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Systemic and local immune response of cows to intramammary
infection with Staphylococcus aureus
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SUMMARY

The association betwe&taphylococcus auregtronic mammary gland infection and the resulting immune response expressed by
the production of specific IgG and IgA antibodies in blood and milk was studied in Israeli Holstein cows. Specific antiltoelies of
IgG class were detected in sera of 82-6 per cent of the cows chronically infe@edi®uswhile in 17-4 per cent no such anti-
bodies could be detected. Specific IgG antibodie3 @anreusvere neither detected in sera of cows free of mammary infection nor
in those infected with different coagulase-negative staphylocoes) §uch asS intermediusS chromogenesr S haemolyticudn

milk, specific IgG antibodies t8 aureusvere detected only in cows with positive serology. The end point dilutions in the milk
were 5 to 30 per cent of that of blood from the same cow. No significant difference in IgG titres was found in the sathe cow if
guarter was infected with aureusr not. Specific antibodies ® aureusf the IgA class could not be detected in the sera of any of
the cows included in this study. In milk, a specific IgA antibody was detected only in the samples f@autaasnfected quar-

ters in whichS aureusvas isolated at the time of the experiment. In the same cow, quarters infeStedfeyisvere found to have

a significantly higher IgAtitre (P < 0-0001) than that of the non-infected ones. © 2000 Harcourt Publishers Ltd

STAPHYLOCOCCUS aureiss the major udder pathogenopsonised with milk whey containing specific Ig antibod-
causing subclinical, chronic udder mastitis with high eces was positively correlated with titres of Ig@nd IgM
nomic losses to farmers. This type of mastitis impairs alviedt not with 1gG or IgA antibodies (Watson 1989).

olar function, reduces milk yield and has a deleteriousThe enzyme-linked immunosorbent assaysp) is the
effect on milk composition, one of which is an increase primary sensitive method for detecting antibodiesSto
milk somatic cells (Gudding et al 1984, Nickerson 198%ureusin milk (Matsushita et al 1990, Grove and Jones
This increase of cells, mainly polymorphonuclear ned992, Hicks et al 1994). In previous studiesisa kit
trophils Pmns), as well as the secretion of viable bacterRroStaph | (ProScience Corp, Sterling, usa) was used

in the milk, indicate a lack of sufficient phagocytosiand a positive sample was determined as the optical density
and/or killing of bacteria. This failure of the immune syqop) equal to or greater than that of a positive control.
tem to confront mastitic pathogens successfully may resdibwever, this method did not allow calculation of bovine
in chronic infection. One mechanism of the immune syskimmed milk titres containing IgA antibody.

tem to increase phagocytosis and killing are specific anti-The objective of this study was to study the association
bodies of the appropriate immunoglobulin (1g) in sufficierftetweers aureushronic mammary gland infection and the
level at the site of infection. While IgM and IgG isotypeproduction of specific IgG and IgA antibody titres in blood
are the main Igs attributed with this mode of action, Igand milk toS aureususing areLIsa.

isotype is not. Macrophage contains receptors for, IgG
(Howard et al 1980, Norcross 1991) while ruminant neu-
trophils have surface receptors for lg®AcGuire et al

1979). Immunoglobulin Aiis the main Ig of the seromucous
tissues, defending the exposed external surfaces by blogkimals
ing the adherence of microorganisms and their toxins to ) ) ) ) ) )
epithelial cells. In colostrum and in milk, secretory IgA .Second_ to third Iactatlon Israeli I—]olstgm cows in their
(slgA) is of relevance since it provides antibodies in tHBid-lactation stages were included in this study. Group 1
intestine of the newborn animal. Previous works showé¥fluded 26 cows chronically infected wihaureusat least
that S aureusopsonised with sIgA purified from humanin one quarter and the other remaining quarters with differ-
breast milk (Avery and Gordon 1991) were not phagoc§Dt species afns. Group 2 was composed of 17 cows free
tised bypPmN to any greater extent than unopsonised pael intramammary infection in all quarters. Group 3 included

teria. It was also showed thatctinomyces pyogenes30 cows chronically infected with different speciescng.
Udder condition at the time of the study was confirmed

after three consecutive bacteriological examinations of
weekly quarter milk samples. Quarters were defined as
* Corresponding author. infected withS aureusr cnsif at least two out of the three
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bacteriological examinations were the same and no otleérthe different working dilutions of the sera derived from
bacteria were found. Cows were milked three times daiblood (1:2000) or milk (1:50), the titre scales were different,
Food was offered in mangers located in the herd. thus the results were calculated to end point dilution.

Bacteriological examinations Study layout

Duplicate quarter foremilk samples were taken asepticallyThree weekly consecutive bacteriological examinations
according to the International Dairy Federation (1985) prim quarter milk samples were carried out in order to confirm
cedures and submitted to the laboratory within 1 hotine udders bacteriological condition. Samples of blood and
Bacteriological analysis was performed according tuarters milk were collected from each cow. Serum and
accepted standards (Barnes-Pallesen et al 1987). A 0-Okkiihmed milk were separated by centrifugation (1§00
milk sample was spread over blood-agar plates (Bacto-Aghb; minutes, 4C) and stored at —2C. In addition, somatic
Difco Laboratory, Detroitmi, usa) containing 5 per cent of cell count écc) was determined by a Coulter Countec)(
sheep red blood cells. All plates were incubated &€ &nd (Z1 model, Coulter Electronics Limited, Lutook). Anti-
examined for growth at 18 and 42 hours. Colonies suspedbedly titres were determined by the spedifica developed.
as staphylococci were tested for coagulase (tube test)

(Anilab, Rehovot, Israel) and the strains were identifienb by - .

32 Staph (Bio Merieux S.A., Marcy-I'Etoile, France).StatIStlcal analysis
Colonies were considered 8saureusf they showed coagu- Data was analysed using tlses general linear model
lase activity (positive) and so were identified byith82Ap1  (cLMm) procedure (SAS/STAT® 1990). Dependent variables
> 98 per cent and > 65 per centS aureussolates were were blood IgG, IgGand 1gG, and milk 1gG, 19G, 19G,
further phage-typed (Blair and Williams 1961), with phagesd IgA antibodies. The effects on the dependent variable:
issued by the International Reference Laboratory, Collindaleere cow, quarter arl aureusnfection.

UK, using a modified procedure (Samra and Gadba 1993).

Immunological assay RESULTS

ELISA Ninety-six well immunoplates (Nunc, Kamstrup, Ofthe 26 cows known as chronically infectedSgiureus
Denmark) were coated overnight &CAwith 200ul well-*  prior to the time of the experiment (group 1), 23 were con-
of 5x 10° S aureuskilled by agitation in carbonate—bicar-firmed to be bacteriologically positive while in three cows
bonate buffer (pH 9-6). When an assay was performed, 2@05 aureusvas isolated. In the sera 19 out of the 23 cows
pl of 3 per cent casein was added and incubated for 40 m(B2-6 per cent), specific IgG antibodies were detected while
utes at room temperature. The plates were washed thre¢ghe other four cows no such antibodies could be found
times (5 minutes each time) withs(pH 7-6) containing 0-5 (Table 1). Specific IgG antibodies also could be detected in
per cent Tween 20, dried and 1@0of the tested blood the remaining three cows in whi€haureusvas not isolated
(1:2000) or milk (1:50) serum was added in duplicate aadl the time of the experiment. No specific IgG antibodies
incubated for 1 hour at 3C. The plates were washed andvere detected in sera of the cows free of mammary infectior
1:1500 dilution of affinity purified goat anti-bovine Ig@( (group 2) or in the cows that were infected with different
(Kirkegaard and Perry Laboratories, Gaithersbug, cNssuch asS intermediusS chromogenesr S haemolyti-
usa), or 1:3000 sheep anti-bovine Ig@eavy chain specific cus but not withS aureuggroup 3) (Table 1). IgGand IgG

or sheep anti-bovine Igeheavy chain specific togetherantibodies were in parallel to the total IgG, while that of the
(Lazaee Biologicals,A, usa), or 1:1500 sheep anti-bovinelgG, was somewhat lower than Ig@able 2). Specific anti-
IgA-alpha chain-specific (Bethyl, Montgomeryx, usa) bodies of the IgA class could not be found in the sera of any
peroxidase conjugate, was added to each well and incubaied participating in this study.

for 1 hour at 37C. The bound antibodies were detected In milk, specific IgG antibodies t6 aureusvere detected

by adding 10Qul of 2-2-azino-di (3-ethyl-benzthiazolin only in cows where their sera were positive. Comparing the
sulfonate) £BTs) peroxidase substrate (Kirkegaard antyG titre in the milk between quarters infected and non-
Perry Laboratories). The respective plates were read imfected byS aureusf the some cow, quarters infected had a
microplate autoreader (Dynatech MR5000, Guernsdygher titre than that of the non-infected ones, but the differ-
Channel Islandsyk) at 410 nm. Samples were added tences were not significant (Table 2). The end point dilutions
each plate, derived from positive and negative serum stanthe milk of the 1IgG were 5 to 30 per cent of that of the
dards prepared respectively from hyperimmune and inttdeod from the same cow. Ig@ntibodies were in parallel to
mammary challenged or unimmunized, non-infected heifetBe total IgG while that of the IgGvere parallel in the quar-

In order to modify theop to titre, a linear regression wagers infected witls aureusut significantly lower (P < 0-01)
calculated as described (Leitner et al 1990, 1994). The seirsithe quarters infected with the differeotis (Table 2).
tivity (> 90 per cent) and the specificity (> 90 per cent) @pecific IgA antibodies in the milk were detected only from
the ELISA were estimated previously to this study (data nobws in whichS aureusvas isolated at the time of the exper-
shown). It was calculated by testing blood and milk sampliesent (23/26 in group 1). Furthermore, it was found almost
from 45 cows known to be chronically infected wigh entirely in theS aureusnfected quarters and only in three
aureus 50 samples from cows known to be free of infectiaquarters where n8 aureusvere isolated, IgA specific anti-

or infected chronically with other bacteria suchcasand bodies were found with very low titre. Moreover, specific
10 heifers vaccinated with kille®l aureusraccine. Because IgA antibodies were detected in two out of the four cows
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TABLE 1: Distribution of cows according to mammary gland S aureus infection and antibody detection in
blood sera and skimmed milk

Group Cows S aureus Antibody
Prior* Presentt Blood Milk 1gG Milk IgA
1gG
1 19 + + + + +
4 * + - - +2):~(2)
3 + - + + -
2 17 - - - - -
3 30 - - - -

*S aureus was isolated from the cow udder prior to the time of the experiment.
TQuarter bacteriological classification was confirmed after three consecutive examinations of quarter milk samples, a
week between each sampling, of cows known to be chronically infected by S aureus.

TABLE 2: Range of antibody end point dilutions of IgG, 19G 1+ 19G, and IgA in sera of 26 cows chronically infected with S aureus and in their
milk according to the infection agent

Cow Blood Quarter* Milk
19G IgG, IgG, 19G IgG, IgG, IgA
26 0-1:32,000 0-1:16,000 0-1:32,000 S aureus (41) 0-1:1600 0-1:1600 0-1:1600 1:100-1:800
cNs (51) 0-1:800 0-1:800 0-1:400 0-1:20
P NS NS <0-01 <0-0001

*Quarter bacteriological classification; infected with S aureus or with cns.

infected withS aureusn which specific IgG antibodies weremainly 1gG, and also IgG IgM and IgA, increased in the
not detected, either in sera or milk. In the remaining threelk after challenge in both infected and non-infected quar-
cows in group 1 in whose mil& aureusvas not isolated, no ters, while bovine serum albumin asdcincreased only in
specific IgA antibodies were detected in any of the quartetise infected quarter. This indicates that the increase of Ig
although specific IgG antibodies were detected (Table ®jas due to an increased transport to both the infected as well
When comparing the IgA titre in the milk between quartees to the non-infected gland with aureus These results
infected and non-infected 1§ aureusf the same cow, quar- suggest that the systemic immune system is involved in the
ters infected were found to have a significant higher titpgoduction of IgG and not the local mammary gland as
(P < 0-0001) than that of the non-infected ones (Table 2). reported previously (Butler 1983), and in order to have 1gG
isotype antibodies in milks aureusnust stimulate the cows
systemic immune system. IgGn effective opsonin of Mo
are selectively transported through the epithelial cells
DISCUSSION (Butler 1983, Colditz and Watson 1985), while lg@ain

Macrophage contains receptors for lwoward et al access by a neutrophil bognd to the_Fc receptor .(C0|ditZ and
1980, Norcross 1991) while ruminant neutrophils have si¥atson 1985). Thus, the increase in the specific, Ig&
face receptors for Ig&McGuire et al 1979). type in theS aureusnfected quarters is probably due to ele-

IgG is the principal component of the mammary glarigtion of the neutrophil. . _
immune response, responsible for promoting phagocytosiddA isotype is not among the immunoglobulin classes that
of neutrophils (Miller et al 1988, Watson 1989, Avery aniicrease phagocytosis, as do IgG, in milk, shown by previ-
Gordon 1991). However, as found in this work, the level 8¢is studies (Avery and Gordon 1991). However, as found in
the specific total IgG antibodies in the milk was low conthis study, IgA antibody was the major Ig isotype in most of
pared with that of the blood and there was no significant dife S aureusnfected quarters with subclinical chronic mas-
ference between whether the gland was infected or ngt bijtis but not in the non-infected ones. These results suggest
aureuslgG, isotype was in parallel to the total IgG in bloodhat the production of this isotype is local and because IgAis
and in milk, while that of the Ig@isotype was in parallel ot a good opsonin for phagocytosis, it may have other func-
to the total IgG in blood and milk of the infected quartefns in controlling the severity of the infection such as
with S aureusbut not in the ones infected with the differenimmune exclusion, preventing the adherence of the bacteria
cNs. Antibody isotypes cannot be compared quantitativel§ the epithelial cells. There is a need for better understand-
because each isotype was tested on a different second ##i-0f the local and systemic immune response to udder
body. These results strongly suggest that in subclinidd@thogens in order to minimise the damage they cause.
chronic mastitis caused I aureus selective transport of
IgG and IgG into the infected gland does not occur, how-
ever, that of the Iggdoes occur. Thls_ is in agreement with REFERENCES
the results found after an experimental intramammary
chaIIenge with oyster glycogen (Guidry et al 1980&) or [iv&¥ERY, V.M. & GORDON D.L. (1991) Antibacterial properties of breast milk:

. . requirements for surface phagocytosis and chemiluminescefe®mpean
S aureus(Gwdry et al 1980b)- In their StUdya the total Ig, Journal of Clinical Microbiology and Infectious Diseadé 1034—-1039
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