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Detection of Staphylococcal Antibodies in Human Gamma Globulin and

Serum by Hemagglutination Tests.*
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Plasma fraction I1 of Cohn, available as
commercial gamma globulin, contains many,
but not all, antibodies present in blood plasma
of random adult population. Its protective
value against such virus diseases as measles
and infectious hepatitis has been clearly es-
tablished and that against certain other viral
infections is being explored. Recent studies
have revealed that human gamma globulin
also protects against certain bacterial infec-
tions in animals(1-4) and, when used in con-
junction with suitable antibiotics, is said to
yield favorable results in severe human infec-
tions(5,6). Previous investigations suggested
that human gamma globulin contains both
“complete” and “incomplete” antibodies
against somatic (O) antigens of enteric patho-
gens, including salmonellae, shigellae, and en-
teropathogenic Escherichia coli(7). “Incom-
plete” antibodies were demonstrated by means
of Coombs’ hemagglutination and enzyme
hemagglutination tests. In the former, anti-
gen modified human erythrocytes were incu-
bated with human gamma globulin and,
after washing, tested with human globulin
(Coombs’) antiserum. In the latter proce-
dure, red blood cells were treated with cer-
tain proteolytic enzymes, including trypsin,
pancreatic protease, ficin, or papain, either
before or after antigen modification, and then
tested with gamma globulin. Both tests
yielded considerably higher titers than the
conventional agglutination and hemagglutina-
tion procedures and resemble those used for
demonstration of “incomplete” Rh antibodies.
Our study revealed that these methods lend
themselves also to detection and titration of
certain staphylococcal antibodies in human
gamma globulin and serum.

Materials and methods. The antigens were
prepared as follows. Several freshly isolated

*Study aided by research grant from Nat. Inst, of
Allergy and TInfect. Dis.,, US.P.HS.

strains of Staphvlococcus aureus, citreus, and
Bacillus subtilis were grown on brain veal
agar in Kolle flasks for 18 hours at 37°C.
The resulting growth was removed with 25
ml of phosphate hemagglutination buffer (pH
7.3) (Diico)/flask. The suspensions were
centrifuged in refrigerated centrifuge (Inter-
national, #PR-2, 24,500 G) for 20 minutes
and resulting supernates in appropriate dilu-
tion employed as antigen. Uninoculated
Kolle flasks were treated in like fashion and
the washings used for control purposes. Hu-
man erythrocytes (blood group O) (2.5% sus-
pension) were washed 3 times with hemagglu-
tination buffer. To the sediment was added
the antigen in appropriate dilution in quanti-
ties sufficient to restore a 2.5% erythrocyte
suspension. The mixtures were incubated in
waterbath at 37°C for 30 minutes. The red
blood cells were washed 3 times and then
used in following tests. Hemagglutination
test: The antigen modified erythrocytes (vol.
0.2 ml) were added to equal volumes of hu-
man gamma globulin or serum in serial dilu-
tions. The mixtures were incubated at 37°C
for 30 minutes and centrifuged at 1000 rpm
1 to 2 minutes. The resulting hemagglutina-
tion was read grossly. Enzyme hemagglutina-
tion test: The antigen modified erythrocytes
were centrifuged. Pancreatic protease (Nu-
tritional Biochemicals Corp., Cleveland, O.)
in concentration of 250 ug/ml was added to
the sediment in amounts to yield a 2.5%
erythrocyte suspension. The mixtures were
incubated at 37°C 30 minutes; the cells
were washed 3 times and then tested with
gamma globulin or serum as described above.
Coombs’ hemagglutination test: The antigen
modified red blood cells were added to gamma
globulin or serum in serial dilutions as above;
the mixtures incubated at 37°C for 30 min-
utes; the cells were then washed 3 times.
These suspensions (vol. 0.1 ml) were mixed
with equal volume of commercially available
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TABLE I. Hemagglutination by Human Gamma Globulin and Sernm of Erythrocytes Modified
by Staphylococcal Antigen.

Staphylococeal antigen dilutions (reeiproeal)

Staphylocoecal anti- 2 10 50 250 1250 2 10 50 2.50 . 1250
gens and antibodies Hemagglutination Protease hemagglutination
Staphylococeus aureus Hemagglutinin titers (reciprocal)
Strain D (a)* 160 160 160 <20 <20 1280 1280 1280 160 <20
(b) 80 40 20 <10 <10 80 160 80 <10 <10
Strain C (a) <20 <20 <£L20 <20 <20 1280 1280 160 <20 <20
(b) <10 <10 <10 <10 <10 160 160 <10 <10 <10
Strain 6048 (a) <20 <20 <20 <20 <20 320 20 <20 <20 <20
(b) <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Staphylococcus citreus
(a) <20 <20 <20 <20 <20 20 <20 <20 <20 <20
(® <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
* 3 — Human gamma globulin, b — Pooled human serum.
Coombs’ antiserum, incubated at 37°C 30 when the basic test is negative. The Table

minutes, and centrifuged at 1000 rpm for 2
minutes. The resulting hemagglutination was
recorded. Several lots of human gamma glob-
ulin, including preparations from donors in
U.S.A,, India (courtesy of Dr. P. R. Dutt,
New Delhi), and Japan (courtesy of Dr. I. S.
Danielson, Lederle Labs., Pearl River, N. Y.),
as well as several pools of inactivated human
serum from 20 healthy adults each were em-
ployed.

Results. The results of a typical experi-
ment on titers of antibodies in human gamma
globulin (U.S.A.) and pooled serum against
human red blood cells modified by antigens
from 3 strains of Staphylococcus aureus and
1 strain of S. citreus are summarized in
Table 1.

Antibody titers in gamma globulin were
considerably higher (8 to 128) in the protease
hemagglutination than in basic hemagglutina-
tion test, when antigens from 3 strains of
Staphvlococcus aureus were used for modifi-
cation of erythrocytes. It is evident also that
the antigen from strain D was active in higher
dilution than that from strain C. The antigen
from strain 6048 was least active. The degree
of increased sensitivity of protease hemagglu-
tination test is related to amount of antigen
used for erythrocyte modification and pre-
sumably to that present on surface of red
blood cells. It is evident that, depending upon
source of antigen and amount of antigen used
for erythrocyte modification, the protease
hemagglutination test yields positive results

shows also that protease hemagglutination
test is somewhat more sensitive than hemag-
glutination procedure when human serum is
titrated. Repeated experiments yielded es-
sentially similar results. The antigen from
Staphylococcus citreus was almost completely
ineffective. Control experiments, not shown
in Table, revealed that sterile fluids prepared
from Kolle flasks and used for modification
of erythrocytes gave entirely negative results,
as did protease treated red blood cells tested
with gamma globulin and serum in appropri-
ate dilutions. That merthiolate, used as pre-
servative in commercial gamma globulin, did
not contribute to above findings is evident
from observations that merthiolate itself in
like concentrations failed to agglutinate red
blood cells treated with protease and/or
staphylococcal antigen, and that merthiolate-
free gamma globulin yielded results similar to
those obtained with commercial gamma globu-
lin containing this preservative.

Further experiments showed that other co-
agulase-positive and coagulase-negative strains
of staphylococci as well as several strains of
B. subtilis also yielded antigens suitable for
these hemagglutination reactions. Two addi-
tional strains of Staphylococcus citreus gave
negative results. Gamma globulin prepara-
tions from India and Japan had antibody titers
similar to those present in specimens from
U.S.A.

A comparison of Coombs’ staphylococcal
hemagglutination test with the protease and
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basic hemagglutination procedures revealed
that the former 2 yielded essentially identical
titers of antibodies in several lots of commer-
cial human gamma globulin and were consid-
erably more sensitive than the basic hemag-
glutination method.

Regarding heat stability of staphylococcal
antigen, it remained active for erythrocyte
modification after heating in boiling water for
15 minutes at pH 2 to 5, but lost its activity
when heated at pH 7.2 to 9. In contrast,
lipopolysaccharides from gram-negative en-
terobacteriaceae are more effective in modify-
ing erythrocytes after being heated at alka-
line pH(8).

Absorption experiments revealed that sus-
pensions of Staphylococcus aureus (strains C
and D) and of B. subtilis removed the anti-
body from human gamma globulin, when the
latter was tested with red blood cells modified
by either of the 3 antigens. In contrast, sus-
pensions of £. coli 0111:B4 and 0127:B8 did
not remove these antibodies. It is interesting
that Staphylococcus citreus, which did not
yield a suitable antigen for erythrocyte modi-
fication, also failed to remove the antibody
from gamma globulin.

Discussion. The present investigation re-
vealed that use of red blood cells treated with
pancreatic protease and a staphylococcal an-
tigen made possible the detection of antibodies
in considerably higher titers in both human
gamma globulin and serum than did that of
erythrocytes modified by antigen alone. En-
hanced sensitivity was noted also when
staphylococcal hemagglutination test was
combined with the Coombs’ method. These
observations extend previous studies on basic
staphylococcal hemagglutination test used for
detection of antibodies in serum(9-13). At
least 2 explanations may be considered for
results described here. (1) It is conceivable
that the enzyme and Coombs’ hemagglutina-
tion procedures detect “incomplete” staphylo-
coccal antibodies, for such methods are useful
for demonstration of “incomplete’” Rh anti-
bodies. This possibility, however, must re-
main speculative, unless it were possible to
demonstrate actual differences in antibody
molecules between “‘complete” and “incom-
plete” staphylococcal antibodies. (2) Alter-
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natively, it is conceivable that the enzyme and
Coombs’ hemagglutination tests merely render
the basic hemagglutination procedure more
sensitive and that all 3 methods detect an
identical antibody. Since protease and other
enzymes(14) are equally effective when used
either before or after antigen modification of
red blood cells, it is unlikely that they merely
make possible the attachment of larger
amount of antigen to the surface of cells.
Rather, it is suggested that enzymatic re-
moval of some substrate from the surface of
red blood cells allows more antigen molecules
to participate in the reaction with antibodies
and in hemagglutination, as discussed else-
where(15,16).

It is likely that the staphylococcal antigen
is similar to, or identical with, that described
by Rantz and associates(17), who demon-
strated an antigen common to most gram-posi-
tive bacteria and suggested the name “non-
species specific (NSS) antigen.” Our obser-
vations that both B. subtilis and Staphylococ-
cus aureus, in contrast to E. coli and Staphy-
lococcus citreus, remove from human gamma
globulin the antibodies operative in hemag-
glutination test, and the fact that the staphy-
lococcal antigen is heat stable at acid, but not
at alkaline pH, support this assumption. It
is possible also that the antigens common to
staphylococcus and streptococcus, described
by Pakula and Walczak(10) as well as by
Znamirowski ef al.(11), are of the Rantz type.
Further studies are needed to isolate and char-
acterize this antigen. Investigations are in
progress to determine the conditions (e.g. ef-
fect of lysozyme) for antigen release from
bacterial cells.

The question arises as to whether the sta-
phylococcal antibodies demonstrated in rather
high titers in human gamma globulin by
means of the enzyme and Coombs’ hemagglu-
tination tests have protective value. Experi-
ments to elucidate this problem are being car-
ried out in collaboration with Dr. Myron
Fisher, Detroit, Mich. In particular, the pro-
tective effect, if any, of human gamma globu-
lin after absorption with Stapkylococcus au-
reus, S. citreus, B. subtilis, and other bacteria
is being studied. Should antibodies of the
Rantz type be effective in vivo in experimental
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infections, their role in apparently non-specific
resistance should be considered along with
properdin and other factors.

Summary. Two modifications of a staphy-
lococcal hemagglutination test, utilizing pro-
tease for treatment of erythrocytes or
Coombs’ antiserum, are described and are
more sensitive than the basic hemagglutina-
tion method for titration of staphylococcal
antibodies in human gamma globulin and se-
rum. These antibodies probably are directed
against an antigen of the Rantz type, as the
antigen is heat stable at acid and labile at al-
kaline pH and since both Staphylococcus
aureus and B. subtilis, in contrast to E. coli
and Staphylococcus citreus, remove antibodies
from human gamma globulin. The signifi-
cance of the data is discussed.
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The first genetic transformation of pneu-
mococcal types was reported by Griffith(1),
who inoculated mice subcutaneously with a
mixture of live unencapsulated pneumococci
and a vaccine of heat-killed encapsulated
pneumococci. The mice developed an infec-
tion due to encapsulated pneumococci of the
same type as the strain from which the vac-
cine had been prepared. Since that time most
of our information concerning genetic trans-
formation of bacteria has come from studies

* The authors are indebted to Dr. T. H. Jukes and
J. A. Brockman, Jr. for encouragement and sugges-
tions. The authors are grateful to Dr. R. Austrian
for a gift of some bacterial cultures used.

t Present address, Roswell Park Memorial Inst.,
Buffalo, N. Y.

in vitro, although there has been some exten-
sion of Griffith’s technic in vivo, as for exam-
ple by Austrian(2). We were interested in
using purified deoxyribonucleic acid (DNA)
preparations for transforming experiments in
vivo. Previously, only vaccines of intact cells
had been used. This report describes results
of using partially purified DNA preparations
in vivo, as well as a modification of Griffith’s
original technic.

Methods and materials. 1. Strains of Dip-
lococcus prneumoniae. SV1, Type 1 strain viru-
lent.t A-66, Type IIT strain virulent. A-66
1,000, Type III, a mutant obtained from
strain A-66 in one step, resistant to 1000 y/

} Virulence of pneumococci seems to depend di-
rectly on amount of polysaccharide capsule(3).



