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INTRODUCTION

Implementation of the standard mastitis prevention program has led to a decrease in prevalence of
contagious pathogens and of bulk milk somatic cell counts. As a result of the decrease in prevalence of major
pathogens the relative importance of coagulase-negative staphylococci (CNS) has increased. Coagulase-negative
staphylococci are causing intramammary infections IMIs more in heifers compared to older cows and are more
prominently present in early lactation compared to later in lactation. As CNS have mostly been studied as a
group, the epidemiology, impact and treatment options for the different species are not well understood and a lot
of questions remain.

Heifers are the future of every dairy herd and they are expected to start producing large quantities of high
quality milk at calving. However, many studies have indicated that a large proportion of heifers has an elevated
somatic cell count (SCC) and IMIs at that moment. These infections are mainly caused by CNS (Tables 1-3).
Heifer madtitis, as this is referred to, could lead to economical losses due to suboptimal production,
compromised udder health and increased culling risk (De Vliegher, 2004). For IMI caused by CNS, this has,
however, not been shown yet. Infections caused by major pathogens will, on the other hand, most likely have a
major impact on future performance of heifers.

CONTROL AND PREVENTION OF MASTITIS

Mastitis in general and especially mastitis caused by contagious pathogens is being controlled by
implementing the “standard mastitis prevention program” (Neave et a., 1969) as rigorously as possible. This
program comprises five points:

(1) Appropriate treatment of clinical mastitis - this means that any clinical case, whether mild or severe,
should be treated to obtain bacteriological cure (the mastitis causing organism is not present any more in the
mammary gland) and not only to obtain clinical cure (all symptoms have disappeared). Thiswill only be reached
if treatment is done using appropriated antibiotic therapy for alonger time.

(2) Culling of chronically infected cows - chronically infected cows are cows that can not be cured
whatever therapy is tried. These cows, however, remain an important infection source for herd mates. In
addition, they can have clinical flare-ups, and are producing below average. Culling is the only solutions for
these cows.

(3) Application of a good milking technique - this comprises the use of gloves when milking, fore-milking
and dry preparation of the udders [aiding in detection of mastitis, stimulation of the milk let-down reflex
(oxytocin release) and flushing of milk from the teat canal with an elevated SCC and lots of bacteria], attachment
of the milking cluster approximately 60 seconds after preparation of the udder, prevention of blind milking, and
post-milking teat disinfection (spraying or dipping). All these steps are extremely important and will reduce,
when applied appropriately, the impact of the milking machine on the teats and will reduce the odds of new
mastitis infections.

(4) Correct maintenance and use of the milking equipment - the milking machine is the most important
piece of equipment on any dairy herd and should therefore be well maintained - a faulty milking machine will
cause mastitis and decrease in milk quality

(5) Application of blanket dry cow therapy for all cows - treating cows at drying-off with antibiotics aims
at curing existing IMIs and at preventing new IMIs during the dry-cow period. Newer tools like teat sealers are
helping to reduce the risk of IMIs during that very important period, reducing the number of clinical mastitis
cases caused by environmental pathogens like Eschericha coli during the first few months of the next lactation.

CONTROL AND PREVENTION OF CNS MASTITIS

Coagul ase-negative staphylococci infections can be controlled by routine post-milking teat dipping using
a germicidal dip and antibiotic treatment of all quartersin al cows at drying off. Dry cow therapy eliminates
over 80% of CNS infections;, however, new CNS infections can occur during the dry period since these
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organisms are part of the resident teat skin flora.

Although the control measures of post-milking teat dipping and total dry cow therapy generally reduce the
prevalence of CNS infection in dairy herds using these control practices compared to herds not implementing
these control measures, prevalence of CNS IMI is generally greater than 10% of quarters even when these
control measures are implemented. Better approaches to control CNS mastitis in dairy herds is warranted given
the increasing trend of lower legal limits for bulk milk SCC in milk, but therefore more research is needed.
Potentially different epidemiological features of different CNS species could mean that species-specific control
measures should be designed.

IMPORTANCE AND TREATMENT OF CNS INFECTIONS

Historically, CNS have been referred to as minor pathogens of the mammary gland. This designation was
based on the observations that these pathogens caused only a mild inflammation of the mammary gland with
modest increases in SCC (SCC in the infected quarters may be two to three times that of uninfected quarters),
and were infrequently associated with clinical mastitis (Timms and Schultz, 1987). As mastitis control schemes
for the major pathogens have evolved and been implemented, there is increasing awareness that these control
schemes are less effective in control of CNS infections (Smith and Hogan, 2001).

Thirty years ago the mild inflammation caused by CNS was relatively unimportant to the production of
milk with SCC below legal limits. However, the elevation in SCC caused by the CNS can no longer be ignored
or viewed as unimportant, especially when major pathogens have been brought under control. The upper legal
limit for SCC continues to decline and is currently at 400,000 cells/ml in many important dairy countries in the
European Union. In addition, numerous milk procurement agencies now pay premium prices for low SCC milk
with maximum payment achieved at SCC values of less than 100,000 cells/ml. The "modest" elevation of SCC
caused by the CNS is increasingly of concern as most CNS IMIs are associated with SCC of greater than
100,000 cell/ml and many produce intramammary infections with SCC greater than 400,000 cells/ml. An
additional concern is that CNS IMIs do contribute to the clinical cases of mastitis within most dairy herds
athough they are seldom, if ever, the major cause of clinical mastitis cases within a herd. Still, the increased
prevalence of clinical cases caused by CNS could indicate either an increased virulence of some species or
strains or an increased susceptibility of the cows to these infections. However, because most routine laboratories
do not differentiate between species and only report presence of CNS as a group, it is not clear yet how to
proceed in practice (Smith and Hogan, 2001).

In addition, antibiotic resistance is frequently found in CNS (Mevius et al., 2005). Although this should
not be a problem in practice as, at this moment, we seldom advice to treat CNS infections, CNS could act as
reservoirs of resistance genes. For instance, the MecA gen coding for methicillin resistance has been commonly
found in these staphylococci. Methicillin resistance is a huge problem, e.g. in hospitals, through presence of S
aureus strains carrying this gene known as MRSA, often being multi-resistant to many drugs.

HEIFER MASTITIS

Although several studies have demonstrated that prevalence of IMI in nulliparous heifers is high,
recommendations on prevention of heifer mastitis are not yet included in the “standard mastitis prevention
program” promoted by the NMC (NMC, 2001). Still, heifers represent the future production of every dairy herd
and are expected to produce high quality milk. They should freshen with a healthy and well-devel oped udder to
reach that goal. However, alarge proportion of heifers have infected quarters at calving, indicating that the once
generally accepted assumption that heifers' udders are sterile, is not true.

Although heifer mastitis was not unheard of before (Schalm, 1942; Munch-Petersen, 1970), it was only 20
years ago that the first studies demonstrated that a large proportion of heifers and quarters were infected at
calving (Meaney, 1981; Oliver and Mitchell, 1983). These studies were followed by additional studies mapping
heifer mastitis in North America (Daniel et al., 1986; Boddie et a., 1987; Trinidad et al., 1990b; Pankey et a.,
1991; Miller et al., 1991; Matthews et al., 1992; Oliver et a., 1992; Roberson et a., 1994a; Fox et al., 1995;
Roberson et al., 1996; Oliver et a., 1997; Oliver et a., 2004a) and Europe (Sobirgj et al., 1988; van der Meer et
al., 1993; Myllys, 1995; Aarestrup and Jensen, 1997). Trinidad et al. (1990b) reported that as many as 94 out of
97 unbred and primigravid heifers and 75% of quarters were infected prepartum with 29% of heifers showing
clinical symptoms. In addition, IMI can occur at a very early age (Boddie et al., 1987; Trinidad et al., 1990a).
One third of the 2435 quarters sampled from 1583 heifers at breeding age (8 to 19 months) had IMI (Fox et al.,
1995).

Prevalence of SCC in early lactation measured between 5 and 14 days in milk of 12,994 FHemish
(Belgium) dairy heifers from 3221 herds from the year 1999 £150,000 cells/mL was 65.4% (De Vliegher et a.,
2001). The results suggest that one third of the Flemish heifers had an IMI in at least one quarter around calving.
Studies reporting culture results provide more information, but time and expenses associated with such studies
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limit the number of heifers that can be included. Still results from a fair number of such studies have been
reported, indicating a wide variation in prevalence of infected heifers and quarters among studies. Between 71.0
and 13.9% of the sampled quarters were culture negative before calving, whereas this was 81.7 to 64.0% at
calving, and 87.3 to 44.4% in early lactation. The distribution of pathogens found in the culture positive samples
varies between studies, but a common denominator is the high proportion of IMI caused by CNS. Some studies
have found that Saphylococcus aureus was the most prevalent major pathogen (Boddie et al., 1987; Trinidad et
al., 1990b; van der Meer et al., 1993), while other studies report environmental bacteria to be the more prevalent
major pathogens (Oliver and Mitchell, 1983; Oliver et a., 1992; Oliver et al., 1997; Aarestrup and Jensen, 1997).
In general, environmental pathogens are more important around calving and in early lactation.

SIGNIFICANCE OF HEIFER MASTITIS

Intramammary infection at calving results in an increased SCC, particularly if it is caused by a major
pathogen (Barkema et al., 1999). Based on Dairy Herd Improvement (DHI) data from 30 herds, Coffey et al.
(1986) concluded that for heifers the initial rank of SCC classes in early lactation (<100,000, 100,000 to
400,000, and >400,000 cellmL) was maintained throughout the remainder of the first and subsequent
lactations. A recently published paper used four-weekly recorded DHI data to study the association between
early lactation SCC, measured between 5 and 14 DIM, and test-day SCC measured after 14 DIM (De Vliegher et
a., 2004b). The multilevel analysis revealed that an increase of the natural |og-transformed early lactation SCC
by one unit was, on average, associated with an increase of the test-day natural log-transformed SCC later in
lactation by 0.22 unit (Fig. 1). A study conducted in a Californian dairy with alow prevalence of major mastitis
pathogens found that minor pathogen IMI in early lactation in heifers had no effect on SCC in the first 5 milk
recordings (Kirk et a., 1996).

Heifers with a first test-day SCC <100,000, between 100,000 and 400,000, and >400,000 cells/mL
produced 6452, 6050, and 5696 kg milk during first lactation, respectively (Coffey et a., 1986), indicating a
likely effect of IMI at calving on future production. Surprisingly, the heifers with the lowest first test-day SCC
produced less in the subsequent lactation compared to the heifers with a higher first test-day SCC. An increase
of the natural log-transformed SCC measured between 5 and 14 DIM by one unit was, on average, associated
with a decrease in milk yield of 0.13 kg/d later in lactation (after 14 DIM) (De Vliegher et d., 2005a) (Fig. 2).
As an example, a heifer with an early lactation SCC of 50,000 cellsymL measured at 10 days in milk was
estimated to produce 119 kg and 155 kg more milk during its first lactation than heifers with an early lactation
SCC of 500,000 cells/mL and 1,000,000 cells/mL, respectively. Kirk et a. (1996) reported that IMI with minor
pathogens in heifers in early lactation had no effect on average milk production during early to mid lactation.
However, in that study only one (large) herd was included.

Mastitis is known to be an important culling reason in cows (Beaudeau et a., 1995; Barkema et al., 1998a;
Bascom and Young, 1998; Grohn et al., 1998; Seegers et a., 1998; Rajaa-Schultz and Gréhn, 1999a, 1999b;
Neerhof et al., 2000; Santos, et a., 2004). Nearly 11% of heifers that were treated for clinical mastitis before
calving or within the first 14 DIM were culled within one month after treatment (Waage et al., 2000). The main
culling reason of 96% of these heifers was mastitis. Cows with test-day somatic cell scoresin the highest classes
had almost a 3 times higher rate of culling compared with cows with test-day scores on the average level
(Samoré et al., 2003). The association between SCC of nearly 14,000 dairy heifers measured between 5 and 14
DIM and the culling hazard during the first lactation was studied using Cox frailty models (De Vliegher et al.,
2005b). Udder health problems were the culling reason for 10% of the culled heifers in this study. For each unit
increase in the log-transformed SCC in early lactation the culling hazard increased by 11% (Fig. 3).

RISK FACTORSAND PREVENTION OF HEIFER MASTITIS

Probably the first study to report a managerial risk factor concluded that S. agalactiae may be transferred
to the udders of calves by sucking pen mates fed infected milk (Schalm, 1942). The resulting IMI could persist
until freshening. However, little concern remains about detrimental affects of feedings mastitic milk to calves
when they are maintained in individual pens (Barto et al., 1982). Limited data indicate that first-lactation cows
fed mastitic milk as calves suffered no more udder problems than did their mates formerly given other liquid
feed (Kedler, 1981). Group housing of preweaned calves, mastitic milk feeding and a high prevalence of CPSin
the lactating herd, do not necessarily trandate into a high prevalence of IMI due to CPS in heifers at calving
(Roberson et al., 1994a). According to that study, the infected mammary gland is not the reservoir of S aureus
for primiparous cow IMI &t first calving, |eaving the exact sources and modes of transmission to be determined.

Results from alarge survey on 28 dairy farms demonstrated that herd, season, trimester of pregnancy, and
location (California, Louisiana, Vermont, and Washington) were associated with prevalence of IMI (Fox et a.,
1995). The prevalence of IMI was greatest during the last trimester of pregnancy, suggesting that heifers maybe
most susceptible during that period of gestation, which is most likely associated with the rapid mammary gland
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development during that time. The same authors reported the largest proportion of heifers to be free of IMI in
fall (Fox et a., 1995). Others also reported seasonal variation in post-partum SCC and an influence of location
(Hallberg et al., 1995).

Poor hygiene of the calving area was associated with an increased prevalence of elevated SCC in heifers
(Bareille et al., 2000). Therefore, pregnant and peripartal heifers should be housed in a clean and dry
environment to reduce exposure to environmental pathogens (Shearer and Harmon, 1993). The protective effect
of supplementing minerals and vitamins on udder health, particularly of selenium and of vitamin E, is well
described (Weiss et al., 1990, 1997; Hogan et al., 1993; Barkema et al. 1998b). A recently conducted large study,
however, could not find any beneficial effect of treating cows and heifers parenterally before calving with
vitamin E on the incidence of, among other diseases, clinica mastitis (LeBlanc et a., 2002). Flies may be
important transmission vehicles (Owens et al., 1998; Roberson et al., 1998). Horn flies (Haematobia irritans) are
capable of transmitting S. aureus induced IMI to heifers (Owens et a., 1998). Herds using some form of fly
control had alower percentage of heifers with IMI than those without fly control (Nickerson et al., 1995).

A recent study indicated that an increased age at calving is a significant risk factor for S. aureus and
environmental pathogen IMI (Bassel et al., 2003). Therisk of S. aureus IMI was aso affected by the amount of
time the heifers were housed with older cows, and the proportion of S aureus infected cows in the herd (Bassel
et a., 2003). This suggests that cows' infected udders are an important infection source for heifers, which
contrasts with the conclusion put forward in earlier studies (Roberson et a., 1994a, 1994b). Teat disinfection
before calving was associated with a decreased risk of calving with an environmenta pathogen IMI (Bassel et
a., 2003). A beneficial effect of the use of a barrier teat dip before calving against environmental pathogens was
not found in another study (Edinger et al., 2000). V accination of heifers was successful in one study (Giraudo et
al., 1997) and not successful in another (Tenhagen et a., 2001) in reducing the incidence of S aureus IMI.

In better producing herds and in herds with an average calving age of heifers >27 months, early lactation
SCC of heifers was lower than in less producing herds or in herds with an average calving age 27 months. In
addition, heifers raised in herds with a higher bulk milk SCC had higher SCCsin early lactation. In herds where
heifers calved on slatted floors, heifers had lower early lactation SCCs compared to herds were heifers calved on
not-dlatted floors. Heifers calving in April, May, and June on average had higher early lactation SCCs compared
to those calving in other months of the year (De Vliegher et a., 2004a).

Clinical heifer mastitis occurred more frequently in herds with a high mean production (>7000 kg/yr), a
low bulk tank milk SCC, high treatment incidence, calculated optimal feeding, and feeding ample dietary cereals
(Myllys and Rautala, 1995). Udder edema, teat edema, blood in the milk and milk leakage at time of calving
were significant risk factors for clinical mastitis occurring between 1 and 14 DIM, while the last 3 variables also
increased the odds on clinical S. aureus mastitis (Waage et al., 2001). An increased risk of clinical mastitis in
heifers was associated with an increase in the incidence of clinical mastitis in the herd, a decrease in the bulk
milk SCC, and an increase in the mean herd milk yield. Region and calving season were also significant
variables (Waage et al., 1998).

Although the major reservoir of S aureus is the infected udder of lactating heifers and cows, this
bacterium also colonizes teat skin, vagina, muzzle, and other body sites, but also bedding, feedstuff, air,
equipment... (Boddie et al., 1987; Matos et al., 1991; Roberson et al., 1994b, Roberson et al., 1998). Scabs on
teats are also potential sources of S aureus (Owens et a., 1998). Heifers with teat skin colonized by S aureus
were 3.3 times more likely to have IMI1 with the same bacterium at calving than were non-colonized heifers, but
the association was not significant (Roberson et al., 1994b).

TREATMENT ASA METHOD FOR CONTROLLING HEIFER MASTITIS

Intramammary treatment with antibiotics before calving has frequently been evaluated as a practice to
reduce the prevalence of IMI in heifers at calving (Trinidad et al., 1990c; Owens et al., 1991; Oliver et d., 1992;
Owens et al., 1994; Oliver et al., 1997; Owens et al., 2001; Oliver et a., 2003; Oliver et al., 2004a; Oliver et al.,
2004b). Both dry cow and lactating cow products have been evaluated against naturally occurring and
experimentally induced IMI.

Dry Cow Products

The first study using antibiotic treatment before calving reported a reduction in S. aureus and CNS
mastitis at calving with a minimal risk of residues by means of a dry cow product containing penicillin-
streptomycin (Trinidad et a., 1990c). The trial was conducted on one research and three commercial dairy herds.
Heifers treated during the second trimester of pregnancy showed the best response to treatment as reflected by a
decrease in IMI and SCC. The latter trial was followed by a study evaluating a dry cow product containing
cephapirin benzathine for the treatment of experimentally induced S aureus mastitis in non-pregnant and
pregnant heifers approximately 9 weeks before calving (Owens et a., 1991). The authors reported an effective
elimination of the induced S aureus IMI at calving, although treated quarters from one heifer continued yielding
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naturally occurring S aureus from secretion and tissue after treatment. The same product was later evaluated by
the same research group against naturaly occurring IM1 (Owens et a., 1994). Mammary secretions from 75
heifers from a research herd were collected 4 to 5 months prepartum to determine bacteriological status. Heifers
with at least one IMI were included in the study and assigned to a treatment or control group. Treatment was
very effective as over 90% of IMI were cured, and SCC of cured quarters was comparable with SCC of
uninfected control quarters. In addition, all quarters from 40 heifers from a commercial herd with a large
proportion of S. aureus infected heifers were treated after determination of the IMI status. Cure rates were 94,
84, 100, and 100% for S aureus, Sreptococcus species, CNS, and coliforms, respectively (Owens et al., 1994).

Two-hundred and thirty-three heifers from a research farm were treated in the first, second, or third
trimester of gestation with one of five antibiotics (cephapirin, penicillin-novobiocine, penicillin-streptomycin,
experimental tilmicosin, and cephalonium, all dry cow products) (Owens et al., 2001). Cure rates of the 5
products indicated that al were equally effective against S. aureus and all were significantly better than the
spontaneous cure rate within the untreated control quarters. Efficacy was not influenced by time of treatment
relative to expected calving.

Lactating Cow Products

Jersey heifers from a research herd were assigned to 3 treatments aternately: 1) negative control, 2)
treatment with sodium cloxacillin at 7 d prepartum, and 3) treatment with cephapirin sodium at 7 d prepartum.
Treatment resulted in elimination of a high number of IMI, especially those caused by CNS (87.1% of al 1MI)
(Oliver et d., 1992). The possibility of antibiotic residuesin milk was warned for - especially in heifers calving
too early - as 17 and 85% of colostrum samples were positive for cloxacillin and cephapirin, respectively.
Percentage of samples with mastitis pathogens was higher in untreated controls than in treated quarters
throughout first lactation, as reported recently (Oliver et a., 2003). This difference was, however, mainly due to
CNS rather than due to Sreptococcus species or S aureus,

Because antibiotic residues were detected frequently in milk in early lactation (Oliver et al., 1992), the
same research group conducted a subsequent study treating heifers at 14 d instead of 7 d prior to the expected
calving date (Oliver et a., 1997). Jersey heifers from a research herd were assigned randomly to 2 groups. 1)
untreated control, and 2) intramammary infusion with cephapirin sodium. Treatment 14 d instead of 7 d
prepartum markedly reduced the occurrence of residues in early lactation without affecting efficacy. For
untreated and treated heifers, mastitis pathogens were isolated from 67.3 and 63.8% of samples obtained 14 d
prepartum, 55.6 and 15.1 obtained at 3 DIM, and 36.4 and 7.9% obtained at 30 DIM, respectively. Still, it should
be noticed that the difference in prevalence of major pathogens isolations was smaller: a 3 DIM, 11.7 versus
7.9%, and at 30 DIM, 6.8 versus 3.9% in the untreated and treated group, respectively. In addition, prevalence of
major mastitis pathogens 14 d prior to calving was higher in the control group (18.5%) compared to the
treatment group (15.8%) (Oliver et d., 1997). Results of the microbiological evaluations of milk samples
collected from these heifers at intervals throughout first lactation were reported afterwards (Oliver et al., 2003).
Percent of samples with mastitis pathogens was higher in untreated controls than in treated quarters at every
sampling interval during lactation, although this difference was mainly due to CNS. The difference in percentage
of S aureus positive milk samples between treated and untreated quarters in the ensuing lactation could be due
to the large difference already present before treatment. Still, the treated heifers out-produced the control heifers
by 531 kg milk (Oliver et al., 2003).

A recent study reported treatment of heifers with penicillin-novobiocin or pirlimycin hydrochloride 14 d
before expected calving on a research herd with Jersey heifers and a research herd with Holstein-Friesian heifers.
Both herds had a variable prevalence of IMI prepartum and a different pathogen distribution (Oliver et al.,
20048). Of the quarters infected at 14 d prepartum, 75, 87, and 56% were uninfected following penicillin-
novobiocin, pirlimycin, and no treatment, respectively in the Jersey herd, whereas this was 76, 59, and 26% in
the Holstein herd. In both herds, the cure rates in the treated quarters were significantly higher than in the
untreated control quarters. However, an equivalent number of new IMI during early lactation was observed in
treated and control quarters, suggesting little preventive effect (Oliver et a., 2004a).

Evduation of amore "user friendly" approach was conducted to determine efficacy of antibiotic treatment
following the first milking (Oliver et a., 2004b). Jersey and Holstein heifers from 2 research herds were
assigned to 1) no treatment after first milking, 2) infusion of al mammary quarters with pirlimycin
hydrochloride, or 3) infusion of al mammary quarters with novobiocin sodium plus penicillin G. In the Jersey
herd, of the quarters infected at calving, 77 and 62% were cured following treatment with pirlimycin or
penicillin-novobiocin, and 40% were uninfected in the control quarters. Thiswas 57, 41, and 23% in the Holstein
herd. The SCC score from the Jersey heifers during the first 3 months of lactation was significantly lower in
pirlimycin treated heifers compared with the control heifers but not for the penicillin-novobiocin treated heifers.
In addition, there was no production difference due to antibiotic treatment in Jersey heifers during the first 90
DIM. The authors concluded that this user friendly approach, avoiding treating heifer at atime they are generally
not worked with, was not as effective as prepartum treatment. This was likely due to timing of treatment,
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persistence of antibiotics, and the time when new IMI occur during the periparturient period (Oliver et a.,
2004b).

A recently conducted trial performed on 9 herds indicated that in some herds, non-treated control heifers
out-produced heifers being infused with antibiotics 2 weeks before calving with a lactating cow product
containing cephapirin, during the first 200 DIM (Borm et al., 2005). In 5 out of 9 herds, the control heifers
produced more than the treated heifers.

CONCLUSIONS

The successful fight against the major pathogens causing mastitis has lead to a substantial decrease in bulk
milk somatic cell counts and is associated with an increase of IMIs caused by CNS. On well-managed dairy
herds more than 10% of all quarters can be CNS positive. Our current knowledge of this group, consisting of
many different species with potentially different features, clearly limits control and prevention. At this moment,
post-milking teat disinfection and the use of blanket dry cow therapy seem to be the only effective practices we
can advice. Species-specific advice could become more appropriate when more insight is gained in the different
species. Treatment of CNS IMIs is usually not advised because the increase of SCC is moderate and
consequently the decrease in milk production is low. However, herds that are aiming to deliver milk with a very
low bulk milk SCC could be interested in treating CNS anyway. At that moment one should be aware of the fact
the antibiotic resistance is commonly present in CNS, potentially hampering cure.

Heifer mastitis is an important disease incorporating a threat to production and udder health in the first
and following lactation(s). Coagulase-negative staphylococci have been identified as the predominant cause of
IMI in heifers, but S aureus and environmental pathogens could play a more significant role as these pathogens
are more likely to persist into lactation. Intramammary infection in young heifers leads to histological changes
suggesting a negative influence on future production, although quantification has until now never been done.
Minor pathogens do not seem to have a large impact, based on the results of a study conducted on one large herd.

Some risk factors associated with heifer mastitis have been identified. Fly control, maintaining a clean and
comfortable environment, and proper hygiene in general are probably the most important factors. Avoiding
mineral and vitamin deficiencies, not feeding mastitic milk and avoidance of inter-sucking should be considered
important management practices as well. Prepartum treatment with antibiotics has been proposed as a smple and
effective way of controlling heifer mastitis resulting in a reduced prevalence of infected heifers and udder
quarters at calving. Still, the long-lasting effects have not been extensively studied on a large number of
commercia herds. Therefore, general recommendation of this practice remains difficult at present. Besides, use
of antibioticsin this matter is extra-1abel.
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Table 1. Heifer- and quarter-level prevalence of intramammary infections before calving (De Vliegher, 2004).

Study Sample n Neg®  CNS° S aureus Env.®  Other
level'
Oliver and Mitchell, F 1
1983 H 32
Q 252 71.0 222 1.2° 9.6 0.0
Boddieet d., F 1
1987 H 10
Q 216 13.9 717 13.0 14
Trinidad et &l., F 4
1990b H 97 31 . 371
Q 370 254 52.9 14.9 2.7 0.8
Oliver et al., F 1
1992 H 115 10.2
Q 460 39.3 52.8 17 43 17
Fox etal., F 28
1995 H 1583
Q 2435 65.5 27.1 29 15 29
Myllys, F
1995 H
Q 236 61.0 28.8 4.7 4.6 0.8
Aarestrup and Jensen, F 20
1997 H 180
Q 554 62.6 28.9 0.4 6.7 16
Oliver et al., F 1
1997 H 82
Q 314 34.4 55.1 32 5.7 8.3
Oliver et al., F 2
2004a H 125 14.4
Q 492 4.7 31.1 7.7

*F= Farm, H = heifer, Q = quarter.

“Bacteriologically negative.

3Coagul ase-negative staphylococi.

“Environmental pathogens (streptococci non-agalactiae, coliforms).
®Other pathogens.

5Coagul ase-positive staphylococci.
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Table 2. Heifer- and quarter-level prevalence of intramammary infections in heifers at calving (De Vliegher,
2004).

Study Sample n Neg®  CNS° S aureus Env.*  Other
level

Oliver and Mitchell, F 1

1983 H 32 31.0
Q 128 68.8 18.8 0.8° 12.5 0.8

Pankey et al., F 11

1991 H 382 544 22.8 2.6 14.9 5.2
Q 1528 817 11.4 0.7 4.8 1.7

Matthews et al., F 1

1992 H 36
Q 144 64.5 27.9 7.6

Roberson et d., F 18

1994a H 828 45.0 39.0 8.0° 13.0
Q

Fox et dl., F 28

1995 H 1583
Q 4950 64.0 21.8 2.8 1.7 35

*F= Farm, H = heifer, Q = quarter.

2Bacteriologically negative.

3Coagulase-negative staphylococci.

“Environmental pathogens (streptococci non-agalactiae, coliforms).

®Other pathogens.

5Coagul ase-positive staphylococci.
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Table 3. Heifer- and quarter-level prevalence of intramammary infections in heifers in early lactation (De
Vliegher, 2004).

Study Sample n Neg®  CNS° S aureus Env.*  Other
level

Oliver and Mitchell, F 1

1983 H 32
Q 252 87.3 75 0.4° 4.8 0.4

Timms and Schultz, F 2

1987 H 51 51.0 .
Q 204 78.5 18.6 0.0 0.0 -

Matthewset a., F 1

1992 H 36 .
Q 144 81.2 15.3 35 - -

Oliver et al., F 1

1992 H 41
Q 164 55.5 39.0 0.6 49 0.0

van der Meer et d., F 11

1993 H 98 . 51.0 125 . .
Q 392 . 26.0 38 1.0 5.8

Myllys, F

1995 H
Q 527 715 18.6 45 3.8 15

Aarestrup and Jensen, F 20

1997 H 180
Q 713 63.1 19.3 6.7 8.1 21

Oliver et al., F 1

1997 H 12
Q 162 44.4 48.8 19 75 3.7

Oliver et al., F 2

2004a H 40
Q 158 75.3 7.0 32

*F= Farm, H = heifer, Q = quarter.
“Bacteriological negative.
3Coagul ase-negative staphylococi.
“Environmental pathogens (streptococci non-agalactiae, coliforms).
®Other pathogens.
®Coagul ase-positive staphylococci.
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Figure 1. Geometric mean SCC (x 1000 cells/mL) during first lactation from 14,234 dairy heifers, stratified by
SCCin early lactation (SCCel, x 1000 cells/mL), 0to 50 ( ), 51to 200 ( ), 201to 500 ( ), 501 to 1000 ( ),
and >1000 cells/mL (x).
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Figure 2. Average milk yield (kg/d) during first lactation from 14,234 dairy heifers, stratified by SCCin early
lactation (SCCel, x 1000 cells/mL), 0to 50 ( ), 51t0 200 ( ), 201to 500 ( ), 501 to 1000 ( ), and >1000
cells/mL (%).
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Figure 3. Kaplan-Meier graph of culling of heifersfor all reasons (until 305 DIM) with a SCC in early lactation
(SCCel, measured between 5 and 14 DIM, x 1000 cells/mL) of 0to 50 ( ), 51t0 200 ( ), 201 to 500 (+), 501 to
1000 (x), and >1000 cells/mL ( ).
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