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INTRODUCTION

Bovine mastitis is universally recognlzed as an eco-
nonically important disease. Although many investigative
studles have been done, 1t has been impossible up until the
present to devige definite control measures including immuni-
Zation for the disease. Some possible reasons could be that
many different organisms can cause mastitis and that the sus-
ceptibility from cow to cow varies considerably depending
upon age, lactation stage, environment, heredity, etc.

During the 1960's much work was directed toward the
study of the defenses of the cow agalnst the various antigens
~which may be introduced into the udder,

Most of the studies of the immunological resotions in
the udder have besen directed toward the demonstration of
antibodies., Only limited attention has been given to ocell-
mediated aspects of the response of the udder to foreign
antigens, It is suggested that the applicatlion of techniques
which relate to cellular immunity might yield information
that could provide a better understanding of the total
immune response of the hovine mammary gland.

To study the cell-mediated responses which may ococur in
cow, her lymphocytes and her mllk. These included skin hyper-
sensitivity, local and generalized reactions to the intro-

duction of antlgens and inhibition of macrophege migration.



Humoral antibody responses in the udder were studied
by the introduction of killed bacterial antigens and foreign
serum proteing into either the mammary gland or by parenteral
injgction, Attempts to elucidate the mechanism of the Hotils

reaction constitute an important part of the investigation.



LITERATURE REVIEW

Nocard and Mollereau in 1887 incriminated the.strepto-
coccl as the cause of mastitis, Since that time much
research has been directed toward forms of mastitis caused
by the streptococci but the specific types were unidentified

until 1930 when Streptococcus agalactiae was shown to be

responsible for about 80 to 90 percent of chronic mastitis
(93).

wall in 1918 (141) in his study of "Mastitis of the
Cow" gave special importance to streptococcal mastitis.

Stableforth et al. (131) reported that Streptoecoccus

agalactiae is widely spread on the outside of the udder and
body of the cow and that it could survive in these places for
long periods. He isolated it from one-third of the milkers'
hands after normal washing and found that up to 35 percent

of mastitis was due to Streptococcus agalactiae, 3 percent

to Streptococcus dysgalactiae, 5 percent to Streptococcus

uberis and 11 percent to Staphylococcus aureus. A few years

later, in a six year survey of milk samples submitted by
practicing veterinarians in Iowa, Packer (103) found only

7.8 percent incidence of mastitis due to Streptococcus

agalactiae while as high as 70 percent of mastitis was caused

by Staphylococcus aureus. Rendel and sSundberg (116)

obtained similar results, in 1962, when they did & survey

of Swediah cattle, i.e., less than 12 percent of mastitis
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was caused by Streptococcus agalactiae and 65 percent waé‘
ataphylococceal mastitis.

It has been recognlzed that bovine mastitis caused by
Streptococcus agalactiae is somewhat unique when compared-t6
other forms of the disease. The only source of Stregfoopqcus

agalactiase is an infected udder and the ablllity of the
organism to exist outside of the host animal is apparently

limited (68), Streptococcus agalactiae is an obligate

paraslite of the mammary gland, 1t spreads from cow to cow
and therefore transmisslon can be 1nterruptedrby*aegrggqtion
of the infeoted cows (1Zi)u The other streptococci are not
dependent upon the mammary gland or milk for survival and for
this reason mammary gland infecotlions produced by them are
less frequent and are related to the management practiceé
of the herds in which they occur. Numerous environmental
conditions and dairy practices mey serve to render the *
udder.more-ﬂusceptible to infection by'varioua microbip-.
logical agents.

Lancaster and Stuart (60) found lack of sanitation is

the ceuse of rapid spread of Streptocoocus agalactiae in-

fection. Murphy in 1959 (84) used three different stresses
before exposure of the teat canal to Streptococcus agalactiae,

He concluded that by removing the keratin lining of the
teat canal three milkings prior to exposure to the organism,
resistance was completely broken and infection always

ocourred but after treatment the teat was again reaistant.




The c¢linical appearance of the disease varies from a
severe acute mastitis in some cows of a herd to a mild or
non~-clinical disease in most of the others (82). The ghift-
ing between clinical stages is the result of a battle going
on between the organism in the udder and the reslstance
mechanisms of the cow, Therefore, two thingé must be con-
sidered: the ability of the infecting bacteria to 1njﬁre the
udder and the udder's ability to combat it. A

Age is an important influence in mastitis ineidence
(116)., While 14.9 percent of first-calf heifers had the
disease, as many as 35 pefcent of cows in their fourth or
fifth lactation period contracted it, The high rise in the-
incidence of mastitis with increased age appears to be due to
a combination of cumulative effects of previous mastitis in.
fections and an increase in first mastitis cases with age.
This conclusion is in domplete agreement with the studies of
Lancaster and Stuart (60), On the other hand, observations by
Cliver ef al, (97) attribute the rise in the total incidence
of udder infections with age to reinfection and believe that
first infection rates are not changed significantly by age.

Legates and Grinnells (67) proved that heredity is
another factor that plays some role in the resistance to
mastitis and, therefore, individual variation in suscepti-

bility to mastitis is partly inherited...



Bomatic Cells in Mllk

The method that has been most widely used for somatic cell
counting is that developed by Prescott and Breed (113) in
which a measured amount of milk (0,01 ml) 1é spread over a one
square cm area on a slide and then stained with methylene blie,
It is then examined by counting the cells in 100 mlcroscopic
fields using a calibrated microscope. The number of cells per
ml is calculated by multiplying the average number of cells
per field by the microscope factor.

New techniques have been devised in recent féars wlﬁh
the same objective. Some workers have used the Millipore
filter membrane (32) to collect the stained cells of milk
on the filter. The membrane is cleared in immersion oil,
examined microscopicaily and the cells counted,

Another technique used is the electronic counter (25).
Although thls technique counts higher levels of cells than
those counted by the microscopic method, 1t appears that it
is difficult to standardlze the cell suspensions 1ln such a
way that only one size of cells remaln in it. However, thils
technique could be very preclse for milk with more than
300,000 cells/ml (115},

The somatic cell counting of milk is now recognized as
the best method of deteoting poor quelity of milk due to
mastitis,

In the opinion of some workers (81) the polymorpho-

nuclear leucocytes of milk are the most important cells to



indicate a pathological process in the udder,

Epithelial cells are also present when the mammary gland
" tissue is injured, As 2 result of the injury, the dead
tissues aﬁd the epithelial cells will disentegrate, liberating
chemical substances that attract the polymorphonuclear
leucocytes (120). The cells that have their origin ;n bone
marrow come to the site of injury and enter into the milk 1n
very high numbers, Any injury to mammery tissue or infection
accounts for the presence of leucocytes forming an exudate.
. In addition to these two facts there are several other factors
that have a very marked influence on the changes in numbers
of somatic cells in milk and many workers have found data to
support this conclusion, Based on the knowledge that fhe
California Mastitis Test 1s an indicator of the preéence of
cells in the milk, Whittlestone et al. (142) concluded that
the reaction in this test is due to the unravelling of the
nuclear DNA, They also found that stress has a decisive in-
fluence on the changes in DNA levels, The sudden occurrence
of a cold storm was accompanied by increases of up to 3
ug/ml in the DNA levels of the milk. Such things as the
isolation of one cow from the rest of the herd for examination
can produce sufficient stress to cause a marked rise in the
number of leucocytes in milk,

Nelson et al. (91) concluded that extreme changes in
temperature have a definjite effect on the rise of cell counts

in milk., On the oontrafy, those cows maintained af constant
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temperatures of 32 C did not show changes in the count of
circulating erythrocytes, leucocytes and somatlc cells of
milk (100); Cows milked by machine have higher lsucocyte
counts than those milked by hand (23).

There is a very wide range in the number of cells from
normal and mastitic milk, In normal milk the numbers have
been considered to be as low as 20,000 cells per ml (20),
up to more than 700,000 cells per ml (128), In mastitic
milk there 1s an extraordinarily high number of cells in
acute infection, whereas mild infection may not show notable
increases 1n the number of cells. It has beern reported that
streptococcal mastitis produces a higher leucocytic count
than mastitis caused by staphylocoécus or coliforms (122),

It was found that normal milk has a leucocyte formula
slmilar to that of blood, i.,e., a lymphocyte to polymorph
ratio of about 2:1 but in mastitic milk nearly all leucocytes
are polymorph. The increase in the number of cells is thought
to be due to chemotactic stimuli which result from the
presence of microorganisms in the udder (24).

A general conclusion is that any milk with.more than
500,000 cells per ml is considered as an expression of an
inflammatory defense mechanism in the udder (99, 101).

There are differences in the number of lymphocytes present
in the milk, ranging from 0,5 percent up to 36 percent (24).
In addition to the above mentioned factors, there are many

more (physiological, genetiec, nutritibnal) that have a very




important 1nf;uence on.the changes in the number of cells 1in
milk,

The viability of the cells in the milk has been studied
by the absorbance of dyes into the dead cells. This is the
basic concept for the study with Trypan blue technlque re-
ported by Jain and Jasper. (-51). and used in this study.

" Leucoeytes. of milk have 'been studled very extensively in

relation to immunologieal phenomena,

Immunology

Many research workers haeve directed their attention to
various factors that may be involved in the resistance of the
udder to infection (11, 133). There is evidence that cir-
culating antibodies are of great importance in mastitis. In
some cases antlbodies are easily detectable and thelr presence
can be related to the inecidence of the clinical disease., In
others antibodles can be detected only in minimal amounts or
are apparently absent (50).

In the 1930's conslderable work was directed toward the
prevention of the disease by means of_vaccination. Carpenter
(17) found that those cows which received several subcutaneous

inoculations of Streptococcus ggalactiase experlenced a shorter

period of clinical disease and a less severe inflammatory
reaction than unvaccinated cows, Plastridge and.Hartsell

{110) referred to one case of Streptococcus agalactlae . -

mastitis in which only one quarter was infected. The in- =
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fection disappeared and tqo years later the same type of
infection appeared agaln in the same quarter., The explanation
for the reinfection was that any imnmunity which mey have

resulted from the first attack did not persist for two years,
Similar findings were reported by other workers (60, 68).

'Reslstance to Streptococcus agalactiae has been shown

experimentally in mice, guinea pigs and goats. Serum from

goats immunized by intracutaneous or intraperitoneal in-

oculations of Streptococcus agalactlae was reported to confer

to mice passive'protection which was type Bpecific (48).

Some success wlth formalized Streptococcus ggalactiae vacclne
was demonstrated by Howell et al. (50). Two weeks after
vaccination, more animals became free of Streptococcus sga-
lactise than those not vaccinated. It was also observed that
the vaccinated cows had lower neutrophil counts in milk

following intramammary challenge with 105-108 Streptococcus

agalactiae cells., When the vaccine was tested under field

condltions there was a minimum level of statistical signifi-
cance in favor of the vaccinated cows (9).

Failure of Streptococcus agalactiae to establish in

quarters infected with other streptococcal species led to
the hypothesis that oross-reacting streptococcal antibodies

may be significant in suppressing the growth of Streptococcus

agalactiae in the udder (124). Although Stark and Norcross

(132) found cross-reactive antigens in Streptococous agalactiae,

Streptococous dysgalaotleé and Streptococous uberis, he
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showed a virtual lack of protective effects after either
active or passive protection of mice immunized with a
heterologous streptococcal species, It was concluded that
no cross-protection occurs among these three dlfferent
species.

Kevin and Norcross (58) suggest that antigenic simllarity
between Streptococcus agalactiae and components of bovine tis-
sues ocould explain the failure of detectable serum antibodies

or very low serum titer after stimulatioﬁ'wiﬁﬁiEWGh;Iéﬁq'of

Streptococous sgalectiae preparations. Noroross (95) found

a high level of antibodies against extracellular antigens

(polysaccharides} of §Lr§pﬁococcus agalactiae after experi-

mental inoculation, The level of antibodies was higher in
colostrum than in milk. He concluded that antibodles were
stimulated to the greatest degree against extracellular
products of the streptococcus and that it would not be ex-
pected that those antibodies could be active as a defense
against reinfectlon with the same organism or c¢losely related
one, Later he was able to detect antibodies to extracellular

antigens of Streptococcus agalactlae after 457 days of con-

tinuous infection, In this experiment colostrum was very
rich in anti-streptococcal antibodies (94),
Murphy and Stuart (88) found that following intra-

mammary inoculation of small numbers of Streptococous

agalactliae, every normal gland became infected. They

thought that the bactericidal or bacteriostatic properties of
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normal uninfected glands would not be able to protect against

the introduction of small numbers of Streptococcus agalactisze

shortly after milking (88). This is contrary to Jones and
Little's finding (54) that Streptococcus agalactiae grows

more~slowly in fresh milk because the fresh milk has a
becteriostatic or bactericidsl property.

Murphy and Stuart (89) stress the importance of the teat
canal as a barrier to infection but believe that this barrier
is more effective in some animals than in others. In at
least four out of six animals this difference was constant
over a period of fiée months and d4id not appear to be affected
by the exposure process 1ltself in either the resistant or
susceptible cows. They also tried different stresses in a
group of resistant first-calf heifers. These stresses con-
sisted of the insertion of a small cotton swab into the teat,
repeated application of the milking machine ten minutes after
milk had been removed from the gland by normal machine milking
and removal of the goft keratin lining from the streak canal
by means of polyvinyl tublng, The last of these stresses
broke the reslstance of the udder. It was concluded that the
teat canal 18 the main barrier to infectlon in those glands-

said to be normal and uninfected (84),

Hypersensitivity
Jones and Little (54) reported that the udder should

first be sensitized by frequent exposure to infection before
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an organism can establish itself, Several inoculations of

Streptococcus agalactiae were necessary before typical mastitils

appeared.

Enhanced inflammatory reactions following successlve
subcutaneous inoculations are evidence that cows become -

specifically sensitlized to Streptococcus agalactlge., In

contrast to enhanced reactions of the skin, the response of
the mammary gland was less following aehsitization. 'The
author (130) suggests that this 1s due to the greater
dilutions of the antigens in the mammary gland than 1n skin.
rLancaster and Stuart (60) demonstrated that previously
infected cows were more susceptible to infusion of small

amounts of abnormal milk containing Streptococcus agalactiae

than were cows which had reslsted previous natural exposare.
They concluded that cdws.differ in susceptibility to Strepto-
coccus agalactiae and they asscciated this difference with
the interior of the udder. |

Spencer and Angevine (129) in 1950 reported that cows

infected wlith Streptococcus agalactiae responded to intra-

dermal injection of a streptococcel antigen with longer and
more persistent swelling than did normal animals. They
supported their evidence with similar experimentation in
rabblts. Those rabbits repeatedly injected intravenously or

intracutaneously with Streptococcus agalactiae showed an

exaggerated response following intramammary injection of the

antigen.
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In 1966 Zarkower and Norcross (143) demonstrated classical
delayed hypersensitivity response to Stregtocoodus agalactiae
and soluble extracts of the same organisms on the de:mis of
sensitized rabblts, Previously infected cows failed to

react to intradermal inoculation of §jreptococcusAggalaetide

extracts but an acute response of the cow to intramemmary
infusion of the Streptococcus sgalactiae extract was present.

Campbell and Noreross (16) found that colostrum of many
first-calf heifers contain antibodies which will react with
the soluble cellular antigen of Streptococcus sgalactise.

It is possible that these antibodies might play & significant
role in the production of hypersenslitive response fo maqtitis
later 1n life.

Schalm et al. (123) in their studies of experimental
coliform mastitis indicated that the infrequency of coliform
mastitis in the ydunger cows may be ascribed to an effective
natural barrier to bacteria from a normally functional streak
canal.

“Ehomas et.al. (136) have-suggested that: the-perlodic--
flushing of the streak canal during milking constitutes a
partial barrier to the entrance of bacteria into the udder,
They observed that of 8ight lactating cows which were milked
regularly and exposed to various bacteria, only two quarters
became infeeted, while in eight lactating cows in which
milking had suddenly oeased, 22 quarters became infeocted, .

Other authors think that cells in milk are an important




15

factor not only a8 a sign of abnormality of the udder but
also as a defense agalnat pathogens., :Some workers -

(43, 81) have stated that when many leucocytes aré
obgerved in milk this is reliable evidence that something is
wrong and one must then search for the cause of the trouble.
Delay in the cellular response to stréptococci during the |
first 12 to 24 hours after several exposures, permitted
survival and multiplication of the streptococcus leading to
egstablishment of chronic infection. Leucocytosis in milk
was associated with depressed numbers of streptococei (1235),

Experimental infeection with Staphylococcus aurens gave
rise to mastitis of varying degrees of severity. In all the
animals the cell conteht of the lymph before infection_was
composed almost entirely of medlium and small lymphodytdé.
Elevation of polymorphonuclear and cells of the plasma cell:
series in the lymph was present during the course of acute
mastitis (98),

Milk contalning larger numbers of cells possessed an
1nh1b1ting powey not seen in low cell count milk from un-
infected glands. This conclusion was reached by Murphy and
Stuart (88)- when they failed to infeot quarters naturally
infected with staphylococeoil and cornybacteyia.

Repeated infusions of sodium chloride into the mammary
gland of the cow elicited leucocytosis in the quarter tested
and no response in those quarters not tréated. A pre-

‘existing leucocytosis protected most of the quarters against
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inoculation of Staphylococcms aureus, The streptococcus became

established in all quarters but there was definite inhibition
of the multiplication of streptococci in those quarters in
which a leucocytosis had previously occurred (4a7,

Kent and Newbould (57) found fewer efficient phagocytes
among leucocytes collected from artificially irritated mam-
mary glands than among the leucocytes from blood of the same
animals. Leucocytes isolated from mastitic milk were washed
and some dlsrupted and crude lysozomal preparations from
such leucocytes were inoculated into the mammary gland.

This produced signs of aotte inflammation, rise in the con-
centration of whey serum albumins and diapedesis of neutro-
phil leucocytes from blood to milk for three to five days.
They concluded that infiltration of leucocytes into the milk

acts as a catalyst in the inflammatory reaction (52),

Antibodies

Immunoglobulins are large glycoproteins that include
all molecules with antibody activity. They are uniquely
heterogeneous among milk proteins because fhey are syn-
theslzed by large numbers of cells or cell clones that each
produce a different amino acid sequence,

The major immunoglobulin of bovine milk is IgG, (69).
Serum albumin, immunoglobulin, « lactozlbumin and B laéto-
globulin are proteins found in milk whey. The first two are
proteins which pass into the milk from the blood and the latter
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two are synthesized in the mammary gland., It has been sug-
gested that increases in the blood protein fractions in whey,
especially the blood serum albumin fraction, may be a sensi-
tive indicator of increased capillary permeability which
occurs in inflammation (7).

The bactericidal activity of cell-free mastitis milk
generally eolncided with increases in serum albumin and
immune globulin fractions of the whey protein. Since the
presence of plasma proteins depends upon capillary permea-
bility which is increased during inflammation, the bacteri-
cldal effect of mastitis mllk could be related to thé
presence and degree of udder inflammation (50},

Murphy et al. (82) when comparing the gammaglobulin
components of bovine colocstrum and dry secretion wlth serunm,
found that the proportional amount of each component varles
according to the character of the secretion. It was also
observed that both 7S slow and fast gammaglobulin accumulate
in the secretion of the dry udder in relatively high levels.
Colostrum and milk have fast 7S gammaglobulin, IgA and Igh.

In 1965 Pierce and Feinstein (109) demonetrated that the
mammary gland has a high selectlve preference for the
electrophoretically fastest serum immunoglobulin and the
ability to concentrate it in colostrum. The slowest serum
immunoglobulin was present in the colostrum as a comparatively
minor component. In contrast to the memmary gland, the in-

testine of the new born oalf showed no selectivity, The
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selection of proteins from maternal plasma for admission to
the calf's circulation occurs within the memmary gland during
the formation of colostrum but not during absorption across
the calf's intestinal mucosa (13).

IgA is the most abundant immunoglobulin in exocrine
glands except for the mammary gland and the reproductive
tract. Antibody activity has been demonstrated in all
classes and subclasses of bovine immunoglobulin, IgM and
IgA are effective agglutinating antibodies,.

Nilsson (92) examined milk samples from cows with

staphylococcal or Streptococcus agalactiae mastitlis and

normal cows., No changes in the amount of total protein iin
mastitic miik compared to normal milk were detected but with
ninhydrin staining he saw six fractions in normal milk and
in milk from animals with chronic mastitis, seven fractions
were present. He postulated that this additional fraction
may represent antibodies formed loca11§ in mammary tissue.
Schanbacher et al. (126) postulated that one of the
whexrproteins that 1s able to kill bacteria or arrest their
growth, 1s lactoferrin, They stated that this profein
is abundant in dry secretion and ls a part of the 7S protein
peak. It appears that the potential protective effect of
lactoferrin 1s due to its abllity to tightly bind two mole-
culés of iron/molecule of protein., This protein stops
growth of bacterla and may be lmportant in enhancing re-

sistance of the dry mammary gland to infection.
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Partfield et al. (105) believe that the udder is a
potent source of local antibodies but some other workers
found very high levels of antibodies in blood and low levels
of antibodies in whey after immunization with diphtheria

toxold and Selmonella pullorum. Therefore, they suggested

that the antibody present in milk comes from circulation

and it is not locally produced (41). Norcross et al. (96)
reported that immunization of cows by lnoculating inactivated
bacterla ;nto the supra—maﬁmary lymph node will result in

the appearance of protective antibodies in the milk of the
quarters ori the same sBide as the node which has been inocu-
lated. Some time later antibodies can be demonstrated in

the mllk from the quarters on the opposite side.

Mackenzie et al., (71) followed for 40 hours the specific
activity of 7S yglobulin inoculated withI31 in the -
efferent lymphatic duct of one side, Following the 1ntrd-
duction of staphylococcl into the teat cistern of the same
8lde, they observed a greater caplllary permeability during
infectlon as indicated by three- to four-fold increase in
the lymph flow and a two-fold increase in the eoncentration
of radloactivity. The increases in lymph flow and radio-
activlity were greater and persisted longer in the cases of
severe mastitis.

The question of transport or local synthesis of the
immunoglobulins into the lacteal secretion is not yet fully.

answered. Most of the cells found in mammary tissue which
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are involved in local synthesls of immunoglobulins are con-
cerned with the production of IgG and only a small number
produce other immunoglobulins., The development of bovine
lymphoid tissue and immunoglobulin-producing cells follows
the same sequence.of appearance as has been reported for man.
The firsf lymphoid tissue is seen in the thymus at 42 days
and the first IgM-contalning cells appear at 59 days.
Immunoglobulin G-containing cells appear at 145 days, however,
IgA-contalning cells are not ohserved even in older fetuses
(15). 1IgM from cattle 1s a macroglobulin with properties
similar to IgM of other anlimal species. It has a sedimenta-
tion coefficient of 19S5 (59). The primary immune response
of the cow is found almost all in the IgM fraction (118).
Butler and Maxwell (14) found a discontinuous distribution
of IgM in bovine serum by using a radial diffusion assay
technique and they also concluded that IgM exists in small
amounts in normal serum. It was eluted by gel filtration
Just before IgG and 1ts molecular weight was estimated to

be 900,000,

The carbohydrate content of bovine IgM was found to be
very simllar to that reported from human IgM, i.e., hexose
5.5 percent, glucosamine 2,08 percent, galactosamine 0,72
percent (80)., IgA is another gammaglobulin found in the
mammary secretion of the cow and it is derived from serum.
It was not demopstrated in the newborn calf which hed not

received colostrum but in adult cows its level in sers
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ranges from 51 to 115 mg/1l00 ml (111).

In the boviné species the particular function of the
mammary gland to transport selectively IgG from serum to .
colostrum does not affect other secretory organs, In those
organs which secrete IgA &s a major immunoglobulln, the
transport from serum seems improbable. There is a @efinlte
difference in bovine species between secretory organs such
as sallivary glands which synthesize IgA locally and the
mammary gland in which transport of the immunoglobulin from
blood to milk occurs (70). The most abundant and most
extensively studled immunoglobulin in the cow belongse to
the IgG class, The homology of bovine IgG to the IgG of
other species is supported by the finding that human gamma
chains share antigenic determinants with bovine, caprine and
ovine gamma chains,

The more basic IgG molecules are IgG, but they occur
in low concentrations in milk, colostrum and saliva. 1gG,
consists of the less basic IgG immunoglobulins which often
appear more heterogeneous than 1gG, (12). 1 )

In anaplasmosis a progression of agglutinating anfibody
-from IgM to IgG occurs and the latter can be detected after
18 months post-infection (83). In serum and whey giving
positive titers for Brucella, the agglutinine usually occur
in a class characterized as 7S, but serum and whey from
selected animals ylelded agglutining of higher molecular

weights and were found to have sedimentation constants of
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19S and 12S (53).
Human sera from patients with infections due to Strepto-

coccus Group A have higher levels of gammaglobulin rich in
entibodies to extracellular products of the orgenlisms and

relatively low levels of antibodles to cellular components

(45).

ILymphocytes

Lymphooytes are relatively numerous in the blood of
most species of domestic animals. In the cow they comprise
about 60 to 65 percent of the total leucocyte count (134),
The small lymphooyte has a cell diameter of less than 8 u,
a round deeply-staining nucleus and a narroﬁ pale-stalning
cytoplasm. By electron miocroscopy it is obgerved that they
have an irregular nucleus with abundant eIéctfdﬁS&éﬁEé :
chromatin at the periphery and some of this substanee_in
the center. Ococasional cells possess & nucleolus and the
cytoplasm 1is scérce with abundant ribosomes and mitochondria,
After stimulation with PPD some changes were seen 1nclud1ng'
round nucleus with an aree of dense chromatin in the per-
iphery. The cytoplasm has abundant ribosomes, polyribosomes
and Golgi apparatus (36). Stem cells are the primary
origin of lymphoocytes. These cells can be differentiatqd
in specific cell lineage and pluripotentlial stem cells;

the latter form the marrow stem cells,

Marrow pluripotential cells enter the thymus where they
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become differentiated (34).
It has been suggested that in the adult as well as in

the embryonic state, myelold tissue 18 a major source of
stem cells for the thymus. Embryonic liver was not immuno-
logically competent to produce graft vs host reaction but
competande was acquired when the liver explants were sultured
for several days in combination with thymic tissue (140).

Small lymphocytes arise from the divisiqn of large and
medium lymphocytes which are located throughout the lymphold
system, Small lymphocytes recirculate from blood into the
lymph and@ then back to blood. These cells are long-lived
small lymphoecytes that are derived from thymus an@ in turn
these cells are derived from bone marrow (74). These
thymus-derived cells will reach the periphery, enter at the
germinal center of lymphold follicle and proliferate as
antlgen reactive cells. Long-lived small lymphocytés can
transform toc a large blast cell by a sequence of changes (34).
The reglon where lymphocytes most likely meke contact with
the antlgen is in the zZone surrounding the germinal centers
and it has primarly long-lived recirculating cells, A high
rercentage of lymphocytes in Peyer's patches and white pulp
of the spleen belong to the long-lived recirculating cells.
(46). Approximately one-third of small lymphocytes in blood
are the short-life varlety. 1In contrast, in thoracic duct.
1ymph about 90 percent of the small lymphocytes are long-
lived and 10 percent short-lived. (34).
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The majority of large lymphocytes are precursors to
themselves and the number formed from cells of different
morphology is small compgred to the number of large 1ymph0-
cytes present, Large 1xmphqcytes have the same properties
as small lymphocytes. The only difference is that large
lymphocytes synthesize DNA and divide (40). Few of them
give rise to small lymphocytes but the great majority of
those in thoracic duct lymph migrate into the submucosa
of the intestine where they develop into plasma cells.

Hall and Morris (45) reported that the large lymphocytes
in the efferent lymph draining the sheep popliteal node were
produced within the node. This report is in agreement with
Everett and Tyler (34) who suggested that large lymphooytes
are not recirculating but are added in route as the lymph
passes through the lymph nodes, |

Other types of lymphocytes which are very important in
Iimmunity are the so-called B cells., B cells in birds are
derived from the bursa of Fabricius. It has been suggested
that its squivalent in mammals is the guf-associated lymphoid
tissue (22).

. Claman and co-workers (21) demonstrated the interaction
of T and B cells by inoculating lethally irradieted mice I.V.
with normal mouse lymphold cells and sheep red blood celis,
One week later s8lices of recipieht's 8pleen were incubated
at 37 C 1n agar to which complement was added, As a result,

hemolytic focl were present in the agar after incubation.
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These focl occurred when normel mouse spleen or lymph node
cells were in the original inoculum but did@ not appear when
thymus cells or bone marrow cells alone were inoculated.
They concluded that bone marrow population contained the
effector cells capable of producing antibody but only in the
presence of auxiliary cells present in the thymus (21).
Dennert and Lennox (30) came to similar conclus;ons
while studying the cell interaction in humoral and cell-
mediated immunity. They expressed the view that T-derived
lymphocytes trigger B.lymphocytes to prodﬁce ﬁarget-cell
specific antibody. Thus, the role of the T cell in cell-
mediated and humoral immunity is to cooperate with B

oells,

Mediators produced by sensitized lymphocytes

Sensitized lymphocytes are thought to play a key role
in certain blological reactions including aelayed hyper-
- sensitivity, resistance to certaln microorganisms, rejection
of transplanted tissue and possibly autoimmune disease,
Two different types of cells are involved in hypersensitivity
reactions, lymphocytes and macrophages (26). Macrophagés
employ their phagocytic actlivity to attack or destroy foreign
material., After contact with antigen, lymphocytes become
sensitized to that antigen and elaborate cell;rree factors
after stimulation by the specific antigen,

The cell-free factors produced by sensitized lymphocytes
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" weére enumerated by bavid (27) and called "lymphokines®,

1. Factors affecting macrophages "~
&. Migration-inhibitory factor
b. Macrophage-activating factor
¢. Chemotactic factor for macrophages
d, Macrophage-aggregation factor

2, Chemotactic factors
a. Chemotactic factor for neutrophlls
b. Chemotactic factor for eosinophils
¢, Chemotactic factor for lymphocytes

3. Cytotoxic factor

4, Growth-inhibitory factors
a. Clonal-inhibitory factor
b. Proliferation-inhibotory factor

. Skin-reactive factor

. Blastogenic or mitogenic factor

. Immunoglobulin

5
6
7. Interferon
B
9. Transfer factor

Davld defined lymphokines as follows: “Blological activ%ties
mediated by cell-free soluble factors which are gene}ate& fur-
ing interaction of sensitlzed lymphocytes with specific antigen
but which are expressed without reference to immunological
gpecificity.”

Gell (39) observed numérous variations in the quality
of the delayed hypersensitivity skin reaction depending upon
the‘chemical nature of the agent used as antigen, 1i.e.,
gammaglobulin produced a large, well-defined indurated

reaction while ovalbumin reactions were widespread and only
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slightly erythematous and indurated. Hls explanation for this -
phenomena is that the antigens have different capacitles to

remain at the injectlon site.

In 1940 Freund et al..{37) found that tubercle bacilli
incorporated in paraffin oil resisted destruction and main-
tained a persistgnt reaction., By repeated subcutaneous in-
Jection, this material induced in rabbits an intense Beﬁsi;
tivity and abundant éntibody formation without suppuration or
necrosis. |

Bennet and Bloom (3) developed conditions for culti-
vating guinea pig lymph node lymphocytes in serum-free
medium. When the supernatant from those cultures was con-
centrated and inoculated into the skin of normal guinea pigs,
only the supernatant ffom cultures of antlgen stimulafed
lymphocytes produced reactlions, The reactions were charac-
terized by.palpable induration with little or no erythema.

At four hours, the cells of these lesions were predominantly
mononuclear with relatlively few neutrophlils and by 16 hours
about equal numbers of neutrophils and mononuclear cells
were present,

Chase (19) studied the cellular transfer of cutaneous
hypersensitivity to tuberculin and observed maximal reactivity
of the reciplent at 72 and 96 hours after injection of the
cells from gulnea pigs hypersensitive to tuberculin., He did
the same experiment with serum of the donors of aotive cells

but failed to transfer the hypersensitivity.
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Several workers have tried passive induction of tuber-
oulin sensitivity by.means of perlitoneal exudate cells from
gensitized donors (63). Metaxas and Metaxas-Buehler (77)
found that cutaneous reacﬁivity in guinea plgs which have
recelved cells intraperitoneally is not established until
about 20 hours aftér cell transfer.

Lawrence {64) passively transferred generalized cutaneous
streptococcal reactivity of the delayed tuberculin type to
human recipients by means of viable leucocytes. Delayed
cutaneous reaction did not develop when leucocytes vere
obtained from negative donors.

The first observation of migratlon-inhibitory factor
was reported by Rich and Lewis (117). They inhibited the
nigration of cells obtalned from spleen and yymph nodes fpom'
tuberculous rabbits by edding tuberoculin to the cell culture
medlum, . -

Bennet and Bloom (3) obtained inhibition of'migration
in peritoneal exudate cells from guinea pigs sensitized with
BCG but at the same time they did not detect ecirculating
antibodies in those animals. They did not obtain inhibition
of migration in guinea pigs' peritoneal exudate cells if the
animals had high titers of antibody.

The experiments of David ggugl, (29) were directed
toward the finding of the cell responsible for the production
of migration-inhibitory factor., They reported macrophages

and lymphocytes of the peritoneal exudate of hypersemsitive
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guinea pigs and found that only one percent of purified
peritoneal lymphocytes from these gulnea pigs was able to
inhibit the migration of a population of normal macrophages.
Thor and Dary (137) in 1968 described the inhibition of
migration of guinea plg macrophages produced by stimulated
human lymphocytes. |
Aalund et agl. (1) suggested the possible application of
the migration test in the dlagnosis of Johne's dlsease,
They found a’lower migration index of the bov;ne cells with

the homologous antigen,

Hotls Test

The Hotis test was developed during the years 1933 to
1935 by R. P. Hotis. He observed that when some samples . ..
were incubated in glass tubes for 24 hours, small round
flakes appeared on the walls of the tube. He found that the’.
addition of brom cresol purple to the milk sample would
permit easler recognition of the flakes after incubation.
He subjected 753 samples of milk to this procedure and to
blood agar plate culture, It was found that 74.4 percent of
the samples showed typical changes of the colors and flakes
on the sides of the tube and from these same samples Strepto-

coccus agalactlaes was isolated on the blood agar plate

cultures (49),
Miller and Heishman (79) during a survey of 1500 milk
samples found that the Hotis test is about 85 to 90 percent




30

as accurate as cultures on blood agar plates for the detection

of Streptococcus agalactiamse in milk.

Miller (78) suggested that the test be applied for
routine examination., He established the significance of the
reaction of the test and suggested that the tendency of

Streptococcus agalactiae to grow in chains and to ferment

lactose is probably responsible for the changes in color and
the formation of the flakes that permit its recognition.

The changes have been described by Murphy (87) who
stated that upon incubation the milk with brom cresol purple
as indicator, changes color from purple to a blue gray,
distinct olive, through a yellowish-green and greenish-
yellow to a yellow color., The test could also indicate the

presence of Staphylococcus aureus but in that case the

colonies are rust color.

Merchant and Packer (76) in 1952 suggested that the
appearance of canary yellow colonies of organisms along the
s8ides of the tube or in the bottom indicates infection due to

Streptococcus agalactiae. They believe that the Hotis test

is quite specific for Streptococcus agalactiae.

McCulloch and Fuller (73) inoculated raw milk from a

Hotis negative cow with a pure culture of Streptocoocus

agalactiae and found the Hotis test positive. The addition

of 10 to 15 percent bovine or equine blood serum to the
milk followed by inoculation with a positive Hotis strain

of streptococcus produced typical flakes and color change.
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They atated that several workers earlier recognized the
tendencj of astreptococci to grow in clumps whén the medium
contained agglutinins specific for them. The same surface
factor which causes bacteria to clump would make them migrate
toward any interface (in the Hotis test the wall of the tube)
and adhere, Milk from one herd wes negative when inoculated

with Streptoscoccus agslactiae but when human serum was also

added, the Hotis test was positive. The milk from the
animals tested was probably free from agglutinlins to this
organism, The opinion of the workers is that the Hotlis test

appears not to be specifloc for Streptococecus agalactiae.

The Hotis test is sometimes positive buf no colonles of

Streptococcus agalactiae are detected on blood agar plates,

This sltuation 1s present wlth unusually occurring streins
of Streptococous agalactiae that require an atmosphere of
10 percent carbon dioxide in air for colony development on
the surface of the agar (122).

Schalm (119) also found the Hotis test useful for the

detectlion of Staphylococcus aureus but the color of the

colonlies 1s different from those of Streptococcus agalactiae,
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MATERIAL AND METHODS

Experimental Cows

A group of ten cows from the Obstetrics Laboratory of
the College of Veterinary Medicine was utilized in thls study.
Three of these cows were used in the preliminary work and
geven were in the second part of the experiment. The cows
were housed in a stanchion barn, The age, breed and number
of lactations of these animala are shown in Table 1, The
cows were fed on dry hay which was supplemented at milking
time with & grain mixture. They were milked bj hand for the

duration of the experiment.

Table 1. Cow number, age, breed and lactation number

»

Age : Breed Lactation number

8
z

Jersey
Holsteln
Guernsey
Guernsey
Guernsey
Guernsey
Holstein-angus
Guernsey
Guernsey
Guernsey

=
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Source of Organlisms

The organisms used in the study were Streptococcug '

agalactiae strain 6-4 and Salmonella pullorum strain 275,

They were obtained from the stock cultures maintained in
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the Department of Veterinary Microblology at Iowa State
University.

The strains have been maintained on tryptose agar slants
through meny transfers over several years. Before use they
were streaked on blood agar plates made with 5 percent
bovine blood in tryptose blood agar base. From the blood
agar plates a ocolony was inoculated into tryptose broth and
utilized after 24 hours incubation. Growth characteristics

of Streptococcus agalactlae were determined in 10 percent

serum broth and 5 percent bovine blood agar plates, Bio-
chemicel characterization of the two organisms were made
using standard media and reagents. The characteristics and
biochemical reactions corresponded to those reported for

Streptococcus agalactiee and Salmonella pullorum and are

geen in Table 2.

Bacterial Antigens
After characterization of the bacoterla, three different

antlgens were prepared,

Sonicated cells

The streptococcal cells were grown in three liters of
Todd-Hewitt' broth during 24 hours at 37 C. Following
incubatlion, the cells were sedimented and washed threg‘times

with saline solition;

lpifeo Laboratories, Detroit, Michigan,
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Table 2. Characteristics of Streptococcus agalactiae 6-4
and Salmonella pullorum 275

Streptococcus agalactiae Salmonella pullorum

Lactose
Sucrose
Salicin
Trehalose _
Litmus milk aclid, oocagulation

Sodium Hippurate +

Hemolysis narrow beta

CAMP test positive

Gram stain positive negative
Growth in broth flocculent irn bottom diffuse
Dextrose

Fructose

Glactose

Xylose

Arablnose

Mannlitol

++++

+4++++++@

HoS

N%trate reduction

Indol . -

Miecroscopicelly rather long chains of small gram negative
gram posltive coccus rods '

+ = positive ® = positive with gas - = negative

A heavy suspension of cells was sonicafed for a total of
30 minutes in a Bronwill Biosonik IIt using the standard probe
at 20,000 Hz, 1In ordsr to more completely disrupt the cells,
the heavy suspension of the organism was mixed 1:1 with fine

2
beads bhéfore the sonicatlion treatment,

lBronwill Solentific Co., Rochester, New York,

2Glass beads 45-90 u., Sigma Chemioal Co., St. Louls,
Missouri, -
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" Excessive heating of the sample was aﬁoided during the
proceés by the aid of a crushed ice bath. The Sonication was
performed in the following manner: sonication at full power
for 30 seconds, then interrUpted'for about two minutes to
allow the suspension to cool. The disrupted cell suspension
was" centrifugated at 2,000 g in a refrigerated Eentrifuge for
two hours., -The supernatant was then sterilized by ﬁassing it

through a 0,45 u Millipore filtert,

Preparation of protein antigen

Protein extract was produced using the method of Lance-
field and Perimann (62) for the production of type-specific M
antigen from group A streptococci. The streptococcl were grown
in 12 liters of Todd-Hewitt broth for 24 hours. The suspension
was collected in 250 ml centrifuge bottles and the cells were
spun down ;t 1600 RPM? for two hours., HThe cells were feéusT
pended in 150 ml of saline solution, The pH was adjﬁsted to
2.5 by adding 1N HCl.r The preparation was placed in a water
bath at 95 C for ten minutes and the pH ad justed to 7.5 witﬁ
N NaOH. Following centrifugation for 30 minutes at 1,000
RPMZ, the supernatant fluid was removed and the bacterial

sediment washed once with saline solution at pH 7.5. The

extraction of cells was repeated once more and then the

1Millipore Filter Corporation, Bedford, Massachusetts,

‘ 21nternational centrifuge model UV, International
Equipment Co., Needham, Massachusetts,
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. . 1
supernatants were pooled and filtered through a O.45 u filter™,

Protein and ribonucleic aclid were precipltated by
acildifying the filtrate to pH 2.0 with 6N HC1l followed by
solution in 20 ml of 0.01 M phosphate buffer at pH 8.0
Twenty ug of ribonuclea332 were added and the solutioﬁ ﬁas
dialyzed in cellophane tubing3 during digestion at 37 C
against 0,01 M phosphate buffer at pH 8.0 After digestion
for four hours, the suspension was dialyzed for two days at
3 C against 0,01 M phosphate buffer changed every 12 hours
to eliminate digestion products. - The protein was precipitated
betwéen 30 and 60 percent saturation of (NH,_P_)2 S0y at pH 6;0_
and 8,0, The product was dialyzed against saline solution

at 3 C for two days artd then, it .was kept frozen..

Extraction of polysaccharide

The Formamide method described by Fuller (38) was
followed., Four tubes, each containing 25 ml of an 18 hour
Todd-Hewitt broth culture were centrifuged at 1500 RPM for _
L5 minutes and the supernatant removed, Five ml of formamide
was added to each one of the four tubes. After shaking the
tubes several times, they were placed in an o0il bafh at

150 C for 15 minutes. The tubes were allowed to cool and

1Fa1con disfosable filter. Benton Dickinson and Co.,,
Oxnard, Celifornia,

2Calbiochem, Los Angeles, California,

3Fischer Seientific Corp., Pittsburgh, Pennsylvania,
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12.5 ml of acid-alcoholl was added. The supernatant from the

four tubes was drawn off by pipette and distributed in ten
test tubes and 7 ml of acetone was added to each tube. The
resulting precipitate was collected by centrifugation and the
supernatant discarded. The precipitates were pooled and fhen
dissolved in four ml of saline solution.containing ofe drop
of phenol red indicator. The solution wés neutralized with a

trace of sodium carbonate and then frozen.

Antistreptococecal Serum
Two rabbits were inoculated intravenously with a sus-

pension of formalin-killed cells of Streptococcus &agalactiae

that were resuspended in a solution compcsed of one part
1:10,000 merthiolate and nine parts of 0.85 percent sodium
chloride. Turbidity was edjusted to gife a final concentra-
tion equivalent to the McFarland nephelometer tube number 10 '
or approximately 3 x 109 cells per ml, The schedule of in-
oculation was the one described by McCarthy and Lancefield
(72) with the slight difference of one week instead of four
days of rest between two series of inoculations, The
rabblits received 0.5 ml of the suspension on three consecu-
tive days. After one week of rest, the rabblits were given
four injections, one each day, of 1 ml of the suspension;
one week later blood was t ken from the heart, BRabbit r

antisera were used to test the:protein and polysaccharide

-195 parts of anhidrous alcohol with 5 parts of 2N HCl
{1 part concentrated acid with 4 parts water),
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antigens,

For the protein antigen the capillary precipitin test
described by Swift et al. (135) was followed. The titer of
the protein antigen was 1:640, The polyéaccharide was_tested
by the precipitin test described by Lancefleld (61). Two-
fold dilutions of the polysaccharide solution were made
from 1:10 to 1:160 in a total volume of 0.4 ml with saline
solution, The concentration of the original ﬁolysaccharide
ranged from 10 to 1,25 percent. An amount of 0.4 ml of
fabb;t antiserum was added and the tubes were incubated for
two hours ét 37 C and then they were refrigerated overnight,
The best precipitation was 1:40 .or 2.5 percent coﬁcentfation.

This dilution was utilized for the MIF test.

Determination of Protein

Quantitative determination of protein for antigen la
and 2 was made following the Lowry procedure as described
by Kabat and Mayer (55).  The reagents used were reagent A
made up of 2 percent NayC05 in 0.1 M NaOH; reagent B made
up of one percent Cu504-5H20 and 2 percent sodium tartrate
mixed 1:1, Reagent C consisted of one ml reagent B and 50
ml reagent A. Reagent D was 1IN Folins solutionl. The
diluent used was 0.1 M Tris-buffer pH 8.0. Two and oﬁe-half‘
ml of reagent C was added to 0.5 ml of the sample. The

mixture stood for ten minutes and 0.25 ml of cold reagent D

1Fischer Scientific¢ Corp., Pittsburgh, Pehnsquania.
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was added and allowed to stand an additional 45 minutes,

For the standardization of the curve for protein deter-
mination, Labtroll containing 7.1 mg/ml of protein was diluted
1:100 and from this, two-fold dilutions up to 1:64 were
made, They were read in a Coleman Spectrophotometer at a
wavelength of 660 nm. These readings were used to make the
standard curve. The protein content of the three bacterlial
antigens and the two globulin fractions separated from whey

and blood serum are summarized in Table 3a,

Table 3a, Concentration of protein in bacterial antigens
and immunoglobulin fractions

Antigen or Spectrophotometer
Immunoglobulin _ Reading JsxPpotein ug/ml

Filtered, sonicated

streptococcal cells 0.035 400 pg/ml
Proteln extract from .

Streptococcus agalactiae 0,088 ' 800 ug/ml
Polysaccharide extract E
from streptococcus 0.021 200 ug/ml
IgM from serum cow 2 0,035 350 ug/ml
IgM from whey cow 2 0,040 450 ug/ml
IgG from serum cow 6 0,049 500 ug/ml
IgG from whey cow 6 0.045 480 ng/ml

Ipage Labtrol,. Sclentific Products, Division of American
Hospltal Supply Corp., Miami, Florida.
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Cleaning of Glassware

All glassware items used for collection, isolation
and culture of bovine lymphocytes from blood and milk were
thoroughly washed in Haemo-Sol cleanserl, rinsed ten times
in tap water, ten times in distilled water and two tlmes in
deionized water., This was followed by sterilization by auto-
claving and drying.

The 500 ml flasks used for the collection of blood
were prepared prior to autoclaving with 13 wooden applicator
sticks held together at one end with a rubber band and the
other ends spread apart forming a cone, This cone was
arranged in the flask so that the stopper of the flask
pressed against it and prevented its rotation during defib-
rination of the blood.

Tubes utilized for lymphocyte cultures were screw-cap
tubes 16 x 125 mm and for the centrifugation of the blood
35 ml screw-cap tubes 16 x 150 mm were used.

For the collection of cells all the glassware was
washed and rinsed ten times in deionized water, dried and
sterilized by dry-heat. The slides and rings for the cham-
ber were washed by hand in distilled water followed by three
rinses in deionized water. Each slide was wiped with gauze
and then polished with lens paper. They were then wrapped

in gauze and aluminum foil and sterilized in the autoclave.

lscientific Products, Evanston, Illinois.
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Medla

Cell culture media used were purchased from a commercial
sourcel. The various components weére stored at 4, ¢ before
‘'use except the antibiotics and fetal calf serum whlch were
kept frozen at =20 C,

For the in vitro culture of macrophagés, the medium
used was minimum essential medium’ (MEM ) with Hanks!
salts and L—glutaminel. Hanks! balanced salt solutionl,
‘caleium and magnesium free,. was used to wash the qélls.

) For the in xiﬁ;g culture of blood lymphocytes, Medium.
199'(_10)()1 with L-glutamine and without sodium bicarbonate

was used,

Sensitization of the Cows
The cows were sensitized by subcutaneous inoculation
of complete Freund's adjuvant? (containing 1 mg/ml Myco- °

bacterium tuberculosis_HB?Ra) and Streptococcus agalactiae,

The inoculations were made once a week for three weeks and

each dose consisted of 1.5 ml Freund's complete adjuvant

1Grand Island Biological Co., New York, New York.

2
Bacto Adjuvant Complete, Difco Laboratories, Detroit,
Michigan, ' . '
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and 2 ml Streptococcus agalactiae 3 x 107 cells/ml (Table 3b).

The material was inoculated into- the lateral aspects of the

neck or both sides of the brisket.

Table 3b., Schedule of sensitizing injections
Inoculum Route of Injection Dates
Cow 1 Freund's complete Subcutaneous 7-20-72
' adjuvant, 2.5 ml 7=-27-72
Cow 2 Freund's complete Subcutaneous 8-17-72
ad juvant, 1.5 ml 8-24-72
+ Streptococcus 8-30-72
agalactige, 2 ml-
Cow 3 Freund's complete Subcutaneous 9-11-72
ad juvant, 1.5 ml : 9-18-72
+ Streptococcus 9-25-72
agalactiae, 2 ml
Cow 4 Freund's adjuvant, Subcutaneous 12-01-72
2.5 ml , 12-08-72
Cows 5, 6 Freund's complete ‘Subcutaneous 12-08-72
ad juvant, 1.5 ml 12-15-72
+ Streptococcus 1-04-73

agalactiae,. 2ml

Before the first inoculation the cows were milked and

such tests as the Wisconsin mastitis, catalase, Hotis tests,

somatic counts and aerobic and anerobic cultures on blood agar

plates were performed to verify that the cows were free of

mastitis.

Harvest of Peritoneal Cells

Guinea pigs weighing 400-500 grams were the donors of

the peritoneal macrophages,

A total of 16 guinea pigs were
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utilized. Cells from three were used as normel cells and the
others were sensitized with complete Freund's adjuvent and.

Streptococcus agalactiae 9 x 108 cells/ml. The number of

streptococci was standardized against the tube number 3 of
the McFarland nephelometer, To obtain the peritoneal exudate
cells, a modification of the technique presented by J. David
and R, David (28) was followed. Twenty ml of light mineral -
oil was injected intraperitoneally four days before the
harvest of the cells. The animal was anesthetized with etherl
and 1ts abdomen shaved and wiped thoroughly with 70 percent
alcohol., A mid-line incision was made through the skin from
| the lower abdomen to the neck and the skin was reflected to
each side, The abdominal wall was lifted with a hemostat and
a sﬁall incision made. Using a 50 ml syringe and a 12 gauge
needle with a rounded end, 30 ml of Hank's balanced salt
solution (HBSS) with 20 units/ml of heparin were introduced’
through the incision, Without removing the needle the
abdomen was very gently massaged for four or five minutes
"and then the fluid was withdrawn very carefully into the
syringe. The fluid was delivered into siliconed test tubes
and then centrifuged at 1200 RPM2 for ten-minutes, Dﬁring |
this period of centrifugation the oil phase came to the

top and 1t could be removed with the HBSS by aspiration with

a plpette, The cells were resuspended in 5 ml fresh HBSS and

lpischer Scientifice’ Corp., Pittsburgh Pennsylvania,

2Internationa1 Equipment Co,, Boston, Massachusetts,
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transferred to clean tubes and then centrifuged at 750 RPM
for seven minutes. The cells were washed two more times and
centrifuged each time for seven minutes at'750 RPM, After
the last wasliing, the supernatant was discarded and the cells
suspended one to ten in Eagle's minimal essential medium1
containing 100 units/ml penicillin and 100 ug/ml strepto-

1

mycin and sufficient fetal calf seruﬁ to give a concentration

of 15 percent,

Collection of Lymphocytes from Blood

The teenhique developed by Kay and Kaeberle (56) was
followed for the lymphocyte separation. Two hundred and fifty
ml of blood was asepticall& collected from the jugular.vein of
the cow into sterile 500 ml Erlenmeyer flasks. The flask
was swirled during the time necessary for the fibrin to adhere
to thg cone of applicator sticks, usually about ten minutes,

The deflbrinated blood was aseptically poured into
35 ml screw-cap tubes and then centrifuged for 45 minutes at
750 g in a swinging-bucket-type centrifugez. At the end of
centrifugation, the buffy coat was aspirated with a pipette
and delivered into a 35 ml plastic syring33 that had béen

1grand Island Biological Co., New York, New fork.

o 2International centrifuge Model UV. International
Equipment Co., Boston, Massachusetts,

. 3Monogest Sherwood Medical Industries, Inc., Deland,
Florida.
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prepared previously in the following manner., A one inch
square of gauze that had been shredded was fressed into the
35 ml plastic syringe to form & small gauZe column. At'the
needle end of the syringe; a rubber-tube 1,5 inches in
length was attached for easy delivery of the cells ffom the
syringe. The syringe previously prepared was washed with
HBSS, wrapped in foil and sterilized at 120 C for 15 minutes.

After sterilization, the needle end of the syringe was
placed into a sterile plastic tube so that it fit tightly.
The buffy coat was aépirated with a propipette and aboﬁt
7 ml was poured into the column. It was covered with
aluminum foil to avoid drying of the column and incubated
at 37 C for 45 minutes.

After incubation, the syringe was filled with HBSS
and the cells were flushed into the plastic tube using a
gsterile plunger. The suspension of cells was placed in 25 mli
screw-cap tubes, 7 ml per each tube. |

It was necessary to hemolize the red cells present in
the suspension by mixing one volume of cell suspension with
two volumes of Tris-buffered isotonie ammoniuﬁ chloride
pH 7.2

The ammonium chloride was prepared following Boyle's"
method (8). Tris-buffer was prepared dissolving 20.6 gm Tris-

1

base” in one liter of distilled water and adjusting = .-

1Tris-Base 2-amino-2 (hydroxymethyl) -1, jépropanediOI.
Eastman Kodak Co.,, Rochester, New York.
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the pH to 7.65 with HCl. It was mixed with nine volumes of
0.83 percent ammonium chloride! and the final solution ad-
justed to pH 7.2 with HCl. The cell suspension'plus the
ammonium chloride was left standing for three to flve
minutes until hemolysis was nearly complete. The tubes

then were centrifuged at 225 g for ten minutes, The cells
were rinsed again in‘ammonium chloride solution, centrifuged

and resuspended in culture medium,

Enumeration of Leucocytes
' The cells were mixed in serial dilution 1:10, 1:100,
1:1000 with one percent acetic acid, A hemocytometer
chamber? was filled with the highest dilution and the cells
were counted. Adjustment was made in the original suspension

6 cells/ml.

to obtain a final concentration of 2 x 10
The percentage of lyﬁphocytes was determined by using

smears of the cell suspension and stalning with Wright's

stain, The result was given in the number of lymphocytes

rer 100 cells.

Viability of Blood Cells
The method described by Merchant et al. (75) was

followed to determine cell viability. Trypan blue solution,

15, 7, Baker Chemical Company, Phillipsburg, New
Jersey,

20. A. Hauser and Son, Philadelphia; Pennsylvania.




b7

0.1 percent, in saline solution was mixed 1:1°'with the
cell suspension and -allowed to stand 5 to 15 minutes, A
hemocytometer cheunben:-:L was filled with the suspension and the
stained and unstained cells were counted. Those cells which
absorbed the stain were considered dead whlle those which
were unstained cells were considered to be allve., The
viability varied from 84 to 95 percent with the exception of
one week in which it was 75 percent, The percentage of
lymphocytes in the total count of leucocytes varied:between
89 and 96 pgréent and the number of cells in blood were

concentrated to 2 x 106 cells/ml.

Culture of Lympholid Cells
The cells were distributed in tubes ﬁith 2 ml of medium
TC1l99 and cultured as follows:

1. Normalécells: 2 ml of cell suspension containing
2 x 10° cells/ml in TC199.

2, Cells plus antigeg: 2 ml of cell suspension
containing 2 x 100 cells/ml plus the respective
antigen: 15 ug/ml PPD or streptococcal antigen
25 ug/ml or 0.5 ml 1:40 polysaccharide dilution.

3. Controls that were made up of TC1l99 only.

The caps of the tubes were loosened and the tubes
placed in a humidified incubator at 37 C with an atmosphere
of 5 percent CO, and 95 percent air for three days. Each

day the cell-freg supernatant was carefully removed with a

1C. A, Hauser and Son, Philadelphia, Pennsylvania,
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pipette and replaced with fresh medium with antigen. The
supernatant fluld collected each day from each set of samples.
was pooled and stored at -20 C.

If the supernatants were'to be kept longer than four
weeks before they were tested for migration inhibitory
factor, they were dialized in the cold against 100 volumes
of 0,15 M NaCl for 18 hours. They were then redialized
against distilled water for 36 hours and the samples lyo-
philized and stored in the refrigerator, On the day the
supernatants were tested they were diluted 1:5 with TC199.
Before testing they were paésed through a 0.45 u Millipore

filterl,

Collection of Milk Lfmphocytes _

The procedure for collection of milk lymphocytes fol-
lowed for the most part the technique developed by Kay and
Kaeberle (56) for collection of lymphocytes from peripheral
blood. Some modifications were necessary to get the lympho-
cytes from milk. Eighteen hours before milk was drawn, 25 ml
of sterlle saline solution was aseptically inftroduced into each
quarter of the bovine mammary gland.,

In order to obtain a sample of milk as free of con-
tamination as possible, the udder was washed with tap water
at approximately 100 F and then dried with disposable towels,

The teats were wiped with a cotton soaked in 75 percent

1Millipbre Filter Corp., Bedford, Massachusetts.




49

alcohol and a sheet of plastlic with an opening ocut for eachll
teat was placed over the udder, The teats were cleaned for
a second time and the milk sample taken, The hangsrof the
milker were washed previously and wiped with 75 percent
alcohol,

Samples were collected in bottles of 250 ml capaclity.
Four ml of an éntibiotic mixture which contained sufficient
amounts of peniclllin and streptomycin to make a final con-
centration 160 units/ml of penicillin and 160 ng/ml of
streptomycin were added., As soon as the milk réached the
laboratory, it was passed through four folds oflsterile
gauze into a 250 ml centrifuge bottle and centrifuged at
700 RPM for 75 minutes, The fat layer and a small portion
of milk were removed by vaccum asplration.

In order to obtaln as many ceils as possible, the super-
napant-was saved and approximately 5 ml of milk was left
in the centrifuge bottle to resuspend the sediment which
was transferred to a 15 x 125 mm screw-cap tube. The super-
natant was passed through a 5 u Millipore filter. The
filter pad was placed ln a sterile petril dish and then washed
with 3 ml of Hanks' balanced salt solution, The product
of this washing was pooled with the suspension of cells from
the sediment and was centrifugated for 20 minutes at 700 RPM.
The objective of the last centrifugation was to remove the
remaining fat,

After removal of the fat, the cells were reéuspended




50

in HBSS and placed in a small column of shredded gauze that
was prepared previously., This column was set up in the same
manner as it was described in the collection of blood
lymphocytes except that it was washed in Hanks' solution
just before use and not before sterilization, This change
in procedure was necessary because differences in the pH

of the milk samples required the preparation of Hanks'
solution of different pH.

After 30 minutes of incubation, the cells were flushed
into a plastic centrifuge tube, The suspension was ﬁoured
into sterile screw-cap tubes and centrifuged 15 minutes
at 600 RPM. The cells were washed twice with the Hank
solution centrifuging each time 10 to 15 minutes at 600 RPM.
Finally, the cells were suspended in medium TC199 which
contained fetal calf serum 15 percent and antibioties, 100

units/ml of penicillin and 100 ug/ml streptomycin,

Viability of Milk Lymphocytes

Viability of the cells in milk was determined by use
of Trypan blue in a concentration of 1:1600, adding 1 ml of
one percent stock solution to 15 ml of saline solution. The
cell suspension was mixed 1:1 with Trypan blue and allowed %o
stand for five minutes., A hemocytometer chamber was filled
with the mixture and 100 cells were counted. The number of
cells which were unstained was taken as the percentage of

viability.
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The viability of the cells in milk varied from 87 to
92 percent and the percentage of lymphocytes was within the
1imits of 75 to 82 percent (Figure 1). It is necessary to
note that many cells from milk smears were not classified
because we did not have enough confidence to give them any
classification although they did have simllarity to'iympho-

cytes,

Enumeration and Culture of Lymphocytes from MilK
The cells were counted as described for blood lymphocytes
with the excepﬁion that in milk the suspension was adjusted
to 1.5 x 10® instead of 2 x 106 as was used for blood. The
procedure for culture of the cells was the same as used for
blood lymphocytesland the migration test was carried out in

the same marmer.

Viability of Cells After Culture
The viablility of the cells was checked after three days
of culture using Trypan blue exclusion. Most of the cultures
showed geveral clumps of cells but from those cells it was h
possible to count, the viability was between 25 and 52 percent.
The viability of lymphocytes from milk was always lower.
After three days of culture, it varied from 18 to 39 percenf;




Figure 1. Lymphocytes 1solated from milk of a sensitized .
cow, Wright's stain (x 1600)
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Technique of MIF Test

The capillary tubes used were 1.6-1.8 x 90 mm with one
closed endl, The tubes were filled with the suspension of per-
itoneal cells by using & 2 ml syringe with 20 gauge needle four
inches long. To fill the capillary tubes it was necessary to
hold the tube with sterile forceps, After the capillary was
filled, it was placed in a test tube and centrifuged for three
minutes at 600 RPM at & C, After centrifugafion, one by one
each capillary tube was placed in a sterile petri dish and cut
with a diamond pencil at the interface of the sedimenfed éells
and the liquid. The capillary was held with sterile forceps
while & cutf was_made with the diamond pencil, The capillary
was rotated 180° and another cut made cbntinuing until it came
apart,

The chamber used was a variation of the one described by
David and David (28). It was made of two glass slides
and a rubber "0" ping? which provided a 1.5 mm working
distance inside the chamber. The rubber ring was placed over
one side and the piece of capillary tube containing the
celis was placed on the slide within the ring. To have the
tube adhere.to the slide, it was necessary to place & ;very. .

small amount of siliconeé shopcock grease3 on the slide.

. 1KIMAX. Fischer Scientific Corp., Pittsburgh, Pennsyl-
vania,

2Bellco Silicone Rubber #1025-0, Bellco, Vineland, New
Jersey,

3Fischer Scientific Corp., Pittsburgh, Pennsylvania,
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It was important that there was no silicone grease near the
open end of the caplllary which wquld.interferé with cell
migration, In placing the capillary tube in the silicone
spot, it was neceSsarj to press down with the forceps toc be
sure it was lying flat on the top of the slide, The second
slide was placed over the ring and both slides held together
with a plece of plastic fape around each end, Enough pressure
had to be applied while the slides were tightened so as to
prevent air from entering the chamber,

To fill the chamber, a one ml syringe with a 26 gauge
needle was filled with the supernatant from the lymphocyte -
culture. Care was taken in filling the syringe and the chamber
without leaving air bubbles, A 26 gauge needle was placed
in the other side of the ring to allow the air to escape as
the chamber was filled., The needle delivering the fluid should
not be pointed to the open end of the capillary tube because
i1t could wash out some cells and as a consequence interfere
with migration, The filled chambers were placed in a tray
leaving free spaces between chambers and incubated for 24

hours at 37 C in 5 percent CO, humidified atmosphere.

Calculating area of migration

After incubation, the slides were taken very carefully'
from the incubator and then the area of migration was

measured using a Zeiss Automatic Photomicroscope1 with a

lCar'l Zelss, Oberkachen Wuertt, West Germany.
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projection head. The image of the capillary tube was proQ
jected into the head and the area traced on standard memo
bond paper. The area so outlined was measured with a plani-
meter and the area of migration determined by using the
following formula:
4 migration = % x 100
A = area of migration of the macrophages in the super-
natant from lymphocytes cultured in the presence .
of antigen
B = area of migration of the macrophages in the super-—
natant from lymphocytes cultured without the '
presence, of antigen
The enlargement of the area of migration on the micro-

scope screen was 40, The measurement of the drawing from the

screen with the planimeterl is given in square centimeters,

Delayed Hypersensitivity Reactions
In order to determine the skin sensitivity of cows which

had previously been injected with Freund's adjuvant and

intact cells of Streptocecccus agalactiae, 0.1 ml of P.P.D, or

protein extract of Streptococcus agalactiae was iInjected

intracutaneously into the caudal fold. The injected sites
were observed at 20 hour intervals for four days. The
resulting reactions were measured according to the method

of Spencer and Angevine (129) using the following formule

1Kauffel and Esser Co,.
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to determine the volume of a cone:
Ve 1,047 v h
V = volume of cone
r = radius
h = height of cone (thickness)

Two dimensions, the thickness and diameter of the
swelling, were utilized, The swelling was measured in two .
perpendicular directions and the average considered as the
diameter. The thickness of the swelllng was calculated as

one-half the difference between the thickness of an inoculated

skin fold and a fold of adjacent normal skin,

Transfer of Sensitivity

Attempts to transfer hypersensitivity from a sensitized
cow by lymphocyte transfer emﬁloyed two different methods,
One procedure used intact lymphoéytes recovered from veripheral
blood and the second employed lysed or disrupted cells.. Two
hundred milliliters of blood from donor (sensitized cow) was
collected in a sterile flask containing 10 ml of a 20 percent
sodium cltrate soltuion. The citrated blood was mixed with

6 percent dextranl

gsolution at a 1:10 ratio and distributed
into sterile tubes which were incubated as long as necessary
to allow the erythrocytes to settle down.

The plasma with tﬁe leucocytes in suspension was with-

drewn with a pipette and delivered into sterile tubes which

lpextran Grade B "Clinical® Mw 100,000-200,000,
Schwarzmann, Orangeburg, New York.
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were centrifuged at 750 RPM for 30 minutes. The supernatant -
was discarded and the red cells, if any, were lysed with
Tris-buffer-ammonium chloride solution, 0,83 percent, mixed
1:1 v/v with HBSS. The centrifugation was repeatéd and the
cells were washed two times more. After the supernatant from
the last washing was discarded, the cells were suspended in
medium TC199 in a proportion of 1:10. The suspension was
inoculated subcutaneously in the vulvar fold at the Junction
of the skin and the mucous membrane, Flve days later the

cow was challenged intracutaneously with a dose of 0;1.m1

of the same antigen as injected before,

" The same method used for transfer of sensitivity
employed peripheral blood leucocytes from the donor (sénsi-
tized pow) which were lysed by consecutlive freezing and
thawing in liquid nitrogen. The suspension of disrupted cells
was divide& into two portions; one portion was inoculated
subcutaneously and the other portion was. dialyZed against
Physiological saline and the dialysate was concentrated and
inoculated subcutanecusly. After four days, the animal was
challenged with 0.1 ml of antigen inoculated intracutaneously'
in the caudal fold,

Hypersensitivity Reactions Following
Intramammary Inoculation
Six weeks after the last injectlion for sensitization,
the systemic and local reactions of the cow to intramammary

inoculation of 2 ml of formalinized whole Streptococcus
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agalactiae (3 x 109 cells/ml) suspended in 3 ml of distilled

water, were observed.
The reactions recorded included temperature, cell

‘countg of milk and local inflammatory reaction of the in~

oculated quarters.

Hotis BReaction

One of the results of Streptococcus agalactiae 1nfectioh

of the bovine mammary gland is the secretion of milk which

causes the organism to grow in colonies which adhere to the

walls of the tube when the milk is incubated for a period of

24 hours at 37 C. The mechanism of this reaction has not
been explained., Samples for the study of the reaction were
carefully collected in the following manner. The udder was
thoroughly washed with tap water, dried with disposable
towels and the teats wiped with 75 percent ethyl alcohol,
The milk was drawn into sterile glass bottles then taken to‘
the laboratory and pipetted into sterilelscrew-cap tubes in
~amounts of 9.5 ml of milk and 0.5 ml of 0.5 percent brom
cresol purple (BCP). The tubes were incubated 24 hours at
37 c.

| The milk utilized as negative samples was taken from a

cow in the Iowa State University dairy herd. Streptococcus

agalactiae infection had not been diagnosed in the herd for

the past 29 years., Milk from one cow in the Cbstetrics Lab-

oratory herd which apparently had not had contact with the
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microorganism was also used.

The test was performed using several different com-

binations,
1. Milk from each experimental cow + BCP only
2. Miik from each experimental cow + Streptococcus
agalactiae
3. Serum from each experimental cow + negative milk
. Serum from each experimental cow + negative milk
+ Streptococcus agalactiae
5. Whey from each experimental cow + negative milk
6. Whey from each experimental cow + negative milk
+ Streptococcus agalactliae :
7. Negative milk + immunoglobulin IgG
8. Negative milk + immunoglobulin IgM
9. Negative milk + 1mmunoglobu11n IgG + Streptococcus
agelactiae
10, Negative milk + immunoglobulin IgM + Streptococcus
agalactiae _
11, VWhey + immunoglobulin IgG + Streptococcus agalactiae

in negative milk

Separation of Immunoglobulins

Assuming that immunoglobulin might play a significant

role in the Hotlis reaction, fractionation of blood serum and

whey from milk by gel filtration and ion exchange chroma-

tography was performed. In order to obtain serum, two cows -

positive to the Hotis reaction were bled, The blood was

distributed into sterile tubes and left to stand overnight

at room temperature., Once the clot was contracted, the serum
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was withdrawn and centrifuged for 30 minutes at 1200 RPM,
The.Serum thus clarified was transferred to sterile tubes and
kept frozen at =20 C,

- To obtain the whey from milk, fhe first step ﬁas to
remove the fat‘by centrifugation at 1600 RPM for two hours..
The fat was then asﬁirated and 0.1 ml of rennet extract,

1, was -added to 200 ml of milk and placed

100 percent strength
in a water bath at 37 C for one hour., The whey was drawn
off, centrifuged and filtered through a 0.45 u filter? and

stored at freezing temperature,

Gel filtration procedure

Gel flltration using Sephadex G-ZOO3 was done followiﬁg
the method described by Flodin and Killander {(35). Serum
or whey from sensitized cows was passed through a Sephadex
G-~200 columnm which was prepared in Tris-buffer according to
the following formula: Trist gsolution, 0.5 M made of Tris
base 60,57 gm/liter and NaN, 2 gm/liter.

To prepare the Tris-buffer, 66 ml of 0,5 M HClrwas‘
added to 133.3 ml of 0.5 M Tris stock at room temperature
and made up to one liter with 0,1 M NaCl. The pH of the

lMiles Laboratories, Elkhart, Indlana,
2Falcon, Oxnard, California,
3Pharmacia, Upsala, Sweden,

q’ .
2-amino-2(hydroxymethyl) 1,3, propanocdiol, J. T.
Baker, Phillipsburg, New Jersey,
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buffer was 8.0, The size of the column.used was 100 x 2.5 cm
and the flow rate 18 ml/hour, - The aliquots of serum were
concentrated with thefTris-buffer in an ultrafiltration cell
with & XM 100 A membranel, '
After concentration, the aliquot of serum was placed in
a 5 ml syringe and passed through the column in a reverse
flow process, After the serum entered the bed of the
Sephadex, Tris-buffer was allowed to continuously flow
thrpugh the column, The effluent was monitored by an ultra-
violet light Bet at a wavelength of 282_nm. The portion of
effluent that corresponded to the peaks of UV absorbance
. was collected in 3 ml amounts and identified later by immunp-

electrophoresis.

Ion exchange chromatography

Isolation of IgG and IgA from blood serum was tried by
ion exchange chromatography using the stepwise gradient
technique of Mach and Pahud (70). Buffers of different
molarities were prepared.
1. 0.01 M phosphate buffer pH 7.4
KH,POy 130 ml | | |
KoHPO, 370 ml |

1 .
"Amicon Corporation, Lexington, Massachusetts,
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2., 0,02 M phosphate buffer

KHpPO,,
K,HPOy,

175 ml
325 ml

PH 7.2

3, 0.06 M phosphate buffer pH 7.0

KH, POy,
K,HPO),

225 ml
275 ml

4, 0,01 M phosphate buffer

KH, POy,
K, HPOy,

. 425 ml
75 ml

pH 6.0

To prepare the column, DEAE Sephadexl was suspended in

0.01 M phosphate buffer pH 7.4 and left to stand in the

buffer for 24 hours; during this period the buffer. was' changed

three times. The Sephadex was poured and distributed as

uniformly as possible into the column so it would not form

any sediment., The sample of serunm was dialyzed against

buffer number 1 for 24 hours; the buffer was changed four

times during this perilod,

After dialysis, 30 ml of the sample were applied at the

top of the column, As socon as the serum descended into the

gel, it was followed by a gradient of buffers of lncreasing

molarity, Three hundred milliliters of buffer number 1 was

placed into a reservoir beaker with a magnetic .stirrer, The
|
|

1Pharmacia Fine Chemicals Inc., Piscataway, New Jersey.
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rate of flow from the beaker was regulated so as to keep the
level in the column constant, As the beaker emptled, the
gradient wés continued uti;izing, in order, buffers number
2, 3 and 4,

The effluent from the column was collected in portions
of about 10 ml and the components were identified by immuno-
electrophoresis. Protein content of the eluent was monitored

by ultraviolet light absorbance at a wavelength of 282 nm,

- Whey fractlonation

Whey was dialyzed in the cold for 36 hours against 0,01 M
phosphate buffer. During this time buffer was changed every
12 hours. Forty milliliters of whey waslplaced in the column.
The phosphate buffer continuous-gradient technique with
some modifications of the one described by Aalund et al. (2)
.was used for the'chromatography of whey.

A gradient mixing apparatus was formed by connecting
two beakers in serigs at the top of;the colum with pieces
of rubber tubing; " Phosphate buffer number 1 containing no
NaCl was plaqed in the beaker nearest the column and buffer
number 2 (8,16 gm NaCl/300 ml) in the second. When the second
beaker was nearly empty 1t was filled with buffer number 3
(13 gm NaCl/300 ml),

Mixing was accomplished by a magnetic stirrer., As the
gradient progressed, a higher amount of sodium chloride was

added to the buffer. The chamber was placed about 20 cnm
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‘above the top of the DEAE Sephadex column and in this way
hydrostatic pressure was applied to the column. The fractions
were collected in portions of 10 ml and identified by immuno-

electrophoresis,

Immunoelectrophoresis
The method used was described by Scheideger (127).

1 were rinsed in deionized water, then

Clean glass slides
dried and ocoated with 0,1 percent agarose solution2 which
had been autoclaved five minutes at 15 pounds pressure.

Agar for the slldes was made up of 0.; gm of agarése
and 0.5 gm of'agar poble3 dissolved in 100 ml of 0,05 M‘
‘Barbital buffer, pH,B.Gk. .The agar was dissolved by boiling
and then autoclaved for ten minutes at 250 ¢, Twenty-five
ml of melted agar was placed on the slide and allowed to
harden and then stored in a refrigerator at 4 C to be used
the next day.

Two bairs of wells with a centef trough between each
pair were cut in the agar. The agar was removed from the
wells and one well was filled with normal bovine serum whilé

the other three wells were filled with the sample to be

13& X 4 inches. Kodak, Rochester, New York,
2Gallard Schlesinger Chemlical Corp., New York, New York,
Jpifco Laboratories, Detroit, Michigan.

4KalleStad Laboratories Inc,, Minneapolis, Minnesota.
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identified,

Three slides were placed in a Gelman immunoelectro-
phoresis apparatusl filled with barbital buffer. The samples
were electrophoresed for’60 minutes at a current of 100
milliamps.

The agar of the center trough was removed and filled
with rabbit antibovine serum. The slides were placed in a
moist chamber at room temperature and the immunoelectro-
phoretic patterns were allowed to develop and examined after
48 hours,

Those samples from serum or whey that appeared to be
pure IgG or IgM were pooied and used in experiments with the
Hotls test. Each fractlon was mixed in a proportion of 1:10
with the milk and the test was set up using 5 ml of milk
instead of 10 ml and 0,25 ml of brom ¢resol purple solution

instead of 0.5 ml.

Microscopic Slide Agglutination
Serum from each cow was diluted using two-fold serial

-dilutions and one drop of Streptococcus agalactiae suspension

(3 x 109 cells/ml) was mixed with one drop of the respective
dilutions, The slide was rotated several times'and the

reaction was observed after five minutes.

1
Gelman Instrument Co., Ann Arbor, Michigan.
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Intrammary Injections of Antigens

In préliminary work three antigens'were.inoculated in
the udder of three lactating cows. The antigens inoculated

were Salmonella pullorum, horse serum and fresh and inactivated

rabbit serum,

Salmonella pullorum was cultured in tryptose broth1

for 18 hours at which time the organisms were sedimented

by centrifugation and washed three times with sterile saline.
The bacteris were standardized to a .concentration equal to
tﬁbe number 2 of & McFarland nephelometer (6 x 108 cells/ml).
Two milliliters of the suspepsion of heat-k;lled (two hours

at boiling temperature) Salmonella puilorumIwerehinoculated,

into the right front and the right rear quarter of cow
number 1,

Blood was aseptically drawn from the jugular vein of a
horse and allowed to clot, (After refrigeration overnight,
the serum was recovered by centrifugétion for 45 minutes at
1000 RPM and stored in the freezer, Two milliliters of the
serum were lnoculated into the left ffont and the right
front quarter of cow number 2. Twenty-one days later the
inoculation was repeated using the same amount in thé same
‘quarters and a third injection was administered 13 days later,

The cow was challenged with one intravenous injection offfiqsh

lpifeo Laboratories, Detroit, Michigan.
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horse serum on the 21st day following the first injection.
The .third antigen utilized was rabbit serum. Two

mi1lliliters of inactivated (56 C for 30 minutes) rabbit

serum was inoculated into the right rear quarter and two

milliliters of fresh rabbit serum at the left rear quarter.

of cow number 3, This trial was repeated in two other cows.
To assess the reactions of the cows to the intramammary

injection of the antigens, the following tests were conducted

after inoculation of the respective antigens.

Catalase test

The enzyme catalase arises from the various cellular
elements of the mammary gland, aerobic bacteria and in free
solution, To detect datalase, 10 ml of milk was delivered
in 16 x 125 mm steriie'screw—cap tubes, 1 ml of 3 percent
hydrogen peroxide was added. The tube was then fllled with
sterile distilled water, capped loosely and placéd in an
1n§erted position in a rack and left to stand for three
hours at room temperature. The result was read as the percent

of oxygen collecting in the closed end of the tube (18).

Somatic cell counts in milk

The test used was described by Brazis (10) in which
0,01 ml of milk was placed on a glass slide and spread over
an area of 1 cm. After it was dry, the slide was stained

with Newman's stain and allowed to dry. The slide was
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examined microscopically and the cells from a number of

fields were counted. The following formula was used to

célculate the number of”cells per ml. The microscopic factor -

was 392,000,

Leucocytes in fields x microscopic factor

Number of cells/ml = k .
Number of fields examlined

‘Wisconsin mastitlis test

The procedure described by Postle (112) was followed.

. wa ml of milk were pipetted into a tube and thén the WMT
reagent was added below the surface of the milk in éach tube
to provide good mixing of the sample and reagent. The tubes
were capped and the mixture was mixed by gently'rocking the
rack back and forth ten times in about ten seconds. The |
"tubes were allowed to stand for 30 seconds and the rack

was then Inverted and held in a vertical position to permit
outflow for 15 seconds. At the end of this period, the rack

was returned to an upright position and set aside for three

minutes, The remaining fluid column in each tube was recorded

in millimeters.

Agglutination test and double-diffusion test

To test for the presence of antibodies to Salmonella
puliorum, the tube agglutination procedure was used. The
agar double-diffusion test for antibédies to horse and rabbit
serum was performed. The agglutination test was performed by

using serlal two-fold dilutions of the antiserum mixed with
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an equal volume of Salmonells pullorum antigen. Tests were

ihcubated in a water bgth at 52 C for four hours and read
after standing at rédm temperature overnight.

The agar dlffusion test of Ouchterlony as describeq by
Kébat.and mayer (55) .was employed to detect precipitins to
horse and rabbit serum proteins., A glasé slide was covered
with 0,01 percent agarose which was allowed to dry. A
- solution of one percent'Noble agar‘in saline containing;

0,01 percent merthiolate was prepared and sterillized by
"autoclaving and then'h ml was poured onto each glass slide.
The’agar was allowed to harden and wells were cut in it
arranged with one'in.the center and four around‘it at equal
distanbes apart.” Agar from the wells was drawn off with a’
pripette attached to a wvacuum line, Serum from the cow which"
had been given intramammary injections of horse or rabbit
gserum was placed in the central well and normal horse or
rabbit serum was placed in the outside wells. and vice versa.
The slides were kept at room temperature in petﬁi dishes'bon-

taining moistened filter paper and observed for four days.

Preliminary Tests for Pathogenic Microcorganlsms
Before the experiments were started, the cows were tested
for the presence of bathogehic migroofganiSms by-the'fo;ldwiné,r

tests,
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Blood agar plate culture, seroblc agnd anaerobic

From the milk of each quarter two blood agar plates
were streaked, One was incubated at 37 C for 24 hours. The
plates were read and then incubated for 24 hours more. The
other blood agar plate was incubated under anaerobic conditionsr
for 48 hours in Gas Pak jarsl.

The first group of cows tested by blood agar blates
aerobically showed only orgaﬁisms considered to be contami- .

-nants, i.e., micrococci and bacilli, In the second group of

cows, one yielded staphylococcus aureus from the left rear and

left front quarters; Blood agar cultures incubated -anaero-

bically were negative for pathogenic’microorganisms,

Catalage test

The results of this test varied from 1 to 2 ml of gas,.
i.e., from 10 to 20 percent except the two quarters infected

with stgphylococcus'aureus which gave a result of 40 percent

catalase in the left front quarter and 55 percent in the left
rear. This cow was treated before being used as an experi--

mental animal,

Somatic cell counts

Cell counts averaged from 60,000 to 120,000 cells/ml
in the normal quarters. In the two infected quarters, the

cell counts were from 800,000 to 1,000,000/ml.

1Bioquest Laboratories, Baltimore, Maryland,
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RESULTS

Migration Inhibitory Factor Test

The results of various migration inhibitory fastor (MIF)
tests are presented in Figures 2 through 7. In Figure 2 the
responses of three cows glven Freund's complete adjuvant are
shown, Cows numbers 1 and 2 responded minimally but cow
number 3 had a definite response. Figure 3 represents
another group of cows treated in the saﬁe manner, Each of
these cows (numbers 4, 5 and 6) had a constant response to
PPD antigen,

Figure 4 shows the results of the MIF test of cows

sensitized with Streptococcus agalactiae. The cells.were

cultured in the presence of Streptococcus agalactiae proﬁein.

In cows 2 and 3 the response was definitely positi#e. Cow 5
was also positive but the response was not as high as in cows
2 and 3, Cow 6 had completely negative results.

Figure 5 is the representation of the results when the
test was performed utilizing the supermatant from cells
cultured in the presence of streptococcal polysaccharide.

Cow 2 showed a minimum positive reaction but cows 3, 5 and 6
were essentially negative. There was a very close similarity
in the response of cows 5 and 6 in that théy showed some

inhibition of migration at first followed later by almost

a complete lack of-inhibition.




Figure 2. Results of MIF test using lymphocytes from cows 1, 2 and 3
cultured in the presence of PPD
Each bar represents the average from three samples, Cow 1
was sensitized with Freund's complete adjuvant,
Cows 2 and 3 were sensitized with adjuvant and Streptococcus

agalactiae cells.
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Figure 3,

Results of MIF test usling lymphocytes from cows 4, 5 and 6 cultured
in the presence of PPD

Each bar represents the average from three samples,

Cow 4 was sensitized with complete Freund's adjuvant,

Cows 5 and 6 were sensitized with complete Freund's adjuvant

and Streptococcus agalactiae cells.,
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Figure 4. Results of MIF test using lymphocytes from cows 2, 3, 5 and 6
cultures in the presence of Stréptococcus agalactiae protein
Each bar represents the average from three samples.
These cows were sensitlzed with complete Freund's adjuvant
and Streptococcus agalactiae cells,
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Figure 5,

Results of MIF test using lymphocytes from cows 2, 3, 5 and 6
cultured in the presence of streptococcus polysaccharide
Each bar represents the average from three samples.

These cows were sensitized with complete Freund's adjuvant
and Streptococcus agalactise cells.
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Figure 6. Results of MIF test using lymphoid cells from the milk of cows 4 and

6 cultured in thé presence of PPD and cows 5 and 6 cultured in the
presence of protein extracted from Streptococcus agalactiae

Cow 4 was sensitized with complete Freund's adjuvant,

Cows 5 and 6 were sensitized with complete Freund's ad juvant

and Streptococcus agalactlae cells.
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Figure 7. MIF test with supernatant from milk lymphocytes
A. Supernatant with Streptococcus agalactiae protein
B. Control '
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Figure 6 shows the results obtained from milk lymphocytes.
Cows 4 and 6 show the results when cells were cultured in the

presence of PPD, Cows 5 and 6 show the results when cells

were cultﬁred in the presence of Streptococcus agalactiae

protein. All cows showed definite positive results to the

MIF test., See Flgure 7.

Skin Sensitivity

The response to intradermal injection of antigen
(streptococcal protein or PPD) into previously sensitized
cows was characterized by a delineated area of edematous
swelling tﬁat appeared about 20 hours after inoculation of
antigen. At 24 hours the swelling was more consistent and
by 40 hours it was converted into a well defined nodule
which disappeared completely after four days. The abové
reaction was present in cow 3 but this reaction became visible
only after the cow'was inoculated for the second time with
the antigen., See Table 4,

One negative cow was observed as a control for the skin
sensitlvity. The reaction was measured in millimeters
following the method of Spencer and Angevine (129). Méasure—
ments were taken after 12 hours and follﬁwed eﬁer& 20 hours

for a total period of 80 hours.
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Table 4. Skin sensitivity reactlon presented by cows
previously sensitized with Freund's adjuvant .
and Streptococcus agalactiae and challenged with

S. agalactiae protein

Skin Reaction Measurement

Time after Challenge Cow 3 Cow 5
12 hours redness slight edema
20 hours 214 cmm L84 cmm
40 hours 415 cmm 285 cmm
60 hours ' 302 cmm 165 cmm
80 hours 160 cmm negative

Sensitivity Transfer
Recipient animals were selected on the basis of a nega-
tive 8kin reaction when inoculated w;th 0.1 ml streptococcal;
protein intradermally in the caudal fpld. The cow chosen as
donor of leukocytes was the one which gave the éreater skin
feacti%ity when inoculated with the antigen aftgr being

sensitized with complete Freund's adjuvant plus Streptococcus

ggalactiae.
In the trial in which complete cells were inogulated,

the vlability was 89 to 91 percent. In the trial using lysed
cells, viablility of cells before being lysed was 91 percent.
Two cows were inoculated twice with whole peripheral
leucocytes from the sensitized donor and challenged four to .
five days later wlith the streptococcal protein antigen without
any results. Two other reciplents developed varying degreésv

of reaction, one considered to be typical and the other
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doubtful. One week after challenge with streptococcus aﬁtigen,

a suspension of lysed cells was injected subcutaneously into

one of them at the wvulval fold at the junction of the skin

and mucous membrane., Four days later the cow was challénged

with streptococcus antigen and inoculated intracutaneously

in the caudal fold. The reaction consisted of nodule formation

swelling and an extenslive area of redness along the inferior

aspeect of the tail (Figure 8). Results of the reaction:

~appear in Table 5,

Tabie 5., Skin sensitivity reaction presented by.two COwWSs
inoculated with lysed peripheral leucocytes (cow A)

and concentrated dialysate of peripheral leucocytes
(cow B)and challenged with S. agalactiae protein -

‘ Skin Reaction Messurement
Time after Challenge Cow A Cow B

12 hours 214 cmm redness
20 hours 506 cmm 226 cmm
40 hours 418 emm 460 cmm
60 hours 201 cmm 376 cmm
80 hours 120 cmm. 214 cmm

96 hours 8light. reaction slight reaction

A Becond portion of the lysed cell suspension was dia-
lyzed at 4 C against physiological saline, The dialysate was
concentrated and inoculated subcutaneously., After five days -
the animal was challenged-and the reaction was observed dally
for four days. In this cow the result was similar to the re-

action presented by previously sensitized cows. See Table 5.



Flgure 8: Reaction of negétive reciplent after inoculation
of lysed lymphocytes from & sensitized cow and
challenge with Streptococcus ‘agalactiae protein.
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Reactioﬁs Following Intramammary
Inoculation of Antigens
When cows were inoculated intramammary with a killed |

‘suspension of Streptococcus sgalactiae, the reaction of the

animal, local and general, was visible and parameters such

as temperaﬁure, cell count in milk and catalase test were
measured., Also swglling and pain in those inoculated quarters
were present for about two or three days in the different

quarters,

Before the suspension of Streptococcus agalactiase was
!
inoculated into the udder, the body temperature was taken and

varied from 100.9 to 101.4 F. in the different cows. Temper-
aturévreadings after challenge are summarized in Table 6.
The variation in temperature in cow 1 was considered only as
physiclogical changes,

Cow 5 had a rise in temperature up to 3 F 20 hours
after inoculation, All other cbws pfesented normal temper-

ature:1,5 F higher than the initial temperature.

Cell Count 1in Milk
Cell counts in milk were very high after intramammary

infusion of killed Streptococcus agalactiae cells, Table 7

summarizes the cell count in each of the inoculated guarters.




Table 6. Body temperatures after intrammary inoculation of 2 ml of formalin-
killed Streptococcus agalactige mixed with 2 ml of sterile distilled
water (1 x 10”7 cells/ml.) - -

Hours after

Inoculation cow 12 Cow 2P Cow jb Cow Hé' Cow Sb Cow 6P

0 101.3 100.9 101.6 101.7 100.9 101.4

6 101.7 102.4 102.3 102.4 103.7 102.3
20 101.5 102.9 104.6 103.8 103.9 103.8
28 101.4 102.3 103.6  102.9 103. 4 103.2
B2 101.2 101.8 102.9 102, 3 102.9 102.2
ug 101.4 102.0 102.2 101.8 103.1 102.5
60 101.2 101 .4 101.4 101.3 102.4 101.9

6

8Cows sensitized with complete Freund's adjuvant only.

BCows- sensitized with Streptocoecus agalactiae and Freund's' adjuvant.




Table 7. Number of somatic cells in milk after intrammary inoculation of _

Streptococcus agalactiae in two guarters of each cow

Days after Inoculation Cow 1 Cow 2 Cow 3
ER LR RR LR BR LR
0 698 71 60 75 8l 54
1 91 120 1321 1343 1234 894
2 225 142 1951 2842 1856 1125
3 261 178 2121 L1440 2731 3731
L 256 175 1115 2200 2685 4327
5 101 180 974 112 1841 2118
6 93 105 854 725 1343 1110
8 92 93 195 241 934 832
15 89 S0 91 110 92 71
Cow 4 Cow 5 Cow 6
BR RF. BR RF ER RF
0 76 oL 110 55 65 96
1 450 325 2617 132 1120 140
2 1795 854 2965 184 1584 952
3 1215 1110 1723 2125 2341 2875
L 1323 925 1180 3100 1985 1454
5 h27 631 384 657 1756 1321
8 561 422 532 421 581 950
15 130 129 65 91 432 230
22 65 83 54

66

92

2Number of cells x 105

26
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Hotis Reaction
A typical Hotis reaction has been reported to occur only

in the milk of those cows in which Streptococcus agalactiae

is an 1nhabitanf of the mammary gland. It has been assumed
that the reaction is immunologically related,

By repeated cultural examination of the milk of the cows
used in this experiment, it was determined that they were

free of Streptococcusragalgctiae infection. Furthermore,

none gave positive Hotis tests prior to the injection of

sensitizing antigens,

As a result of the injection of Streptococcus agalactiae

cells mixed with Freund's complete adjuvant, three out of
four cows converted from negative to positive when live

Streptococcus agalactige cells were added to milk samples

from them (Figure 9). Cow 3 was the excéption.
It was also observed that when either the blood serum

or whey from the positive cows and live Streptococcus agalac-

tiae were added to Hotis negative milk, ﬁositive reactions
occurred. Cow 4 which received injections of adjuvant only
was also converted to positive Hotls test results as shown.in
Table 8.

Separation of IgG and IgM fractions from the serum of cows
2 and 6 were mixed with Hotis negative milk from cow 7. In-

oculation of these samples with Streptococcus agalactiae

followed by incubation, gave positive tests in the case of -
IgG but not IgM., See Table 9,




Figure 9,

Hotis reaction from a cow sensitized with Freund's
complete adjuvant plus Streptococcus agalactiae.
From left to right, increasing dilutions of
Streptococcus agalactiae culture.
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Table 8, Hotis reaction in milk, serum and whey from cows sensitized with Freund's
complete adjuvant only or adjuvant plus Streptococcus agalactiae
— Serum Whey Milk
Milk + neg. + neg. + neg.
Sensi- + Serum milk + Whey milk + Milk milk +
tizing Strep. + neg. ‘Strep. + neg. Strep.. + neg. Strep.
Cow antigen Milk  agal. milk agal, milk agal. milk agalﬁ
1 ad juvant - - - - - - -
2 ad juvant
+ Strep.
agal, + - + + +
3 ad juvant
+ Strep.
agal, - - - - - - - -
b4 ad juvant * - + +
5 ad juvant
+ Strep.
agal. + - + +
6 ad juvant
+ Strep.
agal, + - + +

L6=96
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Table 9., Hotis reactions given by milk of negatlive cow
. mixed with immunoglobulin from positive cow and

Streptococcus agalactiae oculture

Neg. Neg.
milk + milk +
Neg. IgM +. 1gG +
milk + Milk + Strep. Strep.-
Cow IgM IgG agal. ' agal.
Vi - - - +

When whey from cows 1, 2 and 3 was mixed with negative

milk and Streptococcus agalactiae and each one of the

fractions, the reaction was positive in those tubes with IgG

fractions,

Agglutinins for Streptococcus agalactiae in Serum

Agglutinins were detected in serial dilutions of serum

as shown in Tabhle 10,

Table 10. Agglutinins for Streptococcus agalactiae in serum

Dilutions
Cow 1/5 1/10 1/20 1/40 1/80 1/160 1/320 .

N Fowon
+
+
+
+
I+
1+
]

+
+
+
+
+
“+ 4+
1
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Precipitation Test
This test was performed for the detection of antibody
activity in the immunoglobulin., See Table 1ll.

Table 11. Antibody levels in serum and whey of sensitized
- COWS

Streptococecal Protein Dilution
1/2 1/% 1/8 1/16 1/32 1/64 1/128 1/256 1/512

whey
TgM ¥ * +- + t - - - -
whey
IgG * + t + + + p M -
blood
TgM t + + + + t - - -
blood
1gG T 1 + + + + + + -

Table 12 shows a summary of the results of delayed hyper-

sensitivity tests, Hotis reaction and Streptococcus agalactiae

agglutinins in the group of cows studlied. Cow 1 had positive
results in the MIF and skin sensitivity but was negative for
the Hotis reaction and streptococcus agglutinins, The same

results with respect to skin test and MIF were presented by

cow 4 but she became positive for Streptococcus agaiacfiae for
unknown reasons, |

Cows 3 and 6 showed some interesting points, Cow 3 was
positive for delayed hypersensitivity tests but was negativé

for Hotis reaction and streptococcus agglutinins. Cow 6 was
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completely the opposite., She was negativé'for most of the
delayed hypersensitivity reactions but was positive for
streptococcus agglutinins and Hotis reaction, Cows 2 and 5
responded in a very similar way.

Cow number 1 that was inoculated with 2 ml of killed

suspension of Salmonella pullorum 18 hours later showed

swelling in the inoculated quarters and pain to palpation,

The reaction lasted four days. The inoculated as well as the
non-inoculated quarters showed higher readings in the cata-
lase and Wisconsin mastitis tests. Figure number 10 shows the
résults for these tésts in one inoculated and one non-inocu-
lated quarter,

The presence of agglutining to Salmonella pullorum was

detected 48 hours after inoculation. Results of agglutination
tests on whey are shown in Figure 11.

Left front and right front quarters of cow 2 were.
inoculated with 2 ml of fresh horse serum. Pain on palpation
was evident for three days. The catalase and leucocyte
values were higher in the right front quarter and showed up
earlier and lasted a shorter time than those results detected

in the left front quarter,




Table 12, Summary of results of delayed hypersensitivity'tests, Hotls reaction and
Streptococcus agalactise agglutinins in cows studied

: Skin Sensi-
MIF_to: tivity to: Transfer
Strep. factor Titer of
Strep. agal. Strep. to agglu-
Sensi- agal. polysac- agal. Strep. tinin to
tizing pro- cha- pto=- agal. Strep.
Cow antigen FPPD tein ride PPD tein protein agal,
1 ad juvant + 0 0 + 0 0 -
2 ad juvant
+ Strep.
agal. + + - 0 - - 40
3 ad juvant
+ Strep. :
agal. + + T + + + -
4 ad juvant + 0 0 + 0 0 L0
5 ad juvant
+ Strep.
agal. + + - 0 T -<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>