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ABSTRACT

Udder cleft dermatitis (UCD) is an inflammatory
skin condition affecting the anterior parts of the udder
of dairy cows. The lesions may present as mild or severe
skin lesions and have been associated with mastitis and
digital dermatitis. The full etiology and pathogenesis
are not understood and no large-scale studies have in-
vestigated prevalence and risk factors. Therefore, the
main objectives of the study were to investigate the
prevalence of mild and severe UCD in Swedish dairy
herds and to identify risk factors associated with such
lesions. We also wanted to investigate risk factors for all
cases of UCD and to determine whether UCD increases
the risk for mastitis and culling. A random sample of
100 freestall dairy herds were included in the study,
and each herd was visited once. Cows were registered
as having no, mild, or severe UCD. Additional cow and
herd data were obtained via observations, interviews,
and the Swedish Official Milk Recording Scheme. The
data were analyzed using logistic regression models to
identify risk factors for mild and severe UCD. In total,
data from 3,479 cows in 99 herds were analyzed. The
prevalence of mild and severe UCD was 19 and 9%,
respectively. Lesions were found in 98 of 99 herds but
the within-herd prevalence of mild (0-43%) and severe
(0-33%) UCD varied notably between herds. Breed
(Swedish Red compared with Swedish Holstein), cer-
tain udder conformation traits, and higher parity were
risk factors associated with increased risk of UCD. In
addition, cows with hock lesions and cows in herds with
high incidence of culling due to hoof and leg diseases
had a higher risk for mild UCD. More days in milk
and high milk yield were cow-related risk factors associ-
ated with severe UCD. Three housing-related factors
(shorter cubicles, mattress as cubicle base, and cubicles
installed before 2001 compared with 2001-2005), a
high incidence of veterinary-treated clinical mastitis
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and culling due to udder diseases, and a low incidence
of culling of first-parity cows in early lactation were
herd-related risk factors associated with increased risk
for severe UCD. In addition, cows in herds with a high
proportion of heifers older than 17 mo that were not
inseminated were associated with lower risk of all UCD.
Finally, UCD was not associated with the outcomes
milk somatic cell count, veterinary-treated -clinical
mastitis, or culling in the multivariable analyses. The
etiology of UCD is most likely multifactorial, involving
udder conformation traits and other cow-related risk
factors as well as herd-related risk factors. The high
prevalence of severe UCD lesions in Swedish dairy cows
emphasizes the need for preventive measures and ef-
ficient treatments.
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INTRODUCTION

Udder cleft dermatitis (UCD) in dairy cows is an
inflammatory skin condition in the anterior junction
between the udder and the abdominal wall, or between
the front quarters of the udder. The condition is also
known as ulcerative mammary dermatitis or intertrigo,
and has been reported in several countries (Warnick et
al., 2002; Olde Riekerink et al., 2014; Persson Waller
et al., 2014). Udder cleft dermatitis lesions may dif-
fer in severity, and some develop into deep exudative
ulcers, impairing the welfare of affected cows. The le-
sions can contain a variety of bacteria (Warnick et al.,
2002; Persson Waller, 2003), indicating a possible link
between UCD and infectious diseases such as mastitis.
In line with this, Persson Waller et al. (2014) found a
higher risk for clinical mastitis in cows with UCD.

Although UCD has been reported in selected herds
(Beattie and Taylor, 2000; Warnick et al., 2002; Han-
sen and Nissen, 2010), only 2 studies have investigated
the prevalence in randomly selected dairy herds (Olde
Riekerink et al., 2014; Persson Waller et al., 2014). In
these studies, the average within-herd prevalence of
UCD was 18% (range 0-39%; Persson Waller et al.,
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2014) and 5% (range 0-15%; Olde Riekerink et al.,
2014). As there is no common definition of UCD, com-
parisons between studies must be made with caution.
Recent studies, however, have categorized UCD lesions
as mild (mostly undisrupted skin integrity) or severe
(mostly involving open wounds) using similar criteria
(Persson Waller et al., 2014; Bouma et al., 2016). Previ-
ous studies on the prevalence of UCD (Olde Riekerink
et al., 2014; Persson Waller et al., 2014) have included
only a limited number of herds. This, together with the
large between-herd variation in prevalence of mild and
severe UCD lesions, warrants investigation of a larger
number of randomly selected herds.

The etiology and pathogenesis of UCD are largely
unknown, despite the identification of some cow- and
herd-related risk factors. Certain udder conformation
traits (e.g., loose fore udder attachment or a deep ud-
der) increase the risk of UCD (Hansen and Nissen, 2010;
Olde Riekerink et al., 2014; Persson Waller et al., 2014).
Other cow-related risk factors include breed (Persson
Waller et al., 2014), higher parity (Warnick et al., 2002;
Persson Waller et al., 2014), higher DIM (Bouma et
al., 2016), and high milk yield (Hansen and Nissen,
2010). Infectious agents such as treponemes (Boyer and
Singleton, 1998) and mange mites (Allenstein, 1991)
have been suggested to cause, or worsen, UCD lesions,
although not all studies support this (Warnick et al.,
2002; Hansen and Nissen, 2010; Persson Waller et al.,
2014). At the herd level, risk factors associated with
UCD are breed (high proportion of Swedish Red cows)
and high production (Olde Riekerink et al., 2014; Pers-
son Waller et al., 2014). Nevertheless, risk factors in
previous studies explain only a small part of the varia-
tion in UCD prevalence (Olde Riekerink et al., 2014;
Persson Waller et al., 2014), indicating that other fac-
tors may exist. Moreover, these studies did not take into
account the degree of UCD severity. For example, risk
factors for hock lesions (HL) in dairy cows are known
to vary depending on severity of lesion (Potterton et
al., 2011). Given the results of these previous studies on
UCD and HL, separate modeling of risk factors for mild
and severe UCD lesions is warranted.

Prevention of UCD lesions is important because these
lesions may be common in dairy herds and they have
a negative effect on animal welfare. Large-scale studies
on prevalence and risk factors for UCD are needed to
improve recommendations for prevention and to better
understand the epidemiology of UCD lesions of different
severity. The main aims of our study were to investigate
the prevalence of mild and severe UCD in freestall dairy
herds in Sweden, and to identify cow- and herd-related
risk factors associated with mild and severe UCD. We
also wanted to investigate risk factors for all cases of
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UCD. In addition, we investigated whether UCD was
associated with increased risk for mastitis and culling.

MATERIALS AND METHODS
Herd Selection

A total of 100 randomly selected Swedish dairy herds
were enrolled in a cross-sectional study using the fol-
lowing criteria: freestall housing, herd size of 50 to 210
cows, herringbone or tandem milking parlor, and affili-
ation with the Swedish Official Milk Recording Scheme
(SOMRS). The sample size was calculated by use of
the formula n = [Z* x P(1 — P)]/e’, where Z = 1.96,
the estimated true prevalence (P) was 20 to 30%, and
the precision (e) was set to 10%, which gave a sample
size of 60 to 80 herds. Because of the risk of herds
quitting the study, the sample size was set to 100 herds.
Participating herds were in the southern half of Swe-
den, where 90% of herds meeting the inclusion criteria
are located. A letter about the project was sent to all
eligible herd owners (n = 961), after which they were
contacted via telephone until a representative sample
of 100 herds (based on dairy production density in
each county) agreed to participate. In total, 197 herds
were contacted, 64 of which were excluded because
they had changed to an automatic milking system or
used a parallel milking parlor. Thirty herds declined to
participate in the study. Reasons given were no interest
in the study (12 herds), lack of time (10 herds) or the
farmer had quit or was going to quit dairy production
(8 herds). Of the remaining 103 herds, 1 was later ex-
cluded as most of the cows were milked in an automatic
milking system, and 2 herds were not visited due to
logistical reasons.

Data Collection

Each herd was visited during one milking (morning,
midday, or evening) in the winter housing season; that
is, February to April 2014 (39 herds) or December to
March 2014-2015 (61 herds). All visits and registra-
tions were performed by the first author. Additional
cow and herd data were obtained from the SOMRS.

Cow Data

A detailed list of collected cow-related variables (n =
19) and how they were obtained is given in Supplemen-
tal Table S1 (https://doi.org/10.3168/jds.2017-13133).
During milking, every second to third cow entering the
milking parlor was examined for UCD, udder confor-
mation, hygiene, and presence of HL.. Most cows were
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examined within 1 to 2 min before or after attachment
of the milking unit. The cows were registered as having
no UCD (i.e., no visual or palpable skin damages), mild
UCD (i.e., hyperkeratosis, small papulae/pustulae,
small crusts, or serum transudation), or severe UCD
(i.e., pus, deep skin wounds, or proliferations with or
without findings of mild UCD) as previously described
(Persson Waller et al., 2014), except that the presence
of large crusts was categorized as severe UCD. A hand-
held mirror and a flashlight were used when inspect-
ing the udders, and fresh disposable gloves were used
for each cow to minimize spread of infections. Three
udder conformation traits were registered: fore udder
attachment (angle between fore udder and abdominal
wall), udder balance (depth of the rear udder in rela-
tion to depth of the front udder), and presence or not
of an indentation or skin fold (I/F) at the anterior
junction between the udder and the abdominal wall, as
previously described (Persson Waller et al., 2014). The
hygiene of the cows was scored based on the cleanli-
ness of the udder and the hind limb above the hock on
the side visible from the operating area. Hygiene scores
ranged from 1 to 4, where 1 = completely clean, 2 =
manure stains on hind limb or udder, 3 = 1 or 2 areas
of manure patches of at least 10 ¢m in diameter, and
4 = more than 2 areas of manure patches as described
for score 3 (modified from Cook and Reinemann, 2007).
Presence of HL scored as mild (hair loss) or severe (skin
wound or evident swelling) on the outside of the hock
visible from the operating area was also recorded using
the Hock Assessment Chart for Cattle (Cornell Univer-
sity, Tthaca, NY).

Individual cow data on breed, parity, and DIM at
the time of the visit were obtained from the SOMRS,
as was information on individual milk yield (kg/d),
cow composite milk SCC, and milk urea concentrations
at test milkings within 34 d before or after the visit.
Registrations of veterinary-treated diseases within 90
d and results from hoof trimmings within 6 mo before
or after the visit were collected from the SOMRS when
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available, as well as information on culling of the cow
within 90 d after the visit.

Herd Data

A detailed list of collected herd-related variables and
how they were obtained is given in Supplemental Table
S2 (https://doi.org/10.3168/jds.2017-13133). Table 1
presents an overview of herd-related variables analyzed
for associations with UCD (n = 67), grouped by gen-
eral herd factors, housing-related factors, management-
related factors, and herd health-related factors. In
each herd, milking routines, housing-related factors,
and other management-related factors were registered
through observation or from interviews with the farmer
or staff. Additional herd information was obtained from
the SOMRS, including herd performance indicators, for
the 12 mo preceding the herd visit. These herd per-
formance indicators, designed by one of the Swedish
dairy farmer organizations (Véxa Sverige, Stockholm,
Sweden), include calf and cow mortality, incidence of
culling and veterinary-treated diseases, percentage of
cows with abnormal milk urea concentrations, and fer-
tility traits.

Data Editing and Statistical Analyses

Cow and herd data registered in hand-written, on-
farm protocols were transferred to Excel spreadsheets
(Microsoft Corp., Redmond, WA). The data were im-
ported to Stata (release 13.1; StataCorp LP, College
Station, TX) after double-checking by a second indi-
vidual that the transfer of data from the protocols was
correct. All statistical analyses were performed using
Stata. The prevalence of mild, severe, and overall UCD
lesions among all examined cows, and within each herd,
was calculated.

Risk Factors for UCD. Associations between the
presence of mild UCD and explanatory variables were
analyzed in univariable mixed-effect logistic regression

Table 1. Herd-related variables analyzed for associations with udder cleft dermatitis (UCD) in 99 Swedish dairy herds

Group of variables Vfli?é}?lfes Examples of variables

General herd factors 4 Herd size (cows/yr), production system, milk production, slaughter weights

Housing-related factors 17 Cubicle dimensions, year of cubicle installation, cubicle base and bedding material, stocking
rate (cubicles/cow)

Management-related factors 19 Pasture period, cubicle and alley cleaning, hoof trimming, milking, and feeding routines

Herd health-related factors 27 Presence of ectoparasites and digital dermatitis, calf and cow mortality,' incidence rate of

veterinary-treated diseases,’ and fertility traits’

'Based on herd performance indicators from the Swedish Official Milk Recording Scheme for the 12 mo preceding the herd visit.
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or mixed-effect linear regression models at the cow
level with herd as a random factor using an identity
covariance structure (equal variances for random ef-
fects, all covariances are zero). Cows with severe UCD
were excluded from the analyses of risk factors for mild
UCD. Associations between explanatory variables and
severe UCD were analyzed in the same way, excluding
cows with mild UCD. In addition, a model was made
to investigate associations between all UCD and the
explanatory variables. In total, 18 cow-related variables
and 67 herd-related variables were analyzed for their
association with mild, severe, and all UCD. Continu-
ous variables were assessed if they were linearly related
to the outcome; if not, they were categorized using
percentiles as cut-offs or transformed using the natural
logarithm. All variables with a P-value < 0.20 were
further analyzed in multivariable, mixed-effect logistic
regression models with herd as random factor.

Because of the large number of explanatory variables,
4 separate multivariable mixed-effect logistic regression
sub-models were constructed for each of the outcomes
(mild, severe, and all UCD). The variables included
cow-related variables (Supplemental Table S1; https://
doi.org/10.3168/jds.2017-13133), as well as herd-related
variables divided into general herd and housing-related,
management-related, and herd health-related (Supple-
mental Table S2). Collinearity between variables was
tested for all multivariable models by calculation of
Spearman rank correlations. If variables showed col-
linearity (r > 0.7), only the variable with the lowest
P-value in the univariable analysis was kept in the
model. Thereafter, models were built using a manual
stepwise, backward variable selection procedure where
the initial model included all independent variables as
main effects. Variables with a significant association (P
< 0.05) with the dependent variable were kept in the
models. Visit period (February—April 2014 or Decem-
ber-March 2014/2015) was included in all multivariable
models as a potential confounder. Cows with missing
data for a specific explanatory variable were omitted
when that variable was in the model. Two herds left
the SOMRS shortly before or after the visit and were
therefore excluded in the multivariable analyses due to
missing data.

A final, multivariable mixed-effect model for each
outcome (mild, severe, and all UCD) was then built
using a manual, stepwise backward variable-selection
procedure, including the variables that were significant
(P < 0.05) as main effects in the sub-models. Vari-
ables with a significant association (P < 0.05) with the
dependent variable were kept in the final models. All
variables with P < 0.20 for mild, severe, or all UCD in
the univariable analyses were then retested in the re-
spective final model and kept in the model if they were

559

significantly associated with the dependent variable.
All plausible 2-way interactions between the significant
main effects were tested in the final models. Model fit
was assessed by visual examination of residual plots
according to Hosmer and Lemeshow (2000) and Dohoo
et al. (2010).

Associations Between UCD and Mastitis and
Culling. In addition to identifying risk factors affecting
the prevalence of UCD, we hypothesized that UCD le-
sions might influence udder health and possibly culling.
To investigate such associations, we carried out univari-
able, mixed-effect logistic regression or mixed-effect lin-
ear regression analyses with mild UCD as explanatory
variable for 3 cow-level outcomes: (1) milk SCC from
test milking within 34 d before or after the visit (trans-
formed using the natural logarithm to achieve normal
distribution); (2) veterinary-treated clinical mastitis
(VITCM) within 90 d before or after the visit; and (3)
culling of the cow within 90 d after the visit, with herd
included as random factor. If there was a significant
association (P < 0.05) between mild UCD and the de-
pendent variable, then parity, breed, DIM, milk yield,
and visit period were added to the model to investigate
for confounding effects. Data were then analyzed in a
multivariable mixed-effect logistic model to see if mild
UCD was still significant after inclusion of the potential
confounding factors. Only variables with a confounding
effect on mild UCD (indicated by a change of >20% in
the point estimate of the coefficient) were kept in the
final model. Collinearity between variables was tested
for all multivariable models by calculation of Spearman
rank correlations. The same procedure was used to test
the outcomes for associations with severe UCD and all
UCD. Model fit for all models was assessed by visual
examination of residual plots according to Hosmer and
Lemeshow (2000) and Dohoo et al. (2010).

RESULTS
Herd and Cow Characteristics

The mean annual herd size for participating herds was
106 cows (SD 41.6; range 49-223 cows) and the mean
annual milk production was 9,914 kg of ECM/cow-year
(SD 1,236 kg; range 6,277 to 13,225 kg). The mean herd
SCC was 247,000 cells/mL (SD 78,000; range 103,000
523,000 cells/mL). Information on milk production and
mean SCC was obtained from the SOMRS and based
on the 12 mo preceding the herd visit. In total, 3,755
cows were examined [mean 38 cows/herd (SD 12.2);
range 17-68 cows/herd], including 1,901 Swedish Hol-
stein (SH), 1,300 Swedish Red (SR), 289 cross-breeds
(SH x SR), and 265 cows of other breeds (mainly Jer-
sey). There were few cows of other breeds in the herds,
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except for one herd with only Jersey cows; therefore,
cows of other breeds were excluded from the statisti-
cal analyses, including the exclusively Jersey herd. In
addition, 11 cows were excluded because they were too
dirty for assessment of UCD status. Thus, 3,479 cows
from 99 herds were included in the prevalence calcula-
tions and statistical analyses. When recruited, most of
the herd owners (n = 87) were asked if they perceived
UCD as a problem in their herd. Of these, 83% (n =
72) did not, as they thought they had no or very few
affected cows.

UCD Prevalence

The overall prevalence of UCD was 28% (969/3,479
cows; 95% CI: 26-29%) and the proportion of cows
with mild and severe UCD was 19% (653/3,479 cows;
95% CI: 18-20%) and 9% (316 of 3,479 cows; 95% CI:
8-10%), respectively. The overall within-herd preva-
lence ranged from 0 to 62% (mean 28%, SD 15%); it
varied between 0 and 43% (mean 19%, SD 10%) for
mild UCD, and between 0 and 33% (mean 9%, SD 8%)
for severe UCD (Figure 1). One herd had no UCD, 15
herds had only mild cases, and 3 herds had only severe
cases of UCD.

Risk Factors Associated with Mild UCD

In total, 3,163 cows from 99 herds were included in
the univariable analyses for mild UCD. Of 85 variables,
31 had P-values <0.20 and were kept for further analy-
ses in 1 of the 4 multivariable sub-models (Supplemen-
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tal Tables S1 and S2; https://doi.org/10.3168/jds.2017
-13133). Eleven variables were tested in the sub-model
for cow-related factors, 6 in the general herd and hous-
ing sub-model, 4 in the management sub-model, and 10
in the herd health sub-model. All variables associated
(P < 0.05) with mild UCD (Table 2) were entered into
the final model. This final model initially included 11
variables, of which 5 remained significant. When retest-
ing variables with P < 0.20 in the univariable analyses,
the herd incidence rate of culling due to hoof and leg
diseases was significant and therefore included in the
final model. As some cows were missing data for one or
more variables, the number of cows in the final model
was 2,821 from 97 herds.

The final multivariable mixed-effect logistic regres-
sion model is presented in Table 3. Breed, fore udder
attachment, and HL were cow-related variables signifi-
cantly associated with the outcome. Swedish Red cows
had a higher probability of mild UCD than SH cows (P
< 0.001) or SH x SR cows (P = 0.04), and the SH X
SR cows had a higher risk than SH cows. Cows with
HL had a greater risk of mild UCD than cows with no
HL. Cows with intermediate fore udder attachment also
had a greater risk than cows with strong fore udder
attachment. The risk for mild UCD did not differ for
loose fore udder attachments and the other categories.
In addition, the analyses identified an interaction be-
tween parity and I/F. Cows with I/F had a higher risk
of mild UCD than cows without I/F, but the linear
increase in risk with increasing parity in cows without
I/F was not seen in cows with I/F (Figure 2). For both
groups (cows with and without I/F), the risk of UCD

41

51 61 71 81 91

Herd 1-99

Figure 1. Within-herd prevalence (%) of mild (light gray) and severe (dark gray) udder cleft dermatitis (UCD) in 3,479 dairy cows in 99

Swedish freestall dairy herds. Each bar on the x-axis represents 1 herd.
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was significantly higher for cows in higher parities than than cows in herds with low proportion of culling. The
for first-parity cows (P < 0.01). Only one herd-related random effect of cows within herd was significant in the
variable was significantly associated with mild UCD in final model (P < 0.001). The model showed good fit to
the final model—cows in herds with a high proportion the data, and the assumptions of normality and equal
of culling due to hoof and leg diseases had a higher risk variance were verified in the residual plots.

Table 2. Cow- and herd-related variables significantly associated (P < 0.05) with mild udder cleft dermatitis (UCD) in four multivariable,
mixed-effect, logistic regression sub-models

Sub-model/variable B! SE OR? 95% CI P-value
Sub-model 1: Cow-related factors (n = 2,915 cows)

Breed

Swedish Holstein (SH) Referent

Swedish Red (SR) 1.03 0.13 2.80 2.18-3.60 <0.001

SH x SR 0.60 0.19 1.82 1.24-2.66 0.002
Fore udder attachment®

Strong (>160°) Referent

Intermediate (~120°) 0.50 0.21 1.65 1.09-2.50 0.018

Loose (<90°) 0.32 0.25 1.37 0.84-2.22 0.20
Indentation or skin fold at fore udder attachment

No Referent

Yes 0.67 0.13 1.96 1.52-2.54 <0.001
Parity

1 Referent

2 0.95 0.14 2.57 1.96-3.37 <0.001

>3 1.34 0.14 3.81 2.89-5.01 <0.001
Presence of hock lesion

No Referent

Yes 0.32 0.12 1.40 1.10-1.78 0.009

Sub-model 2: General herd and housing-related factors
(n = 2,946 cows)
Cubicle base

Mattress Referent
Rubber mats —0.25 0.14 0.78 0.59-1.03 0.083
Other —1.16 0.35 0.31 0.16-0.62 0.001

Distance from brisket board to rear curb (or total length
of cubicle if no brisket board)

Below recommendation Referent
As recommended (180 + 2 cm) —0.49 0.20 0.66 0.48-0.91 0.01
Above recommendation —0.42 0.16 0.61 0.42-0.90 0.013

Sub-model 3: Management-related factors (n = 2,211 cows)
Frequency of cleaning of cubicles (times/d)

>2 Referent
2 —0.48 0.17 0.62 0.44-0.87 0.006
<2 -0.71 0.51 0.49 0.18-1.34 0.17

Sub-model 4: Herd health-related factors (n = 3,063 cows)
Cow mortality (cases/100 cows at risk)*

0-4.9 Referent

>5 —0.40 0.14 0.67 0.51-0.88 0.003
Cows with >70 d between calving and first insemination (%)"

0-19 Referent

>20 —0.36 0.14 0.70 0.53-0.92 0.01

Veterinary-treated cases of feeding-related diseases
(cases/100 cows at risk)*
0-0.9 Referent
>1.0 —0.31 0.14 0.73 0.56-0.96 0.025

'8 = regression coefficient.

*0OR = odds ratio.

*Ocular evaluation of the angle at the anterior udder attachment, between udder and abdominal wall (strong: >160°, intermediate: ~120°, or
loose: <90°).

"Herd incidence rate or proportion based on data from the Swedish Official Milk Recording Scheme (SOMRS) for the 12 mo preceding the herd
visit.
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Figure 2. Associations between risk of mild udder cleft dermatitis
(UCD), parity, and udder conformation [with or without indentation
or skin fold (I/F) at the fore udder attachment|. First-parity cows and
cows without I/F had generally a lower risk for mild UCD, but for
cows without I/F there was a linear increase in risk with higher parity,
whereas cows with I/F in their second parity had as high risk as cows
in their third or higher parity. Whiskers indicate 95% CI, based on
a multivariable, mixed-effect, logistic regression model of 2,821 cows
from 97 Swedish freestall dairy herds.
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Risk Factors Associated with Severe UCD

The evaluation of risk factors for severe UCD in-
cluded 2,826 cows from 99 herds in the univariable
analyses. Of 85 variables analyzed, 37 had a P-value
<0.20 and were kept for further analyses in 1 of the 4
multivariable sub-models. In total, 14 variables were
tested in the model for cow-related factors (including
DIM as a confounder to milk yield), 8 in the model
for herd and housing-related factors, 5 in the model
for management-related factors, and 11 in the model
for herd health-related factors (Supplemental Tables S1
and S2; https://doi.org/10.3168/jds.2017-13133). All
variables significantly associated (P < 0.05) with severe
UCD in the sub-models are presented in Table 4. These
were then entered into the final model that initially
contained 16 explanatory variables. When retesting
variables that had a result of P < 0.20 in the univari-
able analyses, distance from brisket board to rear curb
(or total length of cubicle if no brisket board) and herd
incidence rate of VTCM (cases/100 cows at risk) were
significant and therefore kept in the final model.

The final multivariable logistic regression model
for risk factors associated with severe UCD included

Table 3. Results of the final multivariable mixed-effect logistic regression analysis for cow- and herd-related factors associated with mild udder

cleft dermatitis (UCD) in 2,821 cows in 97 Swedish dairy herds

Variable and category B! SE OR’? 95% CI P-value
Intercept —2.99 0.35 <0.001
Breed

Swedish Holstein (SH) Referent

Swedish Red (SR) 1.10 0.13 3.00 2.33-3.87 <0.001

SH x SR _ 0.68 0.20 1.98 1.33-2.94 0.001
Fore udder attachment®

Strong Referent

Intermediate 0.55 0.22 1.73 1.12-2.66 0.013

Loose 0.39 0.25 1.47 0.90-2.42 0.13
Presence of hock lesion

No Referent

Yes 0.34 0.13 1.40 1.09-1.80 0.008
Interaction: parity x indentation or skin fold at fore udder attachment

(I/F)

1, no I/F Referent

2, no I/F 0.94 0.16 2.55 1.88-3.46 <0.001

>3, no I/F 1.57 0.16 4.81 3.53-6.56 <0.001

1, with I/F 1.08 0.31 2.95 1.59-5.46 0.001

2, with I/F 2.02 0.22 7.52 4.87-11.6 <0.001

>3, with I/F 1.88 0.19 6.52 4.49-9.47 <0.001
Culling due to hoof and leg diseases (cases/100 cows at risk)"

0-2.6 Referent

>2.7 0.50 0.15 1.65 1.23-2.22 0.001
Visit period®

February to April 2014 Referent

December to March 2014/2015 —0.61 0.15 0.54 0.40-0.74 <0.001

'8 = regression coefficient.
*0OR = odds ratio.

30cular evaluation of the angle at the anterior udder attachment, between udder and abdominal wall (strong: >160°, intermediate: ~120°, or

loose: <90°).

*Herd incidence rate based on data from the Swedish Official Milk Recording Scheme.

“Included as a confounder.
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2,489 cows from 90 herds (Table 5). The risk factors
included DIM, milk yield, and parity, with a higher
risk of severe UCD for cows with higher DIM and high
milk yield and a linear increase in risk with increasing
parity. An interaction was seen between breed and fore
udder attachment. Cows of the SH breed had lower
risk of severe UCD than cows of the SR and SH x SR
breeds (P < 0.001). Moreover, there was a lower risk
of severe UCD for cows of the SH breed with a strong
fore udder attachment, which was not seen for cows of
the SR breed—the SR cows had slightly lower risk of
severe UCD (P = 0.02) if they had a loose fore udder
attachment compared with an intermediate attachment
(Figure 3). For SH x SR cows, fore udder attachment
did not affect the risk of severe UCD.

Three herd performance indicators were associated
with severe UCD. These were the incidence rate of
VTCM, culling of first-parity cows in early (0-90 d)
lactation, and culling due to udder diseases, based on
SOMRS data from the 12 mo preceding the visit. The
risk for severe UCD was lower for cows in herds with
3.32 to 10.0 cases of VI'CM than for cows in herds
with other incidence rates of VI'CM. The risk for se-
vere UCD did not differ significantly between the other
categories of herd incidence of VT'CM. A higher risk for
severe UCD was seen among cows in herds with a low
incidence of culled first-parity cows in early lactation.
Cows in herds with a high incidence rate of culling due
to udder diseases had a higher risk of severe UCD than
cows in herds with a low proportion of such culling.

Other herd-related factors associated with severe
UCD included distance from brisket board to rear curb,
cubicle base, and installation year of the cubicles. A
distance greater than recommended from brisket posi-
tioner to the rear curb of the cubicle was associated with
a lower risk for severe UCD than if the distance was as
recommended or below recommendation. If cubicles did
not have a brisket positioner, the total length of the
lying area was measured; these cubicles were mostly in
the “greater than recommended” category. The risk of
severe UCD did not differ significantly between cubicles
with the recommended and below-recommended dis-
tances. Cows in herds with a mattress as cubicle base
had a higher risk for severe UCD than cows in herds
with rubber mats or other cubicle base (e.g., concrete
or deep-straw bedding). Cows in herds where cubicles
were installed between 2001 and 2005 had a lower risk
for severe UCD than cows in herds where cubicles were
installed in 2000 or earlier. The risk of severe UCD did
not differ significantly between cubicles installed after
2005 and the other 2 categories. The random effect of
herd was not significant (P = 0.19) and was therefore
removed from the analysis. The model explained about
21% of the variation in the data (R* = 0.21). The
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model fit was good, and the assumptions of normality
and equal variance were verified in the residual plots.

Risk Factors Associated with All UCD

The evaluation of risk factors for all UCD included
3,479 cows from 99 herds in the univariable analyses.
Of 85 variables analyzed, 36 had a P-value <0.20 and
were kept for further analyses in 1 of the 4 multivari-
able sub-models. In total, 13 variables were tested in
the model for cow-level factors, 6 in the model for herd
and housing-related factors, 5 in the model for man-
agement-related factors, and 12 in the model for herd
health-related factors (Supplemental Tables S1 and S2;
https://doi.org/10.3168/jds.2017-13133). All variables
significantly associated (P < 0.05) with all UCD in
the sub-models are presented in (Supplemental Table
S3;  https://doi.org/10.3168/jds.2017-13133).  These
were then entered into the final model that initially
contained 10 explanatory variables. When retesting
variables that had a result of P < 0.20 in the univari-
able analyses, herd incidence rate of VTCM (cases/100
cows at risk) was significant, as was the percentage of
heifers not inseminated at >17 mo of age, and these
were therefore kept in the final model.

The final multivariable logistic regression model for
risk factors associated with all UCD included 3,215
cows from 93 herds (Supplemental Table S4; https://
doi.org/10.3168/jds.2017-13133). The risk factors in-
cluded breed in an interaction with fore udder attach-
ment, as well as parity in an interaction with I/F. Cows
of the SH breed had lower risk of UCD than cows of the
SR and SH x SR breeds (P < 0.002), except for cows
with a strong udder attachment where there were no
differences between cows of SH and SH x SR breeds (P
= 0.14). Moreover, there was a lower risk of UCD for
SH cows with a strong fore udder attachment compared
with an intermediate or loose attachment (P < 0.006),
which was not seen for SR cows. Instead, SR cows had a
lower risk of UCD if they had a loose fore udder attach-
ment compared with an intermediate attachment (P =
0.009). For SH x SR cows, fore udder attachment did
not affect the risk of UCD. For the interaction between
parity and I/F, the results showed that cows with I/F
had a higher risk of UCD than cows without I/F (P <
0.001) except for cows in parity 3 or higher (P = 0.21).
A linear increase in UCD with increasing parity was
seen for cows without I/F but not for cows with I/F.
For both groups (cows with and without I/F), the risk
of UCD was higher for cows in higher parities than in
first-parity cows (P < 0.007).

Two herd performance indicators were associated
with UCD. These were the incidence rate of VICM
and proportion of heifers not inseminated at >17 mo of
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Table 4. Cow- and herd-related variables significantly associated (P < 0.05) with severe udder cleft dermatitis (UCD) in four multivariable,

mixed-effect, logistic regression sub-models

Sub-model/variable B! SE OR’ 95% CI P-value
Sub-model 1: Cow-related factors (n = 2,708)
Breed
Swedish Holstein (SH) Referent
Swedish Red (SR) 1.56 0.18 4.74 3.35-6.69 <0.001
SH x SR 1.08 0.27 2.95 1.73-5.02 <0.001
DIM
0-90 d Referent
91-180 d 0.26 0.18 1.29 0.90-1.85 0.16
180-305 d 0.65 0.20 1.91 1.30-2.82 0.001
>306 d 0.74 0.30 2.09 1.17-3.73 0.013
ECM’
<26 kg Referent
27-31 kg 0.26 0.23 1.30 0.82-2.06 0.26
32-37 kg 0.75 0.23 2.11 1.35-3.29 0.001
>38 kg 1.27 0.25 3.57 2.18-5.85 <0.001
Fore udder attachment®
Strong (>160°) Referent
Intermediate (~120°) 0.85 0.31 2.34 1.28-4.28 0.006
Loose (<90°) 0.58 0.34 1.79 0.92-3.48 0.09
Milk urea concentration (mmol/L)
<3.8 Referent
3.8-4.3 0.09 0.19 1.09 0.75-1.60 0.64
4.3-5.1 —0.48 0.20 0.62 0.41-0.94 0.026
>5.2 —0.26 0.22 0.77 0.50-1.18 0.23
Parity
1 Referent
2 0.95 0.21 2.57 1.71-3.87 <0.001
>3 1.62 0.20 5.07 3.40-7.58 <0.001
Sub-model 2: General herd and housing-related factors
(n = 2,638 cows)
Concrete exposed behind mat/mattress at rear curb
No Referent
Yes 0.39 0.20 0.69 0.46-1.00 0.048
Cubicle base
Mattress Referent
Rubber mats —0.52 0.23 0.60 0.38-0.93 0.022
Other —1.82 0.51 0.16 0.06-0.44 <0.001
Herd size
<75 —0.70 0.28 0.49 0.28-0.86 0.01
75-98 Referent
99-125 —0.73 0.26 0.48 0.29-0.81 0.006
>126 —0.62 0.28 0.53 0.31-0.92 0.02
Year of cubicle installation
<2001 Referent
2001-2005 —0.64 0.26 0.53 0.32-0.93 0.014
>2006 —0.14 0.26 0.87 0.52-1.45 0.59
Sub-model 3: Management-related factors (n = 2,826 cows)
Longest interval between two milkings (h)
<10 (3 milkings/d) —1.08 0.45 0.34 0.14-0.82 0.017
>12 (2 milkings/d) Referent
Regular use of feed adviser
No Referent
Yes 0.57 0.27 1.77 1.04-3.03 0.036
Sub-model 4: Herd health-related factors (n = 2,734 cows)
Cow mortality (cases/100 cows at risk)”
0-4.9 Referent
>5 i —0.72 0.20 0.49 0.33-0.72 <0.001
Cows with >70 d between calving and first insemination (%)”
0-19 Referent
>20 —0.44 0.20 0.64 0.44-0.94 0.025
Continued
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Table 4 (Continued). Cow- and herd-related variables significantly associated (P < 0.05) with severe udder cleft dermatitis (UCD) in four

multivariable, mixed-effect, logistic regression sub-models

Sub-model/variable B! SE OR? 95% CI P-value

Culling due to udder diseases (cases/100 cows at risk)”

0-8.9 Referent

>9 0.65 0.20 1.92 1.30-2.83 0.001
Culling of first-parity cows in early (0-90 d) lactation
(cases/100 cows at risk)”

0-24 Referent

>2.5 —0.40 0.20 0.67 0.45-0.98 0.041

'8 = regression coefficient.
*0OR = odds ratio.

3Daily production of ECM based on results from test milking within +34 d from herd visit.

*Ocular evaluation of the angle at the anterior udder attachment, between udder and abdominal wall (strong: >160°, intermediate: ~120°, or

loose: <90°).

’Herd incidence rate or proportion based on data from the Swedish Official Milk Recording Scheme for the 12 mo preceding the herd visit.

age, based on SOMRS data from the 12 mo preceding
the visit. The risk for UCD was lower for cows in herds
with 3.32 to 9.99 cases of VI'CM than for cows in herds
with 0.0 to 3.31 cases of VI'CM or herds with 10.0 to
15.71 cases. The risk for UCD was also lower in herds
with >15.72 cases than in herds with 10.0 to 15.71
cases (P = 0.044). Cows in herds with >17% of heifers
not inseminated at >17 mo of age had a lower risk of
UCD than cows in herds with 0 to 16% of heifers not
inseminated at >17 mo of age.

Another herd-level factor associated with all UCD
was cubicle base. Cows in herds with mattresses had
a higher risk for UCD than cows in herds with rubber
mats or other cubicle base (e.g., concrete or deep-straw
bedding). The random effect of cows within herd was
significant in the final model (P < 0.001). The model fit
was good, and the assumptions of normality and equal
variance were verified in the residual plots.

Associations Between UCD and Mastitis and Culling

The analysis of associations between mild UCD and
VTCM or culling included 3,063 cows from 97 herds.
For milk SCC, only 3,033 cows were included because of
missing data in the SOMRS. In the univariable mixed-
effect linear regression analysis, cows with mild UCD
had a higher milk SCC than cows without UCD (P <
0.001), but the association was no longer significant (P
= 0.58) when parity was included as a confounding fac-
tor. The other potential confounders (breed, DIM, and
milk yield) had no confounding effect on mild UCD,
although DIM and milk yield were significantly associ-
ated with SCC. There was no significant association
between mild UCD and VICM within 90 d before or
after the visit.

In the analyses of associations between severe UCD
and VITCM or culling, 2,734 from 97 herds were in-

cluded and 2,708 for milk SCC. As for the univariable
analysis of mild UCD, cows with severe UCD had a
higher SCC than cows without UCD (P = 0.012), but
this association was no longer significant when parity
was included as a confounder (P = 0.48). The other po-
tential confounders had no confounding effect on severe
UCD, although all of them were significantly associated
with SCC. Severe UCD was associated with a higher
risk of VICM (P = 0.005) in the univariable analysis,
but the association was no longer significant when par-
ity was included as confounder (P = 0.14).

The analysis of associations between all UCD and
VTCM or culling included 3,372 cows from 97 herds.
For milk SCC, only 3,339 cows were included because
of missing data in the SOMRS. In the univariable
mixed-effect linear regression analysis, cows with UCD
had a higher SCC than cows without UCD (P < 0.001),
but the association was no longer significant when par-
ity was included as a confounding factor (P = 0.87).
The other potential confounders (breed, DIM, and milk
yield) had no confounding effect on UCD, although
they were significantly associated with SCC. We also
detected a significant association between VT CM with-
in 90 d before or after the visit and UCD in the univari-
able analysis; cows with UCD had a higher risk of being
VTCM within 90 d before or after the visit (P = 0.05).
However, the association was no longer significant (P
= 0.82) when parity was included as a confounding
factor. The other potential confounders (breed, DIM,
and milk yield) had no confounding effect on UCD,
although DIM was significantly associated with SCC.

In total, 7% (245 of 3,479) of the cows were culled
within 90 d after the visit. The most common regis-
tered reasons were udder health problems (72 cows) or
decreased fertility (58 cows). A higher risk of culling
(for any reason) within 90 d after the visit was seen in
the univariable analysis (P = 0.002) for cows with mild
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Table 5. Results of the final multivariable, logistic regression analysis for cow- and herd-related factors associated with severe udder cleft
dermatitis (UCD) in 2,489 cows in 90 dairy herds

Variable and category B! SE OR’ 95% CI P-value
Intercept —3.38 0.51 <0.001
DIM

0-90d Referent

91-180 d 0.30 0.19 1.35 0.94-1.95 0.11

181-305 d 0.67 0.20 1.96 1.32-2.92 0.001

>306 d 0.92 0.30 2.52 1.40-4.54 0.002
ECM?

<26 kg Referent

27-31 kg 0.24 0.23 1.27 0.80-2.01 0.31

32-37 kg 0.60 0.23 1.83 1.17-2.86 0.009

>38 kg 1.22 0.25 3.40 2.08-5.55 <0.001
Parity

1 Referent

2 0.94 0.22 2.56 1.68-3.91 <0.001

>3 1.67 0.21 5.31 3.50-8.05 <0.001
Interaction: fore udder attachment® x breed

Swedish Holstein (SH), strong —2.36 1.02 0.09 0.01-0.70 0.02

SH, intermediate Referent

SH, loose 0.24 0.27 1.27 0.74-2.16 0.38

Swedish Red (SR), strong 1.41 0.39 4.10 1.92-8.76 <0.001

SR, intermediate 1.61 0.19 4.98 3.42-7.25 <0.001

SR, loose 1.00 0.26 2.72 1.62-4.57 <0.001

SH x SR, strong 0.39 0.81 1.48 0.30-7.31 0.63

SH x SR, intermediate 1.27 0.30 3.55 1.96-6.41 <0.001

SH x SR, loose 0.78 0.60 2.19 0.68-7.02 0.19

Distance from brisket board to rear curb (or total length of
cubicle if no brisket board)

Under recommendation 0.42 0.19 1.53 1.05-2.21 0.025
As recommended (180 £ 2 cm) 0.55 0.20 1.73 1.17-2.56 0.006
Over recommendation Referent
Cubicle base
Rubber mattress Referent
Rubber mats —0.85 0.20 0.43 0.29-0.63 <0.001
Other —1.42 0.48 0.24 0.09-0.62 0.003
Year of cubicle installation
<2001 Referent
2001-2005 —0.86 0.22 0.42 0.29-0.63 <0.001
>2006 —0.30 0.21 0.74 0.50-1.11 0.15
Culling due to udder diseases (cases/100 cows at risk)”
0-8.9 Referent
>9.0 0.69 0.15 2.00 1.49-2.69 <0.001

Culling of first-parity cows in early (0-90 d) lactation
(cases/100 cows at risk)”

0-2.4 Referent

>2.5 —0.39 0.16 0.68 0.49-0.92 0.014
Veterinary-treated clinical mastitis (cases/100 cows at risk)”

0-3.31 0.65 0.24 1.91 1.19-3.08 0.008

3.32-9.99 Referent

10.00-15.71 0.70 0.23 2.02 1.29-3.18 0.002

>15.72 0.58 0.23 1.79 1.14-2.83 0.012
Visit period®

February to April 2014 Referent

December to March 2014/2015 —1.03 0.17 0.36 0.26-0.50 <0.001

'8 = regression coefficient.

*0OR = odds ratio.

*Daily production of ECM based on results from test milking within +34 d from herd visit.

*Ocular evaluation of the angle between udder and abdominal wall (strong: >160°, intermediate: ~120°, or loose: <90°).
®Herd incidence rate based on data from the Swedish Official Milk Recording Scheme for the 12 mo preceding the herd visit.
SIncluded as a confounder.
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Figure 3. Associations between risk of severe udder cleft dermatitis
(UCD), breed (Swedish Holstein, SH; Swedish Red, SR; or cross-breed,
SH x SR), and fore udder attachment. The SH cows had a lower risk
of severe UCD if they had a strong fore udder attachment, whereas SR
cows with a loose fore udder attachment had lower risk than SR cows
with intermediate fore udder attachment. The angle of the anterior
udder attachment between udder and abdominal wall was determined
visually as strong >160°, intermediate ~120°, or loose <90°. Whiskers
show the 95% CI, based on the results of a multivariable logistic re-
gression model of 2,489 cows in 90 Swedish freestall dairy herds.

UCD and all UCD, but not when parity was included
as a confounder (P = 0.11 and P = 0.33, respectively).
There was no significant association between severe
UCD and culling.

DISCUSSION

To the best of our knowledge, this is the largest and
most comprehensive study performed on the prevalence
of, and risk factors for, UCD in dairy cows. This is also
the first study to model risk factors separately for mild
and severe UCD. The results emphasize the importance
of preventing UCD because it is a common condition
in dairy cows, and important risk factors have been
identified.

Prevalence of UCD in Cows and Herds

We found the total prevalence of UCD in dairy cows
to be considerably higher (28%) than in a previous
study that used an almost identical scoring system
in 30 randomly selected herds in one Swedish county
(18%; Persson Waller et al., 2014). One reason for the
difference could be that UCD is increasing but there
may also have been differences in scoring between in-
dividual observers or in the selection criteria of herds.
The prevalence was also much higher than in a Dutch
study in 20 randomly selected herds (Olde Riekerink
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et al., 2014). However, that study used a different
scoring system, making it difficult to compare results.
Moreover, the Dutch dairy population consists mainly
of Holstein-Friesian cows. The distribution of mild and
severe cases of UCD in our study, indicating that ap-
proximately one-third of UCD cows had severe lesions,
was in line with previous results (Persson Waller et al.,
2014). The fact that 9% of the cows had severe UCD
lesions and that severe lesions were found in 83 of 99
herds indicates that UCD is a rather common animal
welfare problem in Swedish dairy herds.

Although UCD lesions were found in almost all
herds, there was large variation in the total within-herd
prevalence of UCD and its degree (mild or severe). This
is in line with previous studies (Olde Riekerink et al.,
2014; Persson Waller et al., 2014), indicating that herd
factors are important for both prevalence and severity
of the lesions.

Cow Factors Associated with UCD

Several cow risk factors were common to both mild
and severe UCD, whereas other factors were associated
with only mild or only severe lesions. The risk factors
identified in the models for all UCD were also found for
mild or severe UCD, or for both types, but more risk
factors were identified for mild or severe UCD than for
all UCD. Below, the results are discussed for mild and
severe UCD with comments on findings for all UCD
when appropriate.

Cow Factors Associated with Both Mild and
Severe UCD. Factors significant for both mild and
severe UCD, as well as all UCD, were breed, udder con-
formation, and parity. Independent of severity, SR cows
had a greater risk of UCD than SH cows, as reported
previously by Persson Waller et al. (2014). Why this
should be so is unclear but differences in udder confor-
mation may be relevant. A strong fore udder attach-
ment was associated with a lower risk for mild UCD in
all cows and for severe UCD in SH cows. Previous stud-
ies have reported a lower risk for UCD lesions in cows
with a strong fore udder attachment (Persson Waller
et al., 2014) and an increased risk of UCD for cows
with a loose fore udder attachment (Hansen and Nis-
sen, 2010; Olde Riekerink et al., 2014). In contrast, the
risk for severe UCD in SR cows was slightly lower for
cows with a loose fore udder attachment than for those
with an intermediate attachment. The reason for this
is unknown but emphasizes that udder conformation is
an important factor for UCD. The SH cows had bet-
ter scores for several udder conformation traits in the
breeding evaluation because SH cows tend to have less
deep udders and a stronger udder support compared
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with SR cows (Vaxa Sverige, 2008). As these traits are
difficult to score objectively in the milking parlor, we
did not investigate them in our study. Therefore, they
could have been “hidden” in the breed variable and
affected the association between breed and UCD. A
significant association between increased udder depth
and increased risk of UCD was indeed found by Hansen
and Nissen (2010) and Olde Riekerink et al. (2014), but
a strong median suspensory ligament (udder support)
had no association (Olde Riekerink et al., 2014) or was
associated with a higher risk of UCD (Hansen and Nis-
sen, 2010) in other studies.

The risk for UCD increased with parity, in agreement
with other studies (Warnick et al., 2002; Persson Waller
et al., 2014; Bouma et al., 2016). It might be speculated
that older cows per se are more susceptible to UCD,
as with several other diseases, including mastitis and
HL (Kester et al., 2014; Vaxa Sverige, 2017), but the
increased risk could also be due to changes in udder
conformation over time. In addition, the chronic nature
of UCD (Bouma et al., 2016) may explain its higher
prevalence in older cows.

Cow Factors Associated with Only Mild UCD.
In addition to factors mentioned above, I/F and HL
were significantly associated with an increased risk of
mild UCD, and I/F was also significant in the model
for all UCD. This is in agreement with a previous study
that found a tendency for increased risk for UCD for
cows with an I/F at the fore udder (Persson Waller et
al., 2014). As discussed by others (Beattie and Taylor,
2000; Hansen and Nissen, 2010), UCD lesions are simi-
lar to intertrigo or skin fold dermatitis in other species.
Skin folds resulting in a moist and enclosed environ-
ment are harmful to the skin barrier and predispose
it to secondary microbiological infection (Hansen and
Nissen, 2010; Foster, 2012). The increased risk of mild
UCD in cows with HL might be due, at least partly, to
risk factors common to both HL. and UCD, such as par-
ity (Kester et al., 2014). However, SH cows generally
have more HL than other breeds, including SR cows
(Kester et al., 2014; Gustafsson et al., 2016), whereas
the opposite is the case for mild UCD. The association
between HL and mild UCD requires further investiga-
tion, but it could be speculated that some cows are
more predisposed to skin lesions than others or that
certain herd or management factors contribute to an
increased prevalence of both UCD and HL.

Cow Factors Associated with Only Severe UCD.
High milk yield and increasing DIM were significantly
associated with increased risk of severe UCD, associa-
tions also reported in previous studies (Olde Riekerink
et al., 2014; Persson Waller et al., 2014; Bouma et al.,
2016). High milk yield could result in greater pressure
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within the udder, leading to reduced blood circulation
(Blowey and Edmondson, 2010; Hansen and Nissen,
2010) and possibly local skin damage from tissue ne-
crosis. In the univariable analysis and in the sub-model
for management factors, the risk for severe UCD was
significantly lower for cows milked thrice daily than for
those milked twice, a finding that supports the role of
pressure in the udder as a contributing factor to UCD.
The higher risk of severe UCD in cows later in lacta-
tion could be related to changes in udder conformation
over the lactation period (Gustafsson, 1998), resulting
in more skin folds in the affected area. Moreover, a le-
sion that develops early in lactation is likely to persist,
thereby contributing to the increased prevalence later
in lactation (Bouma et al., 2016).

Herd Factors Associated with Mild and Severe UCD

Interestingly, no herd-related risk factors were com-
mon to mild and severe UCD, but some risk factors
were associated with either mild or severe lesions. Some,
but not all, of those herd-related risk factors were also
found for all UCD. In addition, a low herd proportion
of heifers older than 17 mo and not inseminated was
a risk factor for all UCD. The reasons for this finding
are unknown. The random effect of herd was significant
in all models except the final model for severe UCD,
which indicates that the main effects included in the
initial models do not explain all the variation in UCD
prevalence. Moreover, the final model for severe UCD
explained only about 21% of the variation in the data
set. Thus, additional herd factors must affect UCD oc-
currence that were not revealed by the study. Below,
the results are discussed for mild and severe UCD, with
comments on findings for all UCD when appropriate.

Herd Factors Associated with Only Mild UCD.
Only 1 of the 67 herd-related variables was significantly
associated with mild UCD, implying that cow-related
factors are more important for the outcome. The
increased risk of mild UCD for cows in herds with a
high proportion of cows culled for hoof and leg diseases
needs further investigation. It may be related to the as-
sociation between mild UCD and HL, as the association
between HL and lameness is well established (Kester et
al., 2014). Lame cows alter their behavior and lie down
for longer periods than nonlame cows (Chapinal et al.,
2010). This behavior could increase the risk of UCD as
the udder becomes exposed to increased pressure and
airtight skin folds when the cow is lying down.

Herd Factors Associated with Only Severe
UCD. In contrast to mild UCD, 3 housing-related
factors and 2 herd-performance indicators related to
udder health were significantly associated with severe
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UCD. Cows housed in freestalls with rubber mattresses
had a higher risk of severe UCD than cows housed on
rubber mats. The same was found for all UCD. We
hypothesize that this could be due to a warmer and
moister environment for the udder when the cows lie
on mattresses, which are usually thicker and softer than
mats. Moreover, in several herds, the mattress filling
had been compressed, resulting in indentations where
urine and manure could accumulate (data not shown),
which could be harmful to the skin barrier. A longer
distance between brisket board and rear curb was as-
sociated with a lower probability of severe UCD. This
could be because a longer distance gives the cow more
room to position and extend her body, resulting in fewer
skin folds and more air circulation around the front of
the udder. The reasons behind the lower risk of severe
UCD in cows housed in cubicles installed between 2001
and 2005 are not known. It is possible that freestalls
installed during this period share some attribute that
influences UCD prevalence, but the finding could also
be due to a type I error. There was no difference be-
tween cubicles installed before 2001 or after 2005, so
cubicle age per se cannot account for the lower risk in
the cubicles installed between 2001 and 2005. No previ-
ous study has investigated associations between UCD
and these housing-related factors, so further investiga-
tions are warranted.

There was a higher risk of severe UCD for cows in
herds with high rates of VI'CM and of culling due to
udder diseases. The association with VI'CM was also
found for all UCD. The findings might indicate an as-
sociation between severe UCD and udder health, but
it could also be due to some unidentified management
factors affecting the rate of VI'CM and culling as well
as severe UCD. Persson Waller et al. (2014) found no
association between herd incidence of VICM and UCD
but did find an increased risk for UCD in cows with
registered VI'CM within 30 d of the UCD observation.
The reasons for the higher risk for severe UCD among
cows in herds with a low incidence of culled first-parity
cows in early lactation are not known.

Associations Between UCD and Udder
Health and Culling

Clearly, factors that affect the overall health and im-
mune status of the cow might also affect the occurrence
of UCD. We hypothesized that UCD lesions might in-
crease the risk of udder health problems and premature
culling. The univariable analyses showed that both mild
and severe UCD, as well as all UCD, were significantly
associated with increased SCC, and cows with severe
or all types of UCD had an increased risk for VI'CM
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within 90 d after the herd visit. However, when includ-
ing the confounding factor of parity in the models, the
effects of UCD were no longer significant. Other studies
have found no associations between UCD and SCC on
either the cow level (Persson Waller et al., 2014) or the
herd level (Olde Riekerink et al., 2014; Persson Waller
et al., 2014). However, the associations between UCD
and VI'CM (Persson Waller et al., 2014) and between
UCD and herd performance indicators related to ud-
der health indicate the need to further investigate as-
sociations between UCD and udder health problems.
Diseases are underreported to the SOMRS (Wolff et
al., 2012), which means that the incidence of VTCM
registered in the present study might not be completely
reliable. To better understand the associations between
UCD and udder health, a longitudinal study should in-
vestigate development of UCD lesions, changes in SCC,
and the incidence rate of clinical mastitis.

The univariable analysis showed that mild and all
UCD, but not severe UCD, were significantly associ-
ated with a higher risk of culling within 90 d after the
herd visit. However, when parity was included in the
model, the association was no longer significant. To our
knowledge, the association between UCD and culling
has not been investigated previously. Our results imply
that factors other than UCD are more important for
the risk of culling.

Additional Comments

The study—designed to investigate several possible
cow- and herd-related risk factors in a large number
of herds—found previously unidentified risk factors. A
cross-sectional study, however, only yields a snapshot of
the conditions in the dairy herd. We cannot determine
the duration of UCD or draw any conclusions about
causality. Moreover, the large number of investigated
explanatory variables increases the risk of type I errors;
that is, identification of risk factors that are not true
risk factors. In addition, the selection and categoriza-
tion of the risk factors may have affected the results of
the study. We plan to perform longitudinal studies on
the development of different stages of UCD in a smaller
number of herds to identify risk factors associated with
the early phases of mild and severe UCD.

Our results imply that mild UCD is mainly asso-
ciated with the type of udder conformation and the
presence of other skin conditions, such as HL, whereas
environmental factors contribute more to an increased
risk for severe UCD. The involvement of microorgan-
isms, such as treponemes and ectoparasites, has been
suggested (Allenstein, 1991; Boyer and Singleton, 1998;
Stamm et al., 2009), but other studies (Warnick et al.,
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2002; Hansen and Nissen, 2010), including our own,
give no such indications. However, due to the wide
variation in within-herd prevalence of UCD and the
fact that identified risk factors cannot fully explain the
epidemiology of UCD, a role of infectious agents cannot
be ruled out. Treponemes have been found in HL in
dairy cows (Clegg et al., 2016) and in skin conditions in
other species, such as porcine shoulder ulcers (Karlsson
et al., 2014). They are highly invasive pathogens and
could increase the severity of UCD lesions even if they
are not the primary cause. Other studies have identified
a variety of bacteria in severe UCD lesions (Beattie
and Taylor, 2000; Warnick et al., 2002; Persson Waller,
2003). This type of lesion will inevitably contain many
environmental and opportunistic bacteria; however, it
is difficult to determine their role in development of the
lesions. To our knowledge, no studies have compared
the skin flora of healthy skin with that in different
stages of UCD, or used non-culture-based methods
such as next-generation sequencing to investigate the
lesions. We plan to perform such studies to obtain more
information on the etiology and pathogenesis of UCD.

CONCLUSIONS

Both mild and severe UCD lesions are common in
Swedish dairy herds, which emphasizes the need for
preventive measures and efficient treatments. Lesions
were found in 98 of 99 herds, and within-herd preva-
lence ranged from 0 to 43% for mild UCD and from 0
to 33% for severe UCD. Several cow-related risk fac-
tors were common to both mild and severe UCD, such
as parity and fore udder attachment, whereas other
cow- and herd-related factors were associated with
only mild lesions or only severe lesions. Severe UCD
was associated with the herd incidence rates of VICM
and culling of cows due to udder health problems,
but there were no associations between UCD and cow
VTCM or SCC. The etiology of UCD is most likely
multifactorial, involving udder conformation traits and
other cow-related risk factors, as well as herd-related
risk factors. An infectious cause or contributor to the
condition cannot be ruled out, and studies investigating
the microbiological flora of the lesions are warranted.
Further longitudinal studies on UCD could yield more
information on the etiology and pathogenesis of mild
and severe lesions.
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