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The etiology of lameness is complex and multi-
factorial and it is currently only partly understood (7).
The mean prevalence of lameness in dairy herds in
England and Wales is 36.8% (range = 0-79.2%) and
should be a significant warning to the dairy industry,
especially taking into account those farms in which
prevalence of lameness is over 70% (4). Ettema et al.
(6) reported that hoof lesions were diagnosed in as
many as 80% of all cows in Danish dairy herds. In
Slovak farms the mean prevalence of lameness varies
from 12 to 47%, at a mean value of 26 ± 8% (18).
Important risk factors include not only optimal envi-
ronmental conditions, but also early detection and
treatment of lame cows (4). Lameness in cows is
associated with a reduction of milk yield (3, 6, 7, 13,
14, 16), with decreased reproductive performance of
cows (8-10), as well as a deterioration in their welfare
(7, 13). Effects of lameness on a decrease of milk

production and fertility have been fairly well descri-
bed in literature; however, little is known of their
impact on somatic cell counts (SCC) and milk com-
position (2, 12, 13). Somatic cell count (SCC) is a good
tool indicating the likelihood of infection among
quarters of the udder, and SCC of 200,000 cells/ml is
the generally accepted level indicating a bacterial
infection (15). Individual cow factors such as parity,
month of lactation and body condition score (BCS)
may also be risk factors for increased SCC > 199,000
cells/ml (5). However, the relationship between
mastitis and lameness in cows is unclear. Based on the
results for 2368 dairy cows in 102 Swedish herds,
Hultgren et al. (8) found a strong association between
teat injuries and mastitis; however, no relationship was
found between sole ulcer (SU) and clinical mastitis or
high milk-cell counts. Conversely, the results obtained
by Pavlenko et al. (13) showed that only SU-affected

Relationship between clinical lameness
and somatic cell counts, and fat and protein contents

in the milk of dairy cows
JAN OLECHNOWICZ, JÊDRZEJ M. JA�KOWSKI

Department of Veterinary Medicine, Faculty of Animal Breeding and Biology, Poznan University of Life Sciences,
Wojska Polskiego 52, 60-625 Poznan, Poland

Olechnowicz J., Ja�kowski J. M.
Relationship between clinical lameness and somatic cell counts, and fat and protein contents

in the milk of dairy cows
Summary

The aim of the study was to investigate the impact of clinical lameness on the somatic cell count (SCC) and
percentage contents of fat and protein in cow�s milk. Clinically lame cows (n = 12) were selected from a herd
of 125 Polish Holstein-Friesian cows (located in the Wielkopolska region, Poland). The cows were housed in
tie stalls with access to a pasture and a cow-yard throughout the year. Another group of 12 cows was included
in the control on the basis of analogues (parity and stage of lactation). During the three weeks of the study
one milk sample was collected from cows of both groups at weekly intervals (1 day after the assessment of
locomotion in cows). Fat and protein contents in milk were determined with a MilkoScan device, SCC with
a Fossomatic 90 apparatus. Somatic cell count values were transformed to a common logarithm (log SCC).
Clinically lame cows and cows with a normal gait had a similar number of somatic cells (log SCC 5.58 and
log SCC 5.63, respectively) and fat content (4.32% and 4.16%, respectively), but lower protein contents
in milk (3.13% and 3.27%, respectively). It has been concluded that there were no statistically significant
differences in SCC between clinically lame cows and healthy cows. The results of this study concerning
of SCC, and fat and protein contents in milk of healthy and clinically lame cows should be treated as
preliminary. Examinations should be repeated in large herds of cows taking into account interaction between
the milk traits of cows (clinically lame and healthy) and parity, stage of lactation, as well as environment
(housing system).
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cows had significantly higher cell counts during the
5th and 6th weeks after claw trimming (WACT) when
compared with the healthy cows. The effect of lame-
ness, measured by the locomotion score (LS), on
SCC confirms truly negative associations between LS
(assessed in a 4-point scale), although lame cows on
some farms produce milk with lower geometric mean
SCCs than unaffected cows (2). In that study this
concerned the cows with LS 2 on 2 of the 7 studied
farms within 10 d of LS assessment, and for severely
lame cows (LS 3) six months later.

The aim of the study was to investigate the relation-
ship of clinical signs of lameness at the time of their
occurrence with somatic cell count and the percentage
of fat and protein contents in milk when compared to
healthy cows.

Material and methods
Animals and management. The study was conducted

on Polish Holstein-Friesian dairy cows (n = 24), kept on
a farm (n = 125) located in the Wielkopolska region. The
cows were housed in tie stalls with access to a pasture and
a cow-yard throughout the year. Of all the cows in the herd
on the pasture on September 2, 2011, 12 cows with clear
clinical signs of lameness (17) were selected, comprising
experimental animals in this study. In this group there were
3 moderately lame cows (25%), 7 lame cows (58.3%), and
2 severely lame cows (16.7%). The other 12 healthy cows
(normal gait) were selected on the basis of analogues,
taking into account parity and month of lactation of cows
from the experimental group. In each group there were
2 primiparous cows and 10 multiparous cows. Table 1 shows
the distribution of clinically lame and healthy cows according
to the mean parity and mean days from calving to assess-
ment of lameness (September 2, 2011). Differences in
average values for parity and days from calving to assess-
ment of lameness in both groups of cows were similar and
not statistically significant. The previous study shows that
the main hoof diseases in cows in this herd causing clinical
lameness include SU, digital dermatitis (DD) and inter-
digital dermatitis (ID) (11). The average milk yield for
approximately 125 cows was 8,054 L/yr per cow in the
herd. In the summer period cows were fed as follows:
pasture from 8:00 AM in the morning up to 1:00 PM in the
afternoon, feeding with a total mix ration (15 kg of corn-
cob silage, 8 kg of beet pulp � 24% dry matter, 6 kg of

lucerne haylage, 5 kg of grass haylage/day/cow). Apart from
that, cows received 8 kg of fresh green lucerne fodder/day/
cow. After calving the cows were additionally fed a con-
centrate (7 kg/d/cow). Every day new bedding was provi-
ded in the tie stalls before the cows returned from pasture.
After completion of the experiment (after 3 weeks) the claws
of clinically lame cows were temporarily trimmed, dis-
infected with Bioval (Biovet Drawalew SA) and treated
with an antibiotic spray. Generally, hoof trimming in the
herd was performed twice a year, in November and April.

Lameness recording. In September 2011 individuals
were scored for lameness (score 1-5) by the same experien-
ced observer 3 times at weekly intervals. The scores were
based on gait and posture while walking and standing, using
methods suggested by Sprecher et al. (17). During this
period both groups of cows were examined. Experimental
cows were evaluated in each case as 3 being moderately
lame, 4 � lame and 5 � severely lame. Cows in the control
group in each case were evaluated as 1 � non-lame (normal
gait). The cows were observed and scored when they were
standing or walking a distance of 5 to 10 m.

Sampling and analysis of milk samples. Single milk
samples were collected from cows of both groups during
the three weeks at weekly intervals (1 day after assessment
of locomotion of cows). At each milk recording before the
morning milking, after fore stripping, washing and drying
of the teats, approx. 50 ml of milk was collected as one
milk sample from all quarters of the udder during the
milking by a milk meter. Samples were preserved with
a CC preparation, which ensures the maintenance of
chemical parameters of milk samples for 30 days at room
temperature (0.25 g/50 ml milk). Milk samples were analy-
zed at the Laboratory of Milk Evaluation in Kolo (Poland).
Fat and protein contents in milk were determined with
a MilkoScan device, while a Fossomatic 90 apparatus was
used to evaluate SCC in milk. Somatic cell count values
were transformed to a common logarithm (log SCC) in
order to obtain a distribution close to normal (1).

Statistical analysis. Data analysis was performed using
the Statistica statistical package (Version 10). Results were
statistically analyzed using the multivariate analysis of
variance (ANOVA). The main factors considered in the
analysis of variance were as follows: group of cows (expe-
rimental and control), replicates (1, 2, and 3), parity (1 and
2; 3 and 4; > 4) and stage of lactation (early: 1-100 d; me-
dium: 101-200 d; late > 200 d). The significance of dif-
ferences between means was set at P < 0.05 and P < 0.01.

Tab. 1. The distribution of clinically lame and healthy cows according to parity and days from calving to assessment of
lameness

rotcaF rebmuN
swocfo

ytiraP
.d.s±x

muminiM mumixaM
gnivlacmorfsyaD

ssenemalfotnemssessaot
.d.s±x

muminiM mumixaM

larenegegarevaehT 42 67.1±76.3 1 8 77±541 5 472

:swocfopuorG

ssenemallacinilC 21 69.1±57.3 sn 1 8 77±731 sn 5 962

tiaglamroN 21 26.1±85.3 sn 1 6 08±451 sn 54 1 472

Explanations: September 2, 2011; ns � non-significant
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Results and discussion
Table 2 presents the results of the effect of clinical

lameness, replicates, parity and stage of lactation on
log SCC and percentage contents of fat and protein in
milk of cows. Clinical lameness in cows did not signi-
ficantly affect the log SCC and milk fat percentage,
but a significantly lower protein content (P < 0.05)
was recorded in the milk of those cows compared to
healthy animals. No significant differences in the
studied traits were found between successive replica-
tions of the experiment. After the first and second
parity statistically significantly fewer somatic cells
were recorded in comparison with a further parity. In
the milk of cows over 4 parity a significantly higher
protein content (P < 0.05) was found when compared
to the content in the milk of cows in the first two pari-
ties. In early lactation there were significantly fewer
somatic cells in milk, as was the percentage content of
protein in milk when compared to the content of these
components in the milk of cows in medium and late
lactations.

Somatic cell count. In this study clinically lame
cows and healthy cows had similar log SCC, amounting
to 5.58 and 5.63, respectively. When compared with
the geometric mean SCC for these cows (385,000 cells/
ml, and 430,000 cells/ml, respectively), the level in
case of lame cows was lower by 45,000 cells/ml than
in healthy cows. In this study we did not compare the
SCC before and after the occurrence of lameness, but
during their occurrence. Archer et al. (2) studied the

association between LS, test day yield (TDY), and SCC
records collected from 1,397 cows in a convenience
sample of 7 dairy herds. Potential confounding factors
affecting the relationship between LS and log SCC
were as follows: farm of origin, parity, season, month
of lactation, and milk yield at the current test day
(geometric mean SCC decreased by 6,000 cells/ml per
kilogram increase in TDY). The authors indicate that the
LS had an influence on log

10
 SCC within 10 days of

a test day at monthly intervals for 12 months between
August 2008 and July 2009. Increased TDY was asso-
ciated with decreased SCC. In all the seven herds cows
with LS 3 (severely lame) six months later produced
milk with 16,000 fewer cells/ml compared with the
geometric mean for cows that would have LS 1 in
6 months� time. For cows assessed from August 08 to
October 08, parity 1, lactation month 1, and with TDY
of 20 kg this was equivalent to a 10% decrease in SCC
for cows that would have LS 3 in 6 months� time when
compared with those that would have LS 1 in 6 months�
time. Pavlenko et al. (13) reported that somatic cell
counts in milk during 2 to 3 WACT of DD-affected and
Su-affected cows were lower than in milk of healthy
cows (4.35; 6.34, and 7.79 cells × 104, respectively).
During 5 to 6 WACT SU-affected cows had signifi-
cantly higher SCC than healthy cows (21.42 and 5.51
cells × 104, but differences in SCC between DD-affec-
ted and healthy cows were insignificant during those
WACT (6.06 and 5.51 cells × 104). In the first WACT
period a similar trend was observed in comparison

to our results, where lame cows had
a lower number of somatic cells in
milk than healthy cows; however,
somatic cell counts in the cited study
were lower than our results.

Somatic cell count is a good indi-
cator of health of udder quarters,
with SCC of 200,000 cells/mL being
generally regarded as suggestive of
bacterial infection (15). This threshold
was exceeded in our results. In our
previous study in the same herd du-
ring early lactation of Polish Holstein-
-Friesian, cows which were never
lame log SCC was 5.15, but in case
of lame cows (score = 3) for a month
it was log SCC 5.47 (P < 0.01). The
same log SCC values were recorded
for cows which were lame > one
month (15). This is in agreement with
the results of the present study, with
the exception of log SCC for healthy
cows (log SCC 5.63 and log SCC
5.15).

Fat and protein percentage con-
tent. The results of our study show
that clinically lame cows had a higher
fat content in milk than cows with

Tab. 2. The impact of clinical lameness, replicates, parity and stage of lactation on
log SCC, and fat and protein contents in milk

rotcaF
levelehT

rotcaffo

rebmuN
klimfo
selpmas

CCSgoL )%(taF )%(nietorP

larenegegarevaehT 27 27.0±06.5 61.1±42.4 93.0±02.3

:swocfopuorG

ssenemallacinilC 1 63 37.0±85.5 92.1±23.4 73.0±31.3 a

tiaglamroN 2 63 27.0±36.5 20.1±61.4 14.0±72.3 b

:setacilpeR 1 42 25.0±45.5 88.0±71.4 83.0±81.3

2 42 27.0±76.5 06.1±74.4 73.0±61.3

3 42 19.0±06.6 58.0±80.4 44.0±62.3

:ytiraP

2dna1 1 81 96.0±09.4 AC 57.0±52.4 32.0±21.3 a

4dna3 2 03 35.0±29.5 BC 53.1±81.4 04.0±81.3 a

4> 3 42 16.0±37.5 CB 91.1±03.4 84.0±92.3 b

noitatcalfoegatS
)syadniegareva(

)42±37(ylraE 1 12 75.0±51.5 AC 95.0±78.3 51.0±19.2 AA

)13±051(muideM 2 42 07.0±86.5 BC 44.1±04.4 43.0±81.3 BA

)23±542(etaL 3 72 17.0±98.5 CB 91.1±83.4 14.0±44.3 CA

Explanations: ab � means in the same column with different superscript letters differ
significantly at P < 0.05, AB � P < 0.01
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a normal gait � 4.32 and 4.16%, respectively (P > 0.05),
but a lower protein content than healthy cows � 3.13
and 3.27%, respectively (P < 0.05). In a study by
Pavlenko et al. (13) in both study periods (2 to 3 WACT
and 5 to 6 WACT), the percentages of fat and protein
in milk between DD-affected cows, SU-affected cows,
and healthy cows were insignificant statistically.
Olechnowicz and Ja�kowski (12) reported that in
early lactation mean monthly milk production � as well
as fat, protein, and lactose production � were signifi-
cantly lower in cows with clinical lameness when com-
pared to cows which were never lame or that were
mildly lame.

Conclusion
There were no statistically significant differences in

SCC and milk fat contents between clinically lame
cows and healthy cows; however compared with healthy
cows lame cows had a significantly lower protein
content. The results of this study should be treated as
preliminary. Examinations should be repeated in large
herds of cows taking into account interaction between
milk traits of cows (clinically lame and healthy) and
parity, stage of lactation, and environment (housing
system).
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