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Introduction

Bovine mastitis is the most important infectious
disease. It causes the quality and the vield of milk to
low. Thus it has been rocogmzed as the most eco-
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nomically important disease in dairy cows. All over
the world, economical losses cawnsed by this bovine
mastitis amount to nearly $ 35 billion annually .
Despite several preventive programs have been
used to minimize bovine mastitis, including hygienic
milking and cleaning procedures, pre-and postmilking
teat disinfection, antibiotic therapies and culling, pre-
valence of mastitis approaches 19 to 40% of dairy
cows. According to the duration and severity of intra-
marnmary infection (IMI), the productive performance
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of infected cows may be dim-
A varety of studies on staphylococcal mastitis vac-

inished permanently.

cine have been made, manly on employing killed
Staphylococcus aureus (S. aurens)™'?, toxoids"™, pro-
tein A'S, capsular polysaccharide (CPS)"" and fibr-
onectin binding protein (FnBP)® or killed cells and
toxoids™* 4% Reportedly'’, these vaccines increased
the spontancous cure rate of infections and reduced the
severity of the clinical signs, but did not prevent the
occwrence of new infections during the study.
Recently several attempts have been made to pre-
vent the major mastins-causing pathogens. However,
until now there were no efficient and completely pre-
ventive programs to reduce mastitis. Thus it is clear
that new and efficient approaches to mastitis prevention
are needed. Of all means to decrease and protect the
impact of mastitis on the dairy industry, development
of mastitis vaccine was focused on increasing the nat-
ural ability of the cows to resist infections because
defense of the mammary gland against mastitis-causing
pathogens is mediated by several protective factors.
Of several virulence factors, alpha toxin, CPS and
FnBP showed that these antigens had the protective
ability in experimental animals and dairy cows.
This study was performed to evaluate the preven-
tive effects of mastitis vaccinc in the lactating cows
and heifers of a commercial farm and to provide basic
informations for development of a more efficacious
and econo- mical mastitis vaccine against §. qureus.

Materials and Methods

Bacterial strains

The bacteria used were a highly encapsulated S.
aureus Smmith stram and alpha toxin and FnBP-pro-
ducing S. awreus Wood 46, provided by Dr. Johnson
(Sweden University, Uppsala, Sweden).

Confirmation of CPS, alpha toxin and FnBP

The presence of the capsule was confirmed by dif-
fuse morphology in semisolid agar with rabbit serum
and by transmissible electron microscopy. The pres-
ence of alpha toxin was confirned by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and Western blotting with alpha toxin antibody (Sigma).

The recombinant FnBP was provided by a collabora-
tor, Dr. Doo Kim (Kangwon National University).

Vaccine preparation

The vaccine was prepared by the modified methods
of Watson'®, Nickerson ef .. and Nordhaug ef al."™".
Brefly, cells of §. aureus were grown in brain heart
infusion broth supplemented with 10%% whey at 37°C
with aeration to stationary phase (determined by opti-
cal density). The cells were inactivated with formalin
{1%, v/v), and centrifuged (at 6,000 g mn at 4 for 20
mim}, and resuspended in PBS (pH 7.2}. Each 5-ml
dose containing 1x10" cfu/ml of S aurens Smuth
strain and a crude extract of the capsule from about
1x10" cells/ml of § aureus. The crude CPS was pre-
pared by the methods of Poutrel et alV”. Live cells
were centrifuged, resuspended in a small volume of
phosphate buffered saline (PBS) (pH 7.2), and auto-
claved twice for 20 min. This preparation was cen-
trifuged under the same conditions, and crude CPS$
was added to the vaccine preparation at a concentra-
tion of approximately 5 mg of dry weight per dose.
Four hundred of alpha toxin and | mg of FnBP per dose
were also added.

Sodium azide were added as preservatives at final
concentrations of 0.0015% (w/v}). Dextran sulfate (30
mg/ml, MW : 500,000; Sigma) and roineral orl {d = 0.88
g/ml, Sigma) were added as a adjuvant.

Herd evaluation

This trial was carried out on a commercial dairy
farm in Dae Kwan Ryung, Kangwondo during 10
months. The dary farm kept 200 lactating cows and
100 dry cows. Calving from pregnant cows occurred
theoughout the entire year, but calving frequencies
were slightly higher in spring than any other seasons.
Automatic milking machine was used and pre-milik-
ing mastitis test and post-milking teat dipping were
practiced. Dry and lactating cows were routinely
treated with susceptible antibiotics. The mean somatic
cell count (SCC) m bulk tank was 300,000 cells/ml
during the year pnior to the start of the trial and varied
between 220,000 and 370,000 cells/ml throughout the
experimental period. Heifers then received the same
feed and treatment as the other cows. Cases of clin-
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ical mastitis were routinely defined with premilking
by the dairy farmer or the veterinarian. After sam-
pling, diagnosed cases were treated by intramammary
admunistration of antibiotics. No quarters with clinical
mastitis were detected in the heifers prior to calving,

Experimental design

Twenty three lactating cows were used, and vacei-
nated and control groups were allotted to 20 and 3
lactating cows respectively. Twenty heifers were allo-
cated into vaccinated (n=17) and control (n=3) groups.

The heifer group received two injections of the vac-
cine at 7 and 4 weeks before calving, and the lactating
group received two times every 3 weeks. The control
group received two injections of PBS dunng the lac-
tation period. The vaccine or the placebo was admin-
istered subcutaneounsly in the area of SMLN.

Premilking sampling and microbiological analy-
sis

Milk samples from all quarters were collected
every 2 weeks during the first 3 months and every 3-
4 weeks during subsequent months of the trial in lac-
tating cows. In heifers, samples were taken every 3-
4 weeks following calving. Prior to taking samples,
the teats were disinfected with 70% alcohol soaked
with 1% iodine. The several streams of milk was dis-
carded on the black-colored rubber plate, and 10-ml
of the milk sample was collected in 15 ml sterile glass
tubes by the laboratory staff. While the veterinarians
were collecting samples, the milk and udder abnor-
malites (clotting, heat, swelling, discoloration) were
recorded. The milk samples were kept at 4°C until
processing in the laboratory and samples were pro-
cessed within 6 hrs. For the bacterial isolation, 10 pl
of milk sample was streaked on bovine blood agar
(5%, v/v) and incubated at 37°C for 24 hrs. The num-
ber and type of the colonies and the pattern of hemol-
ysis were recorded. Gram-positive coccl were selected
and further investigated for production of catalase and
coagulase. S. aurews was confirmed as the isolation
method of the International Dary Federation described
previously’. The SCC was determuned electronically
with a Fossomatic coulter counter (Fossomatic Co.,
Ltd, Denmark) according to the technique recom-
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mended by the International Dairy Federation as
described previously”.

Definition of mastitis (clinical, subclinical and latent)

The determuination of the clinical mastitis was
based on the presence of a primary pathogen (S.
aureus) in milk samples and clinical signs with heat,
clotting, swelling of the udder. Teats with somatic cell
count (SCC) of more than 250,000 cells/ml and
absence of S. aurens were considered to be indicative
of subclinical mastitis. The presence of S aureus
without a corresponding increase in SCC was includ-
ed as a latent infection.

Statistical analysis

The chi-square test was used to compare the rates
of mastitis. The Student's t test was applied to com-
pare mean SCC. The SAS software (released 6.04;
SAS mstitute, Cary NC, USA) was employed for these
analyses. Significance was considered at p<(.03.

Results

Herd evaluation before experiment
No different parity was observed between vacci-

Table 1. Frequencies of bacteria 1solated from nulk prior to
initiating the field trial

Organisms Numbers*  Percentage (%)
Staphylococcus aureus 13/176 7.3
Staphylococeus spp® 17176 8.7
Streptococeus spp** 10/176 6.0
Proteus spp 8/176 4.5
Psendomonas spp 6/176 34
Fungus* 8/176 4.5
Contamination™* 271176 153
Negatrvet™ 87/176 49.0

*Number of quarters inoculated.

*Coagulase positive and negative staphylococer were cat-
egorized 1n Staphyiococcus spp.

**Streptococcus agalactiae, Strepiococcus dysgalactiae and
Streptococcus uberis were categorized in Sheptococcus spp.
*When premilk samples were taken, samples were contam-
mnated with environmental microorganisms.

“After premilk sample was streaked on 5% bovine blood
agar plate at 37 for 24 hrs, no bacterial growth was observed.
*Fungus included yeast and mold.
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Table 2. Cumulatrve incidence of clinical, subelinical and
latent infection i lactating cows immunized with mastitis
vaccine compaosed of alpha toxin, capsular polysaccharide
and fibronectin binding protein twice every 3 weeks

Table 3. Cumulative meidence of clinical, subclinical and
latent infection in heifers immunized with mastitis vaccine
composed of alpha toxin, capsular polysaccharide and
fibrenectin binding protein twice every 3 weeks

Treatment group

Treatment group

Diagnosis Control Vaccinated Diagnosis Controi Vaccinated
(%) (%) (%) (%)
Clinical mastitis* [2/104(11.5)%  33/584(3.7)° Climcal mastitis* 5/40(12.5°  6/168(3.6)"
Subclinical mastitis** 910487 8/584(1.4)° Subclinical mastitis** 3/40(7.5)*  1/168(0 6)°
Latent infection®** 12/104(11,5)° 21/S84{3.6)' Latent infection*** 64015y 2/168(1.2)

Total intramammary mfection 33/312(10.6)° 62/1752(3.5)°

Total intramammary infection 14/120(11.7)° 8/504(1.6)°

“Pp<0,05); “p<0.001); *p<0.01) significant difference.

*Clinical mastitis was based on the presence of S. qurens in
milk samples and clinical signs with heat, clotting, swell-
ing of the udder.

*Subclinical mastitis was based on teats with somatic cell

counts of more than 250,000 cells/ml and absence of pri-

mary pathogens.

***Latent infection was based on the the presence of a pri-

mary pathogen without a corresponding mmerease m SCC.

nated and control group and total teats used in this
study were 171 except 1 blind teat.

Mean SCC in herd was 300,000 cells/ml and non-
infected Holstein-Fresian cows with S, aureus before
mitiating this experiment were selected and used.
Non-infected cows were considered when pre-milk-
ing samples inoculated were negative in bacterial growth
on 5% bovine blood agar plate incubated for 24 hrs.

Bacterial prevalence of the herd was shown in Table
1. The prevalence of 3. aurens and Streptococci spp.
are 7.3% (13/176) and 6.0% (10/176), respectively.

Clinical signs

Anaphylactic shock did not occur in the 37 vacei-
nated cows included both lactating cows and heifers
after vaccination. However, a transitory swelling,
erythema and heat around the wvaccinated site were
observed and swelling was disappeared spontane-
ously within 7-14 days following vaccination. Slight
lameness was also appeared in hindlimb of vaccinated
gide. However, any other adverse reaction was not
recorded in both lactating cows and heifers.

Incidence of mastitis
Table 2 shows the cumulative incidence of clinical

2(p<0.05), *A(p>0 05); “(p<0.001) sigmficant difference.
*Clinical mastitis was based on the presence of S aureus m
milk samples and clinical signs with heat, clotting, swell-
ing of the udder.

*Subclinical mwastitis was based on teats with somatic cell
counts of more than 250,000 cells/ml and absence of pri-
mary pathogens.

***] atent infection was based on the the presence of a pri-
mary pathogen without a corresponding increase in SCC.

mastitis caused by S. aureus m the quarters of the 23
lactating cows during 10 months. The clinical mastitis
incidence following immunization was higher in the
conifrol group, compared with that in the vaccinates
{(p<0.05). The subclimcal mastitis incidence following
mimumzation was significantly higher in the controls
than that of the vaccinated group (p<0.001). The
cumulative incidence of latent infection in lactating
cows showed no significant difference between
groups after immunization (p<<0.05). The frequencies
of IMI caused by S. aurews in vaccinated group were
lower than the control group following immunization
in lactating cows (p<0.001). The frequencies of clin-
ical and subclinical S. aureus mastitis {021) were
lower in the quariers of lactating cows than those in
the guarters of lactating cows in the control group.
The frequencies of IMI caused by 5. aureus in vac-
cinated group were lower than the control group fol-
lowing immunization in heifers (p<0.001).

Tabie 3 shows the cumalative incidence of clinical,
subclinical and latent infection in heifers. The number
of clinial, subclinical and latent infections were sig-
nificantly lower in the vaccinated group compared
with heifers in the control group (p<0.03, p<0.05,
p<0.001). The frequencies of clinical and subclinical
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Fig 1. Mean SCC level of lactaing cows that were unvac-
cinated or vaccinated twice every 3 weeks in the area of
supramammary lymph node with vaccmme composed of
alpha toxin, capsular polysaccharide and fibronectin bing-
mg protein.
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Fig 2. Mean SCC of heifers that werc unvaccinated or vac-
cmated twice every 3 weeks in the area of supramammary
lymph node with vaccine composed of alpha toxin, capsu-
lar polysaccharide and fibroncctin binding proten.

S. aureus mastitis {0.35) were lower in the quarters of
heifers than those in the quarters of heifers in the con-
trol group.

Somatic cell counts (SCC)

No significant differences were observed between
the mean SCC from mammary quarters of the vacci-
nated and control groups, However, 3 months later,
second postimmunization, the SCC 1n unvaccinated
cows tended to be highest throughout the trial
(p<0.05). The SCC among treatments prior to S
aureus immunization was not significantly different
between the vaccinated and contrel groups (Fig 1).
SCC of heifers throughout the tnal tended to be
decreased and lower than that of control group at 3
months postimmunization (p<0.05). The SCC prior to
immunization was not significantly different between

control and vaccinated groups (Fig 2).
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Discussion

Mastitis vaccine developed by several researchers
was mamly focused on reduction of the clinical signs,
SCC and IMI rate. Thus, most of the vaccine were
composed of major virulence factors, particularly pro-
tein A, CPS and toxins {alpha and beta toxoid). Of
several virulence factors, FnBP was not tested exten-
sively in the field although it showed high protective
ability In mouse mastitis model.

Until now, many attempts were made to develop
more efficient and economic mastitis vaccine, but all
efforts was not successful yet.

The experimental mastitis vaccine of this study was
developed on the basis of CPS, alpha toxin and
recombinant FnBP. The results of the present trial
revealed that the frequencies of clinical or subclinical
mastitis in the vaccinated groups of heifers and lac-
tating cows were significantly lower than those of the
control groups. Similarly the frequency of latent 5.
aurens TMI were also reduced in the lactating cows of
vaccinated group, compared with that of the control
group.

Several studies™ have shown advantages of
administering a mastitis vaccine at drying off because
of a better immune response and a higher suscepti-
bility of the mammary gland during the first week
after calving. A vaccine that was developed with a
killed, encapsulated 5. aureus was tested in heifers by
Nordhaug et al."". This vaccine showed a significant
lower incidence of mastitis compared with the con-
trol. Similarly, Han et al." developed a experimental
mastitis subumnit vaccine composed of three virulence
factors (alpha toxin, CPS and FnBP). Although this
vaccine was studied m rabbits, according to the
results of Han ef al.*, the vaccinated groups showed
the development of specific serum antibody against
alpha toxin, CPS and FoBP specific antibody in
serum when compared with PBS control group. The
bacterial number also decreased until postchallenge 4
hrs and then trend of slight increase was observed 12
and 24 hrs postchallenge.

The vaccine evaluated in the present study was
developed to determine its usefullness and protective
ahility against S aureus. In the present tral, the
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decreased incidence of chinical, subclinical and latent
mastitis reveals that systemic protective ability in the
vaccinated cows may be increased. And these clinical
data show that the cows may have immune response
to capsule, alpha foxin and FnBP that is opsonic for
polymorphonuclear (PMN) cells after immunization.
Therefore, it is esitmated that antibody for alpha toxin
may be responsible for reducing the clinical signs of
cows infected with §. aurens, and antibody for CPS
and FnBP conid elicit a protective ability against col-
onization of 5. aureus n the udder. Herbelin ef al®
demonstrated that a bacterial virulence factor, alpha
toxin, was able to induce immune recruitment of neu-
trophil for efficient bactericidal activity in milk when
cows were immunized with alpha toxin. Therefore, in
present trial it is likely that neutrophils recruitment
from blood were activated after vaccination in
response to particular antigens.

Effects of vaccination on SCC were shown in Figs.
1 and 2. [n lactating cows, the level of SCC had no
significant difference between groups except 6th sam-
pling time when showed significantly higher SCC in
the control group. Presumably, contagious mastitis
caused by Sweptococci spp. caused SCC to increase
because Strepfococci spp. were isolated more fre-
quently than any other sampling time in the control
group. Therefore, vaccination for cows during the lac-
tation period had no effects of increasing SCC. In
addition, although there was no significant difference
between the groups, the level of SCC in heifers of
vaccinated group showed lower than that of the control
group following booster injection, Thus the vaccmne
might confer effective protection to cows against S
aureus strain. The results of the study showed that the
bovine mastitis subunit vaccine had a protective
effect on the incidence of S, qureus mastitis. When all
this parameters included the udder health were consid-
ered together, the results revealed a potential protective
ability of the vaccine during the entire lactation and
dry period. Because only one herd was tested in this
field trial, further study on a larger field was needed in
near future.

Taken together, results of clinical parameters,
microbiological assessments, and measuremetns of
SCC suggested that vaccinated heifers and lactating

cows had higher resistance to the naturally bacterial
exposures.

Conclusion

Field trial of this study showed that this mastitis
subunit vaccine had effects on decreasing the inci-
dence of total IMI caused by 8. awrens without
increasing SCC in heifers and lactating cows. In addi-
tion, Since this vaccine showed positive effects on
IMI and SCC, it is necessary that this experimental
mastitis vaccine composed of three virulence factors
would be further studied on a large scale of commer-
cial farms.
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