
Journal of Clinical Pathology, 1979, 32, 294-298

Serological identification ofBacteroides species by an

enzyme-linked immunosorbent assay

IAN R. POXTON

From the Bacteriology Department, University ofEdinburgh Medical School, Teviot Place, Edinburgh
EH89AG, UK

SUMMARY An enzyme-linked immunosorbent assay was used to titrate antisera raised against live
cultures of eight type species (biotypes) of Bacteroides with the EDTA-released outer-membrane
complex from 29 characterized strains of Bacteroides species. With only minor exceptions, the
strains investigated reacted to titre with the antisera raised against the homologous type species
and not against the heterologous type species. Cross-reactivity between heterologous species and
antiserum was only significant between closely related biotypes. This cross-reactivity could be
removed by absorption of the antisera with whole cells. Significant correlation was found between
serotype and biotype with this technique.

Most serological studies of Bacteroides have so far
been limited to the sero-identification of selected
species of Bacteroides by direct fluorescent antibody
methods (Lambe and Jerris, 1976; Abshire et al.,
1977) and direct agglutination methods (Lambe and
Moroz, 1976; Elhag et al., 1977; Elhag and Tabaq-
chali, 1978a). These studies were concerned with the
0-antigens of the strains in purified lipopolysac-
charide (LPS) extracts or in preparations of heated
or formalinised bacteria. Results suggest that there
are a large number of serotypes within a given
biotype (species or subspecies). The system is
complex: the B. fragilis species alone includes 13
serotypes with different LPS antigens (Elhag and
Tabaqchali, 1978a).

There is much interest in the possible use of
serological techniques for the titration of serum
antibodies to establish the involvement of a Bacte-
roides species in an infection, or to show the normal
levels of antibodies directed against commensal
strains of Bacteroides in healthy or compromised
individuals. Several attempts have been made,
mostly by isolating the organism from an established
infection and using it as a source of the antigen
(eg, Danielsson et al., 1972), or by using type
cultures of the Bacteroidaceae as sources of antigen
(eg, Quick et al., 1972; Rissing et al., 1974). Many
negative results were obtained from cases of proven
infections involving identified Bacteroides species.
These studies all suffer from a basic lack of

knowledge of the immunogenic structures of the
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Bacteroides cell. There is an apparent need for an
antigen preparation that is both immunogenic and
representative of a group of Bacteroides (either
species or biotypes) rather than an individual strain.
The disadvantages of the LPS molecule are that it
is poorly immunogenic and that the O-antigen
serotypes are so numerous within a given species or
biotype (Hofstad, 1977; Elhag and Tabaqchali,
1978a). Kasper and co-workers have investigated
the cell-surfaces of certain species of Bacteroides
(Kasper and Seiler, 1975; Mansheim and Kasper,
1977) which appear to be typical Gram-negative
organisms with an outer membrane and often a
capsule. In a related study, Poxton and Brown
(unpublished results) examined the outer membrane
and associated proteins of several strains of Bacte-
roides by sodium dodecyl sulphate-polyacrylamide
gel electrophoresis and showed that similar biotypes
(species) of Bacteroides possess many common
polypeptides in their surface layers.
The present study exploits the group specific

antigenicity of the cell-surface outer membrane
complex together with the sensitivity of the enzyme-
linked-immunosorbent-assay (ELISA) procedure
to identify Bacteroides strains to species and sub-
species level.

Material and methods

BACTERIA
Twenty-nine strains representing eight species of
Bacteroides are listed in Table 1. They were obtained
from culture collections or from laboratory stock
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Serological identification of Bacteroides species by an enzyme-linked immunosorbent assay

Table 1 Titration of homologous and heterologous antigens against representative antisera

Antigen preparedfrom* Titre ofgiven antigen when titrated against antiserum raised against:

NCTC9344NCTCJ0582 NCTCJO583 ATCC8483ATCC8503 VP14196 NCTC9338NCTC9337

B.fragilis NCTC9344 6400 3200 -t
NCTC9343 64001
NCTC10584 6400
GNAB2A 6400 t
GNAB4 6400 r
GNAB13 6400
WPHI 6400J

B. thetaiotaomicron NCTC10582 400 6400 - - - - - -
GNABI 64001
GNAB2 3200 L
GNAB I 1 3200
GNAB20 3200J

B. vulgatus NCTC10583 - 800 102400 - - - - -
GNABI07 6400

B. ovatus ATCC8483 - - - 12800 - -

B. distasonis ATCC8503 - 1600 - - 51200 1600 -

GNAB26 - 1600 -

B. melaninogenicus VP14196 - 6400 - - - 51200 6400
ss. melaninogenicus ATCC15930 3200 800 -

WPH62 6400 3200 -
WPH67 25600 6400 -
WPH97 25600 3200 -

B. melaninogeniczs NCTC9338 - 3200 25600 -

ss. intermedius WPH4 6400 25600 -

WPH22 3200 12800 -
WPH24 3200 12800 -
WPH31 3200 25600 -

B. asaccharolyticus NCTC9337 - 800 - - 51200
WPH57 - - 12800

*NCTC National Collection ofType Cultures.
ATCC American Type Culture Collection.
VPI Virginia Polytechnic Institute and State University, Blacksburg, Virginia.
GNAB and WPH Bacteriology Department, University ofEdinburgh-Stock Cultures.
t = Titre of less than 400
$Antigens from these strains were tested against homologous species antiserum only.

cultures (GNAB and WPH series) and characterised
by the procedures of Duerden et al. (1976) and
Holbrook et al. (1977).

GROWTH OF ORGANISMS AND PREPARATION
OF ANTIGEN FOR ELISA
One millilitre of a 48-hour cooked meat broth
culture (Watt, 1973) was used as an inoculum for
20 ml proteose peptone, yeast extract (PPY) medium
(Holbrook et al., 1977). After incubation at 37°C
for 16 hours by the standard anaerobic procedure
of Collee et al. (1972) the bacteria were harvested
and washed twice in phosphate-buffered saline,
PBS (0 15M NaCI containing 50 mm phosphate
buffer pH 7A4) by centrifugation for 30 minutes at
4000 g. The pellets were resuspended in 2 ml PBS
containing 10 mM ethylenediamine-tetraacetic acid
(EDTA), incubated at 45°C for 30 minutes, and
treated in an ultrasonic bath (Model 6441A, Dawe
Instruments Ltd, Western Avenue, London W3 OSD,
UK) for 60 seconds. The treated cells were removed
by centrifugation at 6000 g for 30 minutes leaving
the outer membranes and associated molecules in

suspension. After dialysis for two successive periods
of 2 hours in 2 litres of PBS this was used as the
antigen preparation. The amount of protein in each
antigen preparation was measured by the method of
Lowry etal. (1951).

PREPARATION OF ANTISERA
Antisera were raised against whole live bacteria in
New Zealand white rabbits which weighed about
2 kg. Five millilitres of blood were removed from each
rabbit to provide control sera just before the first
injection. Bacteria were cultured in 10 ml volumes
of PPY medium, as described above, and washed
three times in sterile PBS. They were finally resus-
pended in PBS to a concentration of 109 organisms/
ml. The rabbits received 1 ml injections of this
suspension intravenously according to the follow-
ing schedule, with freshly cultured cells: weeks 1
and 2, daily injections for three days; week 3,
no injection; week 4, one injection; week 5, test
bleed (5 ml) then two or three days later the rabbits
were exsanguinated by cardiac puncture. Sera were
stored at - 20°C (modified from Kasper, 1976).

295

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.32.3.294 on 1 M
arch 1979. D

ow
nloaded from

 

http://jcp.bmj.com/


Ian R. Poxton

ABSORPTION OF ANTISERA
Cross-reacting antibodies were absorbed from sera
by incubating 1 ml of a 1 in 10 dilution (in PBS) of
the serum with 1 ml of a suspension of washed
bacteria prepared from 10 ml of an overnight culture
in PPY medium, at 37°C for 30 minutes. After
removing the bacteria by centrifugation (1000 g,

30 minutes) the serum was again added to an equal
volume of washed bacteria and reincubated at 37°C
for 30 minutes. The supernatant fluid obtained after
centrifugation was equivalent to a 1 in 40 dilution
of serum.

MICRO-ENZYME-LINKED IMMUNOSORBENT
ASSAY
This was essentially the same as that described by
Engvall and Perlmann (1972) but adapted for
microtitre plates (flat-well plates supplied by
Sterilin Ltd, Teddington, Middlesex, UK) as
described by Voller et al. (1976). Fifty microlitres
of antigen in 50 mm carbonate buffer pH 9-6,
containing 0-02 % sodium azide were added to each
well and incubated at 37°C for 4 hours, then held
at 4°C overnight. The plate was washed three times
with 0-15M NaCl containing 0-05y% Tween 20 by
directing the nozzle of a wash-bottle into each well
and filling it to the top. The plates were shaken dry
between each wash. Antiserum, diluted in PBS
containing 0-05% Tween 20 and 0-02% sodium
azide, was added to each well (50 pl) and incubated
at room temperature for 4 hours. The plates were
washed as before and anti-rabbit IgG conjugated
to alkaline phosphatase (Miles Laboratories (UK)
Ltd, Stoke Poges, Slough, Bucks, UK), diluted in
the same buffer as the antiserum, was added to each
well (50 ,ul) and incubated overnight at room
temperature. After again washing the plates, 50 ,ul
volumes of the enzyme substrate-1 mg ml-' solution
of p-nitrophenylphosphate (Sigma) in 50 mM
carbonate buffer, pH 9-8, containing 1 mM MgC12
-were added to each well. After 1 hour's incubation
at room temperature the colour was read visually
on a +++ -scale. The end point of the titration

was judged as + +, that is, when the intense yellow
colour had just started to decrease.
To determine the amount of outer membrane

complex (antigen) required to coat the wells of a
microtitre plate and to determine a suitable dilution
at which the anti-rabbit IgG-alkaline phosphatase
should be used, a chequer-board titration ofdoubling
dilutions of antigen (1 mg protein/ml) against serial
1-5-fold dilutions of conjugate was carried out. An
excess of homologous antiserum (1 in 100 dilution)
was added to each well. A 1 in 16 dilution of antigen
and a 1 in 500 dilution of conjugate were found
to be suitable minimum values to give an optimum

yellow colour and were the standard dilutions used
for all subsequent experiments, each well being
coated with antigen equivalent to ca 3 pug protein.

In trial experiments, antigens were titrated with
homologous antisera, and titres between 6400 and
and 102400 were obtained. To standardise conditions,
all subsequent titrations started with an antiserum
dilution of 1 in 400. At this dilution all preinocu-
lation sera when titrated against antigen gave no
trace of colour.

Results and discussion

TITRATION OF UNABSORBED SERA
Sera that had been raised against eight type species
of Bacteroides were titrated with antigens prepared
from both homologous and heterologous strains.
The results are shown in Table 1. Significant cross-
reactivity occurred between B. fragilis and B.
thetaiotaomicron, B. thetaiotaomicron and B. dista-
sonis, B. melaninogenicus subspecies melaninogenicus
and B. melaninogenicus subspecies intermedius. A
little cross-reactivity was observed between B.
melaninogenicus subspecies melaninogenicus and
B. thetaiotaomicron. It was possible to identify
almost all of these strains to species or subspecies
level without difficulty, the cross-reactive strains
reaching an end point several dilutions below the
titre of homologous strains and antiserum. All the
strains of B. fragilis reacted to the same titre as the
type species (NCTC 9344) against homologous
antiserum. Similarly, most of the other species,
where several strains were available for testing,
reached titre with the antiserum raised against its
type strain. Notable exceptions were B. distasonis
(GNAB 26), which failed to react with its type strain
antiserum but reacted significantly with B. theta-
iotaomicron antiserum, and two strains of B. melanino-
genicus ss. melaninogenicus (ATCC 15930 and WPH
62), which reacted only weakly with the antiserum
raised against the type strain. In the latest VPI
anaerobe manual (Holdeman et al., 1977) it is stated
that ATCC 15930 is an atypical B. melaninogenicus
subspecies melaninogenicus. Another significant
feature of these results is that the B. asaccharolyticus
strains (previously B. melaninogenicus subspecies
asaccharolyticus) do not cross-react at all with either
of the B. melaninogenicus subspecies investigated
and therefore appear to be unrelated serologically.

TITRATION OF ABSORBED SERA
It was possible to distinguish most of the species
with unabsorbed sera, but there could be some
confusion between certain B. fragilis and B. theta-
iotaomicron strains and between the subspecies of
B. melaninogenicus. An attempt was made to remove
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Table 2 Titration of antigens preparedfrom B. melaninogenicus subspecies melaninogenicus and subspecies
intermedius with absorbed and unabsorbed sera raised against the type strains of these subspecies

Antigen preparedfrom: Titre ofgiven antigen when titrated against antiserum raised against:

VPI4196 VPI4196 Absorbed NCTC9338 NCTC9338 Absorbed
Unabsorbed with NCTC 9338 Unabsorbed with VPI4196

B. melaninogenicus ss. melaninogenicus VPI 4196 51200 51200 6400 -

ATCC
15930 3200 400 800 -

WPH 62 6400 400 3200 -
WPH 67 25600 12800 6400 -
WPH 97 25600 3200 3200 -

B. melaninogenicus ss. intermedius NCTC9338 3200 - 25600 25600
WPH 4 6400 800 25600 6400
WPH 22 3200 - 12800 3200
WPH 24 3200 - 12800 3200
WPH 31 3200 - 25600 6400

-less than 400

cross-reacting antibodies from sera raised against
these four strains. Thus NCTC 9344 antiserum was
absorbed with NCTC 10582 cells and vice versa,
while VPI 4196 serum was absorbed with NCTC
9338 cells and vice versa. Results showed that all
cross-reactivity between B. fragilis and B. thetaiota-
omicron could be removed by using absorbed sera,
with no decrease in titre with homologous strains.
Similarly, cross-reactivity between B. melanino-
genicus ss. melaninogenicus and ss. intermedius
could be removed by using absorbed sera (Table 2),
but this was accompanied by a decrease in the titre
of the absorbed sera when compared with the
unabsorbed sera for some of the strains belonging
to the same subspecies. This suggests a sharing of
some major antigenic determinants between some
members of both subspecies.
The species and subspecies investigated in this

study have all been characterised by a variety of
conventional biochemical tests and are therefore
biotypes. , Evidence presented here shows that
similar biotypes also possess similar immunogenic
surface components. As strains that belong to the
same species or subspecies tend to react to titre, it
should be possible to use the EDTA-released outer
membrane complex as an antigen in a converse study
to titrate serum antibodies, either in patients with
a possible bacteroides infection or in normal or
compromised individuals. If selected carefully and
possibly pooled, a few antigen preparations could
cover a very broad range of Bacteroides species.
These should prove more suitable than the antigens
used previously (see Introduction) which include
LPS, and undefined heated, formalinised, or dis-
rupted whole cells.
During the preparation of the manuscript Elhag

and Tabaqchali (1978b) have published results of
a survey of 0-serotypes in the B. fragilis group (ie,
B. fragilis, B. thetaiotaomicron, B. vulgatus, B. ovatus

and B. distasonis). They found no correlation
between 0-serotype and biotype. This differs from
the present finding that there is a close correlation
between biotypes and serotypes as determined by
reactions with antigens of the outer-membrane
complex.

This work was supported by the Medical Research
Council (grant No. G977/951/S). I am grateful to
Professor J. G. Collee for his interest and helpful
assistance in the preparation of this manuscript,
to Dr D. M. Weir for introducing the ELISA
technique to me, and to Mr R. Brown and col-
leagues for skilled technical assistance.
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