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ABSTRACT

Udder cleft dermatitis (UCD) is a common skin 
condition in Swedish dairy cows, affecting the anterior 
parts of the udder. The main objective of this study was 
to investigate incidence rate and duration of UCD in a 
1-yr longitudinal study. Other objectives were to inves-
tigate risk factors for transitions from being healthy to 
having mild or severe UCD, and from having mild UCD 
to having severe UCD, and associations between UCD 
and clinical mastitis, somatic cell count (SCC) and hock 
lesions. Seven herds were included in the study and vis-
ited 9 times each at 6-wk intervals. At the visits, mild 
and severe UCD lesions, hock lesions, udder conforma-
tion traits, and hygiene scores were registered for each 
cow milked in the milking parlor. Information on breed, 
parity, days in milk (DIM), results from test milkings 
(milk production, SCC, and urea level), and veterinary 
treatments was also obtained. A UCD case was defined 
as one or several consecutive observations of UCD. The 
incidence and duration of UCD were described. Mixed-
effect logistic regression models were used to analyze 
associations between potential risk factors and transi-
tions to any type of UCD. Separate risk factor analyses 
were performed for transitions to mild and severe UCD. 
Associations with SCC, mastitis, and hock lesions were 
also analyzed with mixed-effect logistic regression mod-
els. The mean overall incidence of new UCD cases for 
all visits and herds was 0.5 cases per cow-year at risk. 
Risk factors associated with a higher risk of a transition 
to any type of UCD and mild UCD were breed (Swed-
ish Red vs. Swedish Holstein), an indentation or fold 
at the fore udder attachment, and increasing DIM. In 
addition, a low milk urea level was associated with a 
lower risk of transition to any type of and mild UCD. 
Cows with previous mild UCD and high-yielding cows 
had increased risk for a transition to severe UCD. Cows 

that had an observed transition to severe UCD had 
an increased risk of veterinary-treated clinical mastitis 
within 6 wk after the UCD observation. No associations 
were found between UCD and SCC or hock lesions. 
The median observed duration of a UCD case was 12 
wk, but most cases did not have an observed start or 
end during the study period. The observed duration of 
cases including severe UCD was longer than for cases 
involving only mild UCD. The high incidence and often 
long duration of UCD emphasize the need for preven-
tive measures and treatment strategies.
Key words: ulcerative mammary dermatitis, intertrigo, 
skin ulcer, longitudinal, cattle

INTRODUCTION

Udder cleft dermatitis (UCD) is common among 
cows in Swedish dairy herds (Persson Waller et al., 
2014; Ekman et al., 2018). The lesions are also seen 
in other countries, although few prevalence studies 
have been performed (Warnick et al., 2002; Hansen 
and Nissen, 2010; Olde Riekerink et al., 2014). Lesions 
appear at the fore udder attachment or between the ud-
der halves and are of unknown etiology. Ranging from 
small, eczema-like skin changes to large, exudative le-
sions, UCD may cause pain and discomfort in affected 
animals. The lesions may be classified as mild or severe 
according to their appearance and size (Persson Waller 
et al., 2014; Bouma et al., 2016; Ekman et al., 2018).

Most studies on UCD epidemiology are cross-sec-
tional, focusing on risk factors associated with having 
UCD (Olde Riekerink et al., 2014; Persson Waller et 
al., 2014; Ekman et al., 2018). Several such factors have 
been identified, but they explain only a small part of 
the variation in UCD prevalence. Udder conformation 
traits, such as fore udder attachment and udder depth, 
are important factors for UCD (Hansen and Nissen, 
2010; Persson Waller et al., 2014; Ekman et al., 2018), 
as are parity, DIM, and production level (Persson Waller 
et al., 2014; Bouma et al., 2016; Ekman et al., 2018). 
Ekman et al. (2018) also found that risk factors differ 
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between mild and severe UCD, indicating that mild 
and severe lesions should be investigated separately.

Longitudinal studies investigating incidence of new 
UCD, the progress and chronicity of lesions, and risk 
factors associated with the onset of UCD are lacking. 
However, Bouma et al. (2016) followed 5 Dutch dairy 
herds for 45 wk. The incidence of new cases of UCD 
was 1.94 cases per 100 cow-weeks at risk, and the risk 
for UCD was higher for cows in their third or higher 
parity. The risk also increased with DIM. Most lesions 
persisted for a long time (median duration 16 wk). 
Given the chronic nature of UCD lesions, it is possible 
that the risk factors for UCD identified in previous 
cross-sectional studies are not valid for the onset of 
new cases of UCD. Further longitudinal studies on risk 
factors for new UCD are therefore warranted.

Apart from a direct effect on animal welfare, UCD 
may be associated with other health problems, such as 
mastitis (Persson Waller et al., 2014) and hock lesions 
(Ekman et al., 2018). The reasons for these associa-
tions are not clear, but the presence of many bacterial 
species in UCD lesions may be one factor (Beattie and 
Taylor, 2000; Warnick et al., 2002; Sorge et al., 2019). 
Because the associations between UCD and mastitis 
and hock lesions have not been confirmed in other stud-
ies, further investigations are needed.

The aims of this study were to investigate the inci-
dence of new UCD cases and risk factors associated 
with transitions from being healthy to having mild or 
severe UCD, and from having mild UCD to having 
severe UCD, as well as to investigate the duration of 
UCD, by following 7 Swedish dairy herds for 1 yr in a 
longitudinal study. Additional aims were to investigate 
the relationships between UCD and other health prob-
lems, such as mastitis and hock lesions.

MATERIALS AND METHODS

Herd Data

Seven Swedish dairy cattle herds were enrolled in a 
longitudinal study based on the following inclusion cri-
teria: UCD prevalence of 15 to 60% in a previous UCD 

study (Ekman et al., 2018), use of a milking parlor and 
loose housing system, and enrollment in the Swedish 
official milk recording scheme (Växa Sverige). In this 
study, the cow was the study unit, and the number 
of individual cows needed was estimated to be 787 to 
ensure enough cases of severe UCD. The sample size 
was calculated to find at least 9 (±2) severe UCD cases 
per 100 examined cows, with a 95% CI, and the number 
of selected herds was a convenience sample to achieve 
around 800 individual cows. The herds selected were 
situated within 200 km from Uppsala, to facilitate herd 
visits. Participating farmers were asked not to use any 
topical treatments on UCD lesions during the ongoing 
study, which was according to their usual management.

Herd Visits

Each herd was visited 9 times, approximately every 
6 wk during the 1-yr study period (April/May 2018 to 
April 2019), at morning or afternoon milkings. All herd 
visits were performed by the first author, who made 
the observations during milking, based on the side of 
the cow visible from the milking parlor. Hand-written 
protocols were used on site and later transferred to 
Excel spreadsheets (Microsoft Corp, Redmond, WA). 
Lesions were scored from 0 to 5 (Table 1), where 0–1 
corresponded to no UCD, 2 to mild UCD (small crusts, 
papules, or pustules, often in combination with redness 
of the skin and serum exudation), and 3–5 to severe 
UCD (large crusts, breach of skin integrity, or prolifera-
tions of the skin) in line with a previous study (Ekman 
et al., 2018). If the cow had more than one UCD lesion, 
the areas of the lesions were combined for the scoring 
of size, and the most severe lesion was used for scoring 
of severity.

All cows that were milked in the parlor were examined 
for UCD at the fore udder attachment and between the 
front quarters of the udder. A hand-held mirror and a 
flashlight were used to visualize the area of interest. 
Each cow was also scored for 3 udder conformation 
traits, hygiene, and presence of hock lesions. The udder 
conformation traits were udder depth (relation of the 
udder base to the hock; scale 1–3, 1 = udder base at 
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Table 1. Scoring of udder cleft dermatitis (UCD) used in the study

Detailed 
scoring  Classification  Clinical appearance at the fore udder attachment or between the front quarters

0  No UCD  No signs of UCD.
1  No UCD  Very mild skin changes, such as redness of the skin or a single papule or pustule in the area of the fore udder 

attachment.
2  Mild UCD  Small papules/pustules or crusts, in combination with 1 or several signs of score 1; total size of crusts <5 × 5 cm.
3  Severe UCD  Large crusts, with or without signs of scores 1–2; total size of crusts, ≥5 × 5 cm. No open wound.
4  Severe UCD  Open wound, with or without signs of scores 1–3; total size of wound and surrounding crusts <5 × 5 cm.
5  Severe UCD  Open wound, with or without signs of scores 1–3; total size of wound and surrounding crusts ≥5 × 5 cm.
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or below hock level, 2 = udder base 2–12 cm above 
hock level, 3 = udder base more than 12 cm above 
hock level), fore udder attachment (angle between fore 
udder and abdominal wall; scale 1–3, 1 = angle 90° or 
less, 2 = angle around 120°, 3 = angle 160° or more), 
and presence of an indentation or fold (I/F) at the 
fore udder attachment (yes or no; Ekman et al., 2018). 
The hygiene score was based on the hind leg above the 
hock and the side of the udder visible from the milking 
parlor, and had a scale of 1 to 3, where 1 = clean or 
stains of dirt (total area of dirt <10 cm2), 2 = 1 to 2 
areas of dirt around 10 cm2, and 3 = more than 2 stains 
of 10 cm2 or larger area of dirt (modified from Ekman 
et al., 2018). Hock lesions (hair loss, open wound, or 
crusts) were scored on the outside of the hock that was 
visible from the operating area of the milking parlor. In 
addition, individual cow data on breed, lactation num-
ber, DIM, and results from monthly test milkings of 
milk production (kg/d), milk SCC, and milk urea levels 
were obtained from the Swedish official milk recording 
scheme.

The results from the test milking closest in time be-
fore the herd visit (up to 31 d before) were allocated to 
the observation at that particular herd visit when avail-
able. Farmers were asked to register veterinary treat-
ments of cows during the study period. Registrations 
from claw trimmers were also obtained when available.

Statistical Analyses

All statistical analyses were performed in Stata (re-
lease 15.1; StataCorp LLC, College Station, TX).

Data Editing. To correspond with previous defini-
tions of UCD (Persson Waller et al., 2014; Ekman et 
al., 2018) and to avoid subgroups with small numbers 
of cows, in all analyses, UCD was classified as no, mild, 
or severe (Table 1). The prevalence of any and each 
type of UCD was calculated for each herd at each visit. 
In addition, the number of transitions in all directions, 
between healthy, mild, and severe UCD, was calculated.

Incidence of Observed New UCD Cases. The 
incidence rate of observed new UCD cases was defined 
as the number of new observations of any type of UCD 
divided by the total “cow-time at risk,” standardized 
into new cases per cow-year at risk. This was calculated 
in Stata, using the stptime command (used to calculate 
person-time and incidence rates) after survival-time 
setting the data, with time defined as days after first 
observation for each individual cow, and any type of 
UCD as a single-failure event. The result from the stp-
time calculation (cases per cow-day at risk) was then 
transformed to cases per cow-year at risk by multiply-
ing the rate by 365. In addition, the subincidence rates 
of observed new cases of mild and severe UCD were 

calculated in the same way as for any type of UCD. 
However, for mild UCD, cows were censored if they got 
severe UCD, whereas for severe UCD, cows with mild 
UCD as well as cows with no UCD were included as 
cows at risk. Apart from the overall incidence for all 
herds and all visits combined, the within-herd incidence 
was also calculated for each herd. In all incidence calcu-
lations, a single cow could contribute to only 1 incident, 
even if she had recurrent cases of UCD.

Analyses of Risk Factors for Transitions to 
UCD. Risk factors for transitions to any type of, mild, 
or severe UCD were analyzed in 3 separate transition 
models. All models used mixed-effect logistic regression 
analysis, with herd and cow included as random effects 
(equal variances, all covariances zero), and the presence 
of UCD (yes or no) as a binary outcome.

In the data set used for analyzing transitions from 
healthy to affected by any type of UCD, observations 
where the cow had no UCD at the previous observa-
tion were included; thus, multiple observations per cow 
could be included in the models, if the cow had several 
observations of no UCD or if she had recurrent cases 
of UCD. Explanatory variables were first screened in 
univariable analyses for their association with a transi-
tion to UCD, and variables with P ≤ 0.2 were kept for 
the multivariable analyses. Continuous variables were 
assessed for a linear association with the outcome, and, 
if no linear association was detectable, they were trans-
formed into categorical variables, each divided into 
categories based on percentiles. Cows that had a tran-
sition to UCD at the first observation after a missing 
observation due to dry period were excluded, because 
the onset of UCD for these cows could have been late 
in the previous lactation or early in the current one, 
as the cows were not observed when they were in dry 
period. In addition, cows that had missing values for an 
explanatory variable were excluded when that variable 
was in the model. Explanatory variables with P ≤ 0.2 
were tested for collinearity by Spearman rank correla-
tions. If r ≥ 0.7, only one variable, the one with the 
lowest P-value in the univariable analysis, was kept for 
the multivariable model. The multivariable model was 
built using a manual stepwise, backward process, in 
which all explanatory variables were included from the 
beginning, and then removed if: (1) their P-value was 
>0.05, and (2) the model showed better quality when 
tested with Akaike’s information criterion without that 
specific variable. All plausible 2-way interactions be-
tween the remaining explanatory variables in the model 
were tested. Model fit was assessed by visual evaluation 
of residual plots according to Dohoo et al. (2010).

For investigating factors affecting transitions to mild 
UCD, the model was built in the same way as the model 
for any type of UCD, including cows with no UCD at 
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the previous observation and mild UCD (yes or no) as 
a binary outcome. Observations of severe UCD were 
excluded from this data set.

For transitions to severe UCD, the model was also 
built in the same way as for any type of UCD, with a 
few exceptions, and with severe UCD (yes or no) as a 
binary outcome. Cows with no, or mild, UCD at the 
previous observation (i.e., the previous herd visit when 
the cow was observed) were included in the analyses. 
Having mild UCD at the previous observation was 
included as an explanatory variable for the outcome 
(severe UCD), and cows with several observations of 
severe UCD with observations of no or mild UCD in 
between could thus contribute to several observations 
of transitions from unaffected to severe UCD.

Associations Between Transitions to UCD 
and Veterinary-Treated Clinical Mastitis, Milk 
SCC, and Hock Lesions. Because previous stud-
ies (Persson Waller et al., 2014; Ekman et al., 2018) 
indicated associations between UCD and other health 
problems, such as mastitis and hock lesions, we wanted 
to investigate these associations in the current study 
by focusing on cows with recent transitions to any type 
of, mild, or severe UCD. Therefore, we carried out uni-
variable, mixed-effect logistic regression analyses using 
3 different binary outcomes: (1) veterinary-treated 
clinical mastitis (VTCM); (2) high milk SCC; and 
(3) hock lesions. A cow was positive for VTCM if she 
had a registration of VTCM (by the farmer or via the 
Swedish official milk recording scheme) within approxi-
mately 6 wk after the herd visit (after 1 observation 
of the cow, but before the next herd visit). High milk 
SCC was defined as a SCC of ≥200,000 cells/mL, based 
on data from test-milkings within 45 d after the herd 
visit. Hock lesions (yes or no) were registered at the 
same time as the UCD observation. Any type of, mild, 
or severe UCD were tested as 3 separate explanatory 
variables for each outcome. Because the focus was on 
recent transitions to UCD, just as for the risk factor 
analysis, only cows with no UCD at the previous obser-
vation were included in the analysis. In contrast, cows 
with no or mild UCD at the previous observation were 
included in those analyses in which severe UCD was 
the explanatory variable. Herd and cow were included 
as random effects in all models (equal variances, all 
covariances zero). If there was an indication of an as-
sociation (P ≤ 0.1) between the explanatory and the 
dependent variable, breed and parity were added to the 
model to investigate potentially confounding effects on 
the explanatory variable. For the outcome milk SCC, 
the variables kilograms of ECM from the same test 
milking and DIM were also tested for confounding ef-

fects. Only variables with a confounding effect on the 
explanatory variable (indicated by a change of >20% 
in the point estimate of the coefficient) were kept in 
the final model. Spearman rank test was used to test 
collinearity between explanatory variables in all multi-
variable analyses. Model fit for all models was assessed 
by visual examination of residual plots for herd and 
cow residuals according to Dohoo et al. (2010).

Observed Duration of UCD Cases. To estimate 
the duration of UCD, cows with 6 or more observations 
(i.e., observed for at least 36 weeks) were included in 
a duration data set. A UCD case was defined as 1 or 
more consecutive observations of UCD. Cases that were 
preceded and followed by at least 1 observation of no 
UCD were considered to have known start and end, 
whereas the other UCD cases were considered to have 
unknown start or end, or both. Cows that had gaps 
(i.e., missing observations due to dry period and calv-
ing) were included in this data set if they had the same 
UCD status before and after the gap; otherwise they 
were excluded. A rough estimate of the duration of a 
UCD case was made based on the visit interval. Thus, 
a duration of a single UCD observation was translated 
into approximately 6 wk, a duration of 2 UCD observa-
tions translated into 12 wk, and so forth. The duration 
of cases involving only mild UCD observations was 
compared with the duration of cases involving at least 
1 observation of severe UCD using Wilcoxon rank-sum 
(Mann-Whitney) test.

RESULTS

Herd Visits and Observations

Herd characteristics for the participating farms are 
presented in Table 2. In total, 6,221 observations of 
1,106 individual cows were performed at 9 visits per 
herd during the 1-yr study period. The total number 
of cows examined in all 7 herds at each visit varied 
between 660 and 711. The most common breeds were 
Swedish Red (SR; n = 544) and Swedish Holstein (SH; 
n = 363). Other cows (n = 199) were mainly SR × SH 
crossbreeds. The number of observations per cow varied 
between 1 and 9 (mean 5.6 observations per cow; Fig-
ure 1). Missing observations were due to cows entering 
or exiting the herd during the study period (e.g., heifers 
that calved, cows that were culled). Cows that were 
dried off, cows in sick pens that were not milked in the 
milking parlor, and cows that were missed or registered 
with incorrect cow ID by the observer during the herd 
visit, could also be missing for one or more herd visits 
and then re-enter the study at a later herd visit. Cows 
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that were observed only once (n = 87) were excluded 
from further analyses, leaving 1,019 cows with 2 or 
more observations (mean 6.0 observations per cow).

The overall prevalence, including cows from all herds, 
of any type of, mild, and severe UCD, varied between 
visits, from 22 to 29% for any type of UCD, from 12 
to 19% for mild UCD, and from 7 to 11% for severe 
UCD. Most cows (69%, 704 of 1,019) with at least 2 
observations had the same status at all their observa-
tions: no UCD (n = 608) or any type of UCD (n = 
96). Table 3 gives the number of transitions between 
the different categories (no, mild, and severe), whereas 
Supplemental Table S1 (https: / / doi .org/ 10 .3168/ jds 

.2019 -17935) shows all transitions between the detailed 
categories (score 0–5). The prevalence of UCD varied 
more between herds than between visits within the 
herd, and no clear seasonal pattern was detected in 
UCD prevalence (Figure 2).

Incidence of New UCD Cases

For all herds and all visits, the mean overall incidence 
rate of observed new cases of any type of UCD was 0.51 
(CI 0.45–0.59) per cow-year at risk. The overall sub-
incidence rates of mild and severe UCD were 0.41 (CI 
0.36–0.48) and 0.18 (CI 0.15–0.22) cases per cow-year 
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Table 2. Characteristics of the 7 Swedish dairy cattle herds included in the longitudinal study of udder cleft dermatitis (UCD)

Herd 1 2 3 4 5 6 7

UCD prevalence (%)1 44 61 36 16 29 20 43
Herd size2 168 132 107 95 87 1563 129
Average production level4 11,534 11,350 10,523 11,195 8,713 10,431 7,680
Production system C5 C O6 C C O C
Type of freestall Ins7 Unins8 Ins Unins Ins Unins Ins
Type of milking parlor H9 H H H T10 T H
1Registered prevalence of UCD in a study performed in 2014–2015 (Ekman et al., 2018).
2Average number of cows for the study period, May 2018–April 2019 (data from the Swedish official milk recording scheme, SOMRS).
3Herd 6 milked approximately 90 cows in the milking parlor, and approximately 60 cows in an automatic milking system (AMS). The cows in 
the AMS were not included in the study.
4Average kg of ECM per cow and year for the study period (data from SOMRS).
5C = conventional.
6O = organic.
7Ins = insulated.
8Unins = uninsulated.
9H = herringbone milking parlor.
10T = tandem milking parlor.

Figure 1. Distribution of cows with no udder cleft dermatitis (UCD), UCD at all, and UCD upon at least 1, but not all, observations. The 
cows were observed 1 to 9 times during herd visits at 6-wk intervals throughout the 1-yr study period.

https://doi.org/10.3168/jds.2019-17935
https://doi.org/10.3168/jds.2019-17935
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at risk, respectively. The incidence rates of observed 
new cases of different types of UCD for each herd are 
presented in Table 4. The within-herd incidence rates 
varied between visits but showed no clear temporal 
pattern (data not shown). In the comparison of within-
herd incidence rates between visits for mild and severe 
UCD, a relatively high incidence of mild UCD at one 
visit, followed by a relatively high incidence of severe 
UCD at the subsequent visit, was observed in several 
herds.

Risk Factors Associated with Transitions to UCD

The results of the multivariable analyses of cow-level 
risk factors for any type of, mild, or severe UCD are 
presented herein. Risk factors for each type of UCD 
investigated in univariable analyses are presented in 
Supplemental Table S2; https: / / doi .org/ 10 .3168/ jds 
.2019 -17935. These factors included udder conforma-
tion, hygiene, parity, breed, DIM, results from test 
milkings, and veterinary-treated disorders during the 
study period. For severe UCD, having mild UCD at 
the previous observation was also included as a risk 
factor.

Any Type of UCD. The univariable analyses of 
any type of UCD included between 3,199 and 3,533 
observations of 810 to 861 cows, depending on explana-
tory variable. In total, 8 out of 16 variables had P ≤ 
0.20 in the univariable analyses and were included in 
the multivariable model (Supplemental Table S2). The 
final model was based on 3,319 observations of 849 
cows, with 4 explanatory variables: breed, DIM, I/F 
at the fore udder attachment, and milk urea (Table 5). 
The risk for a transition to UCD increased linearly with 
an odds ratio (OR) of 1.4 per 100 DIM. Cows with 

a milk urea level below 3.7 mmol/L had a lower risk 
for a transition to UCD than cows in the other milk 
urea categories. In addition, an interaction was seen 
between breed and I/F at the fore udder attachment 
(Figure 3). Among cows without an I/F at the fore 
udder attachment, the risk for a transition to UCD 
was higher for SR cows than for SH cows (OR 3.6, P = 
0.001) and tended to be higher for SR cows compared 
with other breeds (OR 2.1, P = 0.07). However, no dif-
ference in risk between breeds was found for cows with 
an I/F. Within breed, for other breeds and for SH cows, 
the presence of an I/F at the fore udder attachment 
increased the risk for a transition from unaffected to 
UCD with an OR of 4.4 (P = 0.002) for other breeds, 
and 3.7 (P = 0.001) for SH cows, compared with cows 
of the same breeds without I/F. However, an I/F did 
not increase the risk for SR cows (P = 0.12) compared 
with SR cows without I/F.

Mild UCD. For mild UCD, 8 out of 16 tested vari-
ables had P < 0.20 and were included in the multivari-
able model (Supplemental Table S2). The final model of 
risk factors for a transition to mild UCD included 3,290 
observations of 845 cows, and the results were similar 
to those of any type of UCD. Retained variables were 
DIM, milk urea level, and an interaction between breed 
and I/F at the fore udder attachment (Supplemental 
Table S3; https: / / doi .org/ 10 .3168/ jds .2019 -17935). As 
for any type of UCD, the risk for a transition to mild 
UCD increased with DIM and decreased if the cow had 
a low milk urea level. Also, the effect of the interaction 
between breed and I/F was similar to what was seen for 
any type of UCD.

Severe UCD. For severe UCD, 6 out of 17 screened 
variables had P < 0.20 in the univariable analyses 
(Supplemental Table S2). The final model included 
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Table 3. The number of transitions between categories (none, mild, or severe) of udder cleft dermatitis (UCD), 
during 1 yr, with 9 visits per herd in 7 Swedish dairy herds; the total number of transitions were 5,115 in 1,019 
cows

UCD status at previous 
observation (x − 1)  

UCD status at subsequent 
observation (x) N1 transitions %2

No UCD (n = 3,899)  No UCD 3,563 91.4
 Mild UCD 285 7.3
 Severe UCD 51 1.3

Mild UCD (n = 789)  No UCD 225 28.5
 Mild UCD 484 61.3
 Severe UCD 80 10.1

Severe UCD (n = 427)  No UCD 22 5.1
 Mild UCD 92 21.5
 Severe UCD 313 73.3

1N = number of transitions (cows with a previous observation that either retained or changed their UCD status 
at the subsequent observation).
2Proportion (%) of cows within each UCD status group (based on numbers of cows at the previous observa-
tion).

https://doi.org/10.3168/jds.2019-17935
https://doi.org/10.3168/jds.2019-17935
https://doi.org/10.3168/jds.2019-17935
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4,091 observations of 937 cows, and 3 variables were 
retained: production level, mild UCD at the previous 
observation, and parity (Table 6). The risk for a transi-
tion to severe UCD was higher for cows producing more 
than 39.7 kg compared with cows that produced less 
than 24.7 kg (OR 3.8, P = 0.009). The high-producing 
cows (>39.7 kg) also had higher risk for a transition to 
severe UCD than did cows producing 24.7 to 29.6 kg 
(OR 2.6, P = 0.03). The risk for a transition to severe 

UCD was also higher for cows that had mild UCD at 
the previous observation, compared with those that did 
not (OR 16.0, P < 0.001). A tendency toward lower 
risk for a transition to severe UCD was identified for 
cows in second compared with first parity (OR 0.4, P = 
0.02), but the variable was not overall significant (P = 
0.08). However, it was kept in the model, as the Akaike 
information criterion indicated better quality when it 
was included.

Ekman et al.: INCIDENCE OF UDDER CLEFT DERMATITIS

Figure 2. Proportions of cows affected by mild and severe udder cleft dermatitis (UCD) at 9 herd visits in 7 herds at 6-wk intervals during 
a 1-yr longitudinal study performed April 2018 to April 2019.
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Associations Between Transitions to UCD  
and VTCM, Milk SCC, and Hock Lesions

No significant associations were found between the 
explanatory variables “transition to any type of UCD” 
or “transition to mild UCD” and VTCM (P = 0.07 
and 0.61, respectively; Supplemental Table S4; https: / 
/ doi .org/ 10 .3168/ jds .2019 -17935). A recent transition 
to severe UCD, however, increased the odds for VTCM 
(OR 5.3; CI 1.9–14.7; P = 0.001). This effect was also 
seen when the potential confounders breed and parity 
were included in the model. Parity had a significant 
effect on the risk of VTCM, whereas breed did not. No 
significant associations were seen between SCC or the 

presence of hock lesions and any of the explanatory 
variables (Supplemental Table S4).

Observed Duration of UCD Cases

In total, 672 cows had 6 or more observations. Of 
these cows, 336 had at least 1 observation of UCD, 
whereof 19 were excluded, as they changed UCD status 
during the dry period. Thus, 317 cows were included in 
the description of the duration. Each cow had 1 to 4 
UCD cases, with a total number of 416 observed cases. 
For all cases of UCD, the observed median duration 
was 12 wk (range 6–54 wk). Only 24% (n = 100) of 
the observed cases had known start and end; the me-
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Table 4. Incidence rate (cases per cow-year at risk) of observed new cases of any type of, mild, and severe udder cleft dermatitis (UCD) in 7 
Swedish dairy herds visited 9 times throughout 1 yr1

Item

Herd

1 2 3 4 5 6 7

Any type        
 Mean 0.71 0.82 0.46 0.29 0.58 0.16 0.44
 95% CI 0.55–0.90 0.62–1.09 0.3–0.7 0.18–0.49 0.39–0.85 0.08–0.32 0.30–0.63
Mild        
 Mean 0.52 0.69 0.41 0.24 0.44 0.14 0.36
 95% CI 0.39–0.70 0.50–0.94 0.27–0.60 0.13–0.42 0.28–0.69 0.07–0.29 0.24–0.54
Severe        
 Mean 0.23 0.27 0.15 0.13 0.22 0.04 0.18
 95% CI 0.16–0.34 0.18–0.42 0.08–0.27 0.07–0.26 0.13–0.39 0.01–0.15 0.11–0.29
1Cows were “at risk” from the first observation of that individual cow, and time was calculated as days from that first observation. The incidence 
rate was calculated by dividing the observed new UCD cases by the total number of cows and days in the same period, and transformed into 
cases per cow-year at risk. In the mild UCD data set, cows classified with severe UCD were excluded. For severe UCD, cows with no, or mild, 
UCD were included as cows “at risk.”

Table 5. Factors associated with transitions to any type of udder cleft dermatitis (UCD) in the final multivariable mixed-effect logistic 
regression analysis, based on 3,319 observations of 849 cows; herd and cow were included as random factors

Item β1 SE OR2 CI (OR) P-value

Intercept −5.72 0.55   <0.001
DIM      
 Continuous3 0.33 0.07 1.40 1.22–1.60 <0.001
Milk urea level (mmol/L)4      
 <3.7 Ref5     
 3.7–4.3 0.61 0.27 1.84 1.09–3.12 0.02
 4.4–5.0 0.60 0.27 1.83 1.08–3.10 0.03
 >5.0 0.79 0.28 2.21 1.29–3.80 0.004
Interaction: Breed and I/F6 at fore udder attachment
 Swedish Red (SR), no I/F 1.17 0.37 3.64 1.78–7.56 0.001
 Swedish Holstein (SH), no I/F Ref     
 Other breeds, no I/F 0.42 0.47 1.44 0.56–3.72 0.38
 SR, with I/F 1.54 0.36 5.64 2.78–11.44 <0.001
 SH, with I/F 1.21 0.36 3.66 1.80–7.43 0.001
 Other breeds, with I/F 1.89 0.46 7.75 3.10–19.35 <0.001
1β = regression coefficient.
2OR = odds ratio.
3Days since calving divided by 100.
4Based on data from test milkings within 31 d before the herd visit (data from the Swedish official milk recording scheme, SOMRS).
5Ref = reference category.
6I/F = indentation or fold at the fore udder attachment observed at herd visit.

https://doi.org/10.3168/jds.2019-17935
https://doi.org/10.3168/jds.2019-17935
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dian observed duration for those cases was 6 wk (range 
6–36 wk); and only 3% (n = 3) of the observed cases 
included severe UCD. The median duration of UCD 
cases including only mild UCD was 6 wk (range 6–54), 
which was shorter than for cases including severe UCD 
(P < 0.001), where the median was 30 wk (range 6–54; 
Figure 4).

DISCUSSION

This longitudinal study provides an important contri-
bution to the understanding of the incidence and dura-
tion of UCD in herds with high prevalence of UCD. The 
study identified certain cow-level risk factors associated 
with transitions to UCD and found an interesting as-
sociation between severe UCD and VTCM.

Incidence of Observed New UCD Cases

The overall incidence of observed new cases of any 
type of UCD found in the present study was 0.51 cases 
per cow-year at risk. This is equal to 0.98 cases per 
100 cow-weeks at risk, and is somewhat lower than the 
incidence of 1.94 cases per 100 cow-weeks at risk ob-
served by Bouma et al. (2016); however, in that study, 
a different visit interval was used, which could influence 
the results. The incidence found in our study is high 
compared with common production diseases such as 
mastitis, with an overall incidence of 0.09 cases per 
cow-year in Sweden from 2017 to 2018 (Växa Sverige, 
2019). The herds in this study, however, were known 
to have a medium to high prevalence of UCD. Because 
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Figure 3. Predictive margins of the risk of a transition to udder 
cleft dermatitis (UCD), and associated risk factors. An interaction was 
seen between breed and the udder conformation trait indentation or 
skin fold (I/F) at the fore udder attachment. Whiskers indicate 95% 
CI, based on a multivariable mixed-effect logistic regression model 
with 3,319 observations of 849 cows in 7 Swedish dairy herds. SR = 
Swedish Red; SH = Swedish Holstein.

Table 6. Factors associated with transitions to severe udder cleft dermatitis (UCD) in the final multivariable mixed-effect logistic regression 
analysis, based on 4,091 observations of 937 cows; herd and cow were included as random factors

Variables and categories β1 SE OR2 CI (OR) P-value

Intercept −5.56 0.59   <0.001
kg of ECM3      
 <24.7 kg Ref 4     
 24.7–29.6 kg 0.39 0.44 1.48 0.62–3.54 0.37
 29.7–34.0 kg 1.13 0.46 3.08 1.25–7.60 0.01
 34.1–39.7 kg 0.69 0.49 1.99 0.75–5.25 0.17
 >39.7 kg 1.33 0.51 3.79 1.39–10.36 0.009
Mild UCD at the previous observation      
 No Ref     
 Yes 2.77 0.27 15.95 9.31–27.34 <0.001
Parity      
 1 Ref     
 2 −0.93 0.36 0.39 0.19–0.80 0.01
 3 −0.52 0.35 0.60 0.30–1.18 0.14
 ≥4 −0.39 0.35 0.68 0.34–1.33 0.26
1β = regression coefficient.
2OR = odds ratio.
3Based on data from test milkings within 31 d before herd visit (data from the Swedish official milk recording scheme, SOMRS).
4Ref = Reference category.
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the incidence rate in combination with the duration 
of the lesions affects the prevalence of UCD in the 
herd, it is likely that the herds in our study have a 
higher incidence rate than the average Swedish dairy 
herd. Moreover, the calculated incidence in the present 
study was based on the first observed UCD case in the 
included cows and might not be true “new” cases of 
UCD, as recurrent cases appear to be common. The 
within-herd incidences of observed new cases of any 
type of UCD had no clear pattern but varied markedly 
between visits, the reasons for which are not known.

For most herds in our study, the prevalence of mild 
UCD fluctuated more between visits than did the 
prevalence of severe UCD. This might be due to recur-
rent cases of mild UCD and to the fact that mild cases 
had shorter duration than severe cases. It is also pos-
sible that mild lesions can vary in appearance and, not 
unlike atopic dermatitis in humans (Ahn and Huang, 
2017), flare up periodically. If a mild UCD case was 
located within a skin fold, a risk exists that it was 
missed during one or several observations. However, 
palpation was used in most observations to avoid this 
bias. To increase knowledge on recurrence and recovery 
of UCD, further studies on cow-level risk factors should 
be performed.

Risk Factors Associated with Transitions to UCD

To our knowledge, this is the first study investigating 
risk factors associated with the transition from unaf-
fected to any type of, mild, or severe UCD. In contrast 
with previous studies, mostly cross-sectional, that 
analyzed risk factors for having UCD, we used a transi-
tion model approach. We found several risk factors for 
transitions to different types of UCD lesions. Most of 
the risk factors found in our study have also previ-
ously been identified in cross-sectional studies, which 
emphasizes their importance for the development of 
UCD lesions.

Any Type of UCD and Mild UCD. The fact 
that the same risk factors were seen for transitions 
from unaffected to any type of UCD and mild UCD 
was probably because the most common transition was 
from no UCD to mild UCD, which means that the data 
sets for the 2 analyses were similar. This could have led 
to overinterpretation of the risk factors for transitions 
to mild UCD in the model with any type of UCD.

Some risk factors found have also been identified as 
risk factors for having UCD in previous cross-sectional 
studies. These included higher risks for (1) SR than 
SH for cows (Persson Waller et al.; 2014; Ekman et 
al., 2018); (2) cows with an I/F at the fore udder at-
tachment (Persson Waller et al.; 2014; Ekman et al., 
2018); and (3) increasing DIM (Olde Riekerink et al., 
2014; Persson Waller et al., 2014; Ekman et al., 2018). 
However, parity was not a risk factor in our study, al-
though it has been identified as a risk factor in several 
cross-sectional studies on UCD (Warnick et al., 2002; 
Persson Waller et al., 2014; Ekman et al., 2018), as 
well as in a previous longitudinal study using survival 
analysis (Bouma et al., 2016). The reasons for this dis-
crepancy might be related to the long duration of UCD, 
sometimes overlapping several lactations, leading to an 
accumulation of cases in older cows. In line with this, a 
substantial number of cows had the same UCD status 
at observations before and after dry period and calving, 
indicating that recovery from UCD during the dry pe-
riod was rather uncommon (data not shown). It could 
also be that complex associations between parity, DIM, 
and udder conformation play a role in the development 
and duration of UCD.

The higher risk for SR cows compared with SH cows 
might also be related to udder conformation traits, as 
discussed by Ekman et al. (2018). We found that the 
presence of an I/F at the fore udder attachment had 
a larger influence on the risk of any type of, and mild, 
UCD for SH and other breeds than for SR cows. A simi-
lar interaction between breed and udder conformation 
is reported by Ekman et al. (2018), who found that a 
strong fore udder attachment reduced the risk of severe 
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Figure 4. Observed duration (wk) of cases involving mild (median: 
6) udder cleft dermatitis (UCD) only or at least 1 observation of severe 
UCD (median: 36), between April 2018 and April 2019. Data included 
416 cases of UCD in 317 cows from 7 herds that were observed 6–9 
times throughout the study. The box shows the lower quartile, me-
dian, and the upper quartile, and the whiskers show the upper and 
lower adjacent values (1.5 interquartile range from the lower and upper 
quartile, respectively). The dots are outliers.
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UCD for SH but not for SR cows. If the general udder 
conformation of SR cows predisposes them to UCD, the 
investigated udder conformation traits would have a 
larger effect on SH cows and other breeds, which could 
explain the interactions discussed.

An interaction between parity and udder conforma-
tion (I/F at the fore udder attachment) was identified 
by Ekman et al. (2018) for mild UCD. This indicates 
that breed, parity, and udder conformation are closely 
linked and might affect the risk of UCD in relation 
to each other. In the longitudinal study by Bouma et 
al. (2016), a higher incidence of any type of UCD was 
found in older cows, but no association was detected 
between UCD and udder conformation. This might be 
because the udder conformation traits in their study 
were obtained from a breeding evaluation performed 
in the first lactation. It is well known that changes 
in udder conformation, resulting in looser fore udder 
attachment and increased udder depth, occur with in-
creasing parity (Ral et al., 1988) and increasing DIM 
(Gustafsson, 1998). These udder conformation traits 
are associated with UCD in other studies (Hansen 
and Nissen, 2010; Olde Riekerink et al., 2014; Persson 
Waller et al., 2014), and they were significant in the 
univariable analyses in the present study but not in 
the final models. This indicates that, in our study, I/F 
at the fore udder attachment was more important as 
a risk factor for any type of, and mild, UCD than the 
other udder conformation traits. However, as discussed 
by others, changes in udder conformation that lead to 
increases of skin folds at the fore udder attachment 
and increased udder pressure can predispose for UCD 
(Beattie and Taylor, 2000; Persson Waller et al., 2014; 
Ekman et al., 2018). Udder pressure can result from the 
increase in its size after calving and associated edema.

A new finding was that low milk urea level (<3.7 
mmol/L) was associated with a lower risk of a transi-
tion to any type of, and mild, UCD, something not seen 
in a previous cross-sectional study on UCD (Ekman et 
al., 2018). Milk urea level is an indicator of the protein 
balance of the feed, and the milk urea level should be 
3.5 to 5.0 mmol/L, to facilitate optimal absorption 
of nutrients in the feed, according to Swedish recom-
mendations (Växa Sverige, 2019). A low urea level is 
indicative of a low protein content in the feed. In hu-
man medicine, diet is known to affect skin conditions, 
including atopic dermatitis (Katta and Kramer, 2018; 
Bonamonte et al., 2019). The importance of this risk 
factor needs to be further investigated. It is also pos-
sible that it is a spurious finding due to a type I error; 
that is, identification of a risk factor even though no 
true association exists, due to multiple testing.

Severe UCD. For transitions to severe UCD, there 
were no risk factors in common with those for any type 

of, or mild, UCD. The single most important risk fac-
tor for a transition to severe UCD was having mild 
UCD at the previous observation. This association be-
tween mild and severe UCD was also illustrated by the 
number of transitions between mild and severe UCD, 
which were more common than transitions between 
healthy and severe UCD. This finding emphasizes the 
importance of preventing and curing mild lesions, even 
though these are harder to detect. A high production 
level was also associated with increased risk of a transi-
tion to severe UCD, something also seen in previous 
cross-sectional studies, on both cow (Persson Waller et 
al., 2014; Ekman et al., 2018) and herd levels (Olde 
Riekerink et al., 2014; Persson Waller et al., 2014). Even 
though production level is not always linked to udder 
engorgement, the udder expands in early lactation and 
stretches the skin, subsequently impairing the skin bar-
rier. Udder pressure and the presence of udder edema 
in early lactation may lead to reduced blood flow and 
impair the skin barrier at the fore udder attachment. 
These conditions are more likely in high-yielding cows. 
Blood flow measurements and histology of the udder 
skin in early lactation could therefore be of interest 
for understanding UCD etiology. Cows with a higher 
production level and increased negative energy balance 
have less resistance toward reproductive diseases, ke-
tosis, and laminitis (Collard et al., 2000; Oltenacu and 
Broom, 2010), and it might be that they also are more 
prone to UCD. A negative energy balance, or malnutri-
tion, is also associated with impaired wound healing in 
humans (Barbul and Purtill, 1994; Harris and Fraser, 
2004; Stechmiller, 2010).

We also found a weak association between severe 
UCD and parity, with first-parity cows having a higher 
risk for severe UCD than second-parity ones. This is the 
opposite of findings regarding parity in previous stud-
ies (Warnick et al., 2002; Persson Waller et al., 2014; 
Bouma et al., 2016). Persson Waller et al. (2014) did, 
however, find a higher risk for severe UCD in second-
parity cows than in cows in their third parity or higher. 
The higher risk for a new case of UCD in earlier parities 
might reflect the chronic nature of severe UCD, as well 
as the risk for recurrence once a cow has become affect-
ed by UCD, leading to a cumulative higher prevalence 
in older cows and, hence, a lower risk of a new case of 
UCD. However, the other risk factors found for severe 
UCD—high milk yield and previous mild UCD—might 
also be more common in older cows, which could affect 
the association between severe UCD and parity in this 
particular model. Because older cows produce more 
milk than first- or second-parity cows, the increased 
risk for cows with high milk yield might have affected 
the risk of parity. This finding is difficult to evaluate, 
and we cannot be sure of its importance. The model 

Ekman et al.: INCIDENCE OF UDDER CLEFT DERMATITIS



11747

Journal of Dairy Science Vol. 103 No. 12, 2020

for severe UCD explained about 17% of the variation 
in the data set (data not shown), which is considerably 
higher than for mild UCD but still indicates that other, 
unidentified, factors may be of importance.

Associations Between Transitions to UCD  
and VTCM, Milk SCC, and Hock Lesions

The only significant association found between tran-
sitions to UCD and the investigated outcomes was that 
a transition to severe UCD increased the risk of VTCM 
within 6 wk after the UCD observation. This is in line 
with the results of a cross-sectional study by Persson 
Waller et al. (2014), which reported an association be-
tween having any type of UCD and VTCM within 30 d 
of the UCD observation. A recent Swedish study found 
no association between UCD and VTCM at cow level 
(Ekman et al., 2018). However, it did find a higher risk 
of severe UCD associated with a high herd incidence 
rate of VTCM, as well as a high herd rate of culling 
due to udder health problems. In the present study, 
the VTCM occurred after the onset of UCD, but the 
causality is unclear. Bacteria present in severe UCD 
lesions may increase the risk of bacterial intramam-
mary infection due to the proximity of the UCD site 
and the teat canals. However, it is not known whether 
mastitis-causing pathogens are a common part of the 
bacterial flora of UCD lesions. Common risk factors 
for UCD and VTCM, such as impaired immune status, 
might also explain the finding. Further research on this 
association is warranted, as well as bacteriological in-
vestigations of UCD lesions. We found no association 
between transitions to UCD and SCC, which is in line 
with previous results (Persson Waller et al., 2014; Ek-
man et al., 2018). This indicates that factors other than 
the presence of UCD are more important for SCC.

We found no association between UCD and hock le-
sions. This is in contrast with the cross-sectional study 
by Ekman et al. (2018), which found an association 
between mild UCD and hock lesions at the same ob-
servation. However, the prevalence of hock lesions was 
higher in the present study (data not shown), and sta-
tistical methods differed between the studies. The fact 
that presence of hock lesions was scored only on the 
outside of 1 hock could have led to missed observations 
of hock lesions. However, because the prevalence of hock 
lesions was high (only 9% of observations indicated no 
hock lesions; data not shown), and because hock lesions 
often are bilateral (Potterton et al., 2011), we do not 
believe that this had any large influence on the study 
results. In addition, the high prevalence of hock lesions 
entails a low variance for this variable in the statistical 
analyses, which also could have affected the results.

Observed Duration of UCD Cases

The absolute majority of UCD cases with a known 
start and end had a short duration (i.e., only 1 obser-
vation of UCD, translated into approximately 6 wk). 
However, bcause most cases had unknown start and 
end dates, it is very likely that the overall duration was 
underestimated. Our results are in line with those of 
Bouma et al. (2016), who found that the overall me-
dian duration was 16 wk, including cases both with and 
without observed start and end. In that study, herd vis-
its were performed at 1- or 2-wk intervals, which gives 
a better approximation of the exact duration than in 
our study. However, because Bouma et al. (2016) found 
that most cows did not change UCD status between 2 
consecutive visits, the results of our study can probably 
be used as a rough estimate of UCD duration. Sev-
eral cows had recurrent cases of UCD, which indicates 
that cows that have had UCD once are likely to get 
it again. Cows with observations of severe UCD had 
longer duration than those with only mild UCD, as also 
observed by Bouma et al. (2016), who found that the 
mean durations for mild and severe UCD episodes were 
8.8 and 16.2 wk, respectively. As they suggested, this 
may reflect that the healing of open wounds is a slow 
process. In addition, severe lesions could be colonized 
by bacteria that may produce biofilm and impair heal-
ing, a process often seen in human chronic wounds (Wu 
et al., 2019).

Methodological Considerations

The herds included in the study were a convenience 
sample, to facilitate herd visits and to ensure enough 
cases of UCD throughout the study period. They might 
not be representative for the average Swedish dairy 
herd. However, as the study focused on cow-level risk 
factors, with herd accounted for as a random factor in 
the statistical models, the results might be valid for all 
Swedish dairy cows or, perhaps more likely, for cows 
in herds with a medium-to-high prevalence of UCD. 
In addition, although the sizes of most of the included 
herds were close to the Swedish average (92 cows in 
2019; Växa Sverige, 2019), the range of herd sizes in 
the included herds was narrow, and the results may 
therefore not be valid for smaller or larger herds. The 
farmers were asked not to use any topical treatment on 
UCD lesions during the study period. Considering that 
this was according to their usual management and no 
effective treatment regimens are known in Sweden, we 
do not believe that this introduced any bias.

The visit interval of 6 wk was based on practical 
reasons. More frequent visits would have been prefer-
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able to determine duration and incidence of UCD in 
more detail. However, even though our visit interval 
was longer than the 1- to 2-wk interval used by Bouma 
et al. (2016), most cows had the same status (no, mild, 
or severe UCD) for 2 consecutive observations in both 
the studies. The mean durations in the 2 studies are 
also rather similar, even though our data are a more 
rough evaluation of the exact duration. In addition, 
several cows had UCD when entering or exiting the 
study, and some had UCD throughout the entire study 
period, which also makes the duration difficult to 
evaluate. The majority of cases with a known start and 
end point were short, and for the other cases, dura-
tion can only be approximated based on the number 
of observations (i.e., number of weeks) that the cow 
had observed UCD. However, this is probably a severe 
underestimation of the actual duration, and a longer 
study period would have been required to determine 
the true duration of UCD.

Few cows were observed at all 9 herd visits, either be-
cause they entered the study at a later time (e.g., heifers 
that calved during the study period) or because they 
exited before the last herd visit (e.g., due to culling or 
drying off). In addition, cows that were dried off, put in 
sick pens, or missed by the observer at herd visits could 
lack data for one or several visits but then re-enter the 
study at a later herd visit. For practical reasons, it was 
not possible to observe cows during the dry period. 
However, the observations before and shortly after 
calving indicated that the UCD lesions often persisted 
throughout the dry period, as it is not likely that they 
healed and then reoccurred with a similar appearance 
shortly after calving. These conditions are expected in 
field studies and make the analyses of duration and 
risk factors more difficult. To make best use of the lon-
gitudinal data set and to focus on recently developed 
cases of UCD, we therefore used the transition model 
approach. This approach might lead to overinterpreting 
results from cows that remained in the study for a long 
time and had recurrent cases of UCD, and even though 
the random effect of cow was included, this may have 
introduced some bias in the analyses. In addition, when 
many risk factors are tested, the risk of type I errors 
increases (significant results despite no true associa-
tion). Therefore, the results should be interpreted with 
caution and should be related to previously performed 
studies as well as to their biological plausibility.

No common definition for UCD exists, but several 
studies have used similar definitions of mild and se-
vere UCD (Persson Waller et al., 2014; Bouma et al., 
2016; Ekman et al., 2018). In the present study, we 
used a more detailed scoring system but found that 
this scoring led to small groups of cows within certain 

UCD score categories, and thus coded the categories to 
better correspond with previous studies. We classified 
score 1 as no UCD because score 1 often referred to a 
single papule or pustule, which could have been caused 
by an insect or tick bite rather than UCD, or to red-
ness of the skin that was difficult to interpret. Thus, 
we chose to regard cows with score 1 as unaffected, 
even though this might have led to misclassification 
for some cows that actually had mild UCD. However, 
this might have led to an over-interpretation of recur-
rent cases, because lesions scored as 1 could refer to 
an active lesion with very mild symptoms, or could be 
on the verge between score 1 and 2, which probably 
affected the results, as cows with score 1 between 2 
observations of score 2 would be defined as a recurrent 
case. Thus, for the incidence calculation, cows could 
contribute to only 1 new event (observed new UCD). 
The classification of score 3 as a severe lesion despite 
lack of an open wound was based on previous categori-
zation in a cross-sectional study (Ekman et al., 2018). 
We also considered the presence of large crusts to be 
indicative of a breach of skin integrity, even if there 
was no open wound. The presence of only large crusts 
without an open wound was unusual, and score 3 was 
the least frequent throughout the study period (data 
not shown), so we do not believe that the classification 
of score 3 as severe UCD had any substantial effect on 
the results of this study.

CONCLUSIONS

The overall incidence of UCD in the study was high, 
and a large variation in incidence rates between herds 
and visits was detectable. Large variations also occurred 
in duration patterns and transitions between different 
types of UCD for individual cows. The number of these 
transitions indicates that severe lesions are usually pre-
ceded or followed, or both, by mild lesions. Several cows 
had recurrent cases of UCD, which, in combination with 
the often chronic nature of the lesions, indicates that 
cows that get UCD are likely to suffer from it for a long 
time. Breed and udder conformation are important risk 
factors for any type of, and mild, UCD, as has been es-
tablished in previous studies, whereas production level 
affected the risk for a transition to severe UCD. Having 
a mild UCD lesion was an important risk factor for a 
transition to severe UCD. The complex associations be-
tween breed, udder conformation, production level, and 
parity may synergistically affect the risk of a transition 
to UCD. The actual causes of new UCD lesions are still 
not clear, and further studies on the microbiota and 
skin histology of healthy udders and udders with UCD 
lesions are warranted, to better understand the etiology 
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of UCD. The findings in this study emphasize the need 
for preventive measures and treatment strategies for 
both mild and severe UCD.
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