¢ L0°0 ¢c0'c 90°0 €61 9AT1RI0d00D TOTYRULIOJUT JO SIOIMOG
L¥G  80€°0 G500 cee €10 9¢€°¢ ¥1°0 V'€ €10 9¥°€ 11°0 E1RS 60°0 1€°€ (PATYRISA00D N[IUI :UOTYRULIOJUL JO SADINOG
88G¢  ¢L0°0 G0°0 8T'¥ v1Io 0€¥ o 0S¥y cro €Cy 60°0 (% 200 90V UBHIRULI}OA UOTJRULIOUL JO S9OINOG
(Seakordurs
e 100°0> G0°0 8'€ 170 17 01°0 €0y 60°0 8L°€ 01°0 69°¢ cro Lyv'e 103 sonyrunyroddo Sururery SuIpraoig
12¢  60T°0 ¥0°0 6L°€ 80°0 G6°¢ 11°0 68°¢ 80°0 8L°€ 01°0 c9°€ cro €LE ooueuriofrad safordue Jurpenyeay
616 FLED G000  8e€e cro  99e VI0  eee oro  gee ¢ro  goe U0 8F'€  (SUOISIOAP tire Sury)os ur seadordums Surpnpouy
€2 67T0 00 99¢ cI'o ¥8¢ €ro  89¢ 600  ¥9E 110 69°¢ €I 8L€ (S[eOS twrey Surgyes ut seafordure Surpnpouy
12e  100°0> G0°0 1€ 80°0 STy 11°0 98¢ 60°0 qg'e 17°0 0s¢ 010 16°€ (Soakordwo 10 syeoS Furyjeg
1€ 1499°0 G500 18°€ cro ¥6°€ 11°0 LLE 010 6L°€ 11°0 98¢ 17°0 q99°¢ n@@%oEE@ Surstatadns A[aso[))
¢re  196°0 90°0 1¢°€ 910 gr'e LT°0 €Ce cro 1¢'€ €T0 6C°¢ 1o q1'e SR POdy) o>5mwoq M soahordurs Suryoor1o))
¢ce ¢a00 G500 ey 010 0S¥ e€ro 0€¥y 60°0 vev o STy cro ¥6°€ SR Pos] aaysod ym seafordure Suryeariopy
12e  100°0> G0°0 Wy 010 9Ly o ¥9¥ 60°0 8V 17°0 ey cro 007 (Soakordwo pood Sururejayy
yee  ¢10°0 G500 ey 17°0 6€F e€ro 1wy 010 Gey ¥1°0 (% 17°0 98°'¢ mmm&oiza POO0S SUMIdN
€09  T100°0> ¥0°0 8¢ 60°0 097 11°0 Ga'y 80°0 6€7 80°0 8T'¥ 90°0 [AN% Lrononpord i Surseanu]
c09  100°0> G500 €6°C cro 1L°¢€ ¥1°0 1€°€¢ 17°0 86°C 60°0 GL'e 2L0°0 cL'e (OZIS PISY SulseaIdU]
8¢  T00°0> €00 67°¢C 90°0 €L'C L0°0 vLe 200 L8C 90°0 Gv'e G0°0 €€°C wamg Ioqe[ Sunpay
G609 €900 G500 RS €10 1L°¢€ AN oLe 010 LLE 600 6e'e 80°0 v'e ﬁEE@ES 10y Sutredorq
169 110°0 ¥0°0 GL'C v1Io 1L°¢ ¥1°0 0S¢ 010 8G'C 80°0 0L¢ 80°0 G6'¢C oEoUS wrej-jjo Jursearouy
119 ¥490°0 €00 €Y 60°0 99¥ 11°0 vy 60°0 0v'vy L0°0 1€7 90°0 [4% (51500 poaj Furonpay
L09 €000 €00 bV 800 VLYV o asv 800  SFV L00 eV G000  S€T E%E paoy Suraoxduy
009  T00°0> ¥0°0 (% 60°0 0S¥ 11°0 (L% 010 Yy L0°0 60% 90°0 66°¢ (Sronpoxd Axrep jo oFetut oty Furaoxdury
009  ¢¥0°0 G0°0 98¢ v1Io 17 ¥1°0 LTV cro 18°€ 60°0 €L°¢ 80°0 I8¢ qufoqow JxoT A1) I10] TLrey oty dn Juryjeg
019  T100°0> ¥0°0 1wy 80°0 8LV 01°0 697 60°0 Yy L0°0 12 9% 90°0 8¢V Sigoad 10 surodur SulseaU]
19  1000> 700  65F 800 9LV o asv 0ro 1€V 800 0TV 00  9TF (Ssoutsnq Airep oty ur Sutfesg
L09  GPE0 Y00 TFT 600 097 ero  LPY 600  9FF 800 L&V 900  GET  AN[EnD [ 10] SATJUSOUT [RIDURUI SUIALLISY
809 9010 700 9VV 800  OL¥ 0 a8v 600  SV'V 800  SEV 900  S¥'V GArenb i Sutaorduy
¥64  OIT°0 G500 [qa cro 167 AN 12 9% 170 €Ty 60°0 80% 80°0 ¢y ¢SMO00 PI[[NO UL SnpIsal onolquue Suonpey
€65 90€°0 ¥0°0 9’y 4N\ 8V SN0 L8V 170 9C'¥y 60°0 STy 200 acy S[IW UL aNPISAT d10IqIyIre SULNPARY]
965 FIT0 Y00 POF 10 1e¥ ero S0V 600 0¥ 800  ¥6°€ 00  T0F (STHJSBUIL 10 SO1JOIGIIUE JO OSN SuNpPey
AU PneAd  NES  wesy IS wesy INES — wesy INIS  wesly INES — wesy INIS  wesy So[qeLIRA [RUIPTYIIYY
[®10L 009< 669-04¢ 6¥¢00T 66-0G 0g>

(sm0d SUT[TUI JO IoqUUNU) dZIS PISF]

RIURAJASUUDJ pUe ‘UeSIDIJN “BpLIO[] Ul SuLrej AIrep {g9 U0 9ZIS PISY Aq SJAI[q IO SOpNjI}je SISULIR] AITeD JO SURS[\ 'Q S]],

Journal of Dairy Science Vol. 100 No. 2, 2017



1398

~ [~ I
=] 0 N
non
™ [ —
Ll o=
z12 =
= | @ <\3/
1
¥
= |m ™
=T e B
|85 =
<
is!
= gl ™
|8 8
- o o
=
< —
= = | o
212 ¢
g S 3
e s |~
12 o
= Al gl o
o) | =)
o] H
[a W = |~ ™
=
g
I~
= —
g @ -
5| g 212 &
= S| 53)0 S
R
= B=
S| = 2 = I YR
< = | EA o )
g = = | ™ 2}
= — =
2 S)
=5
PR .
2] _|zlz 8 E
g
ElE|lg|8]|=s < g
& o | ¢ g
N
? w8 gl o =
= =~ — g o =) &w
z o
< = — ] ] (SR
o %] - > o0
K| = =
© >
g = F
el
-
0 = & 3 s 2
N H|ls 3 < =
w =) wn 4)FEI)
< S =
5 2 . . Ea
o w -
~ 2l 28 2 |8 3 <
> 2L ~ ~ = o g
Q = o ECS
n o0 =T
L] g [
= = g
[} © <t o0
< = | @ -
5 == = [§4 g
BHl1S 3 <
wn wn =} =
O =) 5! = -
g} 0 =2 a =
E 4 =] o o~ e ,-4:1::;
Z 582 |5 L%
= 2 [a] [a] qs C“ng
“n pe) =T
- 15} =]
g w |° Ewm
= .4 g
s} = 8 S g
& Z |8 &¢
D =
o < ==
> g g = g ¥
R = & S @
3 L g = =5
= =} el
=] 8 R el I I
o= 5] -
e 2 % | =
2 = = < -
=] i - = Ry
b 5 g = E
S g = 2 £ =
= + B0 o o0
g 3 |= g g
~ s 2, L,_‘ ST
o =] g 1S) g o
g B85 = |2 E=x=
: flees |E 2%
= < @Ecﬁ + =
+ = —~ O [ e]
= = o= = =] =g
< 2 & = SR
S FleeE |Es T
Q = | A~ g Il
e < @ “n =
2 op O =T
S | = =» =1 = o=
[Ne] o o= 9 g|
= S+ =0 = 0 g o
(o) = S o0=|1® 0o & =
—_ e - =2 5 B 9 9
< =2 |l®cs 2oz <= o
< S |2EERIZSEE
=
= < |dr 7@ =P EFC

Journal of Dairy Science Vol. 100 No. 2, 2017

KAYITSINGAETAL.

records before making treatment decisions). The odds
of IMA use were 3.3 times higher for each unit increase
in that scale. The odds of IMA were 1.3 times higher
for dairy farmers who believe that bad luck plays an
important role in mastitis problems. The odds of IMA
use were 0.8 times lower for dairy farmers who indicated
that they use vaccines to control Staphylococcus aureus
mastitis, 0.5 times lower for Amish dairy farmers, and
0.6 times lower for dairy farmers who indicated that
they use natural (or organic) therapies to treat clinical
mastitis, respectively. The odds of IMA were 1.4 times
higher for respondents with a high school diploma (or
equivalent) than those of respondents with other levels
of education (Table 11).

Table 12 displays the multilevel mixed-effects logistic
regression model of self-reported SYA for the treatment
of clinical mastitis on selected characteristics. The fi-
nal model includes 9 independent variables that were
significantly associated with SYA use (P < 0.05). The
results showed that the odds of SYA use were 2.0 times
higher for herds in Michigan compared with those in
Pennsylvania and Florida. Also, the odds of SYA use
were 1.2 times higher for dairy farms that use internal
teat sealant at dry off. The most important factors of
SYA for the treatment of clinical mastitis, in terms
of relative odds, were the treatment records scale and
employees receiving a financial or other penalty if SCC
increase; the odds of SYA use were 2.4 times higher
for each unit increase in the treatment records scale
and 2.3 times higher if employees are sanctioned or
penalized if SCC increases. The odds of SYA use were
1.6 times higher for dairy farms that use conductiv-
ity in milk to identify infected cows. The odds of SYA
were 1.3 times higher for dairy farmers who reported
that reducing antibiotic residue in culled cows is im-
portant. The culturing practices scale was negatively
associated with the odds of SYA but not statistically
significant. Among the control variables, education and
bedding types were also significantly related to SYA.
Specifically, the odds of SYA were 1.7 times higher
for respondents with less than high school education
compared with those of respondents with other levels
of education. The odds of SYA were 0.5 times lower for
dairy farms that use mattress with straw, sawdust, or
wood shavings and for those that use sand compared
with dairy farms that use other bedding types, includ-
ing platforms with straw, sawdust, or wood shavings;
loose pack straw, sawdust, or wood shavings; or other
bedding types and combinations (Table 12).

DISCUSSION

The objectives of this study were 2-fold: to describe
the likelihood that dairy farmers will use antimicrobial
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Table 7. Comparison of mean intramammary administration of antimicrobial drugs (IMA) for intramammary drug use for the treatment of
clinical mastitis from a survey of 628 dairy herds in Florida, Michigan, and Pennsylvania by selected binary characteristics with P < 0.10

IMA'
Yes No
Variable Mean  SEM Mean  SEM P-value’ n*
Respondent is sole proprietor’ 2.70 0.07 2.88 0.06 0.005 607
Respondent is Amish* 1.92 0.09 2.97 0.05 <0.001 616
Herd in Pennsylvania* 2.71 0.06 2.87 0.06 0.070 627
Herd in Florida® 3.56 0.15 2.76 0.05 <0.001 627
English is first language of respondent’ 2.96 0.05 2.05 0.10 <0.001 616
Respondent has less than high school education® 2.22 0.08 3.01 0.05 <0.001 612
Respondent has high school education® 2.98 0.08 2.67 0.06 <0.001 612
Respondent has college education or higher* 3.01 0.05 2.22 0.08 <0.001 612
Use of post-milking teat disinfection* 2.83 0.04 2.21 0.22 <0.001 605
Gloves worn during milking® 2.96 0.05 2.51 0.08 <0.001 608
Teats stripped before milking’ 2.89 0.05 2.55 0.09 <0.001 608
Entire milking system is evaluated at least twice per year” 3.10 0.09 2.72 0.05 <0.001 584
Liners replaced >5 times per year' 2.96 0.06 2.59 0.07 <0.001 628
Tie-stall barn® 2.47 0.06 3.05 0.06 <0.001 624
Milking parlor’” 3.02 0.06 2.56 0.06 <0.001 616
Sand bedding® 2.98 0.08 2.72 0.05 0.009 613
Presence of non-family employees" 3.08 0.06 2.56 0.07 <0.001 559
Employees received a financial or other incentive based on milk quality” 3.02 0.10 2.78 0.05 0.048 544
My mastitis treatment plan was designed with or by my veterinarian’ 3.09 0.07 2.62 0.06 <0.001 588

"Where 1 = never, 2 = sometimes, 3 = frequently, and 4 = always.
?P-values for ttests.

SUnweighted.

"Where 1 = yes and 0 = no.

*Including side opening (tandem) parlors (weighted n = 21), herringbone parlors (weighted n = 574), parallel parlors (weighted n = 220), rotary

parlors (weighted n = 3), and swingline parlors (weighted n = 51).

drugs for the therapy of clinical mastitis on dairy farms
and to determine the relative and combined influences
of management practices and dairy farmers’ behaviors
and attitudes on self-reported antimicrobial use while
controlling for other herd-level factors. Thus, the mea-
sure of antimicrobial drug use in the present study was
an assessment of the willingness of dairy producers to
use antimicrobials for the treatment of clinical mastitis,
however they may define the disease.

Considerable research has established the best prac-
tices to reduce nonprudent antimicrobial drug use for
clinical mastitis, particularly for mild to moderate cases.
Cows that are older, had high SCC before treatment, a
long duration of infection, multiple infected quarters, or
infection with pathogens such as Staph. aureus or non-
coliform gram-negative organisms are likely to be poor
candidates for therapy (Erskine et al., 2003; Deluyker
et al., 2005; Barkema et al., 2006; Pinzén-Sanchez and
Ruegg, 2011). In particular, chronic infections are likely
to have poor therapeutic outcomes and may require
an extended duration of antimicrobial therapy (Owens
and Nickerson, 1990; Erskine et al., 2003; Oliver et al.,
2004). Additionally, investigators have demonstrated
that culture-based therapy, when used as part of thera-
peutic selection criteria for cows with clinical masti-

tis, reduced antimicrobial use for mastitis treatments
compared with empirical therapy and did not result in
any long-term effects on recurrence of clinical masti-
tis, SCC, milk production, or cow survival in the herd
(Hess et al., 2003; Lago et al., 2011a,b). Finally, stan-
dardized mastitis therapeutic protocols should diminish
spontaneous “cow-side” biases and establish uniformity
for therapeutic regimens (Wagner and Erskine, 2013).
Thus, 3 best practices that should be part of a mastitis
therapy protocol on dairy farms should be (1) use of
records to determine cows at risk for poor therapeutic
outcomes, (2) use of bacteriology to determine if the
causative organisms are likely to respond to therapy,
and (3) development and compliance of herd-specific
mastitis therapy protocols.

About half of the herds in this study typically re-
corded treatments and reviewed records before treat-
ments were administered. This is similar to a previous
Pennsylvania study, which also found that 50% of dairy
farms maintained antibiotic treatment records (Sawant
et al., 2005). Thus, 10 yr after the Pennsylvania study,
we found that the same proportion of farmers might
be unaware if treatment of a case of clinical mastitis is
likely to result in failure due to unheeded risk factors;
for example, chronic duration of infection or a history

Journal of Dairy Science Vol. 100 No. 2, 2017
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Table 8. Correlations with intramammary administration of antimicrobial drugs (IMA) for the treatment of clinical mastitis from a survey of
628 dairy herds in Florida, Michigan, and Pennsylvania and selected characteristics with P < 0.10

IMA
Variable Pearson r P-value (2-tailed) n'
Herd size (log-transformed) 0.34 <0.001 624
Age of respondent (yr) 0.12 0.003 615
Number of years of respondent on the farm 0.10 0.013 614
Bad luck plays an important role in mastitis problcms2 —0.12 0.004 597
Milk mastitis and treated cows in separate group® 0.15 <0.001 549
Use oxytocin for milk letdown® 0.14 0.001 593
Use of intramammary antibiotics at dry off (dry treatment)? 0.41 <0.001 613
Use internal teat sealant at dry off® 0.23 <0.001 591
Dock tails® 0.19 <0.001 602
Singe hairs on the udders® 0.17 <0.001 596
Use vaccine to control coliform mastitis® 0.24 <0.001 594
Use vaccine to control Staphylococcus aureus mastltis3 0.12 0.006 575
Clean alleys/gutters after or during each mllkmg 0.14 <0.001 597
Use individual cow SCC to identify infected cows 0.08 0.047 588
Use conductivity in milk to identify infected cows® 0.12 0.006 521
Use of natural (organic) therapies to treat clinical mastltis3 —0.43 <0.001 559
Use alcohol pads before intramammary tube infusions® 0.26 <0.001 596
Use of oxytocin to treat clinical mastitis® 0.20 <0.001 585
Reducing antimicrobial drug residue in culled cows’ 0.09 0.085 594
Increasing milk production®* 0.16 <0.001 603
Preparing for retirement” 0.07 0.096 605
Veterinarian important source of information® 0.13 0.002 588
Drug company representatives important source of information" 0.17 <0.001 528
Internet important source of information® 0.14 0.002 509
Not following treatment protocols is a problem on my farm® —0.20 <0.001 592
Culturing practices (scalc) 0.13 0.002 554
Treatment records (scale)® ° 0.54 <0.001 544
Employee protocols (scale)™ 0.29 <0.001 566
Long-term farm goals (scale)"® 0.09 0.025 584

'Unweighted.

*Where 1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, 5 = strongly agree.

*Where 1 = never, 2 = sometimes, 3 = frequently, 4 = always.

*Where 1 = very unimportant, 2 = unimportant, 3 = neither, 4 = important, 5

= very important.

®Average scale of 3 items: culture milk samples from high SCC or conductivity cows, culture milk samples from clinical mastitis cases, and

culture bulk tank milk samples.

bAverage scale of 2 items: keep written or computer treatment records for all cows and review treatment records before making treatment deci-

sions.

7Average scale of 3 items: ensure strict compliance with milk protocols, train employees in mastitis protocols, and train employees in treatment

protocols.

®Average scale of 6 items: staying in the dairy business, increasing income or profits, setting up the farm for the next generation, improving the

image of dairy products, improving herd health, and reducing feed costs.

of high SCC (Pinzén-Sdnchez and Ruegg, 2011). In
part, the high proportion of herds that do not maintain
or review treatment records might be explained by the
data in Table 5, which suggests that smaller herds are
less likely to maintain and review treatment records
compared with larger herds. This may reflect a “comfort
level” on the part of dairy producers with fewer cows to
recognize and remember therapeutic histories of their
cattle on the farm, compared with herds with hundreds
or even thousands of cattle that may also have numer-
ous personnel, including employees, responsible for the
treatment of animals. Nonetheless, relapses of clinical
mastitis can occur more than 60 d after the original
onset or multiple quarters can be affected, which may
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lend itself to confusion regarding previous treatments
if not recorded.

Multivariate analysis from our study revealed that
more frequent review and maintenance of treatment
records was one of the variables most strongly associ-
ated with the willingness of farmers to use both IMA
and SYA for the treatment of clinical mastitis, even
when controlling for herd size. This might reflect that
producers who maintain and review treatment records
can more easily validate the need for therapy. However,
record keeping is also an indicator of better manage-
ment and when this variable is coupled with our find-
ings that use of IMA at dry off and use of internal teat
sealants were also associated with higher likelihood of
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Table 9. Comparison of mean systemic administration of antimicrobial drugs (SYA) for the treatment of clinical mastitis from a survey of 628
dairy herds in Florida, Michigan, and Pennsylvania by selected binary characteristics with P < 0.10

SYA
Yes No
Variable Mean® SEM Mean® SEM P-value' n’
Respondent is sole proprietor* 2.09 0.06 2.24 0.06 0.063 607
Respondent is Amish* 1.66 0.08 2.26 0.05 <0.001 616
Herd in Pennsylvania* 2.05 0.05 2.26 0.06 0.009 627
Herd in Florida® 2.89 0.21 2.13 0.04 <0.001 627
English is first language of respondent® 2.23 0.04 1.84 0.09 <0.001 616
Respondent has less than high school education® 1.91 0.007 2.25 0.005 <0.001 312
Respondent has college education or higher* 2.48 0.10 2.09 0.04 0.001 612
Use of post-milking teat disinfection® 2.17 0.04 1.86 0.19 0.087 605
Gloves worn during milking* 2.26 0.05 1.97 0.07 <0.001 608
Entire milking system is evaluated at least twice per year! 2.37 0.09 2.11 0.05 0.007 584
Liners replaced >5 times per year 2.24 0.05 2.04 0.06 0.013 628
Tie-stall barn’ 1.97 0.06 2.30 0.06 <0.001 624
Milking parlor*® 2.27 0.06 2.02 0.05 0.002 616
Other bedding"° 2.31 0.08 2.07 0.05 0.008 613
Presence of non-family employees* 2.30 0.06 1.97 0.06 <0.001 559
Employees received a financial or other incentives based on milk quality” 2.43 0.10 2.11 0.05 0.004 544
Employees received a financial or other penalty if SCC increases* 2.61 0.24 2.15 0.04 0.043 544
Bulk tank SCC (BTSCC) of concern is >300,000 cells/mL" * 2.47 0.10 2.71 0.06 0.055 613
My mastitis treatment plan was designed with or by my veterinarian® 2.34 0.07 2.03 0.06 <0.001 537

! P-values for t-tests.

*Unweighted.

*Where 1 = never, 2 = sometimes, 3 = frequently, and 4 = always.
*Where 1 = yes, 0 = no.

*Including side in-side out parlors (weighted n = 21), herringbone parlors (weighted n = 574), parallel parlors (weighted n = 220), rotary parlors

(weighted n = 3), and swingline parlors (weighted n = 51).

6 . . . .
"Yes = not mattress; platform with straw, sawdust, or wood shavings; recycled manure; sand; straw, sawdust, or wood shavings with loose hous-

ing; or pasture.

"Binary coding of answer to the question: “I get concerned when the BTSCC in my herd reaches...” yes = threshold of concern is BTSCC

>300,000 cells/mL.

antimicrobial therapy of clinical mastitis, it appears
that herds with some higher degree of management
may be more likely to use IMA and SYA for the treat-
ment of clinical mastitis. Likewise, we determined that
use of sand or mattresses for bedding, rather than older
styles of housing, were associated with decreased SYA.

Whether derived from cows with high SCC, clini-
cal cases, or bulk tanks, less than 20% of the herds
responded that they typically (frequently or always)
collected milk samples for bacterial culture and about
one-third of the herds responded that they never used
milk bacteriology. Seemingly, across many herds, treat-
ment decisions for clinical mastitis are often made with
little or no knowledge of causative agents in the herd.
As with the lack of treatment records, misunderstand-
ing of bacterial pathogens can result in greater risk of
treatment failure and inefficient antimicrobial therapy
of clinical mastitis (Hess et al., 2003; Barkema et al.,
2006; Lago et al., 2011a). Evidence for this was sup-
ported by Oliveira and Ruegg (2014), who found that
over half of IMA for the treatment of clinical masti-
tis was for cases caused by Fscherichia coli or cases

where no organism was isolated. Yet, these important
variables regarding milk culture were not significant in
our model to describe the willingness to treat clinical
mastitis. Once again, this may reflect a bias toward
treatment of clinical cases for which bacteriology may
have limited value (e.g., treatment of severe clinical
mastitis) or might indicate that despite collection of
milk samples, therapy with IMA or SYA may proceed
empirically and the culture results are used for general
herd information, not individual case decision-making.
Moreover, the association between culture of milk and
therapy of mastitis was confounded by our finding of
significant positive correlations between more frequent
use of bacteriologic culture of milk and use of IMA and
SYA. Interpretation of this data is limited because it
was part of our bivariate analysis and not our final
multivariate model. Nonetheless, it raises questions as
to how some farms use milk bacteriology information;
for example, are culture results used to select drugs for
the treatment of clinical mastitis or to decide if the case
should be treated? It is also possible that herds with a
higher incidence of clinical mastitis (data that were not
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Table 10. Correlations with systemic administration of antimicrobial drugs (SYA) for treatment of clinical mastitis from a survey of 628 dairy
herds in Florida, Michigan, and Pennsylvania by selected characteristics with P < 0.10

SYA
Variable Pearson r P-value (2-tailed) n'
Herd size (log-transformed) 0.23 <0.001 624
Age of respondent (years) 0.09 0.039 615
Number of years of respondent on the farm 0.09 0.049 614
Milk mastitis and treated cows in separate group® 0.12 0.007 549
Use oxytocin for milk letdown® 0.17 <0.001 593
Use of intramammary antibiotics at dry off (dry treatment)? 0.24 <0.001 613
Use internal teat sealant at dry off” 0.20 <0.001 591
Singe hairs on the udders® 0.09 0.047 596
Use grdm-negdtlve bacterin to control coliform mdbtltlbl 0.16 <0.001 594
Use vaccine to control Staphylococcus aureus rnastltls 0.23 <0.001 575
Clean alleys/gutters after or during each mllkmg 0.10 0.030 597
Use conductivity in milk to identify infected cows® 0.24 <0.001 521
Use of natural (organic) therapies to treat clinical mastitis® —0.20 <0.001 559
Use alcohol pads before intramammary tube infusions® 0.09 0.032 596
Use of oxytocin to treat clinical mastitis® 0.23 <0.001 585
Reducing antimicrobial drug residue in culled cows® 0.07 0.091 594
Increase milk production® 0.08 0.060 603
Drug company representatives important source of information® 0.10 0.031 528
Not following treatment protocol is a problem on my farm* —0.08 0.059 592
Culturing practices (scale)™’ 0.16 <0.001 554
Treatment records (scale)” ° 0.37 <0.001 544
Employee protocols (scale)® 0.19 <0.001 566

"Unweighted.
*Where 1 = never, 2 = sometimes, 3 = frequently, 4 = always.

*Where 1 = very unimportant, 2 = unimportant, 3 = neither, 4 = important, 5

"Where 1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, 5

= very important.

= strongly agree.

®Average scale of 3 items: culture milk samples from high SCC or conductivity cows, culture milk samples from clinical mastitis cases, and

culture bulk tank milk samples.

SAverage scale of 2 items: keep written or computer treatment records for all cows and review treatment records before making treatment deci-

sions.

TAverage scale of 3 items: ensure strict compliance with milk protocols, train employees in mastitis protocols, and train employees in treatment

protocols.

collected from our survey) and thus more likely to use
IMA or SYA resorted to more frequent culture to de-
termine causative agents, if not to use this information
as a selection criterion for therapy for individual cows.

More than twice as many dairy farms responded that
they always or frequently used IMA compared with SYA
for the treatment of clinical mastitis. This might be
expected because several labeled formulations for IMA
but no labeled formulations for SYA are available for
the treatment of clinical mastitis in the United States.
Although advocated as a therapy for severe clinical
mastitis cases caused by coliform bacteria due to the
possibility of bacteremia (Erskine et al., 2002; Wagner
and Erskine, 2013), SYA for the treatment of clinical
mastitis is an extra-label drug use and has limited
therapeutic value in relation to IMA for mild clinical
mastitis. About one-fourth of the survey respondents
indicated that they frequently or always used SYA for
the treatment of clinical mastitis cases. This is higher
than expected because severe cases may account for
only 15% of clinical cases (Oliveira et al., 2013), which
suggests that some farmers are using SYA for a broader
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scope of clinical cases, beyond severe coliform mastitis.
Or it may reflect a bias among some farmers to define
clinical mastitis to be treated as the more severe cases
on the spectrum. It is interesting that farms in our
study that used conductivity to monitor mastitis were
more likely to use SYA. Steeneveld et al. (2015) found
that use of mastitis detection sensors (such as conduc-
tivity) in automated milking systems may lead to in-
creases in herd SCC but also miss nearly 75% of clinical
cases. This is compatible with the rationale that only
the more severe cases of clinical mastitis (with ensuing
temperature change or decrease in milk yield) would be
detected and thus increase the willingness to use SYA
for treatment.

A paradoxical finding from our study was that farms
that placed greater importance on avoiding drug resi-
dues in cull cows were also more likely to use SYA. As
mentioned above, SYA for the therapy of mastitis is
extra-label drug use that would seemingly increase the
risk of residue violations or at least affect the attitude
of farmers’ willingness to use SYA if antibiotic residues
are deemed important.
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Swinkels et al. (2015) reported that extended treat-
ment (defined as any therapeutic regimen beyond la-
beled dosing) was practiced in 37 of 38 dairy farms
and was perceived as part of the social norm of “being
a good farmer” and that mastitis is not treated “thor-
oughly” if clinical symptoms are still visible at the time
of cessation of treatment. Interestingly, dairy farmers
seemed to administer extended therapy based on want-
ing to comply with other farmers’ and veterinarians’
perceived norms that extended treatment is better,
resulting in treatment protocols being driven by social
approval among peers (Swinkels et al., 2015).

As designed, our survey could not discriminate
exactly how these variables were linked to SYA, but
the attitudes and beliefs of dairy producers relative to
antimicrobial use are multifactorial, and fully charac-
terizing all factors was beyond the scope of this study,
as was fully characterizing the sociological factors that
might influence the attitude and beliefs. For example,
respondents who believed bad luck was a factor in mas-
titis problems had greater use of IMA, and herds where
employees received financial incentives (or penalties)
for milk quality had higher use of SYA. A farmer’s SCC
threshold of concern to decide if mastitis was a problem
in their herd was related to the prevalence of mastitis in

1403

the herd, as measured by BTSCC (Schewe et al., 2015).
But full understanding of the beliefs and attitudes link-
ing IMA to the perception of bad luck or the complex
interactions between employee management and SYA
illustrate some of the limitations of our study.

Our study was also limited by the scope of questions
that were included; for example, questions regarding
duration of therapy or use of prescription versus over-
the-counter drugs were not included. Additionally,
attitudes and beliefs of respondents could have been
investigated in more depth to encompass more possible
influences on decision making. Our intent was to cap-
ture a priori information that we perceived to be most
critical but also to keep the survey at an acceptable
length to enhance participation, which we believe was
very good for a mail survey. We field tested the sur-
vey with dairy producers before sending to the sample
farms to measure the time needed to respond and iden-
tify any questions that were difficult to understand or
ambiguous.

Similar to this study, recording antimicrobial use on
dairy farms in previous studies has relied on cross-sec-
tional surveys completed by producers (Kaneene and
Ahl, 1987; Sawant et al., 2005). However, this method
can be problematic because of recall biases, noncompli-

Table 11. Mixed logistic regression analysis of intramammary administration of antimicrobial drugs for the treatment of clinical mastitis on
selected variables from a survey of 628 dairy herds in Florida, Michigan, and Pennsylvania

Odds ratio
Ttem Coefficient' ~ Robust SE’ z P> |7 (OR) 95% CI (OR)
Fixed effects
Constant 0.39 0.35 1.10 0.271 — —
Geometric mean bulk tank SCC (log-transformed) —0.40 0.24 —1.68 0.092 0.67 (0.42, 1.07)
Herd in Michigan® —0.35 0.26 —1.34 0.181 0.70 (0.42, 1.18)
Respondent is a member of an Amish community® —0.77 0.10 —8.08 <0.001 0.46 (0.38, 0.56)
Respondent has a high school (or equlvalent) dlploma 0.33 0.09 3.75 <0.001 1.39 (1.17, 1.64)
Bad luck plays an important role in mastitis problems® 0.22 0.11 2.12 0.034 1.25 (1.02, 1.54)
Use of intramammary antibiotics at dry off (dry treatment)’ 0.46 0.05 8.73 <0.001 1.58 (1.43, 1.75)
Use vaccines to control Staphylococcus aureus mastitis’ —0.23 0.11 —2.08 0.038 0.79 (0.64, 0.99)
Use of natural (organic) therapies to treat clinical mastitis” —0.49 0.13 —3.87 <0.001 0.61 (0.47, 0.78)
Treatment records (scale)™® 1.19 0.22 546  <0.001 3.30 (2.15, 5.07)
Variance components
Farm size
Variance (_constant) 0.06 0.04 (0.02, 0.20)
Evaluation
—2 log-likelihood —215.0
x* deviance (df)’ 321.2 (9)
P-value <0.001

'n = 442 (number of remaining observations in the model). Missing values were excluded from the analysis using listwise deletion method.

“Standard errors were adjusted for 5 clusters in farm size.
*Where 1 = yes, 0 = no. Referent is Pennsylvania,/Florida.

"Where 1 = yes, 0 = no.

"Where 1 = yes, 0 = no. Referent is other levels of education besides high school.
SWhere 1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, 5 = strongly agree.

"Where 1 = never, 2 = sometimes, 3 = frequently, 4 = always.

Average scale of 2 items: keep written or computer treatment records for all cows and review treatment records before making treatment deci-

sions.
‘Deviance from the null model with no predictor.
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Table 12. Mixed logistic regression analysis of systemic antimicrobial drug use for the treatment of clinical mastitis on selected variables from

a survey of 628 dairy herds in Florida, Michigan, and Pennsylvania

Robust Odds ratio 95% CI

Ttem Coefficient' SE? z P> |7 (OR) (OR)
Constant —1.64 0.38 —4.36  <0.001 — —
Geometric mean bulk tank SCC (log-transformed) 0.32 0.27 1.17 0.244 1.37 (0.81, 2.33)
Herd in Michigan® 0.68 0.29 2.33 0.020 1.97 (1.11, 3.49)
Respondent is sole proprietor ) 0.53 0.29 1.83 0.068 1.70 (0.96, 3.01)
Respondent has less than high school education” 0.55 0.18 3.00 0.003 1.73 (1.21, 2.46)
Type of bedding: mattress’ —0.64 0.31 —2.10 0.036 0.52 (0.29, 0.96)
Type of bedding: sand® —0.68 0.26 —2.62 0.009 0.50 (0.30, 0.84)
Employees receive a financial or other penalty if SCC increase® 0.82 0.40 2.04 0.041 2.27 (1.03, 1.49)
Use an internal teat sealant (at dry off)” 0.21 0.10 2.18 0.029 1.23 (1.02, 1.49)
Use conductivity in milk to identify infected cows’ 0.48 0.12 3.82  <0.001 1.61 (1.26, 2.06)
Treatment records (scale)™® 0.86 0.27 3.15 0.002 2.36 (1.38, 4.02)
Culturing practices (scale) —0.26 0.19 —1.34 0.179 0.77 (0.53, 1.13)
Reducing antibiotic residue in culled cows’ 0.28 0.12 2.45 0.014 1.33 (1.06, 1.67)
Variance components

Farm size

Variance (_constant) 0.04 0.04 (0.01, 0.29)

Evaluation

—2 log-likelihood 338.6

x* deviance (df)" 268.2 (11)

P-value <0.001

'n = 347 (number of remaining observations in the model). Missing values were excluded from the analysis using listwise deletion method.

*Standard errors adjusted for 5 clusters in farm size.

3Where 1 = yes, 0 = no. Referent is Pennsylvania/Florida.
*Where 1 = yes, 0 = no.

"Where 1 = yes, 0 = no. Referent is college or higher degree.

SWhere 1 = yes, 0 = no. Referent is other bedding types, including platform with straw, sawdust, or wood shavings; straw, sawdust, or wood

shavings; or other bedding types and combinations.
"Where 1 = never, 2 = sometimes, 3 = frequently, 4 = always.

®Average scale of 2 items: keep written or computer treatment records for all cows and review treatment records before making treatment deci-

sions.

"Where 1 = very unimportant, 2 = unimportant, 3 = neither, 4 = important, 5 = very important.

"Deviance from the null model with no predictor.

ance, and data that may be incomplete or inaccurate,
or not account for duration of protocol use on the farm
(Chauvin et al., 2001). Recording numerical cases of
disease as indicators of total drug doses includes bi-
ases in the size, frequency, and duration of dose. Thus,
animal-defined daily doses are preferred to correctly
adjust for differences in formulations of antimicrobial
drugs (Chauvin et al., 2001). This method has been
applied to estimate antimicrobial drug use on farms,
although it still relied on case records (Pol and Ruegg,
2007). Another method to audit drug use, independent
of case records, used collection of empty antimicrobial
containers on beef operations (Carson et al., 2008) and
an extensive nationwide survey of Canadian dairies
(Saini et al., 2012). Our study was not intended to de-
termine a quantitative measure of total drug use within
each herd, which would have been difficult to verify
because of the wide variation in record keeping between
farms, as exhibited by the high proportion of herds that
did not maintain treatment records.

Taken as a whole, most farms in our survey did not
follow the management tools that are considered im-
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portant for prudent antimicrobial use for therapy of
mastitis. In fact, farms were as likely to use oxytocin
or organic/natural formulations (15 to 20%) for clinical
mastitis as they were to use bacteriology in treatment
decisions. Our multivariate analysis found that Amish
farmers and those that used organic/natural formula-
tions were less likely to use IMA, which may reflect
herd size. That these 2 variables are linked is suggested
by the fact that we found a greater tendency to use
organic/natural formulations in smaller herds. Addi-
tionally, because our survey did not ask if the respon-
dents self-identified as being certified organic, we may
have missed an opportunity to better understand the
attitudes and behaviors of a population of farmers that
purposely do not use antimicrobial drugs in contrast to
farmers who use antimicrobial drugs.

Possibly related to the findings regarding Amish
herds above, respondents with lower education levels
were also less likely to use IMA for the treatment of
clinical mastitis. The findings for SYA were more am-
biguous; for the most part, we did not observe a clear
trend between education level and SYA, except that re-
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spondents with some college education were less likely
to use SYA then their peers with at least a 4-yr degree.

One of the more intriguing findings in our multivari-
ate analysis was the strong association of use of a bac-
terin against Staph. aureus with lower use of IMA. One
possibility to explain our findings is that farmers who
are using Staph. aureus vaccines may have recognized
this as an underlying problem in their herd or believe
they cannot control this pathogen through standard
practices such as use of accepted milking protocols and
blanket dry-cow therapy. Only 59 (12%) herds stated
they used Staph. aureus bacterins in our trial (the aver-
age BTSCC for all herds in the survey was 194,000
cells/mL); thus, the herds using this vaccine in our
study may have represented a small subset of herds
that had identified Staph. aureus mastitis as a problem
in their herd. The ability of these vaccines to augment
therapy is inconclusive (Middleton et al., 2009) but
may suggest reluctance on the part of this subset of
farmers to use IMA.

Finally, our logistic regression model showed that
dairy farmers in Michigan were more likely to use SYA
than their counterparts in Florida and Pennsylvania.
As mean herd size in the Michigan herds in our study
was between that of Florida and Pennsylvania, it is
difficult to arrive at any conclusions for this result.

CONCLUSIONS

It is necessary to improve the acceptance of practices
that are consistent with prudent antimicrobial use,
such as milk bacteriology and use of records for the
treatment of clinical mastitis on dairy farms. Main-
taining and reviewing treatment records is strongly
associated with a farmer’s likelihood of using IMA and
SYA. Not unexpectedly, herds that rely on organic/
natural formulations were less likely to use IMA. Use
of Staph. aureus bacterins, which may reflect aware-
ness of the prevalence of this pathogen in a herd, also
affected therapy decisions for both IMA and SYA. Bi-
ases in defining thresholds for the treatment of clinical
mastitis may exist, as evidenced by the association of
mastitis sensor technology with increased likelihood of
SYA. These findings highlight that attitudes and beliefs
among dairy farmers may influence therapeutic choices
for clinical mastitis..
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APPENDIX

Table A1l. Descriptive statistics of independent variables with a significant (P < 0.10) association with one of the dependent variables that were

included in the logistic regression models (weighted)

2

Variable Mean' SEM Minimum Maximum n

Age of respondent (yr) 47.1 0.6 21 82 615
Number of years of respondent on the dall”%/' farm 27.2 0.7 1 73 614
Respondent has high school education (%) 36.9 0.0 0 1 612
Respondent has at least some college educatlon (%) 28.2 0.0 0 1 612
Herd in state of Florida (%) 0.8 0.0 0 1 627
Herd is in the state of Pennsylvania (%) 77.9 0.0 0 1 627
Respondent is sole proprietor (%) ) 53.0 0.0 0 1 607
Respondent is part of an Amish community (%)° 23.4 0.0 0 1 616
Respondent is part of a Mennonite community (%)° 26.4 0.0 0 1 608
English is first language of respondent (%)° 75.1 0.0 0 1 616
Herd size (number of milking cows)” 1074 4.7 2 5,200 624
Geometric mean bulk tank SCC (x1,000 cells/mL) 190.3 3.8 37 448 585
Average milk production (bulk tank) per day (x 1,000 kg) 3.6 0.2 0 149 593
Rolling herd average total milk per cow last year (x 1,000 kg) 9.7 0.1 5 16.0 433
Bulk tank SCC of concern is >300,000 cells/mL (%)" 34.9 0.0 0 1 613
Entire milking system is evaluated at least twice per year (%)° 18.2 1.7 0 1 584
Use of post-milking teat disinfection (%)° 93.4 1.2 0 1 605
Gloves worn during milking (%)° 55.3 2.4 0 1 608
Teats stripped before milking (%)° 70.6 2.2 0 1 608
Liners replaced >5 times per year (%) 46.9 2.3 0 1 627
Tiestall barn (%)° 65.8 2.0 0 1 624
Milking parlor (%)° 40.0 2.1 0 1 616
Sand bedding (%)" 14.0 1.1 0 1 613
Presence of nonfamily employees (%)° 37.7 2.3 0 1 559
Employees received a financial or other incentive based on milk quality (%)6 12.5 1.6 0 1 544
My mastitis treatment plan was designed with or by my veterinarian (%)° 31.1 2.2 0 1 576
Bad luck plays an important role in mastitis pr -oblems’ 2.3 0.1 1 5 597
Milk mastitis and treated cows in separate group™ 2.4 0.1 1 4 549
Use oxytocin for milk letdown'’ 1.8 0.0 1 4 593
Use of intramammary antibiotics at dry off (dry treatment)w 3.4 0.0 1 4 613
Use internal teat sealant at dry off'’ 2.3 0.1 1 4 591
Dock tails' 1.6 0.0 1 4 602

Continued
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Table A1l (Continued). Descriptive statistics of independent variables with a significant (P < 0.10) association with one of the dependent
variables that were included in the logistic regression models (weighted)

Variable Mean' SEM Minimum Maximum n’
Singe hairs on the udders' 1.6 0.0 1 4 596
Use vaccine to control coliform mastitis'™ 2.0 0.1 1 4 594
Use vaccine to control Staphylococcus aureus mastitis' 1.4 0.0 1 4 575
Clean alleys/gutters after or during each milking" 3.6 0.0 1 4 597
Use individual cow SCC to identify infected cows 2.7 0.1 1 4 588
Use conductivity in milk to identify infected cows' 1.6 0.0 1 4 521
Use of natural (organic) therapies to treat clinical mastitis" 1.9 0.0 1 4 559
Use alcohol pads before intramammary tube infusions' 3.6 0.0 1 4 596
Use of oxytocin to treat clinical mastitis' 1.7 0.0 1 4 585
Reducing antimicrobial drug residue in culled cows'! 4.2 0.0 1 5 594
Increase milk production'' 4.2 0.0 1 5 603
Preparing for retirement'! 3.5 0.1 1 5 605
Veterinarian important source of information'' 4.2 0.0 1 5 588
Drug company representatives important source of information' 2.8 0.1 1 5 528
Internet important source of information'' 24 0.1 1 5 509
Not following treatment protocol is a problem on my farm’ 2.2 0.0 1 4 592
Culturing practices (scale)' 1.7 0.0 1 4 554
Treatment records (scale)'” 2.7 0.0 1 4 544

Employee protocols (scale)' 3.0 0.0 1 4 566

Long-term farm goals (scale)" 3.0 0.0 1 4 566

'For binary independent variables, the mean represents the proportion (%) of respondents who answered yes.
*Unweighted.

*Where 1 = yes and 0 = no. The referent category is less than high school education.

"Where 1 = yes and 0 = no. The referent category is state of Michigan.

"Where 1 = yes and 0 = no. The referent category is other positions in the dairy farm.

"Where 1 = yes and 0 = no.

"Herd size was log-transformed to reduce skewness.

*Where 1 = less than once a year, 2 = about once a year, 3 = at least twice a year, 4 = at least once a year.
"Where 1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, 5 = strongly agree.

UWhere 1 = never, 2 = sometimes, 3 = frequently, 4 = always.

"Where 1 = very unimportant, 2 = unimportant, 3 = neither, 4 = important, 5 = very important.
2Average scale of 3 items: culture milk samples from high SCC or conductivity cows, culture milk samples from clinical mastitis cases, and
culture bulk tank milk samples.

1 . . . . . .
3 Average scale of 2 items: keep written or computer treatment records for all cows and review treatment records before making treatment deci-
sions.

“Average scale of 3 items: ensure strict compliance with milk protocols, train employees in mastitis protocols, and train employees in treatment
protocols.

Y Average scale of 6 items: staying in the dairy business, increasing income or profits, setting up the farm for the next generation, improving the
image of dairy products, improving herd health, and reducing feed costs.

Table A2. Herd size by state

Herd size (number of milking cows)

State' <50 50-99 100-249 250-599 >600 Total®
Michigan
n 91 66 61 28 34 280
% 35.9 26.0 24.0 74 6.7 21.3
Pennsylvania
n 140 100 40 23 19 322
% 48.8 35.5 12.0 2.2 1.4 78.0
Florida
n 0 2 2 7 11 22
% 0.0 9.1 9.1 31.8 50.0 0.7
Total
n 231 168 103 58 64 624
% 45.7 33.3 14.6 3.6 2.9 100.0

"Where n = unweighted count; % = weighted row percentage.
*Weighted column percentage.
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