
Assessment of cellular immune responses is crucial for the diag-
nosis of bovine mastitis, as well as for evaluation of management
practices and therapeutics aimed at prevention of this disease. A
review of the literature indicates that most mastitis-related immuno-
logic research has been based on evaluation of blood cells in spon-
taneous mastitis while only a few studies of bovine mastitis have

compared blood and mammary gland lymphocyte phenotype and
function under longitudinal experimental designs (1).

T lymphocytes are the prevailing bovine mammary gland lympho-
cytes (2). One classic assay of lymphocyte function is mitogen-
induced blastogenesis. Previous studies have indicated depressed
blood lymphocyte blastogenic responses around parturition (3);
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Blood and milk cellular immune responses of mastitic non-periparturient
cows inoculated with Staphylococcus aureus 

A.L. Rivas, R. Tadevosyan, F.W. Quimby, D.H. Lein

A b s t r a c t
Lymphocyte function and phenotype of peripheral blood and mammary gland cells were evaluated in non-periparturient cows
before and at 1, 4 to 8 and 9 to 14 d after inoculation with Staphylococcus aureus, as expressed by percentage of CD3�, CD2�,
and CD45R� cells, antigen density of these markers per lymphocyte, and mitogen-induced blastogenesis. Milk bacterial counts
and somatic cell counts (SCC) were also assessed. Mitogen-induced blastogenic responses were strong in blood and weak in
mammary gland cells in all observations and positively correlated with the percent of CD45R� cells. Significantly greater per-
centages of milk CD3� lymphocytes and increased CD3, CD2, and CD45R antigen density per cell were observed after
challenge. The blood CD3 and CD2 antigen density per lymphocyte and the milk CD2� lymphocyte percent were negatively
correlated with SCC (P � 0.01). No mastitis (SCC � 500 000 cells/mL) was observed in cows showing blood lymphocyte CD2
and CD3 antigen density indices � 2.5 and 6, respectively. Forty-one percent of SCC values were predicted by the combined
blood CD2 and milk CD3 antigen density (P � 0.01). These findings support the hypotheses that mitogen-induced lymphocyte
blastogenesis is not a valid test to assess mammary gland immunocompetence and that CD2 expression may facilitate
immune responses by decreasing the number of T cell receptors required to achieve full activation.

R é s u m é
La fonction lymphocytaire et le phénotype des lymphocytes provenant du sang périphérique et de la glande mammaire furent évalués chez
des vaches n’étant pas en période péripartum avant, et après 1, 4–8 et 9–14 jours post-inoculation (DPI) avec Staphylococcus aureus.
Les paramètres évalués furent le pourcentage de cellules CD3�, CD2� et CD45R�, la densité antigénique de ces marqueurs par lymphocyte
ainsi que la blastogénèse induite par des mitogènes. Le dénombrement bactérien dans le lait et le comptage de cellules somatiques (SSC)
furent également effectués. La blastogénèse induite par les mitogènes était marquée pour les cellules d’origine sanguine et faible chez les
cellules provenant de la glande mammaire lors de chacun des prélèvement et présentait une corrélation positive avec le pourcentage de cellules
CD45R�. Un pourcentage significativement plus élevé de lymphocytes CD3� du lait et une augmentation de la densité des antigènes CD3,
CD2 et CD45R par cellule furent observés après l’inoculation. Une corrélation négative (P � 0,01) fut notée entre le compte de cellules
somatiques dans le lait (SCC) et la densité par lymphocytes sanguins des antigènes CD3 et CD2, ainsi qu’avec le pourcentage de lymphocytes
CD2+ dans le lait. Aucune évidence de mammite (SCC � 500,000/mL) ne fut notée chez les vaches avec des lymphocytes sanguins ayant
des indices de densité d’antigènes CD2 et CD3 � 2,5 et 6, respectivement. Une combinaison de la densité des antigènes CD2 sanguins et
CD3 du lait a permis de prédire dans 41 % des cas les valeurs de SCC (P � 0,01). Ces résultats confirment les hypothèses que la blastogénèse
induite par les mitogènes chez les lymphocytes n’est pas un test valide pour évaluer la compétence immunitaire de la glande mammaire et
que l’expression de CD2 pourrait faciliter les réponses immunitaires en diminuant le nombre de récepteurs pour les cellules T requis pour
atteindre une activation complète.

(Traduit par Docteur Serge Messier)



however, blastogenic responses have not been investigated in con-
junction with phenotypic studies in non-periparturient dairy cows.
One molecule associated with blastogenesis is CD45, as suggested
by the fact that a monoclonal antibody against CD45R (one CD45 iso-
form) blocks blastogenic responses in some species (4).

T-lymphocyte-mediated immune responses depend on 2 inter-
related events: a) the initial engagement of the T cell receptor
(TCR) after antigen recognition, and b) the subsequent TCR down-
stream signaling process, which leads to proliferation and cytokine
production (5). T cell activation depends, at least, on the number of
triggered TCRs. Only after a certain threshold is achieved is full T cell
activation reached. However, these events are also dependent on
small costimulatory molecules, such as CD2 and CD28. Both CD2
and CD28 can significantly reduce the threshold of triggered TCRs
required for cell proliferation and cytokine synthesis. Initial bind-
ing of TCRs and antigen-presenting cells results in the formation of
the “immunologic synapse” (IS), which segregates small mole-
cules (TCR/CD3, CD2) to its center while large molecules (LFA-1,

CD45) segregate to the periphery. This results in increased tyrosine
kinase-mediated phosphorylation, which is facilitated by CD2, or
removal of tyrosine phosphatases, such as CD45 (5). 

Formation of the IS, rather than formation of the initial TCR-
peptide/major histocompatibility complex (MHC) interaction,
appears to be the central event leading to full T cell activation.
Consequently, any factor essential for IS formation will be essential
for full T cell activation, such as CD2 expression. CD2 stimulates
T cell activation in the absence of direct engagement of antigen-
specific TCR, induces tyrosine phosphorylation and increases
expression of TCR � chain, resulting in enhanced CD3 receptor
density (6). Increases in CD2 receptor density also lead to aug-
mented cytokine production (7). 

Impairments of T cell function (defects in TCR-CD3 expression)
have been correlated with greater susceptibility to infection in
various clinical conditions (8), and, vice versa, enhanced TCR/CD3
constitutive expression has been reported and commented to be a
factor of innate immunity and/or autoimmunity (9).
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Table I. Longitudinal CD3, CD2 and CD45R expression, somatic cells counts and bacterial counts in response to intramammary
S. aureus inoculation

Blood Percentages Milk Percentagesa

Time/cow Ctl CD3 CD45R CD2 Ctl CD3 CD45R CD2 SCCab CFUac

Pre-i
A 0.8 66.7 64.7 61.6 0.4 56.1 34.2 77.9 21 0
B 0.3 73.4 58.0 68.0 1.3 69.5 13.2 73.0 43 0
C 0.5 64.9 56.4 55.2 0.7 71.8 27.0 71.9 47 0
D 0.6 74.0 57.0 71.3 0.1 95.0 18.0 94.5 15 0
E 1.1 64.2 62.2 54.4 3.0 83.6 26.5 85.6 94 0
F 0.1 71.6 56.7 58.8 0.1 78.2 15.3 78.7 17 0
1 dpi
A 0.7 86.1 49.9 79.9 7.6 90.3 50.3 89.4 403 0
B 0.2 76.2 52.6 73.3 1.5 90.4 13.8 89.2 370 0
C 0.5 62.5 50.0 53.7 0.3 72.6 20.5 77.7 23 16 675
D 0.4 72.5 56.6 69.7 1.1 84.4 16.1 79.9 36 2685
E 0.5 54.0 73.1 48.7 3.5 67.7 22.9 70.0 174 3135
F 0.8 62.3 60.1 48.6 2.3 67.8 23.5 67.8 1904 6360
4 to 8 dpi
A 1.1 76.1 53.8 74.9 5.6 75.7 45.8 75.7 420 0
B 0.3 69.9 48.5 70.2 0.5 90.9 8.9 91.6 135 0
C 0.2 67.2 61.3 58.9 0.2 73.1 8.9 65.4 6479 2685
D 0.6 79.0 67.4 77.9 0.3 88.9 17.8 86.7 90 1405
E 0.5 61.1 71.6 54.4 0.7 66.5 7.6 59.8 3266 0
F 1.4 77.1 68.6 63.7 0.1 91.6 23.1 89.9 166 165
9 to 14 dpi
A 0.4 77.9 42.0 66.8 0.9 85.4 34.0 85.9 65 0
B 0.9 58.3 61.7 61.9 1.9 ND 14.4 85.1 55 0
C 0.7 69.7 58.0 64.7 1.4 63.6 64.4 59.8 1453 50 430
D 2.5 69.6 64.7 68.5 0.9 91.5 15.1 87.1 2267 1405
E 0.8 54.4 65.4 43.2 0.8 88.1 15.1 72.0 5104 5435
F 0.5 29.9 71.0 27.0 0.1 95.2 25.7 91.4 51 5000
A–F — individual animals; Ctl — control antibody; dpi — day(s) post-inoculation; pre-i — pre-inoculation
a Values reported are composite means determined from both inoculated quarters
b Somatic cell count (103 cells/mL, composite milk count)
c S. aureus cfu/mL (composite milk count)



One major pathogen associated with bovine mastitis is
Staphylococcus aureus. Enterotoxins from S. aureus are superantigens
that bind MHC class II (MCHII) antigen-presenting cells outside the
conventional peptide-binding groove, which results in T cell acti-
vation and cytokine production. Optimal T cell activation by
S. aureus superantigens, both in humans and bovines, depends on
adhesion molecules, such as CD2 (10,11). 

Thus, assessment of lymphocyte proliferation and CD3, CD2,
and CD45R expression may be relevant to evaluate cell-mediated
immune responses associated with S. aureus-induced mastitis.
While the individual expression of these differentiation antigens has
been investigated before (2,3,12), no study has assessed the role of
CD3 in conjunction with CD2 and CD45R in the context of mastitic
non-periparturient cows (animals not subject to partum-related
immune depression). This study assessed longitudinally peripheral
blood and mammary gland lymphocyte phenotype and function in
lactating non-periparturient cows experimentally challenged with
S. aureus. 

First-lactation (2 mo or later within lactation) heifers were
recruited for this study based on: 1) no previous history of mastitis;
2) no individual somatic cell count (SCC) greater than 200 000/mL;
and 3) an average of 3 consecutive SCCs less than 120 000. Animals
were housed, fed, and milked according to United States federal reg-
ulations and housed in Association for Assessment and Accreditation
of Laboratory Animal Care (AAALAC)-accredited facilities. Six
healthy Holstein heifers were tested 4 times (before and 3 times after
experimental challenge). Staphylococcus aureus ribotype 116-232-S3
was cultured in Todd-Hewitt broth at 37°C until exponential
growth phase was reached, then the colony-forming units (cfu)
were counted and diluted to 150 to 200 cfu/mL in the same medium
and refrigerated until infused, as described elsewhere (13). Two
mammary quarters were randomly selected for bacterial inoculation
and tested at time 0 (before) and 1, 4 to 8, and 9 to 14 d postinocu-
lation. All S. aureus isolates recovered from the milk of inoculated
cows were ribotype 116-232-S3. Milk SCC was determined with a cell
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Table II. Longitudinal CD3, CD2 and CD45R antigen density (median fluorescence intensity and index) in response to intramammary
S. aureus inoculation

Blood MFI Blood ADI Milk MFIa Milk ADIa

Time/cow Ctl CD3 CD45R CD2 CD3 CD45R CD2 Ctl CD3 CD45R CD2 CD3 CD45R CD2
Pre-i
A 10 86 211 86 8.6 21.1 8.6 34 18 95 26 0.53 2.79 0.76
B 18 112 255 60 6.2 14.2 3.3 21 31 58 38 1.48 2.76 1.81
C 16 73 207 73 4.6 12.9 4.6 40 44 125 49 1.10 3.12 1.22
D 12 99 162 47 8.2 13.5 3.9 32 78 130 63 2.44 4.06 1.97
E 20 112 200 59 5.6 10.0 2.9 28 55 102 64 1.96 3.64 2.28
F 34 81 227 49 2.4 6.7 1.4 60 60 103 51 1.00 1.72 0.85
1 dpi
A 23 316 655 177 13.7 28.5 7.7 71 186 340 164 2.62 4.79 2.31
B 17 105 239 65 6.2 14.1 3.8 11 50 68 59 4.54 6.18 5.36
C 17 87 200 51 5.1 11.8 3.0 24 48 125 51 2.00 5.20 2.12
D 18 104 148 53 5.8 8.2 2.9 32 74 88 64 2.31 2.75 2.00
E 25 110 162 44 4.4 6.5 1.8 28 70 140 73 2.50 5.00 2.67
F 70 267 695 151 3.8 9.9 2.2 35 121 82 129 3.46 2.34 3.68
4 to 8 dpi
A 26 274 500 168 10.5 19.2 6.5 37 85 319 119 2.30 8.62 3.22
B 14 76 139 51 5.4 9.9 3.6 20 39 81 55 1.95 4.05 2.75
C 40 94 259 51 2.3 6.5 1.3 23 37 52 46 1.61 2.26 2.00
D 20 123 200 51 6.1 10.0 2.6 35 83 137 62 2.37 3.91 1.77
E 25 96 141 43 3.8 5.6 1.7 27 58 52 51 2.15 1.92 1.88
F 9 74 221 48 8.2 24.5 5.3 17 55 58 44 3.23 3.41 2.59
9 to 14 dpi
A 13 108 173 57 8.3 13.3 4.4 20 54 157 58 2.70 7.85 2.90
B 15 24 202 56 1.6 13.5 3.7 17 ND 88 72 ND 5.17 4.23
C 64 100 235 53 1.6 3.7 0.8 32 58 137 33 1.81 4.28 1.03
D 71 92 153 47 1.3 2.2 0.7 35 75 118 70 2.14 3.37 2.00
E 19 106 94 50 5.6 4.9 2.6 11 53 33 43 4.81 3.00 3.91
F 16 85 162 48 5.3 10.1 3.0 18 58 58 46 3.22 3.22 2.55
ADI — antigen density index, = MFI(CD2, CD3, CD45R)/MFI(Ctl); A to F — individual animals; Ctl — control antibody; dpi — day(s) post-
inoculation; MFI — median fluorescence intensity; ND — not done; pre-i — pre-inoculation
a Values reported are composite means determined from both inoculated quarters



counter at the North East Dairy Herd Improvement Association
(Ithaca, New York, USA). No inoculated cow became febrile.

In order to isolate milk leukocytes, 2 L of milk (1 L from each of
the 2 selected quarters) from the morning milking was collected in
disinfected milkers, mixed, and transported at 4°C in sterile, 
1-liter bottles containing 10 mL (100X) of antibiotic-antimycotic
(catalog 15240-039; Gibco, Grand Island, New York, USA) and
12.5 �g/mL of gentamicin (catalog 15710-015; Gibco). Processing of
milk began within 1 h of collection. Milk was diluted in an equal
volume of buffer containing phosphate-buffered saline (PBS), 10%
acid citrate dextrose, and 20 mM EDTA (PAE) buffer and cen-
trifuged for 40 min at 350 � g at 15°C. The supernatant and fat layer
were decanted, and the cell pellet was washed 3 times in PAE
buffer. The cell pellet was resuspended in 30 mL of Hank’s balanced
salt solution (HBSS; Gibco). Approximately 15 mL of blood from the
tail vein was collected in heparinized tubes and stored and trans-
ported at 4°C. Cells were diluted 1:1 in HBSS and then were cen-
trifuged, collected, and washed as indicated above. Lymphocytes
were isolated by density gradient centrifugation (density:
1.077 g/mL) on Ficoll (blood) or Percoll (milk) (Amersham-
Pharmacia Biotech Inc., Piscataway, New Jersey, USA) (30 min at
800 � g, 15°C). The mononuclear cell band was then collected at the

interface, washed 3 times in 10% fetal bovine serum (FBS; 
Hy-Clone, Logan, Utah, USA)-HBSS and resuspended in 5 mL of
Roswell Park Memorial Institute buffer (RPMI; Gibco), 10% FBS, and
5% of a tissue culture cocktail containing 0.1 mM non-essential
amino acids, 2 mM L-glutamine, 1 mM sodium pyruvate, 10 mM
Hepes buffer and 1X antibiotic-antimycotic (Gibco). The volume of
each sample (blood and milk) was recorded, as well as the number
of collected cells. Cell viability (> 95%, blood; > 50 to < 80%, milk)
was determined in a hemocytometer after exposure to trypan blue. 

Lymphocyte proliferation in response to mitogen stimulation
was conducted as described elsewhere (14). One hundred microliters
of cells (1 to 5 � 106 cells/well) was diluted in complete medium
[CM; composed of Weymouth’s MB 721/1 medium (Gibco) with 10%
heat-inactivated FBS] and added to 100 �L of each of 6 mitogen
(Concanavalin A; Sigma Chemical Company, Saint Louis, Missouri,
USA) concentrations (ranging from 50 ng/mL to 0.016 ng/mL per
well). Controls were diluted in CM without addition of mitogen.
There were 3 replicate wells per treatment.  Fourteen to 16 h before
the termination of a 3-day culture, 40 �L of [methyl-3H] thymidine
(2 Ci/mmol; Amersham, Arlington Heights, Illinois, USA) diluted
in CM was added to each well. Cultures were harvested on a mul-
tiple automated sample harvester (M.A. Bioproducts, Walkersville,
Maryland, USA) and 1-minute counts were recorded by a liquid scin-
tillation counter (model LS-230; Beckman Instruments, Fullerton,
California, USA). Stimulation indices (proliferation of mitogen-
stimulated over that of non-stimulated cells) reported here are
those of the mitogen concentration that gave the highest proliferative
response. Leukocyte types were identified by flow cytometry based
on their forward and side scatter parameters and backgating was
conducted on CD3� (T lymphocytes) or CD3� cells (monocytes/
macrophages, B lymphocytes, and polymorphonuclear cells), as
described (13). Immunophenotyping was conducted with mono-
clonal antibodies (all IgG1 isotype) against bovine CD3, CD2, and
CD45R molecules, which were purchased from one source (VMRD
Inc., Pullman, Washington, USA; clones: MM1A, BAQ95A, and
GS5A, respectively). Negative control antibody was an IgG1 mouse
antibody (catalog 08-6599; Zymed, San Francisco, California, USA).
Approximately 5 � 106 leukocytes were incubated in first wash
buffer, which contained 2% rabbit serum diluted in pH 7.2 PAE
buffer (PBS with 0.1% NaN3, 10% citrate, 10 mM EDTA) and cen-
trifuged for 10 min at 350 � g. One million cells were then trans-
ferred to 12 � 75-mm polypropylene tubes (one for each primary
antibody, including isotype control) and resuspended in 50 �L of
10% rabbit serum in PAE. After 10 min on ice, 50 �L of isotype con-
trol or monoclonal antibody was added to each tube and incu-
bated for 30 min on ice. Cells were washed 3 times with first wash
buffer and then incubated with 100 �L of the secondary antibody
[optimal dilution, FITC-conjugated rabbit anti-mouse IgG (heavy and
light chains) in 10% rabbit serum in PAE]. Cells were then washed
4 times with first wash buffer, fixed in 500 �L of 2% formaldehyde
PBS-azide, and refrigerated until analyzed by flow cytometry
(FACSCalibur; Becton-Dickinson, San Jose, California, USA). In
all tests, bovine cells were isolated, labeled, and fixed within 12 h of
being collected. Fluorescence data were acquired and analyzed
with commercial computer software (CELLQuest; Becton-Dickinson).
Gates of each leukocyte type were customized to achieve the 
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Figure 1. Longitudinal blood and mammary gland lymphocyte phenotypes
in response to intramammary inoculation with S. aureus. A. Mean percentage
[± standard deviation (SD)] of blood (Bd.) and mammary gland (Mk.)
lymphocytes identified by fluorescent control (Ctrl), CD3, CD2, or CD45R
antibodies (bars represent half of the SD, n = 6 cows). B. Mean antigen den-
sity index (± SD) (fluorescence intensity of CD3, CD2, or CD45R over that
of control antibody, bars represent half of the SD, n = 6 cows).



lowest percent of non-specific fluorescence and the highest percent
of specific fluorescence, as reported previously (15). At least
40 000 cells were acquired per test.

Surface antigen density index (ADI) was defined as the ratio
between the CD3, CD2, or CD45R median fluorescence intensity
(MFI) and the MFI of the isotype control. The CD45R percent/CD2
percent ratio was assumed to reflect the profile of blood (approxi-
mately 1:1) or milk (1:4) cells (2). Student’s t- and Mann-Whitney sta-
tistical tests, correlation coefficients, and regression analysis were
calculated with commercial computer software (Minitab, v. 12.2; State
College, Pennsylvania, USA). 

Significantly higher percentages of CD2� cells were found in milk
than in blood, before and after challenge (P � 0.02). The percent of
milk CD2� cells (before and after challenge) was negatively cor-
related with SCC (r = – 0.53, P � 0.01). Three- to 5-fold greater per-
centages of CD45R+ cells (P � 0.01) were found in blood than in milk
in all observations (Table I). The percentage of CD3� cells did
not differ between blood and milk before challenge, but it decreased
in blood and increased in milk after challenge, reaching statistical
significance at 9 to 14 d postinoculation (P � 0.01). No significant

changes were observed after challenge in the percent of milk CD2�
and CD45R�cells (Figure 1A). 

Significant postinoculation increases were noted at 1 d postinoc-
ulation in the milk MFI (antigen density per lymphocyte) of all of
these markers (P � 0.01, Table II and Figure 1B). Although not
statistically significant, decreased antigen density of blood CD45R�
and CD3� cells was suggested after challenge.

Strong mitogen-induced blastogenic responses were shown by
blood lymphocytes from healthy and mastitic cows (median stim-
ulation indices: 51–78). In contrast, milk cells of both healthy and
mastitic cows showed marginal responsiveness to mitogen stimu-
lation (indices: 3.4–3.9). The CD45R/CD2 index was positively
associated with blastogenic responses (r = 0.87, P = 0.06). Since
the percentages of CD2� and CD3� cells were similar both in
blood and milk, differences in the CD45R/CD2 index were mainly
explained by differences in the percentage of CD45R� cells.

No cow with a blood lymphocyte CD3 ADI  � 6 or a blood lym-
phocyte CD2 ADI > 2.5 showed an SCC � 500 000 cells/mL (Figure
2A, C). Vice versa, all mastitic cows displayed CD3 and CD2 ADIs
of less than 6 or 2.5, respectively. Pre-challenge blood CD3 and CD2
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Figure 2. Relationships of somatic cell counts (SCC) vs. blood CD3 and CD2 antigen density. A. Scatterplot of CD3� antigen density index (ADI) per blood
lymphocyte vs. somatic cell counts [1 � 103 SCC/mL, n = 24 observations (all pre- and post-inoculation observations)]. B. Correlation of pre-inoculation
vs. 1 d postinoculation blood CD3 ADI. Pre-inoculation data are square root-transformed, 1 d postinoculation data are log-transformed (n = 6 cows). C. Scatterplot
of CD2� ADI per blood lymphocyte vs. SCC [n = 24 observations (all pre- and postinoculation observations)]. D. Correlation of pre-inoculation vs. 1 day
postinoculation blood CD2 ADI. Data are square root-transformed (n = 6 cows).



antigen density values were predictive of 1 day post-challenge
values (r � 0.93, P � 0.01; Figure 2B, D).

The highest prediction of SCC by an individual indicator was
found when SCC was regressed on blood CD2 antigen density
(adjusted R2 = 19.3%, P � 0.02). When the ADI of all of these mark-
ers on milk cells was analyzed against SCC, only CD3 ADI
approached significance (P = 0.06). However, the highest explana-
tory prediction of SCC was obtained when both blood CD2 ADI and
milk CD3 ADI were analyzed (R2 = 41%, adjusted R2 = 34.6%, 
P = 0.006). This analysis indicated a positive relationship between
CD3 and SCC and a negative relationship between CD2 and SCC
[SCC, log-transformed, all days = 5.90 � (0.145 milk CD3 ADI,
square-transformed, all days) � (1.51 CD2 blood ADI, log-
transformed, all days)].

These findings support the hypothesis that naive cells (CD45R�)
predominate in blood, while memory cells (CD2�) predominate in
the mammary gland, as suggested previously (2). Although CD2 may
be expressed by CD3� cells (natural killer cells), the fact that the per-
centage of CD2� cells observed was similar to that of CD3� cells
indicates that most bovine CD2� cells are lymphocytes.

Blastogenesis was positively correlated with the percent of
CD45R lymphocytes. Regardless of health status (non-mastitis vs.
mastitis), milk blastogenesis was marginal. This finding is in agree-
ment with previous reports (14) and is consistent with the hypoth-
esis that blastogenesis is associated with CD45R� lymphocytes
(4), which predominate in blood. This would indicate that, regard-
less of health status, mitogen-induced blastogenesis lacks validity
for assessment of milk lymphocyte immunocompetence.

These findings suggest a relevant role for CD2 in conjunction with
CD3. The fact that blood CD2 ADI was not positively associated with
milk CD3 ADI (variations in one direction by CD2 values were
not associated with variations in the same direction by CD3) suggests
that increased CD2 expression does not prevent mastitis by increas-
ing the number of triggered TCR/CD3. Yet, an interaction between
CD2 and CD3 was indicated by regression analysis. This apparent
paradox, observed before, has been interpreted as evidence of the
co-stimulatory role of molecules such as CD28 and CD2, which
enhance the second phase of T cell activation (the signaling process),
not the number of triggered TCRs (16,17). By enhancing the
TCR/CD3 downstream signaling process, CD2 may reduce the
threshold required to achieve full activation, which would be
expressed as a negative relationship by regression analysis (CD2
increases are associated with CD3 decreases which result in SCC
decreases), as observed. 

The reported CD2-CD3 interaction may have profound impli-
cations for prevention of mastitis. While TCR triggering may not
require CD2 in presence of excessive antigen concentration, CD2-
mediated T cell activation may be crucial when antigen concentration
is marginal, such as the early phase of bacterial invasion (when
bacteria have not replicated), as suggested before (18). The CD2-
mediated decreased TCR threshold required for activation may
prevent bacteria replication by facilitating early T cell activation (17).
Thus, CD2 does not seem to be an “accessory” molecule, but a 
co-factor essential for optimal anti-bacterial responses.

Since 1 d postchallenge, CD2 receptor density values were pre-
dicted by prechallenge values, it appears that the outcome of bac-

terial invasion is dependent on prechallenge phenotype.
Consequently, it is hypothesized that selection practices for animals
of lower S. aureus mastitis incidence could consider the constitutive
levels of CD2 and CD3 antigen density per cell. Since CD2 antigen
density may be modulated (19), enhanced expression of this marker
could be explored in non-periparturient animals. Further longitu-
dinal studies should evaluate the generalizability of these predictions
for other S. aureus strains, bacterial species, and animal categories.
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