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SUMMARY

A longitudinal observational study (18 months) was carried out in two Dutch dairy herds to

explore clinical, epidemiological and molecular characteristics of Streptococcus uberis mastitis.

Infections (n=84) were detected in 70 quarters of 46 cows. Bacterial isolates were characterized at

strain level by random amplified polymorphic DNA (RAPD) fingerprinting. Persistent infections

were usually attributable to one strain, while recurrent infections could be caused by different

strains. When multiple quarters of a cow were infected, infections were mostly caused by one

strain. In each herd, multiple strains were identified yet one strain predominated. The majority

of all infections were subclinical, and infections attributed to predominant strains were more

chronic than infections attributed to other strains. Epidemiological and molecular data suggest

infection from environmental sources with a variety of S. uberis strains as well as within-cow and

between-cow transmission of a limited number of S. uberis strains, with possible transfer of

bacteria via the milking machine.

INTRODUCTION

Streptococcus uberis is an important udder pathogen

in the modern dairy industry. It ranks among the

main causes of mastitis in countries around the

world, including Australia [1], Brazil [2], Canada [3],

The Netherlands [4, 5], New Zealand [6], the United

Kingdom [7] and the United States [8]. The pathogen

is a major barrier to the control of bovine mastitis

[7, 9], partly because the epidemiology of the disease

is incompletely understood [1, 10].

Streptococcus uberis is usually classified as ‘environ-

mental pathogen’ [7, 11]. The primary reservoir of

environmental pathogens is the dairy cow’s environ-

ment, and exposure is not limited to the milking pro-

cess [11]. Sources of S. uberis in the environment of

the bovine udder include body sites, manure, pasture

and bedding material [12–14]. New infections with

S. uberis may occur in dry cows and in heifers before

calving [15–17]. Because dry cows and preparturient

heifers are not milked, infections in those animals

cannot be the result of cow-to-cow transmission in

the milking parlour. Therefore, the environment is

most likely the source of infection. In recent years,
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molecular techniques have contributed evidence for

the environmental origin of S. uberis. Many strains of

S. uberis can cause bovine mastitis, implying that

mastitis does not result from cow-to-cow transmission

of a limited number of strains within a herd [1, 6, 7, 18].

The emphasis on the environmental nature of

S. uberis is partly a result of the failure to eradicate

S. uberis mastitis through management that controls

transmission of contagious mastitis [9]. However, indi-

cations that contagious or cow-to-cow transmission

of S. uberis may be important are re-emerging from

modern molecular and mathematical approaches to

epidemiology. Molecular studies have yielded evi-

dence for direct transmission and the predominance

of particular strains in some herds [1, 19]. Math-

ematical studies, based on a modification of the stan-

dard Susceptible-Infectious-Recovered (SIR) model

for infectious diseases [20], showed the prevalence of

S. uberis infections to be a predictor for the incidence

of new infections. This observation is in accordance

with the hypothesis that infected cows may act as a

source of infection for herd-mates [21].

Intramammary infections (IMI) caused by S. uberis

may be clinical or subclinical, and can vary in dur-

ation. Subclinical infections may hamper the control

of mastitis because they often go unnoticed and un-

treated, resulting in long duration of the infection.

Chronic infections with S. uberis are known to occur

[18, 22] and a role for such infections in the epidemi-

ology of S. uberis, possibly through transmission at

milking time, has been suggested [10, 23]. However,

there are few longitudinal studies that combine mol-

ecular data and field observations in support of the

claim that S. uberis mastitis can be contagious.

This study describes S. uberis infections that were

observed in two commercial dairy herds in The

Netherlands over a time period of 18 months. The ob-

jective of the study was to examine the clinical mani-

festation of naturally occurring S. uberis mastitis and

the association between bacterial strains and epidemi-

ological or clinical characteristics of infections, with

the aim to enhance our understanding of the spread of

S. uberis in dairy herds. As part of this effort, the role

of the milking machine in transmission of S. uberis

was probed.

HERDS, MATERIAL AND METHODS

Herds and animals

Data and isolates were obtained from two com-

mercial dairy herds in The Netherlands. The herds

participated in a longitudinal observational study

(June 1997–December 1998) on the population dy-

namics of mastitis. Cows were mainly Holstein–

Friesians, partly cross-bred with Dutch Friesian or

Meuse–Rhine–Yssel cows. In winter, animals were

housed in a free-stall barn with a concrete slatted

floor, and cubicles with wood shavings as bedding ma-

terial. Lactating cows were mostly on pasture during

the summer. Herd 1 consisted of 95¡5 (mean¡S.D.)

lactating cows with an average 305-day milk pro-

duction of 8166¡459 kg, and had an arithmetic mean

bulk milk somatic cell count of 235¡75 (r103) cells/

ml in the year preceding the study. Herd 2 consisted of

41¡2 lactating cows, with average 305-day milk

production of 8508¡165 kg, and had an arithmetic

mean bulk milk somatic cell count of 205¡69 (r103)

cells/ml in the year preceding the study.

In herd 1, cows were milked twice daily in a two-

by-four open tandem parlour. Mastitis management

included regular monitoring of milking machine func-

tion, use of individual paper towels, antibiotic treat-

ment of all clinical cases of mastitis, antibiotic

treatment of selected cows with subclinical mastitis,

and antibiotic treatment of all cows at drying off.

Post-milking teat disinfection was practised from

June to September 1997 and again from April to June

1998. An outbreak of S. uberis mastitis occurred in

this herd between November 1997 and April 1998 and

has been described in detail elsewhere [21]. In herd 2,

cows were milked twice daily in a two-by-five her-

ringbone parlour. Mastitis management was similar

to herd 1, but post-milking teat disinfection was prac-

tised throughout the study. Herds were considered to

be illustrative of an intermediate level of management

and bulk milk somatic cell count under current

farming conditions in The Netherlands [24].

Collection and processing of samples

Quarter milk samples were collected every 3 weeks

from all lactating animals, using aseptic technique

[25]. Farmers collected additional quarter milk sam-

ples at calving (prior to first contact with the milking

machine), at drying off, before culling, and when

clinical mastitis was detected (any visual abnormality

of milk or udder, with or without systemic signs of

disease). A fraction of fresh quarter milk samples was

used for determination of quarter milk somatic cell

count (QMSCC) by a Fossomatic milk cell counter

(Foss Electronic, Hillerød, Denmark), with the excep-

tion of samples that were collected by farmers.
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All milk samples for microbiological analysis were

stored at x20 xC until processing. Within 3 weeks of

collection, 0.01 ml of milk were cultured and all bac-

terial species were identified according to National

Mastitis Council standards [25]. The number of col-

ony forming units (c.f.u.) was recorded for all sam-

ples. When f10 c.f.u. of a pathogen were identified,

individual colonies were counted. Higher c.f.u.-counts

were categorized as 10–49 c.f.u./plate, 50–199 c.f.u./

plate or o200 c.f.u./plate. Preliminary identification

of S. uberis was based on colony morphology and

aesculin hydrolysis on Edward’s medium. Isolates

from herd 1 were confirmed as S. uberis using the API

20 Strep system [26]. For herd 2, only those isolates

that were used for strain typing were confirmed as

S. uberis using the API 20 Strep system.

Definition of infection

In accordance with current definitions of intra-

mammary infection [21, 27, 28], a quarter was con-

sidered infected when o1000 c.f.u./ml of S. uberis

were cultured from a single sample, wheno500 c.f.u./

ml were cultured from 2 of 3 consecutive milk sam-

ples, when o100 c.f.u./ml were cultured from 3

consecutive milk samples, or when o100 c.f.u./ml

were cultured from a sample obtained from a quarter

with clinical mastitis. Samples containing more than

three bacterial species were considered contaminated,

and were not regarded as informative of IMI

status. Samples that were culture negative during

antibiotic treatment for udder disease were also not

considered informative of IMI status. A previously in-

fectedquarterwas consideredashaving recovered from

IMI if none of the above definitions were met and

the sample was free of S. uberis. Quarters that had

recovered from IMI were eligible for a new episode

of infection.

For IMI that were first detected at calving or as

clinical mastitis, the sample date was assumed to be

the date of onset of infection. For IMI that were last

detected at drying off or at culling, the sample date

was taken as the endpoint of infection. For all other

combinations the midpoint between the last negative

and first positive sample was taken as starting point,

and the midpoint between last positive and first

negative sample was taken as endpoint of IMI. The

terms ‘positive’ and ‘negative’ are used to describe

the infection status of the quarter from which the

sample was taken [21]. Infections that were not ac-

companied by any visual abnormalities of the milk

and/or the udder were called subclinical infections.

When clinical signs, such as clot formation in milk,

developed in a quarter with subclinical infection, this

was considered to be a clinical flare-up.

Liner swabs

In herd 1, swabs were taken from milking machine

unit liners on two occasions (swab experiment 1 and

2) to determine the presence of S. uberis on liners be-

fore and after milking of S. uberis infected cows. Five

cows that were chronically infected with S. uberis in

one quarter were selected. Cows were led into the

milking parlour so that the milking unit and teat cup

that would be used for the infected quarters were

known. Before milking started, designated teat cup

liners were swabbed to check cleanliness. Next, cows

with infected quarters were milked, using standard

milking routine. In swab experiment 1, liners were

swabbed in duplicate after infected quarters had been

milked. In swab experiment 2, milking of cows with

infected quarters was followed by milking of two cows

that had no S. uberis infection in any quarter. Swabs

were not taken after milking the infected cow, but

after milking of the first uninfected cow following the

infected cow, and again after milking of the second

uninfected cow. Infection status of infected and un-

infected cows was determined based on prior milk

culture results, and confirmed with culture results of

milk samples that were taken on the days that swabs

were obtained.

Swabs consisted of sterile cotton wool, mounted on

plastic rods and stored in a sterile container. Swabs

were inserted into the teat cup to the point were the

liner joined the short milking tube, and withdrawn in

a spiraling motion while rotating the swab. Swabs

were reinserted into containers together with 5 ml of

cooled sterile peptone-saline solution (0.85% w/v

sodium chloride and 0.1% w/v peptone water (Oxoid,

CM9, Haarlem, The Netherlands) in sterile water).

Swabs were cooled and transported to the laboratory

within a few hours. In the laboratory, swabs were re-

moved from the transport medium and inserted into

5 ml of serum broth (0.5% w/v Lab Lemco (Oxoid),

1.0% w/v Bacto peptone (Oxoid), 0.5% w/v sodium

chloride and 0.1% glucose in sterile water, pH 7.4).

After vigorous shaking and overnight incubation

at 37¡1 xC, an inoculum of 0.1 ml was plated on

Edward’s medium. Plates were incubated for 21¡3 h

at 37¡1 xC. Isolates showing colony morphology

suggestive of S. uberis were identified at the species
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level using the API 20 Strep system. Results were

expressed as absence or presence of S. uberis.

RAPD fingerprinting

DNA isolation was performed as described by

Gillespie et al. [29]. Amplification of bacterial

DNA using primer OPE-04 (5k-GTGACATGCC-3k ;
Operon Technologies, Alameda, CA, USA) was done

as described by Jayarao et al. [30] with S. uberis strain

ATCC 27958 as positive control. Amplified products

and molecular size markers (pBR322 DNA digested

with BstNI and WX174 DNA digested with HaeIII ;

New England BioLabs, Beverly, MA, USA) were

electrophoresed in 2% agarose with TBE buffer

(0.9 M Tris base, 0.09 M boric acid, 2.5 mM EDTA;

pH 8.3). Gels were run at 150 V (6.25 V/cm) for 3.5 h

and were stained with ethidium bromide (1.0 mg/ml;

Sigma Chemical Co., St. Louis, MO, USA). The

DNA was visualized by ultraviolet transillumination

(Fotodyne Inc., New Berlin, WI, USA) and photo-

graphed with type 55 Polaroid1 film (Polaroid Corp.,

Cambridge, MA, USA). Each DNA amplification

pattern was examined for the number of DNA frag-

ments and their size relative to molecular size stan-

dards [22]. Isolates with the same number and size of

DNA fragments were considered to belong to the

same strain, irrespective of band intensity of frag-

ments. Strains were designated an arbitrary letter to

identify a genotype.

As far as possible, isolates from every infected epi-

sode were used for strain typing. If more than one

isolate was available from an infected episode, isolates

from the early, intermediate and late stage of infection

were used, to test the assumption that chronic infec-

tions are usually persistent infections caused by one

strain type [1, 22]. For some milk samples, re-isolation

of bacteria for RAPD fingerprinting after prolonged

storage at x20 xC was not successful and strain types

could not be determined.

Statistical analysis

Duration of infection was censored for infections that

were observed at the start and the end of the study, and

for infections in cows that were dried-off or culled.

Therefore, duration of infection was represented

using Kaplan–Meier survival curves (S-Plus version

6.0, Insightful Corp., Seattle, WA, USA, 2001) and

compared between groups using a two-sample or

multiple-sample Log Rank survival-test, as appropri-

ate (Statistix version 7.0, Analytical Software Co.,

La Jolla, CA, USA, 2000). Association between me-

dian QMSCC and duration of infection was examined

using Pearson’s correlation coefficient (Statistix 7.0).

For herd B, the association between bacterial strain

(dominant strain vs. other strains) and time of onset

of infection (non-lactating vs. lactating period) was

examined using Fisher’s exact test. Association be-

tween bacterial strains and clinical manifestation of

the infection was also examined by Fisher’s exact test.

For QMSCC and c.f.u.-count, many observations

were available for some infected quarters. Therefore,

the associations between possible explanatory vari-

ables (herd, quarter position, strain) and outcome

measures (QMSCC, c.f.u.-count) were analysed using

ProcMixed, with the covariate of interest as fixed

effect and quarter as repeated effect. For this analysis,

QMSCCwas normalized by log transformation. Com-

pound symmetry was used to model the covariance

structure of repeated observations within udder quar-

ters [24]. Analyses were run in SAS version 8.01 (SAS

Institute Inc., Cary, NC, USA, 1999). Significance

was declared at P<0.05 for all statistical analyses.

RESULTS

Clinical and bacteriological observations

In herd 1, 54 infections were observed in 47 quarters

of 31 cows. Four infected quarters were present at

the start of the study and 50 new infections were de-

tected during the 18-month observation period. Four

S. uberis infections were detected in heifers at calving,

one infection was detected in a multiparous cow at

calving, one infection was detected as severe clinical

mastitis in the early dry period (mixed infection with

Escherichia coli), and 44 infections were first detected

during lactation. In herd 2, 30 infections were ob-

served in 23 quarters of 15 cows. Seven infected quar-

ters were present at the start of the study, and 23 new

infections were detected during the study. One infec-

tion was detected in a multiparous animal at calving,

and all other infections were detected during lac-

tation. Two quarters that were chronically infected

with S. uberis showed mixed infection with E. coli or

Staphylococcus aureus at one or two samplings, re-

spectively. One cow showed multiple mixed infections

of short duration (1 Streptococcus dysgalactiae ; 1

S. dysgalactiae and S. aureus ; 1 E. coli).

Out of 54 S. uberis infections in herd 1, 11 showed

clinical signs and 43 (80%) were subclinical through-

out the period of observation. Infections that were
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accompanied by clinical signs began as clinical mas-

titis in 5 cases and as subclinical infections in 6 cases.

The number of clinical episodes per infection ranged

from 1 to 5. In herd 2, 20 of 30 episodes were sub-

clinical (67%) throughout the period of observation.

Infections that resulted in clinical signs started as

clinical mastitis in 6 of 10 cases. Per infection, 1 or 2

clinical episodes were observed (Table 1).

Duration of infection was estimated for 47 infec-

tions in herd 1 and for 26 infections in herd 2. Infec-

tions that were first detected at drying off or at the last

sampling of the study were excluded from calculations

of duration because there was no follow-up after

onset of infection. Therefore, calculation of duration

was not considered meaningful. The duration of infec-

tions ranged from 1 to 309 days in herd 1 (median=46

days), and from 1 to 280 days in herd 2 (median=29

days). The true duration of infections may have been

underestimated, because the duration was truncated

for infections that were present at the start or the end

of the study and for infections in animals that were

culled. Drying off was considered as the end of an

infected episode because all quarters that were in-

fected at drying off and that were examined again at

the next calving had been cured during the dry period.

Spontaneous cure of infection was observed in 14 and

10 quarters in herds 1 and 2, respectively, while cure

after treatment was observed in 14 and 6 quarters for

herds 1 and 2.

Infections that were detected at calving (n=5,

median duration=9 days) were significantly shorter

than infections that were first detected at a week or

more in lactation (n=65, median=46; Log Rank

Test, P<0.01; Fig. 1). Infections that were present at

the start of the study were excluded from this analysis,

because the lactation stage at onset was unknown.

Two infections that were detected within a week post

calving were also excluded from analysis. Samples at

calving may be culture negative as a result of the

presence of antibiotics used for dry cow treatment.

Therefore, it was thought that infections that were first

detected within a week after calving could have orig-

inated in the dry period or in the lactating period and

they were not included in either category. Duration of

infection did not differ between herds or between pos-

itions of udder quarters (left or right, front or rear)

(Log Rank Test, P=0.95, 0.55 and 0.47, respectively).

Infections that started as clinical mastitis were sig-

nificantly shorter (n=9, median=13 days) than in-

fections that started subclinically (n=56, median=45

days; Log Rank Test, P<0.02). Infections with sub-

clinical onset and clinical flare-ups were longer (n=9,

median=90 days) than infections that were fully sub-

clinical (n=47, median=42 days; Log Rank Test,

P<0.01). Duration of subclinical infections, infec-

tions with clinical onset and infections with sub-

clinical onset followed by clinical flare-ups is depicted

in Figure 2.

QMSCC in infected quarters ranged from

5000 cells/ml to 9 999 000 cells/ml (upper limit of de-

tection system). For 21 quarters, there were at least 4

observations of QMSCC during infection, spanning

a period of at least 2 months. In herd 1, the lowest

median QMSCC in such a chronically infected quarter

was 215 000 cells/ml and the highest median QMSCC

was 4719 000 cells/ml. In herd 2, lowest median

QMSCC was 65000 cells/ml and the highest median

QMSCC was 3412000 cells/ml. Examples of high and

lowmedianQMSCCs inquarterswith chronicS. uberis

infection are shown in Figure 3. Two cut-off values

for somatic cell count that are commonly used as

indicators of infection are included in Figure 3. Ten

of 21 quarters had median QMSCCf500 000 cells/ml

and 5 had a median QMSCCf250 000 cells/ml. The

correlation between median QMSCC and duration

was not significant (Pearson correlation=0.31; P=
0.16). QMSCC of chronically infected quarters was

Table 1. Number of clinical, subclinical and combined

clinical/subclinical intramammary infections with

Streptococcus uberis observed over an 18-month period

in two Dutch dairy herds

Course of infected episode Herd 1* Herd 2*

Clinical onset

Clinical only 3 3
Followed by subclinical only 2 2
Followed by subclinical with

clinical flare-ups

0 1

Subtotal clinical onset 5 6

Subclinical onset
Followed by subclinical only 40 16

Followed by subclinical with
clinical flare-ups

6 3

Subtotal subclinical onset 46 19

Unknown onset
Followed by subclinical only 3 4

Followed by subclinical with
clinical flare-ups

0 1

Subtotal unknown onset 3 5

Total number of episodes 54 30

* Herd 1 consisted of 95¡5 (mean¡S.D.) lactating animals.

Herd 2 consisted of 41¡2 lactating animals.
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not significantly associated with herd of origin or

quarter position (front or rear, right or left) (Likeli-

hoodRatio Test ;P=0.05, 0.16 and 0.58, respectively).

The number of bacteria in milk from infected

quarters was generally high, with infected quarters

shedding >1000 c.f.u./ml in 84.9% of 230 samples in

herd 1, and in 88.3% of 139 samples in herd 2. Sam-

ples from infected quarters were culture negative for

S. uberis in 5.7% of samples in herd 1, and in 5.8% of

samples in herd 2, mostly during antibiotic treatment.

Bacterial shedding did not differ between herds

(Likelihood Ratio Test ; P=0.83).

Strain typing

In herd 1, 12 strains were identified among 111

isolates that were RAPD fingerprinted. In herd 2, 7

strains were identified among 41 isolates that were
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Fig. 1. Kaplan–Meier curve of duration of Streptococcus uberis infections for quarters that became infected during lactation
(full line ; infection detected at >7 days after calving, n=65) and for quarters that were infected at calving (dashed line ;
n=5). Tick marks indicate censoring of observations. Lines are significantly different (Log Rank Test, P<0.01).
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Fig. 2. Kaplan–Meier curve of duration of Streptococcus uberis infections with clinical onset (dashed line ; n=9), subclinical
onset and no clinical flare-ups (full line ; n=47), or subclinical onset followed by clinical flare-ups (dotted line ; n=9) observed
in two dairy herds during 18 months. Tick marks indicate censoring of observations. Lines are significantly different (Log
Rank test, P<0.02).
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RAPD fingerprinted. An example of strain typing re-

sults is shown in Figure 4. The number of isolates,

quarters and cows associated with each RAPD type is

summarized in Table 2. A dominant strain was ident-

ified in each herd. The dominant RAPD type from

herd 2, strain A, was also detected in herd 1. The domi-

nant RAPD type from herd 1, strain B, was not

detected in herd 2. Of 17 RAPD types that were

identified, 2 were obtained from both herds.

When multiple isolates were typed per IMI, isolates

mostly belonged to one RAPD type, as exemplified in

Table 3 (cows 1, 2, 5 and 6–8). For 40 infections, more

than one isolate was typed (range=2–8 isolates ; me-

dian=3 isolates). For 35 of 40 infections with mul-

tiple RAPD-typed isolates, every isolate belonged to

the same type (87.5%). When infections were simul-

taneously present in multiple quarters of a cow, and

strain typing results were available for each quarter,
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the middle half of SCC measurements for each quarter and are bisected by the median value. Whiskers represent a range of
typical data, i.e. data that are at most 1.5 times the box width away from the box, while dots represent extreme values
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of 500 000 cells/ml. Dotted line indicates SCC of 250 000 cells/ml.

M1 A A B B M G N O M B B B B B X Q I X M2
LF LF RH RF RH RH RF LF LH RF LH RF RF RF RF LF
1 2 3 4 5 9 4 3 5 6 4 7 7 8 9 10

1857

1058
939

383
310

603

872
1078
1353

Herd 1 Herd 2 Herd 1

Fig. 4. Example of banding patterns obtained through random amplified polymorphic DNA (RAPD) typing of Streptococcus
uberis. Herd, cow, and quarter are indicated for each sample. RF, right front ; LF, left front ; RH, right hind; LH, left hind.
Letters represent S. uberis strains. X indicates empty lane. Lane M1 is pBR322 DNA digested with BstNI, and lane M2 is

WX174 DNA digested with HaeIII. Molecular size of standards (kb) is indicated on either side of the figure.

Molecular epidemiology of Streptococcus uberis 341



the same RAPD type was isolated from each quarter

within a cow (7 cows in herd B, 3 cows in herd C). The

onset of infection in multiple quarters of a cow could

have been simultaneous (2 and 1 cow(s) in herds B

and C, respectively, e.g. Table 3, cow 1). Alternatively,

infection with a specific strain in one quarter could be

followed by infection with the same strain in other

quarters of the cow (5 and 1 cow(s) in herds B and C,

respectively, e.g. Table 3, cow 8). Quarters within a

cow that had simultaneous presence of infection could

be adjacent (6 and 3 cows in herds B and C, respect-

ively, e.g. Table 3, cows 1, 6 and 8) or diagonally op-

posed (1 cow in each herd, e.g. Table 3, cow 8). When

quarters within a cow were infected during non-

overlapping periods of time, isolates could belong to

the same RAPD types or to different strain (Table 3,

cow 8). Similarly, consecutive episodes of infection

that were separated by periods of cure within quarters

could be caused by the same RAPD type (Table 3, cow

6) or different strains (two quarters of 1 cow in herd B,

one quarter in herd C; Table 3, cow 8). Because strain

typing data are not available for all infected episodes

from both herds, representation of the results in the

above paragraph is qualitative, aimed at exemplifying

different infection scenarios, rather than quantitative.

Associations between strains and

clinical characteristics

In herd 1, 8 of 10 infections (80%) with clinical signs

and known strain type were associated with the

dominant strain (strain B), and two infections were

associated with other strains (J and P). For infections

without clinical signs and with known strain type, 21

of 27 (78%) were associated with the dominant strain,

and 11 were associated with other strains (A, D, F, I,

L, M and Q; due to infections with multiple strains

total does not add up to 27). In herd 2, infections with

clinical signs were associated with strain A or isolates

of undetermined type, while there was considerable

heterogeneity among isolates that caused subclinical

infections (strains A, E, G, H, K, N, O and untyped

Table 2. Number of isolates, episodes of infection, infected quarters, and infected cows per Streptococcus

uberis strain in two dairy herds. In herd 1, 111 out of 217 S. uberis isolates were typed by random amplified

polymorphic DNA (RAPD) fingerprinting. In herd 2, 41 out of 131 S. uberis isolates were RAPD fingerprinted.

Only infections with known strain types are included

Strain

Herd 1 Herd 2

Isolates Episodes Quarters Cows Isolates Episodes Quarters Cows

A 12* 4 4 4 30 9 8 5
B 83 29 29 22 — — — —

C 1# 1 1 1 — — — —
D 2 1 1 1 — — — —
E — — — — 3 2 2 1
F 1 1 1 1 — — — —

G 1 1 1 1 3 3 3 2
H — — — — 1 1 1 1
I 5 1 1 1 — — — —

J 1 1 1 1 — — — —
K — — — — 2 1 1 1
L 1 1 1 1 — — — —

M 2 1 1 1 — — — —
N — — — — 1 1 1 1
O — — — — 1 1 1 1

P 1 1 1 1 — — — —
Q 1 1 1 1 — — —
Total 111 39$ 37$ 28$ 41 18 15 10

* In one quarter, a mixed infection was detected (strain A and strain F were present in the same sample ; colonies differed in
aspect on culture plate). In one quarter, two different strains (A and B) were detected on two consecutive occasions. In one

quarter, three different strains (A, B and Q) were detected on three consecutive occasions).
# Superinfection with strain C in a quarter that was chronically infected with strain B. Strain C was isolated from an extra
sample taken during a clinical episode.

$ Column does not add up to total, due to detection of multiple strains per infected episode in some quarters.
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isolates). The association between strain (A, B, others,

or unknown) and clinical signs (categorized as ever vs.

never clinical, or as infection entirely subclinical, sub-

clinical onset followed by clinical flare-ups or clinical

onset of infection) was not significant (Fisher’s Exact

test, P=0.19 and 0.07, respectively).

Infections caused by strain A (n=9, median dur-

ation=248 days) tended to be longer than infections

caused by strain B (n=27, median duration=50 days;

Log Rank test, P=0.06). Infections caused by strain

A were significantly longer than infections caused by

strains C to Q (n=13, median duration=17 days;

Log Rank test, P=0.02). Infections caused by strain

B were also longer than infections caused by strain C

to Q (Log Rank test, P=0.03). Duration of infections

caused by strains A, B or other strains is depicted in

Figure 5. Data from quarters for which no RAPD

typing results were available or that yielded multiple

RAPD types were excluded from this analysis.

No significant associations were identified between

QMSCC and strain of S. uberis (strain A, B, other

strains, or undetermined strain types; Likelihood

ratio test, P=0.42). Similarly, bacterial numbers in

milk samples (c.f.u./ml) were not significantly differ-

ent between samples from quarters infected with

strain A, B, other strains or undetermined strain types

(Likelihood ratio test, P=0.35).

Association between strains and epidemiological

characteristics

In herd 1, an outbreak of S. uberis mastitis occurred

[21]. Isolates from infections observed in the period

preceding the outbreak, from infections that occurred

Table 3. Strains of Streptococcus uberis isolated from selected quarters of dairy cows in herd 2 over an

18-month period with 3-weekly sampling (S), illustrating infection scenarios at cow and herd-level

S

1* 2 3 4 5 6 7 8 9 10

LF RH LH RH LF RF RF RH LH LF LF RH LH RH LH

1 — — — A — — — + + + — E — — —
2 — — — + — — + A A + E E — — —

3 A A A + — dp# — A A A dp dp dp — —
4 A A A A — — dp + A A — — — — A$

5 A A$ A A — — dp + + — — — — — —

6 + + + + — — dp + + — — — — — —
7 + + + + — — dp + + — — — — — —
8 A A + + — — dp + + — — — + — —

9 + + + +$ — — — + + — G — + — —
10 + A A — — — — + + — — G — — —
11 +$ + + — — — — + + — — + H — dp
12 + + A — — — — A + dp — — — — dp

13 + + + — dp — — + + — — — — — —
14 + A + — dp — — + A — dp dp dp — —
15 A + + — — — — dp dp — G —

16 dp dp dp — — — — dp dp — —
17 — — — — dp dp — —
18 — — — — — — — —

19 dp — N — — — — a a a a —
20 — — — — — — a a a a —
21 — — — — A$ — a a a a —
22 — — — — +$ — a a a a

23 — — — — — — a a a a
24 + dp — — — — a a a a
25 O dp K — + —

26 + — K — + —
27 + — + + + —

* Numbers identify cows. Letters identify quarters. RF, right front ; LF, left front ; RH, right hind; LH, left hind.
Infection with S. uberis is represented by RAPD type if the type was determined;+, S. uberis infection present, but strain

typing data not available ; —, no S. uberis infection present ; # dp, dry period; $ clinical mastitis. Empty cells indicate absence
of cows due to culling.
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during the mastitis outbreak and from infections that

occurred after the outbreak were fingerprinted. The

RAPD type of bacterial isolates was determined for

39 of 54 observed S. uberis infections. For each of the

27 consecutive herd visits, the number of quarters that

were infected with a specific strain was determined.

Numbers are shown in Figure 6. The majority of

infections during the outbreak of S. uberis mastitis

was attributable to strain B. Strain B had not been

identified in the pre-outbreak period. Other strains

were identified throughout the pre-outbreak, out-

break and post-outbreak period, but never in more

than two quarters at any one time. Infections with

strain B always started during lactation, while 6 out

of 9 infections with other strains started during the

non-lactating period (two-sided Fisher’s Exact test,

P<0.0001).

Liner swabs

No S. uberis was cultured from any of the liner

swabs taken from milking machine unit liners before

milking. In swab experiment 1, S. uberis was isolated

from 5 of 5 liner swabs immediately after milking of

S. uberis infected cows. Of 5 S. uberis infected cows, 4

shed strain B in their milk, and 1 shed strain A. For

each cow-liner combination, the same strain was ob-

tained from the infected quarter and from the teat cup

liner. In swab experiment 2, milking of an infected

cow was followed by milking of 2 uninfected cows and

swabs were taken after milking of the uninfected

cows. Three out of 4 liner swabs taken after 1 un-

infected cow had been milked harboured S. uberis,

and 1 out of 4 liner swabs taken after 2 uninfected

cows had been milked was positive for S. uberis. In-

fected cows in experiment 2 all shed strain B in milk

and milk from uninfected cows was culture negative.

All S. uberis isolates that were retrieved from liner

swabs in experiment 2 were identified as type B.

DISCUSSION

Control of the mastitis pathogens Streptococcus aga-

lactiae, Streptococcus dysgalactiae, and Staphylococ-

cus aureus has reduced the number of clinical mastitis

cases caused by those bacteria. As a result, there has

been a relative (and possibly absolute) increase in the

number of cases of clinical mastitis caused by S. uberis

[7]. Together with studies that report the majority of

S. uberis infections to be clinical [17], this has led to

emphasis on S. uberis as a cause of clinical mastitis.

Our study shows that S. uberis can be a major cause of

subclinical mastitis in dairy herds, and that clinical

cases constitute a small proportion of infections

caused by S. uberis. This is in agreement with ob-

servations by Jayarao et al. [31] who report as many

as 95% of cases within a herd to be subclinical. Fur-

thermore, we showed that clinical cases of S. uberis
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Fig. 5. Kaplan–Meier curve of duration of Streptococcus uberis infections caused by the dominant strain in herd 1 (RAPD
type B, full line, n=27), the dominant strain in herd 2 (RAPD type A, dotted line, n=10), and by non-dominant strains in

both herds (RAPD types C to Q, dashed line, n=13) during an 18 month observation period. Duration of infection was
significantly different between dominant strains and non-dominant strains (Log Rank Test, P<0.05).

344 R. N. Zadoks and others



mastitis are not necessarily of short duration, but may

be indicative of a chronic and largely subclinical in-

fection process. In The Netherlands, S. uberis is the

second most frequently isolated pathogen from milk

samples from cows with subclinical mastitis [5].

In both study herds, clinical infections in dry cows

were rare. This is in contrast to reports from the

United States [11, 15, 17] and may be a result of suc-

cessful dry cow treatment in the study herds, and of

differences between herds and countries in dry cow

management or bacterial flora. Several new infections

were detected at calving, most of them subclinical.

Such infections probably originated in the non-

lactating period. Infections that were present at

calving were of shorter duration than infections that

occurred during lactation and had limited impact on

the incidence of clinical mastitis or the prevalence of

subclinical mastitis in the study herds. The effect of

infections at calving on production in the subsequent

lactation was not examined.

The range of duration of S. uberis infections ob-

served in our study [1–309 days] is similar to the range

reported elsewhere (1–370 days) [17]. Mean duration

in the study by Todhunter et al. [17] was 12 days. This

is close to the median duration of infections with

clinical onset in our study, but much shorter than the

overall mean duration of 72 days. Because duration

was not normally distributed, the median duration

was thought to be a more appropriate measure for the

central value than the mean. Half of the observed in-

fections lasted more than an estimated 42 days and

approximately one in four infected episodes lasted

more than 72 days, emphasizing that chronic infec-

tions are no exception. Infections with subclinical

onset were significantly longer than infections with

clinical onset. Short duration of infections with clini-

cal onset could theoretically be the result of a strong

response of the cow’s immune system resulting in

clearance of the infection, or it could be the result of

early detection by farmers. Early detection and treat-

ment of mastitis may result in higher probability of

cure compared to treatment of chronic infections, as

described for Staphylococcus aureus [32]. It would be

of interest for farmers to identify cow and quarter

traits (e.g. parity, quarter position, duration of infec-

tion, QMSCC) and bacterial characteristics (e.g.

antibiotic susceptibility, strain type) that influence the

probability of cure of S. uberis infections with or
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without treatment. If risk factors were known, the

probability of cure for a specific individual could be

determined and well-informed treatment decisions

could be made. In the long term, this approach would

contribute to prudent use of antibiotics.

For diagnosis of subclinical infections, bacterio-

logical culture of milk samples is necessary. Whole

herd bacteriological surveys of quarter milk samples

are too expensive to be performed on a routine basis.

Therefore, milk somatic cell count is used commonly

as an indirect indicator of infection. In The Nether-

lands, 250 000 cells/ml is used as the cut-off value to

discriminate between non-infected quarters and quar-

ters that are suspect of infection [5]. This value is used

at cow level, i.e. for pooled samples in which milk

from infected quarters is mixed with milk from unin-

fected quarters that normally have lower QMSCC. At

a quarter level, a cow-side test such as the California

Mastitis Test (CMT) can be used. This screening test

is positive for quarters with QMSCC 400000–500000

cells/ml or higher. In our study, a considerable pro-

portion of infected quarters had median QMSCC

below those detection limits. This means that chronic

S. uberis infection can go unnoticed with standard

screening strategies. This could pose an infection

control problem, because infected quarters may be a

source of infection for other animals in the herd, as

will be discussed in the context of epidemiological

findings. Furthermore, even at cell-counts below

250 000 cells/ml, milk quantity and milk quality are

affected by subclinical mastitis [33].

Previous studies found that isolates from one milk

sample usually belong to the same strain [1, 22].

Therefore, only one isolate per milk sample was

RAPD fingerprinted in the present study. One excep-

tion was a milk sample from a heifer at calving, which

yielded two morphologically distinct colony types and

two strains. For several episodes of infection, multiple

consecutive isolates were typed.Within an episode in a

quarter, isolates mostly belonged to the same strain.

This has been reported by others, and supports the

idea that infections are persistent rather than recurrent

with different strains [1, 22]. It also justifies our in-

terpretation of strain typing results from the early, in-

termediate and late stages of an infection as indicative

of the whole infected episode. When multiple episodes

in a quarter occurred, episodes could be associated

with the same strain or different strains, as has been

shown by Oliver et al. [22] for isolates from different

lactations within a quarter. When multiple quarters in

a cow were infected, infections were usually caused by

the same strain. This confirms results from Phuektes

et al. [1] and suggests within-cow transmission of

bacteria. Exposure of multiple udder quarters of a cow

to the same environmental source cannot be ruled out,

but infection of one quarter often preceded infection

of other quarters within a cow and it is unlikely that

different quarters would be exposed to the same

environmental source at different points in time.

Although the total number of strains present in the

study herds may have been underestimated because

isolates could not be typed from all observed infec-

tions, multiple S. uberis strains were identified in each

herd. This is in agreement with reports from Australia

[18], New Zealand [6] and the United States [22]. The

variety of strains isolated from milk is consistent with

the hypothesis that the environment harbours a var-

iety of S. uberis strains and acts as a source infection

[7, 11, 17]. The detection of new infections in animals

at calving observed in our study is probably the result

of infections that occurred during the non-lactating

period. This would also be explained by an environ-

mental origin of the bacteria.

In addition to the variety of strains that occurred

with low incidence and prevalence, a predominant

RAPD type was identified in each herd. The pre-

dominance of a single RAPD may be the result of the

inability of a typing system to discriminate between

closely related strains, or it may reflect infection of

multiple cows from a common environmental source.

Alternatively, it could be the result of cow-to-cow

transmission of bacteria. Occurrence of a limited

number of strains is generally accepted as evidence for

the contagious nature of pathogens such as Strepto-

coccus agalactiae and S. aureus [18, 19, 34]. It seems

plausible that contagious transmission also occurs for

S. uberis, as has been suggested in other strain typing

studies [1, 19].

Predominance of particular strains in a herd could

be the result of differences between strains in patho-

gen virulence, i.e. the ability of a pathogen to cause

disease. For intramammary infection, the outcome

that is most easy to detect is the occurrence of clinical

signs in infected quarters or animals. Hill [23] and

Phuektes et al. [1] report that some strains are more

likely to cause clinical mastitis than others. Jayarao

et al. [35] found less heterogeneity among isolates from

clinical mastitis than among isolates from subclinical

infections, suggesting that the ability to cause clinical

disease may be limited to specific strains. Most studies

that address virulence of S. uberis [7, 36] are based on

in vitro work, and the relevance of different virulence
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factors in vivo, at cow level or at herd level is un-

known. The in vivo study by Hill [23] is the only one to

have been linked to in vitro virulence characteristics

[37]. More work needs to be done to determine the

cow-level and herd-level relevance of in vitro traits

that are considered to be virulence factors.

In our study, the absence or presence of clinical

signs, the bacterial content of milk samples, and the

QMSCC of chronically infected quarters were not

significantly associated with specific S. uberis strains.

This could indicate lack of discriminatory power of

the typing system or the statistical analyses, or true

absence of a biological association. Lack of an as-

sociation between strains and bacterial shedding in

milk was also reported by Phuektes et al. [1]. It should

be born in mind that the identification and definition

of infection depends on culture techniques and the

bacterial content of milk samples so that infections

with very low levels of bacterial shedding may go un-

detected with current standard procedures. Duration

of infection was the only characteristic that was sig-

nificantly associated with specific S. uberis strains.

Duration of infection can be considered a clinical

characteristic, but it is also of epidemiological im-

portance. Longer duration of infection implies a

longer window of opportunity for spread of bacteria

from cow to cow. Indeed, infections caused by the

predominant strain in each herd, i.e. the strain with

the highest incidence, had longer duration than in-

fections attributed to other strains.

The outbreak of S. uberis mastitis that was ob-

served in herd 1 was almost entirely attributable to

S. uberis strain B. Outbreaks of S. uberismastitis have

been described before, and it has been suggested that

cases of S. uberis mastitis that were left untreated and

remained in the milking herd may have resulted in

spread of the pathogen to other cows in the herd [38].

The notion that contagious spread in herd 1 in our

study occurred during milking is strengthened by the

fact that infections with strain B were only observed

in lactating animals, and never in non-lactating ani-

mals. Furthermore, S. uberis could be isolated from

teat cup liners, not only after milking of infected

quarters, but also after subsequent milking of un-

infected quarters. This shows that transmission via

the milking machine, which has long been accepted to

play an important role in spread of S. aureus infection

[39], may also play a role in transmission of S. uberis.

In an earlier report, mathematical analysis was used

to determine that the prevalence of infections was a

significant predictor for incidence of new infections

in herd 1, as would be the case for contagious trans-

mission [21]. Results from RAPD typing support

the conclusion that cow-to-cow transmission played a

role in the outbreak of S. uberis mastitis.

In summary, findings from our study suggest that

two subpopulations can be distinguished within the

bacterial species S. uberis. One subpopulation, exemp-

lified by most of the RAPD types that we identified,

comprises strains that infect cows from environ-

mental sources. Infections may occur at any time

during the lactating or non-lactating period, and

are often of short duration. The second subpopu-

lation, exemplified by RAPD types A and B in this

study, consists of strains that cause predominantly

subclinical and chronic infections, and spread from

cow-to-cow during the milking process. The con-

tagious spread of S. uberis can be controlled through

implementation of management measures that reduce

cow-to-cow transmission of bacteria. The success that

can be achieved with such programs has been known

for many decades [16, 40] and is still important today.

So far, molecular epidemiology has been used pri-

marily to determine variability in S. uberis strains

isolated from the bovine mammary gland. As a next

step in S. uberis research, strains isolated from cattle

should be compared to strains isolated from the en-

vironment, including skin, mucosa, rumen, manure,

bedding, and pasture, to determine the relative im-

portance of different environmental sources in the

dynamics of S. uberis mastitis. In addition, the viru-

lence and transmission mechanisms of different

strains need to be studied, both in vitro and in vivo, at

cow-level and at herd-level. Finally, to allow for

comparison of result obtained by different research

groups world wide, it would be desirable to have a

reproducible typing method with enough discrimi-

natory power and yet sufficient simplicity to allow

easy storage and comparison of data. The need to

develop such a method has been recognized before

[19], but most molecular studies are based on pulsed-

field gel electrophoresis [1, 18, 19] or RAPD-finger-

printing [22, 35]. Both methods require interpretation

of complex banding patterns on gels that are often

difficult to standardize, interpret, store and compare.

It would be a great asset if a library typing system,

such as the binary typing system for S. aureus [41] or

multilocus sequence typing as used for S. aureus and

Streptococcus species [42] could be developed for

typing of S. uberis.

In conclusion, chronic subclinical intramammary

infections with S. uberis occur frequently and may
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serve as a source of infection for other cows in a

herd. A contagious route of spread, possibly through

transmission via the milking machine, plays a role in

the dynamics of S. uberismastitis in some dairy herds,

and seems to be associated with specific S. uberis

strains. When dealing with S. uberis problems, both

environmental sources of infection and contagious

routes of transmission should be given due con-

sideration. To facilitate comparison of results from

different studies, it would be desirable to have an in-

ternationally standardized typing system for S. uberis.

ACKNOWLEDGEMENTS

The authors wish to thank the farmers and their fa-

milies for hospitality and collaboration. We gratefully

acknowledge Dr Willem van Leeuwen for assistance

in data analysis. Intervet International BV, The

Netherlands, supported this study financially.

REFERENCES

1. Phuektes P, Mansell PD, Dyson RS, Hooper ND, Dick
JS, Browning GF. Molecular epidemiology of Strepto-
coccus uberis isolates from dairy cows with mastitis.

J Clin Microbiol 2001; 39 : 1460–6.
2. Costa EO, Ribeiro AR, Watanabe ET, Melville PA.

Infectious bovine mastitis caused by environmental
organisms. Zentralbl Veterinarmed [B] 1998; 45 :

65–71.
3. Sargeant JM, Scott HM, Leslie KE, Ireland MJ, Bashiri

A. Clinical mastitis in dairy cattle in Ontario : frequency

of occurrence and bacteriological isolates. Can Vet J
1998; 39 : 33–8.

4. Barkema HW, Schukken YH, Lam TJ, Beiboer ML,

Benedictus G, Brand A. Management practices associ-
ated with the incidence rate of clinical mastitis. J Dairy
Sci 1999; 82 : 1643–4.

5. Poelarends J, Hogeveen H, Sampimon O, Sol J. Moni-
toring subclinical mastitis in Dutch dairy herds. In :
Proceedings of the National Mastitis Council’s 2nd
International Symposium on Mastitis & Milk Quality.

Vancouver : National Mastitis Council Inc., 2001:
145–9.

6. Douglas VL, Fenwick SG, Pfeiffer DU,Williamson NB,

Holmes CW. Genomic typing of Streptococcus uberis
isolates from cases of mastitis, in New Zealand dairy
cows, using pulsed-field gel electrophoresis. Vet Micro-

biol 2000; 75 : 27–41.
7. Leigh JA. Streptococcus uberis : a permanent barrier to

the control of bovine mastitis ? Vet J 1999; 157 : 225–38.
8. Wilson DJ, Gonzalez RN, Das HH. Bovine mastitis

pathogens in New York and Pennsylvania : prevalence
and effects on somatic cell count and milk production.
J Dairy Sci 1997; 80 : 2592–8.

9. Bramley AJ. Streptococcus uberis udder infection – a
major barrier to reducing mastitis incidence. Br Vet J

1984; 140 : 328–35.
10. Peeler EJ, Green MJ, Fitzpatrick JL, Morgan KL,

Green LE. Risk factors associated with clinical mastitis

in low somatic cell count British dairy herds. J Dairy Sci
2000; 83 : 2464–72.

11. Smith KL, Hogan JS. Environmental mastitis. Vet Clin
North Am Food Anim Pract 1993; 9 : 489–98.

12. Bramley AJ. Sources of Streptococcus uberis in the dairy
herd. I. Isolation from bovine faeces and from straw
bedding of cattle. J Dairy Res 1982; 49 : 369–73.

13. Cullen GA, Little TWA. Isolation of Streptococcus
uberis from the rumen of cows and from soil. Vet Rec
1969; 85 : 115–8.

14. Harmon RJ, Clark T, Ramesh T, et al. Environmental
pathogen numbers in pastures and bedding of dairy
cattle. J Dairy Sci 1992; 75 : S256.

15. Oliver SP. Frequency of isolation of environmental
mastitis-causing pathogens and incidence of new intra-
mammary infection during the nonlactating period. Am
J Vet Res 1988; 49 : 1789–93.

16. Robinson TC, Jackson ER, Marr A. Factors involved
in the epidemiology and control of Streptococcus
uberis and coliform mastitis. Br Vet J 1985; 141 :

635–42.
17. Todhunter DA, Smith KL, Hogan JS. Environmental

streptococcal intramammary infections of the bovine

mammary gland. J Dairy Sci 1995; 78 : 2366–74.
18. Wang SM, Deighton MA, Capstick JA, Gerraty N.

Epidemiological typing of bovine streptococci by

pulsed-field gel electrophoresis. Epidemiol Infect 1999;
123 : 317–24.

19. Baseggio N, Mansell PD, Browning JW, Browning GF.
Strain differentiation of isolates of streptococci from

bovine mastitis by pulsed-field gel electrophoresis. Mol
Cell Probes 1997; 11 : 349–54.

20. De Jong MCM. Mathematical modelling in veterinary

epidemiology : why model building is important. Prev
Vet Med 1995; 25 : 183–93.

21. Zadoks RN, Allore HG, Barkema HW, Sampimon OC,

Grohn YT, Schukken YH. Analysis of an outbreak
of Streptococcus uberis mastitis. J Dairy Sci 2001; 84 :
590–9.

22. Oliver SP, Gillespie BE, Jayarao BM. Detection of new

and persistent Streptococcus uberis and Streptococcus
dysgalactiae intramammary infections by polymerase
chain reaction-based DNA fingerprinting. FEMS

Microbiol Lett 1998; 160 : 69–73.
23. Hill AW. Pathogenicity of two strains of Streptococcus

uberis infused into lactating and non-lactating bovine

mammary glands. Res Vet Sci 1988; 45 : 400–4.
24. Zadoks RN, Allore HG, Barkema HW, et al. Cow- and

quarter-level risk factors for Streptococcus uberis and

Staphylococcus aureus mastitis. J Dairy Sci 2001; 84 :
2649–63.

25. Harmon RJ, Eberhart RJ, Jasper DE, Langlois BE,
Wilson RA. Microbiological procedures for the diag-

nosis of udder infection. Arlington, VA, USA: National
Mastitis Council, 1990.

348 R. N. Zadoks and others



26. Jayarao BM, Oliver SP, Matthews KR, King SH.
Comparative evaluation of Vitek gram-positive identi-

fication system and API Rapid Strep system for identi-
fication of Streptococcus species of bovine origin. Vet
Microbiol 1991; 26 : 301–8.

27. Barkema HW, Schukken YH, Lam TJ, et al. Incidence
of clinical mastitis in dairy herds grouped in three cate-
gories by bulk milk somatic cell counts. J Dairy Sci
1998; 81 : 411–9.

28. Roberson JR, Fox LK, Hancock DD, Gay CC, Besser
TE. Coagulase-positive Staphylococcus intramammary
infections in primiparous dairy cows. J Dairy Sci 1994;

77 : 958–69.
29. Gillespie BE, Owens WE, Nickerson SC, Oliver SP.

Deoxyribonucleic acid fingerprinting of Staphylococcus

aureus from heifer mammary secretions and from horn
flies. J Dairy Sci 1999; 82 : 1581–5.

30. Jayarao BM, Gillespie BE, Oliver SP. Application of

randomly amplified polymorphic DNA fingerprinting
for species identification of bacteria isolated from bov-
ine milk. J Food Prot 1996; 59 : 620.

31. Jayarao BM, Gillespie BE, Lewis MJ, Dowlen HH,

Oliver SP. Epidemiology of Streptococcus uberis
intramammary infections in a dairy herd. Zentralbl
Veterinarmed [B] 1999; 46 : 433–42.

32. Sol J, Sampimon OC, Snoep JJ, Schukken YH.
Factors associated with bacteriological cure during
lactation after therapy for subclinical mastitis caused

by Staphylococcus aureus. J Dairy Sci 1997; 80 :
2803–8.

33. Hortet P, Seegers H. Calculated milk production losses

associated with elevated somatic cell counts in dairy
cows: review and critical discussion. Vet Res 1998; 29 :
497–510.

34. Lam TJ, Lipman LJ, Schukken YH, Gaastra W, Brand
A. Epidemiological characteristics of bovine clinical

mastitis caused by Staphylococcus aureus and Escher-
ichia coli studied by DNA fingerprinting. Am J Vet Res
1996; 57 : 39–42.

35. Jayarao BM, Schilling EE, Oliver SP. Genomic deoxy-
ribonucleic acid restriction fragment length polymor-
phism of Streptococcus uberis : evidence of clonal
diversity. J Dairy Sci 1993; 76 : 468–74.

36. Oliver SP, Almeida RA, Calvinho LF. Virulence factors
of Streptococcus uberis isolated from cows with mastitis.
Zentralbl Veterinarmed [B] 1998; 45 : 461–71.

37. Leigh JA, Field TR, Williams MR. Two strains of
Streptococcus uberis, of differing ability to cause clinical
mastitis, differ in their ability to resist some host defence

factors. Res Vet Sci 1990; 49 : 85–7.
38. Cattell MB. An outbreak of Streptococcus uberis as a

consequence of adopting a protocol of no antibiotic

therapy for clinical mastitis. In : 35th National Mastitis
Council Annual Meeting Proceedings. Madison, WI,
USA: National Mastitis Council, 1996: 123–30.

39. O’Shea J. The role of machine milking in the spread of

mastitis organisms and practical preventive steps. Kieler
Milchwirtschaftliche Forschungsberichte 1985; 37 :
390–7.

40. Neave FK, Dodd FH, Kingwill RG, Westgarth DR.
Control of mastitis in the dairy herd by hygiene and
management. J Dairy Sci 1969; 52 : 696–707.

41. van Leeuwen W, Verbrugh H, van d V, van Leeuwen N,
Heck M, van Belkum A. validation of binary typing for
Staphylococcus aureus strains. J Clin Microbiol 1999;

37 : 664–74.
42. Enright MC, Spratt BG. Multilocus sequence typing.

Trends Microbiol 1999; 7 : 482–7.

Molecular epidemiology of Streptococcus uberis 349


