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During summer (June to August) of continental weather conditions treated
mastitis episodes at a large Hungarian dairy farm were studied to determine the
relationship between the distribution of mastitis among quarters of the udder and
the lying behaviour (laterality) of the cows. There was a significant difference in
laterality between cows that developed mastitis and cows that did not. Cows that
developed mastitis, had an increased left laterality in lying, which was related to
the increased probability of a right-sided mastitis episode. However, the effect
was not significant due to the large variation in the data. At the same time, sig-
nificantly more cows with clinical mastitis had a somatic cell count (SCC) higher
than that of cows without clinical mastitis. While a significant correlation was found
between the occurrence of treated mastitis cases and SCC > 1,000,000, no statisti-
cally significant differences could be observed in milk production between the
two groups.
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Research on the distribution of clinical mastitis revealed that the incidence
of clinical mastitis on udder-quarter level often differs from a random distribu-
tion (Flock and Zeidler, 1969; Grootenhuis, 1975; Adkinson et al., 1993;
Barkema et al., 1997). Several authors found the incidence of clinical mastitis to
be higher in rear quarters than in front quarters (Rendel and Sundberg, 1962;
Flock and Zeidler, 1969; Grootenhuis, 1975; Batra et al., 1977; Adkinson et al.,
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1993; Miltenburg et al., 1996; Barkema et al., 1997). Deviation from expectation
of observed mastitis incidence on quarter level could be attributed to differences
in risk factors with bacterial infections around the teat opening between the quar-
ters of the bovine udder in developing clinical mastitis (Barkema et al., 1997).
One of the factors that might influence the incidence of clinical mastitis on quar-
ter level is the lying behaviour of the animal involved.

Cows tend to increase the habit of lying on their right side (right laterality)
with increasing age. At the same time, cows with increasing gestation length tend
to have an increasing left laterality (Arave and Walters, 1980). Nottbohm (1928)
suggested that, as a result of left laterality, mastitis most often occurs in the left-
hind quarters. Ewbank (1966) found that the greater the proportion of total lying
time a cow spent on one particular side, the greater the difference in subclinical
mastitis status between the sides, with the highest status for the relatively most
lain-on half of the udder. In the lying cow, the underlying udder-half may be af-
fected by the cold floor and be predisposed to infection by environmental patho-
gens. Also an injury of the underlying udder-half by tramping could more likely
be followed by infections. An uneven distribution in laterality of cows might im-
pose a different risk factor for the quarters of the udder in developing clinical
mastitis caused by environmental pathogens. Exposure to environmental patho-
gens occurs between milkings [with the highest probability within 30 min
(max. 60) after milkings] and is not limited to the milking process, which is in
contrast to contagious pathogens (Eberhart and Buckalew, 1972, 1977; Bramley
et al., 1981; Eberhart et al., 1983).

Therefore, the objective of the present study was to investigate the role of
the laterality of cows on the incidence of the side of the udder at which clinical
(treated) mastitis occurs.

Materials and methods

Animals and housing

This study was conducted at a Hungarian dairy farm with an average herd
size of 950 Holstein-Friesian cows. The cows were individually labelled for
identification with continuous numbering. The lactating herd was divided into
six production groups, each of which was housed in free-stall loose housing sys-
tem. The cubicles, serving for the resting period of the individual cows, had a
sand floor and a layer of straw was provided as bedding. During the afternoon
and at night the cows had access to a paddock outside the shed.

The animals were fed three times a day in a feed bunk along the open side
of the shed. The ration consisted of a mixture of maize silage, green alfalfa and
soybean completed with concentrate according to the production level of the
group. Alfalfa hay and water were available ad libitum. All rations were fed to
meet the NRC recommendations for essential nutrients (National Research
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Council, 1989). Milking took place twice daily, starting at 5:00 a.m. and 4:30 p.m.
The groups were milked separately using two double-sided herringbone milking
parlours with 24 stands each (Alfa Laval, Lund, Sweden). lodine-containing,
post-milking teat dipping solutions were routinely applied. Feed was provided in
the feed bunks along the open side of the shed after milking to prevent the lying
down of the cows with open teats after milking, and thereby to avoid contamina-
tion of the udder with environmental pathogens.

The mean age of the cows was 4.7 years. The mean lactation level was
8,720 kg milk with 3.1% of fat. The mean lactation length was 349 days. The
general hygienic condition of the herd was as usual. The somatic cell count
(SCC) of the bulk tank milk varied from 373,000 to 569,000 in the year of the
experiment, according to the results of the milk tests that had been performed by
the dairy industry every month. Disinfectants were routinely used to prevent con-
tamination by environmental pathogens in the calving shed.

Mastitis recording

Detailed records on treated mastitis were kept in the farm’s log. These re-
cords included the identification of cows, the distribution among quarters, the
date of treatment and the type of antibiotics used. A treated case of mastitis was
defined as any intramammary antibiotic treatment. A separate case was defined
in this study as one in which at least 14 days had elapsed since any previous
treatment in the same quarter.

According to the farm technology, milk bacteriologic culturing and deter-
mination of antibiotic resistance were performed continuously, however, only in
selected cases. Based on these data, Staphylococcus aureus was the main bacte-
rial pathogen of mastitis episodes. This bacterium alone was responsible for 40
to 50% of all mastitis cases in the year of the study. Far less importance (5-10%)
was attributed to other contagious mastitis pathogens (Streptococcus agalactiae,
Nocardia spp.), while environmental pathogens (E. coli, Klebsiella spp., Strepto-
coccus uberis) were detected in about 40 to 55% of the mastitis cases. Occasion-
ally, contagious/environmental bacteria, such as Streptococcus dysgalactiae,
were found. The mastitis episodes were treated with antibiotics based on the re-
sults of the resistance tests.

Lactation periods between June and October were analysed in this study.
The temperature and the humidity corresponded to the continental weather con-
ditions, as usual. The SCC and milk production (kg) of cows included in the ex-
periment were analysed on a monthly basis from June to October. The SCC and
milk production indices were divided into two groups, based on the existence or
lack of a detected mastitis. The values of the different groups were compared by
analysis of variance. Furthermore, the monthly SCC indices were grouped ac-
cording to their SCC wvalues into three categories (<400,000; 400,000—
1,000,000; > 1,000,000 SCC/ml milk). The occurrence of mastitis in different
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SCC categories and the monthly and overall occurrence of mastitis in each SCC
category were compared by Chi’-tests.

Analyses of laterality recordings and subsequent mastitis cases

Two sheds, containing 227 fresh and high-producing (> 30 kg) dairy cows,
were used for the laterality recordings. The lying position of the cows was recorded
twice in the morning (1st recording: after the first feeding, 2nd recording: 1 h later)
and twice again in the afternoon (Ist recording: after the second feeding, 2nd re-
cording: 1 h later), at moments when only a few cows were standing. Laterality re-
cordings were performed during 15 consecutive days (from 20 June to 4 July). The
herd was kept in a quiet disposition and they remained undisturbed when strangers
entered the cowshed. Animals that were seen rising were not recorded.

The left-laterality fraction of each individual cow was used for analyses.
This fraction was calculated by dividing the number of left laterality observations
by the total number of observations on each cow. For the analysis of laterality re-
cordings and subsequent mastitis cases, only those treated mastitis cases were
used, which occurred within 8 weeks after the laterality recordings (from 5 July to
28 August). This criterion was applied to avoid bias due to changes in laterality
during lactation. Cows, which developed mastitis episodes during the period of
laterality recordings, were excluded from the analysis.

The relation between laterality and the side at which a subsequent mastitis
episode occurred was analysed using logistic regression. Differences in left later-
ality fractions between cows that developed treated mastitis and cows that did
not, were analysed using the Wald-test (S-Plus 2000) (Armitage and Berry,
1994).

Results

After the laterality recordings had been performed, 48 of the 227 cows
(21%) developed a mastitis episode within 8 weeks, which was then treated with
antibiotics. The distribution of lactation stages in cows with treated mastitis were
as follows: before Day 35: n = 1; between Days 35-100: n = 20; beyond Day 100:
n = 27. According to the number of lactations: 1st lactation: n = 8; 2nd lactation: n
= 10; 3rd lactation: n = 5; 4th lactation: n = 13; 5-7th lactation: n = 12. During the
period of laterality recordings, three cows developed mastitis and were excluded
from the analysis. The number of laterality observations, the left laterality fraction
and the side at which the mastitis episode occurred are shown in Table 1.

Cows that developed treated mastitis on the left side (n = 27) had an aver-
age left laterality fraction of 0.556 (s* = 0.051). Average left laterality fraction
for cows developing treated mastitis on the right side (n = 21) was 0.613 (s* =
0.033). Logistic regression showed an odds ratio on left-sided treated mastitis of
0.257 with increasing left laterality fraction (P = 0.65).
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Table 1

Number of observations, left laterality fraction and treated mastitis side

No. of Left. Mastitis No. of Left' Mastitis
Cow nr. . laterality . Cow nr. . laterality .
observations . side observations . side
fraction fraction
1 39 0.462 Left 25 18 0.722 Left
2 4 0.250 Left 26 8 0.375 Left
3 15 0.333 Right 27 11 0.455 Right
4 13 0.615 Right 28 16 0.500 Right
5 8 1.000 Right 29 16 0.500 Right
6 14 0.429 Left 30 9 0.444 Left
7 16 0.625 Right 31 8 1.000 Left
8 18 0.444 Left 32 13 0.692 Left
9 13 1.000 Left 33 17 0.824 Right
10 33 0.515 Left 34 20 0.800 Left
11 13 0.385 Left 35 14 0.714 Right
12 16 0.625 Right 36 7 0.714 Right
13 21 0.286 Left 37 14 0.786 Left
14 22 0.364 Right 38 15 0.800 Left
15 13 0.692 Right 39 11 0.364 Left
16 30 0.567 Right 40 16 0.500 Left
17 6 0.833 Left 41 17 0.765 Left
18 13 0.385 Right 42 17 0.647 Left
19 14 0.214 Left 43 13 1.000 Right
20 13 0.692 Right 44 12 0.500 Left
21 19 0.421 Right 45 11 0.545 Right
22 3 0.667 Right 46 15 0.600 Left
23 18 0.500 Left 47 14 0.643 Right
24 12 0.167 Left 48 13 0.538 Left

Cows that developed treated mastitis (n = 48) had an average left laterality
fraction of 0.581 (s* = 0.044). Cows that did not develop treated mastitis (n = 176)
had an average left laterality fraction of 0.505 (s> = 0.044). The Wald-test revealed
that the differences in left laterality fractions between cows that developed treated
mastitis and those that did not, were statistically significant (P = 0.026).

The analysis of variance showed a significant difference (P < 0.001) be-
tween the SCC values of cows with treated mastitis and those without mastitis at
the following observations: 5 June, 4 September and 2 October (Fig. 1). No sig-
nificant differences were found in the milk production in any of the two groups
throughout the period studied (Fig. 2). The percentages of cows with and without
mastitis, as grouped according to their different SCC values, based on monthly ex-
aminations, are presented in Fig. 3. The Chi*-test showed significant differences in
the category > 1,000,000 SCC (P < 0.05), but in the category < 400,000 SCC and
in that with 400,000—1,000,000 SCC a non-significant difference could be found
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between the occurrence of treated mastitis cases and the SCC values in the
monthly evaluation. Besides, the result of Chi*-test showed that there was a sig-
nificant difference between the total number of cows with treated mastitis and the
SCC values by SCC categories (P < 0.001). On a monthly basis the difference be-
tween the occurrence of treated mastitis cows and the SCC values by SCC catego-
ries was found to be significant in June (P < 0.01), September and October (both
with P < 0.001), while no significant differences were found in July and August.
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Fig. 1. The SCC values (mean, SE) of cows with mastitis and with no mastitis based on monthly
examinations. P < 0.001; “P < 0.01
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Fig. 2. The milk production (mean, SE) of cows with mastitis and with no mastitis based on
monthly examinations
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Fig. 3. The percentage of cows with mastitis and with no mastitis, grouped by different SCC
values, based on monthly examinations. *P <0.001; P <0.01

Discussion

Although several studies did not show different incidences of clinical mas-
titis episodes between left and right quarters (Batra et al., 1977; Adkinson et al.,
1993), Walsh (1985) reported a different incidence of clinical mastitis between
left and right quarters in a herd with a one-sided milking parlour. The higher fre-
quency of right-quarter mastitis episodes was caused by teat impaction. A higher
prevalence of Staphylococcus aureus (Staph. aureus) infection in right quarters
was found by Zadoks et al. (2001), but the transmission of Staph. aureus via teat
cup liners (O’Shea, 1987) might also explain a higher incidence rate in the af-
fected quarters, e.g. the right quarters. According to Barkema et al. (1997), in-
tramammary infections also occurred more often in the right front quarters than
in the left front quarters. They suggested that predisposing conditions that are
disproportionate between left and right quarters could explain this uneven distri-
bution. One of these conditions could be based on the laterality in lying.

We previously reported that the right quarters with treated mastitis were
most frequent in all lactation stage groups and all age groups in this large-scale
Hungarian dairy farm (Kikkers et al., 2004). According to the findings of Arave
and Walters (1980), a shift toward left clinical quarters relative to right clinical
quarters in subsequent lactation stage groups, and a shift toward right clinical
quarters relative to left clinical quarters in subsequent age groups could be ex-
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pected. However, the difference between observed frequencies of left or right
treated quarters and the expected frequencies was not significant (Kikkers et al.,
2004). A possible explanation could be that too few observations on mastitis epi-
sodes caused by environmental pathogens were taken to manifest the influence
of laterality. Also an overestimation of the relation between laterality and the
side on which mastitis occurs, could explain the result.

In this study, logistic regression revealed that in cows that developed mas-
titis, an increasing left laterality fraction was related to an increased probability
of a right-sided mastitis episode. The 48 mastitis episodes and the related lateral-
ity fractions used in the logistic regression model contained a large variation that
could not be explained by the model. Although the result was not significant, it is
in contrast to the expected results. Several authors suggested that, in the lying
cow, the underlying udder-half might be predisposed to infection due to in-
creased exposure to environmental bacteria (Nottbohm, 1928; Bryan and Taylor,
1938; Ewbank, 1966). The present results imply an increased probability of the
upper-half of the udder in a lying cow to be affected when the cow develops
mastitis. To explain this result one has to realise that the layer of straw bedding
insulates the floor, preventing the underlying udder-half from cooling down. In
contrast, the overlying udder-half could be even more exposed to cold due to the
wind in an open barn. As has been reported previously, poor ventilation, which
results in cold draft, is a risk factor for developing mastitis (Schukken et al.,
1991).

Further explanations for the present results include a large contribution of
contagious pathogens relative to environmental pathogens in the development of
the mastitis episodes studied. Due to the large number of subclinical infections
with Staph. aureus in the herd, the number of mastitis cases with environmental
bacteria was relatively low. Since laterality is thought to be mainly a risk factor
in developing mastitis episodes caused by environmental pathogens, the great
contribution of contagious pathogens to the development of mastitis episodes
may have caused a bias. This could explain the low correlation with laterality
and that this correlation was not significant. This fact can also partly explain why
the distribution of mastitis incidence within the various stages of lactation differs
from the findings of other studies (Schukken et al., 1989).

Furthermore, the large number of subclinical mastitis episodes caused by
Staph. aureus during the laterality recordings may have caused cows to prefer ly-
ing on the unaffected side of the udder. In the 8 weeks that followed the laterality
recordings, those episodes may have become clinically apparent and thereby
treated. This scenario would give the unjustified impression of an increased
probability of the upper half of the udder in a lying cow to be affected when a
mastitis episode develops.

The Wald-test revealed a significant difference in laterality between cows
that developed mastitis and cows that did not. Cows developing mastitis on ei-
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ther side of the udder preferred lying on their left side. Since only 48 cows de-
veloped a treated mastitis episode in the 8-week period following the laterality
recordings, it can be argued that the average laterality fraction of these cows is
not representative for all cows developing mastitis.

The analysis of variance showed a significant difference between the SCC
values of cows with treated mastitis and those without treated mastitis in three of
the five milking tests. This result was confirmed by the Chi*-test, which showed
a significant difference between the total number of cows with treated mastitis
and the SCC values by each SCC category and in three of five monthly milk
tests. These results were to be expected, having known the outcomes of earlier
studies (Radostits et al., 1994). The analysis of variance did not show significant
differences in milk production determined by milking tests from June to October.
This result is contrary to the findings made so far (Raubertas and Shook, 1982;
Jones et al., 1984; Bartlett et al., 1990; Cassell, 1994; Ozsvari et al., 2001). Fur-
thermore, the Chi’-test revealed a significant difference between the occurrence
of treated mastitis and cases with > 1,000,000 SCC values on a monthly basis,
but no significant difference could be found between the occurrence of treated
mastitis and cows falling in SCC categories of <400,000 and 400,000—
1,000,000, respectively. These results gave countenance to the right selection of
mastitis treatments and also to the possibility of high incidence of subclinical
mastitis cases in the herd.

In summary, there was a significant difference in laterality between cows
that developed mastitis and cows that did not. In cows that developed mastitis, an
increasing left laterality fraction was correlated with the increased probability of
a right-sided mastitis episode. However, the large variation of the data might
contribute to some failing significant relationships. Chronic intramammary infec-
tions with Staph. aureus may have influenced the results in this study. At the
same time, significantly more cows with clinical mastitis had SCC higher than
that of cows with no clinical mastitis. A significant correlation between the num-
bers of cows treated with mastitis and SCC > 1,000,000 was also detected. Fur-
thermore, there was no statistically significant difference in milk production be-
tween the two groups.

Acknowledgements

The authors gratefully acknowledge the technical assistance of Istvan Andra-
sovszky and Mrs. Z. Gulyas.

Acta Veterinaria Hungarica 54, 2006



170 KIKKERS et al.

References

Adkinson, R. W, Ingawa, K. H., Blouin, D. C. and Nickerson, S. C. (1993): Distribution of treated
mastitis among quarters of the bovine udder. J. Dairy Sci. 76, 3453-3459.

Arave, C. W. and Walters, J. L. (1980): Factors affecting lying behaviour and stall utilization of
dairy cattle. Appl. Anim. Ethol. 6, 369-376.

Armitage, P. and Berry, G. (1994): Statistical Methods in Medical Research. Third edition. Black-
well Science, Oxford, England.

Barkema, H. W., Schukken, Y. H., Lam, T. J. G. M., Galligan, D. T., Beiboer, M. L. and Brand, A.
(1997): Estimation of interdependence among quarters of the bovine udder with subtreated
mastitis and implications for analysis. J. Dairy Sci. 80, 1592—-1599.

Bartlett, P. C., Miller, G. Y., Anderson, C. Y. and Kirk, J. H. (1990): Milk production and somatic
cell count in Michigan dairy herds. J. Dairy Sci. 73, 2794-2800.

Batra, T. R., Nonnechke, B. J., Newbould, F. H. S. and Hacker, R. R. (1977): Incidence of treated
mastitis in a herd of Holstein cattle. J. Dairy Sci. 60, 1169-1172.

Bramley, A. J., Godinho, K. S. and Grindal, R. J. (1981): Evidence of penetration of the bovine teat
duct by Escherichia coli in the interval between milkings. J. Dairy Res. 48, 379-386.

Bryan, C. S. and Taylor, G. E. (1938): Bovine mastitis. N. Am. Vet. 19, 26-31.

Cassell, B. G. (1994): Using somatic cell score evaluation for management decisions. J. Dairy Sci.
77,2130-2136.

Eberhart, R. J. and Buckalew, J. M. (1972): Evaluation of a hygiene and dry period therapy pro-
gram for mastitis control. J. Dairy Sci. 55, 1683-1687.

Eberhart, R. J. and Buckalew, J. M. (1977): Intramammary infections in a dairy herd with a low in-
cidence of Streptococcus agalactiae and Staphylococcus aureus infections. J. Am. Vet.
Med. Assoc. 171, 630-634.

Eberhart, R. J., Levan, P. L. and Griel, L. C. Jr. (1983): Germicidal teat dips in a herd with low
prevalence of Streptococcus agalactiae and Staphylococcus aureus mastitis. J. Dairy Sci.
66, 1390-1395.

Ewbank, R. (1966): A possible correlation, in one herd, between certain aspects of the lying behav-
iour of tied up dairy cows and the distribution of subclinical mastitis among the quarters of
their udders. Vet. Rec. 78, 299-302.

Flock, D. and Zeidler, H. (1969): Research on the independence of the udder quarters in the masti-
tis process. Z. Tierziicht Ziichtbiol. 85, 193-201.

Grootenhuis, G. (1975): Mastitis: A survey on the inter-dependence of the quarters of a cow.
Tijdschr. Diergeneesk. 100, 745-751.

Jones, G. M., Pearson, R. E., Clabaugh, G. A. and Heald, C. W. (1984): Relationship between so-
matic cell counts and milk production. J. Dairy Sci. 67, 1823-1829.

Kikkers, B. H., Ozsvari, L., Van Eerdenburg, F. J. C. M., Borzsonyi, L. and Szenci, O. (2004): The
incidence of mastitis treated with antibiotics in large-scale Hungarian Holstein-Friesian
dairy farms. Acta Vet. Hung. 52, 19-32.

Miltenburg, J. D., Lange, D., Crauwels, A. P. P., Bonvers, J. H. M. J., Tielen, M., Schukken, Y. H.
and Elbers, A. R. W. (1996): Incidence of treated mastitis in a random sample of dairy
herds in the southern Netherlands. Vet. Rec. 139, 204-207.

National Research Council (1989): Nutrient requirements of dairy cattle. 6th revised edition. Natl.
Acad. Sci., Washington, DC.

Nottbohm, F. E. (1928): Bovine mastitis. Z. Fleisch- u. Milchhyg. 38, 113-117.

O’Shea, J. (1987): Machine milking factors affecting mastitis — A literature review. Bull. Int.
Dairy. Fed. 215, 5-32.

Ozsvari, L., Antal, L., Illés, B. Cs., Bartyik, J. and Szenci, O. (2001): Quantification of losses re-
sulting from decrease in milk production caused by subclinical mastitis on the basis of in-

Acta Veterinaria Hungarica 54, 2006



INFLUENCE OF LATERALITY ON MASTITIS INCIDENCE IN DAIRY COWS 171

dividual somatic cell counts (in Hungarian, with English abstract). Magyar Allatorvosok
Lapja 123, 600-604.

Radostits, O. M., Leslie, K. E. and Fetrow, J. (1994): Herd Health. Food Animal Production Medi-
cine. 2nd edition. W. B. Saunders Company, London. 603. pp.

Raubertas, R. P. and Shook, G. E. (1982): Relationship between lactation measures of somatic cell
concentration and milk yield. J. Dairy Sci. 65, 419-425.

Rendel, J. and Sundberg, T. (1962): Factors influencing the type and incidence of mastitis in Swed-
ish cattle. Acta Vet. Scand. 3, 13-32.

Schukken, Y. H., Grommers, F. J., Geer, D. and Brand, A. (1989): Incidence of treated mastitis on
farms with low somatic cell counts in bulk milk. Vet. Rec. 125, 60-63.

Schukken, Y. H., Grommers, F. J., Geer, D., Erb, H. N. and Brand, A. (1991): Risk factors for
clinical mastitis in herds with a low bulk milk somatic cell count. 2. Risk factors for Es-
cherichia coli and Staphylococcus aureus. J. Dairy Sci. 74, 826-832.

S-Plus 2000, User’s Guide, Data Analysis Products Division, Mathsoft, Seattle, WA, USA.

Walsh, K. P. (1985): A report on the prevalence of treated mastitis and the somatic cell distribution
associated with machine milking in a one-sided milking parlour. S. Afr. J. Anim. Sci. 15,
173-175.

Zadoks, R. N., Allore, H. G., Barkema, H. W., Sampimon, O. C., Wellenberg, G. J., Grohn, Y. T.
and Schukken, Y. H. (2001): Cow- and quarter-level risk factors for Streptococcus uberis
and Staphylococcus aureus mastitis. J. Dairy Sci. 84, 2649-2663.

Acta Veterinaria Hungarica 54, 2006



