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Myllys, V., T. Honkanen-Buzalski, P. Huovinen, M. Sandholm and E. Nurmi: Associa-
tion of changes in the bacterial ecology of bovine mastitis with changes in the use of
milking machines and antibacterial drugs. Acta vet. scand. 1994,35,363-369. — The results
of mastitis bacteriology made by the National Veterinary and Food Research Institute
in Finland during the past 50 years (1.15 million samples) are viewed in relation to si-
multaneous changes in dairy cow management. Although intensive preventive meas-
ures have been applied for decades, the prevalence of bovine mastitis has not decreased.
Instead, pathogenic bacteria are becoming progressively less susceptible to the available
therapy. In part this must be due to the emergence of antibiotic resistant strains of bac-
teria, but it seems that the bacterial spectrum has also changed. The incidence of Strep-
tococcus agalactiae (group B streptococci) has decreased, while in contrast, the inci-
dence of staphylococci, initially Staphylococcus aureus and later coagulase-negative
staphylococci, has increased. Results suggest that external pressure, like changes in an-
imal husbandry, including antimicrobial treatments and introduction of modern milking
machines, act as selective forces on the bacterial species which cause bovine mastitis.

coagulase negative staphylococci; Streptococcus agalactiae; Staphylococcus aureus.

Introduction

Bovine mastitis is generally an infectious dis-
ease which causes serious economical losses
to the dairy industry. Despite decades of in-
tensive mastitis prevention its prevalence has
not decreased. Currently about 45% of lactat-
ing cows in Finland have changes in milk indi-
cating mastitis from one or more quarters
(Anon. 1989). The attempts to decrease the
prevalence of mastitis have been based mainly
on preventive control measures, antibacterial
therapy and culling of infected cows (Bramley
& Dodd 1984). The course of action is usually
determined on the basis of economic factors,
prognosis of the disease, and animal welfare.
As symptoms and the prognosis of the disease

vary according to the causative organism
(Schalm et al. 1971), in mastitis treatment it is
important to know the causative organism
and its susceptibility to antibacterials.

Veterinarians treating mastitis cases are now
facing the same problems as doctors working
with human patients: pathogenic bacteria are
becoming progressively less susceptible to the
available therapy. In part this must be due to
the emergence of antibiotic resistant strains of
bacteria (Levy 1992, Seppdld et al. 1992,
Pyorilid unpublished), but, especially in the
case of mastitis, it seems that the bacterial
spectrum can change (Erskine et al. 1988). In
order to clarify the situation, we looked at the
records of mastitis bacteriology made by the
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Figure 1. Number of cows, average milk yield and number of milking machines / 1000 cows in Finland from

1939 to 1990 (Anon. 1951 - 1990).

National Veterinary and Food Research Insti-
tute in Finland between 1939 and 1990. These
results are viewed in relation to simultaneous
changes in dairy cow management.

Materials and methods

In total, 1.15 million quarter milk samples
were investigated using conventional bacterio-
logical methods (Bergeys Manual Trust 1939 -
1974, Ehrstrom 1943, Klastrup & Schmidt
Madsen 1974) in the National Veterinary and
Food Research Institute in Finland between
1939 and 1990. The basis for bacterial identifi-
cation has remained largely unchanged, al-
though methodologies have developed rap-
idly. The number of samples varied annually
from 108 (1942) to 77,655 (1960).

Prior to 1974, primary cultures of aseptically
collected quarter milk samples were made by
streaking 0.01 ml milk on blood agar plates.
Since 1974, blood agar was replaced with
blood-aesculin. All samples which contained
>5 colony forming units of the same bacterial
species after 16 - 20h incubation at 37°C were
identified and recorded. Streptococcus agalac-
tiae, however, was recorded even if the num-
ber of colonies was <5. Conventional bacteri-
ological methods were used to differentiate
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bacterial species. Mastitis streptococci fur-
thermore were differentiated using a combi-
nation of the CAMP-test, hydrolysis of escu-
lin, hydrolysis of hippurate, sugar fermen-
tation tests (inulin, raffinose and sorbitol) and
Lancefield serogrouping. Staphylococci were
previously differentiated from micrococci by
testing the production of gas from glucose in
an anaerobic environment. Since 1986, the ly-
sostaphin test was used. Coagulase positive
and coagulase negative staphylococci were
differentiated by the haemolytic properties of
the strains and by the coagulase test using
horse or rabbit plasma.

Results and discussion

In modern animal husbandry the bacterial ec-
osystem on and within cows has become dis-
turbed in many ways. During the last 50 years
the number of dairy cows in the country has
decreased from 1.2 million to 500,000 (Fig. 1).
The cows were bred to produce more milk,
neglecting disease resistance. Animal health
was included in the breeding programme in
1986. Breeding and intensive feeding strate-
gies have doubled the average milk yield (Fig.
1). Also the method of milking has progressed
from hand milking to machine milking (Fig.
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Figure 2. Percentage of Streptococcus agalactiae, Staphylococcus aureus and coagulase negative staphylococci
(CNS) in all bovine milk samples with positive bacterial outcome, isolated between 1939 and 1990 at the Na-
tional Veterinary and Food Research Institute in Finland (total no. of quarter milk samples 1.15 million). Ar-
rows indicate the first year when a representative of each antimicrobial group was advertised for the first time

in the Finnish Veterinary Journal.

1). The era of milking machines started in Fin-
land in the 1960’s. Straw bedding and an earth
floor have been replaced with a concrete
floor, which is more traumatizing to the skin.
Antibacterials and post-milking teat dips be-
came routine methods used in the fight
against mastitis (Bramley & Dodd 1984).

Compared to information from Central Eu-
rope and North America, our material is rela-
tively low in gram-negative. The share of
gram-negative has remained at about 9% (SD
5.9). It should be stressed that our material
comes mainly from subclinical infections
where persistent bacteria may become over-
represented as compared to studies on clinical
disease. Infections caused by gram negative
bacteria often are clinical and short lived.

Streptococcus agalactiae was the most impor-
tant pathogen in the 1940’ and 1950’s (Fig. 2).
The reservoir of the bacteria is thought to be
the mucous membranes of infected animals,
especially mastitic cows, and transmission is
through direct contact with animals or via

milking. Another known reservoir of S. aga-
lactiae is the urogenital mucous membranes or
lower gastrointestinal tract of humans (Ed-
wards & Baker 1990). Phenotypically, group B
streptococci isolated from cows are often dis-
similar from those isolated from human be-
ings who have close contact with the infected
cows (Jensen 1985). Genetically, group B
streptococci strains of bovine and human ori-
gin with such an expected epidemiological re-
lationship seem, however, to be identical as
demonstrated by RIBO-typing (N. E. Jensen,
personal communication). During the hand
milking era, transmission of S. agalactiae
between the milker and the cow may have
been frequent. Infection caused by S. agalac-
tige is generally chronic and subclinical, and
the organism is extremely infective - as few as
10 viable streptococci may produce udder dis-
ease (Higgs et al. 1980). The undetected
spread of the bacteria from animal to animal
was probably the basis for its dominance in
mastitis bacteriology. As S. agalactiae is read-
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ily eliminated with penicillin, the introduction
of a centrally controlled formal scheme in
1943 to eradicate contagious mastitis caused
by S. agalactiae, with constant monitoring of
herds and treatment of infected animals, led
almost to the disappearance of the organism
from cows. Also, with the advent of machine
milking, the reduced exposure of cows to the
organism via milkers” hands may have pre-
vented new infections.

Staphylococcus aureus replaced S. agalactiae
as the most important mastitis pathogen dur-
ing the 19607 (Fig. 2). The ability of S. aureus
to survive in several habitats, particularly
those that have been unsuitable for S. agalac-
tiae, promoted S. aureus as a mastitis patho-
gen. The organism is abundant in the environ-
ment of animals (Matos et al. 1991), infections
cannot effectively be treated with the old anti-
bacterials (sulphonamides, penicillin, chlo-
ramphenicol, tetracyclines, etc.) (Craven
1987). Even though milking machines are ca-
pable of transferring all kinds of infective or-
ganisms, the transition from hand milking to
milking machines especially seemed to be as-
sociated with staphylococcal mastitis. This re-
lationship is evident in Fig. 1 & 2.

Milking machines alter the balance between
species of bacteria in at least 3 ways. Firstly,
hand milking mimicked the suckling of calves
and was less traumatising to the teat tissues
than the machine milking of today (Hamann
& Stanitzke 1990). Secondly, during hand
milking, the exposure time of the teat end to
micro-organisms, which were spread by the
hands of milkers (especially S. agalactiae), was
more pronounced than during machine milk-
ing. Thirdly, it is known that the liners of milk-
ing machines may be responsible for contami-
nating the 4 or 5 cows milked following initial
contamination of the liner (Grindal 1988). It
may also be possible that liners collect milk
constituents and microbes during milking that
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cannot be removed by routine washing with
automatic equipment. The combination of ar-
tificial rubber, organic material and microbes
constitutes the same kind of effect as an in-
fected foreign body: commensal micro-organ-
isms on the surface of liners, may adapt to
growing in milk and becoming more virulent,
for example, by developing a biofilm-type
growth pattern under a slimy polysaccharide
layer. When the bacteria are subsequently in-
troduced into the udder, they can easily evade
host defences, multiply and cause mastitis.
Both staphylococci and streptococci carry re-
ceptors that can attach to various tissue compo-
nents (Chhatwal et al 1985, Espersen 1987), but
not to living epithelium (Thomas et al. 1992).
As S. aureus is a typical wound pathogen, and
the milking machine may be a traumatizing de-
vice and infection carrier (Grindal 1988), this
bacterium represents a special problem.

The reason why S. aureus has recently given
way to coagulase negative staphylococci
(CNS) is probably more complicated. In hu-
man beings, infections with CNS are usually
linked with foreign bodies, and they become
common with the increased use of artificial
implants only a little earlier (Hedstrém 1986)
than they became common in animals (Fig. 2).
The most common CNS in human foreign
body infections is Staphylococcus epidermidis.
Staphylococcus epidermidis is also one of the
most common isolates of CNS mastitis (Bir-
gersson et al. 1992). Both S. aureus and CNS
have the phenotypic plasticity needed for ad-
aptation to foreign bodies (Dickinson & Bi-
sno 1989) such as milking machines. However,
the mastitic infection caused by S. aureus is
generally more severe than that caused by co-
agulase negative staphylococci such that the
infection more often results in culling of the
cow. Due to the differences seen in the sever-
ity of symptoms, CNS were earlier considered
as minor pathogens (Timms & Schultz 1987),
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and therefore the negative selection for S. au-
reus by culling infected cows during the last 10
years has not yet involved CNS. As CNS now-
adays are more frequently isolated from acute
mastitis cases, the attitude towards their im-
portance as mastitic pathogens is changing
(White et al. 1989). This is also the trend in hu-
man medicine (Archer 1990).

One selective force acting between S. aureus
and CNS might be the antibiotic therapy prac-
tised in Finland. The introduction of sulphon-
amides and antibiotics into veterinary medi-
cine started gradually during the 1940%.
Despite the initial optimism, treatment of
mastitis with intramammary infusions of sul-
phonamides and penicillin did not immedi-
ately become widespread in Finland. It is evi-
dent, however, that in the 1960’s, with the rise
in the general standard of living, the use of
antibacterials became more widespread. Typ-
ically, the early preparations consisted of
broad spectrum antibiotic cocktails, which ob-
viously were a result of commercial interests
rather than emergence of multiresistant beta-
lactamase producing bacteria. Generally,
CNS can easily adapt to the use of antibacte-
rials and become more resistant than S. aureus
(Muhammad et al. 1993, Owens & Watts
1988). Resistant strains arise, especially those
resistant to synthetic penicillins, cephalospo-
rins and sulphonamide-trimethoprim combi-
nations (Archer 1990) to which most strains of
S. aureus have remained susceptible. These
antimicrobials emerged in the 1970’, and sub-
sequent to their introduction the proportion
of S. aureus in mastitis infections started to di-
minish. It seems possible that the careless use
of antimicrobial cocktails in the past two
decades has promoted the spread of CNS spe-
cies. An example, on how the use of antimi-
crobials may influence bacterial species in
mastitis, was reported by Ferns et al. (1991).
Furthermore, Langlois et al. (1990) showed

that Staphylococcus species from cows that
had never been exposed to teat dips differed
from those of cows that had been dipped rou-
tinely after milking.

These examples demonstrate clearly that the
attempts to solve the mastitis problem have
not had the ultimate desired effect: mastitis-
causing bacteria have not been eradicated. On
the contrary, they have redirected the bacte-
rial ecology such that formerly unimportant
bacterial species are replacing those displaced
by current treatments. The prevalence of mas-
titis has not decreased as was expected. Re-
cent awareness of the importance of CNS as
pathogens will probably result in more strict
measures for treating new infections caused
by CNS. Whether this will leave a “bacterio-
logical vacuum” that can be filled by other mi-
cro-organisms remains to be seen.
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Sammanfattning

Sambandet mellan fordndringar i bakterie ekologi
vid bovin mastit och forindringar i anvindandet av
mjolkningsmaskiner och antibakteriella preparat.

Resultaten av mastit bakteriologi, som Anstalten fér
Veterindrmedicin och Livsmedel har samlat in under
en period pé 50 ar har granskats genom att jamfora
samtida fordndningar inom kreaturskotseln. Mastit
prevalensen har inte minskat trots att man i flere de-
cennier utfort preventiva atgirder. De patogena
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bakterierna har ddremot blivit mindre kéinsliga for
den anvinda terapin. Detta kan delvis bero pé att
det utvecklats antibiotikaresistentta stammar, men
dven bakteriespektret ser ut att ha foréndrats. S. ag-
alactiaes andel har minskat samtidigt som stafylo-
kockernas andel 6kat, forst S. aureus och senare de

koagulasnegativa stafylokockerna. Resultaten an-
tyder att yttre faktorer, tex. fordndringar i
kreaturskotsel, inkluderande antibiotika och
anviandandet av mj6lkningsmaskiner, skule vara
komponenter som férdndrat spektret av mastit
fororsakande bakterier.
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