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Fluorescent antibody conjugates were prepared from five species of anaerobic
cocci commonly isolated from human infections. When tested with homologous
and heterologous cells these conjugates were found to be highly specific. There
was no evidence of a common genus antigen. Peptococcus magnus conjugates
detected a species-specific antigen; cross-reactions with Peptostreptococcus
anaerobius were readily eliminated by absorption. The conjugates from Pep-
tococcus asaccharolyticus, Peptococcus prevotii, Peptostreptococcus, anaer-

obius, and Peptostreptococcus intermedius displayed a high degree of strain
specificity. Occasional cross-reactions were detected with homologous strains,
suggesting the presence of common antigens, but no attempt was made to deter-
mine the number of different serotypes in these species.

Anaerobic gram-positive cocci make up the
family Peptococcaceae which includes the
genera Peptococcus, Peptostreptococcus, Rumi-
nococcus, and Coprococcus (11, 17). The com-
monly isolated anaerobic cocci from human
clinical material are Peptococcus and Pepto-
streptococcus species. Unfortunately, differ-
entiation of these two genera, and speciation
within them, is difficult to achieve because as a
group the members are highly variable in mor-
phologic, cultural, and metabolic properties,
and they are relatively inert biochemically (3, 4,
10, 14, 18, 21). Application of gas-liquid chro-
matography is helpful, but the majority of
presently recognized species fail to show dis-
tinctly different metabolic end-product pat-
terns (10, 14).
The identification of anaerobic cocci in most

clinical microbiology laboratories is limited to
colonial morphology on anaerobic blood agar
plates, cellular morphology, the presence or
absence of a pungent odor, and an anaerobic or
microaerophilic growth requirement (5, 13, 19).
Nevertheless, practical species identification of
anaerobic gram-positive cocci from human
sources would be desirable. Certain species are
common constituents of the normal human
microflora (10). They are also frequently iso-
lated from clinical specimens. Twentyrsix per-
cent of the anaerobic isolates in a Mayo Clinic
report (14), and 26% in our own laboratory (19),
were identifiable species of Peptococcus and
Peptostreptococcus. Their role in the etiology of

human infections is unclear, but they have been
so implicated in numerous reports (1, 2, 7, 12,
13, 23). It is unlikely that our understanding of
their pathogenic significance will be advanced
appreciably until a large number of well-charac-
terized strains from both normal and infected
sites have been appropriately examined.
We are aware of very few attempts to classify

anaerobic cocci by immunological methods. In
1940, Stone (20) tried to group 26 human strains
of anaerobic streptococci from obstetrical
sources by bacterial agglutination and precipi-
tin tests, but was unable to do so satisfactorily.
Since then considerable attention has been
directed to the classification of anaerobic gram-
positive cocci by cultural and biochemical
means (3, 6, 7, 10, 11, 15, 17, 22), but immuno-
logical methods have been neglected. Neither of
two chapters in recent texts (13, 18) mentions
these procedures. We agree with Hare (7) that
"the most satisfactory method for classification
of bacteria is by serology," and consequently
decided to look at this approach, with emphasis
upon fluorescent antibody techniques. It was
our hope that the results would suggest a
promising approach to the differentiation of
Peptococcus from Peptostreptococcus and to
the rapid identification of those species most
often recovered from clinical sources.

MATERIALS AND METHODS
Test strains. All bacterial strains used in the

preparation and evaluation of our fluorescent anti-
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body conjugates were obtained from clinical speci-
mens received at Temple University Health Sciences
Center. They were speciated by the Anaerobe Labora-
tory, using the methods of the Virginia Polytechnic
Institute Anaerobe Laboratory (10) which included
Gram-stain reaction, colonial morphology, biochemi-
cal reactions, and gas-liquid chromatography pat-
terns. The cocci were the more commonly isolated
anaerobic and microaerophilic species P. magnus, P.
asaccharolyticus, P. prevotii, P. (Streptococcus) ana-
erobius, and P. intermedius. In addition, a panel of 10
organisms (Veillonella parvula, V. alcalescens, Bac-
teroides fragilis, Eubacterium sp., Bifidobacterium
sp., Staphylococcus aureus, S. epidermidis, and
Streptococcus groups A, B, and D) were used for
evaluation of the conjugates.

Immunization. Organisms to be used as antigen
were cultured for 72 h on brain heart infusion agar
(BBL), supplemented with 5% defibrinated sheep
blood, 0.5% yeast extract, and 0.5 Ag of menadione per
ml. The cells were harvested with phosphate-buffered
saline, pH 7.2, washed three times, and resuspended
in the same solution. At least two New Zealand white
rabbits (3 kg) were immunized with each antigen.
Two methods of immunization were used. By the first
method, the rabbits received three successive daily
doses of 0.5 ml of a bacterial suspension (MacFarland
no. 3 standard) intravenously, followed by a 7-day rest
period, then a second and third course of injections
using 1.0-ml volumes and the same rest periods. The
second method used an emulsion consisting of equal
volumes of a bacterial suspension (MacFarland no. 5
standard) and Freund incomplete adjuvant (Difco).
One milliliter of the emulsion was injected subcutane-
ously in multiple sites in the nuchal area and hind
foot pads, and the same dose was repeated 14 days
later. A third dose of 1.0 ml of a bacterial suspension
(MacFarland no. 3 standard), without adjuvant, was
injected intravenously after another 14-day interval.
Each rabbit was bled 7 days after its last injection. A
further course of intravenous injections was given if
the indirect fluorescent antibody titer (IFA) was not
at least 1:640, or if additional antiserum was needed
several weeks after the last bleeding. Antisera was
divided into 1.0- and 5.0-ml portions and stored at 0 to
5 C. Antisera collected from the same rabbits at
different dates and antisera prepared in different
rabbits with the same strains were pooled for the
preparation of fluorescent antibody (FA) conjugates.

Titration of antisera. Bacterial agglutination tests
were performed with organisms grown on supple-
mented brain heart infusion. They were harvested,
washed twice, and resuspended in buffered saline.
Rabbit sera were titrated first by bacterial agglutina-
tion tests, using 2-fold serial dilutions and a standard-
ized suspension of cells (one-half of MacFarland no. 1
standard). These tests were read after incubation at
37 C for 2 h and again after overnight incubation at
8 C. Autoagglutination was a problem, as previously
reported by Stone (20), and recommended methods
for eliminating it (16) were not successful. Therefore,
the use of agglutination tests was discontinued early
in this study.

Titrations of sera before and after immunization
were routinely performed by the IFA technique.
Suspensions of organisms (prepared as above) were
spotted on slides using a calibrated bacterial loop
(0.01 ml), and were air-dried at room temperature.
The slides were fixed with 95% ethanol for a minimum
of 1 min and the preparation was dried as before.
These prepared slides were stored at -20 C or used
immediately for IFA staining. Before use, rabbit sera
were inactivated at 56 C in a water bath for 30 min.
The smears were overlaid with 0.03 ml of rabbit
antiserum or normal rabbit control serum, and incu-
bated in a moist chamber at 37 C for 30 min. The
slides were soaked twice in baths of 0.01 M phosphate
buffer, pH 7.6, for 5 min each time, rinsed in distilled
water, and allowed to air-dry.

Fluorescein-conjugated goat anti-rabbit globulin
(Burroughs Wellcome Co., and BBL) was used in the
IFA procedure and stored at 0 to 5 C in 0.5-ml
portions. The working dilutions of goat globulin
conjugate were determined by mixing 2-fold dilutions
with the highest dilution of antiserum giving a 4+
staining reaction with autologous cells. Prepared
smears (bacteria reacted with rabbit antibody) were
overlaid with 0.03 ml of the conjugate, then incu-
bated, soaked, and dried as described above. A drop
of glycerine buffered with 0.01 M phosphate, pH 9.0,
was placed over the preparation, and a cover slip was
added. The IFA titers were determined as the highest
dilution of antisera producing 4+ fluorescence. The
immunofluorescence of homologous and heterologous
cell preparation was determined with rabbit antisera
diluted 1:500. Intensity of fluorescence was rated 0 to
4+, a reaction of 2+ or greater being considered
positive.

Preparation of FA conjugates. Pre- and post-immu-
nization globulins were obtained by three precipita-
tions of sera with 70% saturated ammonium sulfate
(8, 9). The precipitates were dissolved in distilled
water and dialyzed at 4 C against frequent changes of
0.85% NaCl solution, pH 8, until free of ammonium
sulfate. The protein concentration, determined by the
biuret method, was adjusted to approximately 15
mg/ml with phosphate-buffered saline, pH 7.2. The
globulins were conjugated with fluorescein isothiocya-
nate (FITC; BBL) by the direct method, using label-
ing conditions of 25.0 Mg of FITC per mg of protein for
*2.5 h. Uncombined fluorescein was removed by dial-
ysis against buffered saline, pH 7.6. The labeled
globulins were merthiolated (1:10,000; Lilly) and
stored at 0 to 5 C.

Direct FA staining. The procedure was essentially
the same as that described for IFA staining. The
difference was that the spots of antigen were covered
with 0.03 ml of conjugated rabbit antisera or normal
sera. The antiserum titers were the highest dilutions
providing 4+ fluorescence with the autologous strain.
The working dilution for testing different cells was one
doubling dilution lower than the highest dilution
giving maximal fluorescence with the autologous
strain. Positive reactions were categorized by a 2+ or
greater fluorescence.

Stained preparations were examined with a Zeiss
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fluorescence microscope equipped with an Osram
HBO 200 mercury lamp, oil immersion dark-field
condenser, a BG 12 exciter filter, and a 53/9/44 barrier
filter.

Absorption of antiserum. Absorption of cross-
reacting antibody was performed by mixing equal
volumes of conjugated antiserum and packed cells
from a 48-h supplemented blood agar culture of the
heterologous, cross-reacting strain. The mixture was
incubated at 37 C for 2 h. This procedure was
repeated when necessary.

RESULTS
Two methods of immunization were used: (i)

intravenous injections of bacterial suspensions,
and (ii) subcutaneous injections of bacterial
cells plus Freund incomplete adjuvant, followed
by bacterial suspension without adjuvant ad-
ministered intravenously. The antibody titers
with the two methods were about the same;
therefore, antisera data were combined. There
was too little cross-reactivity to judge whether
there was a significant difference in the specific-
ity between the antisera elicited by the two
methods.
Antibody titers as determined by the indirect

fluorescence staining technique for the 11 autol-
ogous strains are shown in Table 1. They fall
within the narrow range of 1:640 and 1:2,560.
Thus there was no indication that one species or
one strain within a species was any more
immunogenic than the others. No preimmuni-
zation serum had a titer greater than 1:20.
There were no cross-reactions with heterologous
species with antiserum dilutions 1:500 or
greater.

Antisera produced with the same strains, and
having IFA titers of 1:640 or greater, were
pooled and conjugated with FITC. Table 2
shows the direct FA staining titers of the
conjugates with autologous cells. These ranged
from 1:4 to 1:32. There were no positive reac-
tions with conjugated rabbit sera from unimmu-
nized rabbits.
The specificity of conjugated antisera was

evaluated by reactions with a panel of 49
homologous and heterologous strains of anaero-
bic gram-positive cocci. A high degree of speci-
ficity was observed with these conjugates. There
was little evidence of cross-reactivity with orga-
nisms of heterologous species with the exception
of P. anaerobius strains cross-reacting with both
P. magnus conjugates. A single absorption re-
duced this reactivity to a negative reading.
Additionally, the conjugates did not react with
other heterologous organisms including anaero-
bic gram-negative cocci and bacilli, as well as
aerobic streptococci and staphylococci.

TABLE 1. Indirect fluorescence staining titers of
antisera with autologous cells

Reciprocal of
highest dilution
showing 4+
staining

Peptococcus magnus (998-1) ....... ...... 1,280
P. magnus (926-2) .............. ........ 1,280
P. asaccharolyticus (1056-9) ....... ...... 2,650
P. asaccharolyticus (991-1) ....... ....... 640
P. prevotii (937-1) ....................... 2,560
P. prevotii (881-1) ....................... 640
P. prevotii (519-2) ....................... 1,280
Peptostreptococcus anaerobius (937-6) . . 640
P. anaerobius (1018-4) .......... ........ 1,280
P. intermedius (558-5) .......... ........ 640
P. intermedius (1039-1) ......... ........ 1,280

aPreimmunized sera did not have titers greater
than 1:20.

TABLE 2. Staining titers of FA conjugates with
autologous cells

Reciprocal of
highest dilution
showing 4+
staining

Peptococcus magnus (998-1) ......... ....... 32
P. magnus (926-2) ......................... 16
P. asaccharolyticus (1056-9) ......... ....... 32
P. assacharolyticus (991-1) .......... ....... 4
P. prevotii (937-1) ......................... 32
P. prevotii (881-1) ......................... 4
P. prevotii (519-2) ......................... 8
Peptostreptococcus anaerobius (937-6) ...... 8
P. anaerobius (1018-4) ..................... 16
P. intermedius (558-5) ..................... 4
P. intermedius (1039-1) .......... .......... 16

Table 3 contains the results with homologous
strains. P. magnus conjugates (998-1 and 926-2)
were unique in that marked species-specific
reactivity was observed. The intensities of these
reactions were mostly 3+ and 4+. There were
no positive reactions with cells of other Pep-
tococcus species. P. asaccharolyticus conjugates
(1056-9 and 991-1), on the other hand, reacted
with only two and one homologous strains,
respectively, but not with each other. Neither of
the two strains that reacted with 1056-9 reacted
with 991-1. The conjugates from three strains of
P. prevotii (937-1, 881-1, and 519-2) were com-
pletely strain specific; they did not react with
any of the 12 homologous strains tested. P.
anaerobius 937-6 and 1018-4, and P.
intermedius 558-1 and 1039-1, conjugates were
also highly strain specific. P. anaerobius 937-6
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TABLE 3. Staining reactions of FA conjugates with
homologous strains

Homologous
strainsa

Conjugate Reactions

Positive Negative

Peptococcus magnus (998-1) ..... 9 1
P. magnus (926-2) .............. 10 0
P. asaccharolyticus (1056-9) ..... 2 11
P. asaccharolyticus (991-1) ...... 1 12
P. prevotii (937-1) .............. 0 12
P. prevotii (881-1) .............. 0 12
P. prevotii (519-2) .............. 0 12
Peptostreptococcus anaerobius

(937-6) ....................... 2 7
P. anaerobius (1018-4) .......... 0 9
P. intermedius (558-5) .......... 0 5
P. intermedius (1039-1) ......... 1 4

a Evaluation of the conjugates included at least
duplicate trials with homologous cells.

and P. intermedius 1039-1 conjugates reacted
with two and one homologous strains, respec-

tively.

DISCUSSION
To our knowledge there has been no report of

anaerobic gram-positive cocci speciated by Vir-
ginia Polytechnic Institute methods (10) having
been examined by immunological methods.
This exploratory study was designed to deter-
mine by fluorescence microscopy the presence
or absence of major genus and species-specific
surface antigens in certain species. Our immedi-
ate goal was to obtain data suggesting a useful
application of this technique in the clinical
microbiology laboratory, a clear need in view of
the difficulty with which members of this group
are at present identified. In addition, we hoped
that the results would point the way for subse-
quent work.
The five species selected for study were

chosen because they are the ones most often
recovered in our laboratory from infected sites
in human beings. Over a 3-year period, P.
prevotii accounted for 6%, P. anaerobius for
4.8%, P. intermedius for 4.1%, P. asaccharo-
lyticus for 3.9%, and P. magnus for 3.6% of all
anaerobic isolates (unpublished data). We de-
cided that 2 or 3 carefully selected strains of each
species would suffice for the limited purposes
of this study. Whether or not the results with
these few strains accurately reflect the overall
presence or absence of major genus and species-

specific antigens among these five species is a
question that can be answered only by testing
many more strains than the 49 used here.
We failed to obtain any indication of a

common Peptococcus or Peptostreptococcus
antigen. Furthermore, tests with three different
P. prevotii antisera and a panel of 12 strains
were uniformly negative, suggesting that the
members of this species may to a large degree be
strain specific. The cross-reactions observed
with one strain each of P. anaerobius and P.
intermedius, and both strains of P. asaccharo-
lyticus demonstrated that shared surface anti-
gens do exist within these species, but how
many there are must await further study.
The results with P. magnus, however, were

different. With a single exception, all 10 strains
in the test panel reacted strongly with both
homologous antisera. It is reasonable to expect,
therefore, that a P. magnus 926-2 antiserum will
detect at least a large majority of strains belong-
ing to this species. As noted earlier, the cross-
reactivity with P. anaerobius strains was readily
removable. Because neither of the P. magnus
antisera working dilution cross-reacted with any
of the other 25 test strains of Peptococcus, it
appears that this organism contains a major
species-specific surface antigen detectable by
fluorescence microscopy. The clear-cut nature
of these results suggest that fluorescence tech-
nique may be a practical means for detecting P.
magnus in the clinical laboratory.
The existence of several, and perhaps numer-

ous, serotypes within the other four species can
be expected. For example, the two P.
asaccharolyticus strains used as immunogens
did-not react with each other, and the test strain
reacting with 1056-9 antiserum did not react
with the 991-1 antiserum. Additionally, the two
test strains reacting with 991-1 did not react
with 1056-9 antiserum. The feasibility of devel-
oping useful polyvalent antisera for the specific
identification of these species can be decided
only after considerably more work.
The investigation of the immunological prop-

erties of well-characterized strains of anaerobic
gram-positive cocci should be pursued. At the
present time they constitute a problem in tax-
onomy. They show considerable variation in
morphology. As a group they are generally inert
biochemically; in addition, the more active
species are quite inconsistent in their cultural
and biochemical properties. Gas-liquid chroma-
tography is a helpful procedure but is not
definitive, and the equipment for it is as yet
unavailable in most clinical microbiology labo-
ratories.
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The role of anaerobic gram-positive cocci as

causative agents in human infections is poorly
understood. For example, studies in this labora-
tory with a rabbit experimental infection model
suggest that P. asaccharolyticus, P. magnus, P.
anaerobius, and V. parvula fail to produce
persisting subcutaneous lesions, whereas V.
alcalescens does so quite consistently (M. J.
Widomski, E. H. Spaulding, and R. M. Swen-
son, Abstr. Ann. Meet. Amer. Soc. Microbiol.,
1974, M343, p. 123). Significant advances in our
knowledge of their pathogenicity will be greatly
accelerated, therefore, if practical serological
tests can be developed for dependable identifi-
cation of these five species.
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