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Bacteroides fragilis is an anaerobic bacterial species that is involved in gynecological infections and pathology.
The incidence of vaginal carriage is largely unknown, and in order to study this, 120 pregnant women attending
a general hospital for delivery were examined. Cultures were positive for eight of these women (6.6%).
Interestingly, potential clonal relatedness could be demonstrated among several of the nonenterotoxigenic B.
fragilis strains. Among the strains, only one produced metalloprotease enterotoxin. The presence of the gene for
the metalloprotease, giving rise to the pathogenic effect on cultured eukaryotic HT29/C1 cells, was confirmed
by a newly designed specific PCR assay. The enterotoxigenic B. fragilis (ETBF) strain was analyzed with the
help of arbitrarily primed PCR (AP-PCR) and PCR-mediated ribotyping. The ETBF strain was shown to be
genetically different compared to several other strains obtained from diverse sources. Our data indicate a
relatively high vaginal B. fragilis carriage rate among pregnant women in Warsaw, Poland. Although neither
ETBF nor B. fragilis colonization presented a clinical problem, the possible genetic relatedness among the
colonizing B. fragilis strains indicates the need for additional research in the field of ETBF transmission and
molecular epidemiology.

Bacteroides fragilis is an important and frequently isolated
non-spore-forming anaerobic etiological agent of infections,
and research on its pathogenicity in the human genital tract is
still in progress (40). Representatives of the B. fragilis group
may sometimes be isolated from the vagina, uterine cervix,
fornix, urethra, and external genitals of women (14, 26). How-
ever, B. fragilis does not belong to the normal flora of the
vagina (10, 11, 36). It is known that bacteria from the B. fragilis
group are agents of infection of the abdominal cavity organs,
pelvis, and the genitourinary system (6, 10, 14, 36). B. fragilis is
causally related to pelvic inflammatory disease (18, 37) and
may be an etiological agent of ovary, Fallopian tube, and Bar-
tholin’s gland abscesses (2, 4). It may participate in local and
multiorgan infections after various forms of gynecological and
obstetrical surgery (13, 33). Furthermore, B. fragilis is associ-
ated with cases of septic abortion (35), intrauterine infection
(2, 5, 42), postpartum endometritis (22), and sepsis (33).

There are also reports on severe neonatal infections, such as
sepsis (5) and meningitis (45, 47). These latter papers present
data from 1969 to 1989, and it was discovered that 3% of all
cases of neonatal meningitis have a B. fragilis etiology. Krohn
et al. (22) have observed a correlation between the occurrence
of deliveries before 34 weeks of gestation and the concentra-
tion of B. fragilis rods in vaginal discharge. Germain et al. (15)
correlated the presence of B. fragilis strains with the low birth
weight of neonates born preterm. This suggests that the intra-
uterine development of the fetus is influenced by this micro-
organism. As a matter of fact, in studies with animal models it
appeared that administration of B. fragilis endotoxin resulted
in newborns with low birth weights (1).

Recently, a new virulence factor of B. fragilis was described.
A protein with an estimated molecular mass of 20 kDa dis-

playing enterotoxigenic properties was identified (32). At first,
the pathogenicity of so-called enterotoxigenic B. fragilis
(ETBF) was connected with the gastrointestinal tract only (34,
43). More recently, isolates were also reported to be recovered
from clinical specimens other than the gastrointestinal tract
(19, 28–31). It seems that strains possessing the novel entero-
toxigenic property may play a significant role in sepsis (19),
although this is still controversial (33). The complete 1,191-
nucleotide-long coding sequence of the metalloprotease en-
terotoxin was recently determined (21).

An epidemiological aspect of B. fragilis infection is that it can
be acquired in the hospital (16, 29), although infections caused
by this microorganism are often defined as endogenous. Elhag
and Senthilselvan (12) claim that B. fragilis may live freely in
the hospital environment and infect patients. Myers et al. (34)
suggest that tap water contaminated with municipal sewage is
a possible source of infection. Also, Domingues et al. (9) claim
that B. fragilis infections may have an external source. How-
ever, little is still known about the human carriage of ETBF
and its clinical relevance.

We have set out to determine the B. fragilis carriage rate in
a large group of pregnant women attending a gynecology de-
partment in the Medical Academy Hospital in Warsaw, Po-
land. In order to assess the medical relevance of enterotoxin
production among the strains, all isolates of B. fragilis were
assayed by monitoring cythopathologic effects on cell cultures
and by a newly developed PCR test for detection of the met-
alloprotease toxin gene. Another aim of the present study was
to genetically compare strains of B. fragilis isolated from the
women’s genitourinary tracts.

MATERIALS AND METHODS

Study group. A total of 120 women (age range, 18 to 40 years) were admitted
for delivery (at term) to the Second Clinic of Obstetrics and Gynecology (Med-
ical Academy Hospital, Warsaw) and were examined for B. fragilis carriage in the
vagina. Samples were taken during the first stage of labor. The sampling lasted
from January to May 1991 (23). All women were in good health and remained in
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the hospital for 4 to 5 days. All children were born without infectious complica-
tions.

Clinical material and reference strains. Vaginal swabs were taken with com-
mercially available cotton tips, and the material was stored in the accompanying
transport medium (Biomed, Cracow, Poland). Cultivation of the swabs for B.
fragilis was performed on brucella bile esculin selective medium containing gen-
tamicin within a period of 12 h after clinical sampling. The cultures were incu-
bated under anaerobic conditions by means of the Gasbox system (bioMerieux,
Marcy l’Etoile, France) at 37°C. The following B. fragilis isolates were included
in the study as reference strains: strains from the genitourinary systems of
females with miscellaneous pathologies isolated in our laboratory (strains 22, 44,
48, 49, 54, and 60) (see Table 1 and Fig. 1), one strain isolated in 1977 from a
patient suffering from peritonitis (strain 210), international reference strains
(strains IPLE 323 and NCTC 11295), and two strains (strains BE17 and BE61)
from the private collection of the Free University Amsterdam (Amsterdam, The
Netherlands). Two additional strains (strains 101 and BRA1), isolated from the
vaginas of pregnant women, were included in the study. The biochemical iden-
tification of these latter two strains was aberrant but, although doubtful, indic-
ative of B. fragilis.

Strain identification. Isolates were identified to the species level on the basis
of the biochemical tests available in the Rapid 32A assay (bioMerieux). Suscep-
tibility to metronidazole was determined by the agar dilution method according
to the recommendations of the National Committee for Clinical Laboratory
Standards. Production of the enterotoxin was determined phenotypically on an
HT29/C1 cell line by the method described elsewhere (48). PCR-mediated de-
tection of the toxin gene is described separately below.

DNA isolation. The B. fragilis strains were cultured for 24 h in liquid brain
heart infusion medium. The culture was centrifuged at 4,000 3 g for 20 min, and
bacterial pellets were processed for DNA extraction and purification with gua-
nidine isothiocyanate and Celite affinity chromatography (3).

AP-PCR and PCR ribotyping. PCR-mediated typing of the strains was per-
formed essentially as described previously (27). Primers ERIC1 and ERIC2
(enterobacterial repetitive intergenic consensus) were used separately and in
combination (46). One additional primer, primer AP7, was used to confirm the
findings obtained with the ERIC primers. The sequence of AP7 primer was
59-GTGGATGCGA-39. Variations in the lengths of the ribosomal intergenic
spacer regions were analyzed by use of the SP1 primer (specific for the 16S rRNA
gene) and the SP2 primer (specific for the 23S rRNA gene) by protocols de-
scribed previously (7, 27). Forty-cycle PCR programs were applied. For arbi-
trarily primed PCR (AP-PCR) the following PCR program was used: 1 min at
94°C, 2 min at 25°C, and 2 min at 74°C. For the ribotyping the PCR machines
were programmed as follows: 1 min at 94°C, 1 min at 55°C, and 1 min 74°C, with
SP1 and SP2 primers. After 1% agarose gel electrophoresis in TBE (Tris-borate-
EDTA) buffer, the banding patterns were visualized on a UV transilluminator.
Any different banding pattern, even those differing by a single DNA fragment,
was marked with a separate capital letter.

PCR-mediated detection of the enterotoxin gene. Several potential PCR prim-
ers were designed on the basis of the nucleotide sequence described previously
(32). The sequences of these primers and the corresponding positions in the
partial metalloprotease gene sequence (32) are as follows: forward 1 primer
(59-GAGCCGAAGACGGTGTATGTGATTTGT-39), positions 1 to 27; for-
ward 2 primer (59-GAGAGAGAATTGGAAGTACTA-39), positions 30 to 50;
reverse 1 primer (59-TGCTCAGCGCCCAGTATATGACCTAGT-39), positions
401 to 429; reverse 2 primer (59-GGGATAAGTATCCAGTAAATGTAGCAT-
39), positions 455 to 481. None of the primers showed significant overlap with
sequences available through the GenBank database, and the order of the nucle-
otides corresponded to those obtained from data for the full sequence (21). The
forward and reverse primers were applied in all possible pairwise combinations
in order to establish the sensitivities of the tests. By using serially diluted DNA
from ETBF NCTC 11295, it was shown that the forward 1 primer plus the reverse
1 primer provided the most sensitive combination. Use of these primers allows
the forward 2 primer to be used as a confirmatory DNA probe. The combined
PCR-probe assay was studied for species specificity (see Table 2 for a survey of
all bacterial species and strains used). The assays thus developed were performed
in incubation volumes of 25 ml containing approximately 50 ng of DNA and 0.08
U of Taq polymerase. The PCR program consisted of the following combinations
of steps: 4 min at 94°C plus 40 cycles of 1 min at 94°C, 1 min at 52°C, and 1 min
at 74°C. Amplicons were detected by straightforward electrophoresis, the nature
of the amplicons was once again confirmed by probe hybridization.

RESULTS

A total of 120 swabs taken from the female genital tract were
examined, and eight strains of B. fragilis were isolated (inci-
dence, 6.6%). Only one of these vaginal isolates (isolate 131)
produced enterotoxin in the cytotoxicity assay with the
HT29/C1 cell line. Furthermore, a positive cytotoxicity result
was obtained with the reference strains (ATCC 43858, ATCC
43859, 86-5443-2-2, 3-101-5, and NCTC 11295) and with five
gastrointestinal isolates from our laboratory (isolates W1, W2,

32, 154, and 76D). The data provided by the newly developed
PCR test were completely concordant with the observed cyto-
toxicity (Table 1). Furthermore, the DNA in the combined
PCR probe test did not cross-react with DNA isolated from
any of the species mentioned in Table 2. In the exceptional
case that an amplicon of a different size was synthesized, prob-
ing confirmed the aberrant nature of these probably aspecifi-
cally amplified products. All strains exhibited susceptibility to
metronidazole (MICs, less than 2 g/liter). Only strain NCTC
11295 exhibited growth in the presence of metronidazole at a
concentration of 32 g/liter.

All strains of B. fragilis isolated from the female genital tract
were compared by genetic methods. Two strains from the B.
fragilis group (strains BRA1 and 101) presented biochemical
characteristics which were similar to those of genuine B. fragilis
species. These two aberrant strains were also included in the
genetic study. Random primers ERIC1 and ERIC2 were used
for typing by AP-PCR, but amplification with these primers
separately did not allow for the differentiation of any of the B.
fragilis strains; identical banding patterns were obtained upon
electrophoresis. Only when a combination of the primers
ERIC1-ERIC2 was used could the strains be differentiated,
although most strains could still not be separated on a genetic
basis (Table 1). Apparently, PCR with ERIC primers is quite
unrevealing for B. fragilis. No major differences between DNA
banding patterns were observed; only limited diversity could be
visualized (types A1 through A4; Fig. 1 and Table 1). Strains
101 and BRA1, the ones not belonging to the B. fragilis species
according to their biochemical tests, had very distinct banding
patterns and were classified patterns B and C, respectively.
AP-PCR with primer AP7 more clearly resolved the B. fragilis
strains. Among the gynecological isolates, five distinct geno-
types could be defined. Ribotyping by PCR did not provide
additional resolution, but it did confirm the classification based
on AP7-mediated AP-PCR. The 14 strains from gynecological
sites were subdivided into six different overall PCR types (by
AP-PCR plus PCR ribotyping; Table 1).

The B. fragilis strains could be divided into seven different
overall DNA types. A total of 5 of 14 strains isolated from
female genital tract were classified as overall type I. Four of
these strains were isolated from the vaginas of pregnant
women, and one was isolated from the vagina of a nonpregnant
woman with clinical symptoms of vaginitis. Four strains were
classified as type V, which was also established for reference
strain IPLE 323. Two strains were isolated from pregnant
women, and the other two were isolated from nonpregnant
women, one of whom had vaginitis and the other one of whom
present with an abscess of the uterine adnexa. One strain
isolated from a pregnant woman belonged to type IV and was
identical to our earlier isolate 210. Two other strains isolated
from pus (from a patient with an abscess of the uterine adnexa
and a patient with vaginitis) were classified as type VII. Strains
belonging to type VII were not isolated from pregnant women.
One strain was enterotoxigenic and presented unique DNA
fingerprints (Table 1).

DISCUSSION

To our knowledge only a few studies have determined the
incidence of vaginal B. fragilis carriage in prepartal and non-
pregnant women (24, 26). In the study by Levinson et al. (25)
no B. fragilis was detected, whereas Lindner et al. (26) encoun-
tered unspecified Bacteroides spp. in 4% of healthy women.
The latter microbiologists defined similar carriage rates in
pregnant women, but in cases of cervicitis the frequency of
Bacteroides spp. detection rose to 27 to 28%. However, the
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epidemiological aspects of B. fragilis transmission are still
largely unknown. B. fragilis strains isolated from the genital
tracts of healthy pregnant women and strains isolated from
patients with various gynecological and obstetrical pathologies
were examined in the present study. Many investigators have
paid attention to phenotypic differentiation among strains (12).
Our intention was to compare strains isolated from pregnant
women attending a large medical center by the use of AP-PCR
and ribotyping by PCR.

Studies describing the molecular subtyping of B. fragilis are
sparse: the most recent review on the subject, dating back to
1992, proclaims that besides serological assays, exploration of
the newer molecular biology-based techniques is mandatory
(44). The recent availability of various monoclonal antibodies
recognizing capsular antigens shows interisolate degrees of
variability too extensive to be helpful in typing studies (38).
More recently, the first DNA typing studies were presented.
However, on the basis of those studies, in which intergenic
ribosomal spacer analysis (7, 27), ribotyping combined with
insertion element mapping (41), or AP-PCR (8, 27, 41) was
used, no guidelines for molecular typing could be deduced.
Moreover, the AP-PCR assays used by other investigators were
performed with primers different from those that we used. For
these reasons we suggest that at present the application of at
least two different typing methods in combination generates
epidemiologically valid molecular data, as confirmed by an

earlier study from our laboratories (27). On the basis of band-
ing patterns, we have divided all strains into 10 types. The use
of the combination of the ERIC1 and ERIC2 primers has
allowed us to confirm that strains 101 and BRA1 do not belong
to the B. fragilis species. This is based on the fact that the DNA
banding patterns were different to a very large extent. The
largest group having homologous banding patterns was group
I, which consisted of five strains. These strains were similar
enough to be recognized as a single clonal type. Two strains
(strains 241 and 301), isolated from healthy pregnant women,
belong to type V. Strains of this type were also isolated from a
patient with an adnexal abscess and a patient with vaginitis.
Particularly interesting was the isolation of ETBF strains from
the female genital tract. To our knowledge the present report
highlights the first examples of colonization of the female gen-
ital tract by ETBF. One of 14 genital tract isolates presented
with enterotoxigenic activity against the HT29/C1 cell line. A
clear genetic difference was seen after application of the var-
ious AP-PCR primers.

Development of a PCR assay for the detection of the en-
terotoxin gene was straightforward; the primer probe combi-
nation deduced from the primary sequence of the metallopro-
tease gene appeared to be highly specific. In order to more
specifically define the reliability of our new PCR test, a number
of additional ETBF strains were assayed (data not shown).
Reference strains ATCC 43858, ATCC 43859, 86-5443-2-2,

TABLE 1. Genetic and phenotypic analysis of B. fragilis strains of different origins

Strain group and no.
Type by the following test: Overall DNA

typeb
Metronidazole
susceptibilityc

Presence of enterotoxin

ERIC1-ERIC2 PCRa AP7 PCR Ribosomal spacer In tissue culture By PCR

Strains isolated from vaginas
of pregnant women

99 A A A I S 2 2
107 A A A I S 2 2
131 A C A II S 1 1
227 A A A I S 2 2
229 A D C IV S 2 2
241 A1 E C V S 2 2
297 A A A I S 2 2
301 A2 E C V S 2 2

Strains involved in diverse
gynecological pathologiesd

22 A A C VI S 2 2
44 A A C VI S 2 2
48 A E C V S 2 2
49 A3 G A VII S 2 2
54 A E C V S 2 2
60 A A A I S 2 2

Other strains
210 A3 D NDe IV S 2 2
IPLE323 A E C V S 2 2
B17 A A A I S 2 2
B61 A4 G C VII S 2 2
NCTC11295 A H D VIII R 1 1

Strains from B. fragilis group
BRA1 C F ND IX S 2 2
101 B B B III S 2 2

a The subtypes obtained by ERIC1-ERIC2 AP-PCR indicated by a numeral; patterns A1 through A4 differ by a single band of low-intensity staining.
b The overall DNA type is a summary of data obtained by AP-PCR and ribotyping by PCR in which the individual typing characteristics have been combined into

a single digit.
c S, susceptible; R, resistant.
d Pathologies varied from colpitis and Bartholin’s glands abscess to wounds to vaginitis.
e ND, not determined.
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W1, W2, 32, 154, and 76D, all of which were sensitive to
metronidazole, clearly tested positive by the cytotoxicity test
and PCR. Interestingly, a similar PCR was recently described
by Japanese researchers (20). They used an upstream primer
that was similar to ours but chose a downstream primer from
a different location. Although those investigators did not re-
port the results of specificity testing, they suggested that the
presence of the enterotoxin gene predisposes a strain to suc-
cessful infection of blood. Apparently, the enterotoxin func-
tions as a virulence factor that contributes to penetration into
vessels or prolonged survival in the circulation, an issue that
deserves additional study. In light of recent reports on the high
carriage rates of ETBF among Italian adults and children (39)
and our current data, the role of the enterotoxin in various
other disease processes may be a relevant issue for further
study. Genetic studies of the metalloprotease locus provided

intriguing additional data. Preliminary analysis of neighboring
open reading frames revealed the hidden presence of another
gene which potentially encodes a cobra cytotoxin-type protein
molecule (21). The activity of this protein is still unidentified,
but it might be interesting and potentially clinically relevant to
study the expression of the gene and the toxic activity of its
product as well.

Because reference strain NCTC 11295 is known to be resis-
tant to metronidazole (17) and is also an enterotoxin producer
(42a), we have examined all strains in order to obtain an
answer to the question of whether there is a general relation-
ship between enterotoxin production and resistance to metro-
nidazole. We were not able to demonstrate such a relationship.
All Polish B. fragilis strains including the single ETBF strain
were susceptible to 2 g of metronidazole per liter.

The present results lead us to state that strains of ETBF
isolated from the female genital tract are apparently poly-
clonal, although the number of strains tested is too limited to
allow us to draw general conclusions. Among the nonentero-
toxigenic strains, however, clonal relationships can be ob-
served; overall, types I and V occur relatively frequently. More
definite characterization of genetic variation among strains of
B. fragilis must be made available. This can be performed by
studying well-defined strains of B. fragilis by both molecular
and phenotypic typing protocols. Comparison of epidemiolog-
ical and typing data may ultimately define an optimal strategy
for the molecular typing of this particular anaerobic bacterial
species. Finally, determination of the clinical relevance of both
B. fragilis and ETBF carriage in the vagina requires additional
studies.
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FIG. 1. AP-PCR of ETBF strains from pregnant women and women suffer-
ing from diverse gynecological syndromes. The strain names are indicated above
the lanes and correspond to those given in Table 1. Only in the case of strain
NCTC 11295 was an aberrant identification given (laboratory number E9). The
results obtained with the ERIC1-ERIC2 combination (E1/E2) or the AP7 primer
are presented.

TABLE 2. Survey of bacterial species and isolates used for specificity analysis of the PCR probe test for the enterotoxin gene

Species or isolate

Acinetobacter anitratus Acinetobacter baumannii Acinetobacter Iwoffi
Bacillus circulans Bacteroides merdae Bacteroides ovatus
Bacteroides thetaiotomicron Bacteroides uniformis Bacteroides ureolyticus
Bacteroides vulgatus Burkholderia cepacia Citrobacter diversus
Citrobacter freundii Clostridium difficile toxin positive Clostridium difficile toxin negative
Clostridium perfringens Clostridium sporogenes Enterobacter cloacae
Enterococcus casselliflavus Enterococcus durans Enterococcus faecalis
Enterococcus faecium Enterococcus gallinarum Escherichia coli
Flavimonas oryzihabitans Fusobacterium mortiferum Fusobacterium necrophorum
Fusobacterium nucleatum Fusobacterium varium Haemophilus influenzae
Haemophilus parainfluenzae Hafnia alvei Klebsiella oxytoca
Klebsiella pneumoniae Lactobacillus spp. Listeria monocytogenes
Moraxella catarrhalis Morganella morganii Peptococcus asaccharolyticus
Peptostreptococcus anaerobius Prevotella bivia Prevotella buccae
Prevotella intermedia Proteus mirabilis Proteus vulgaris
Providencia rettgeri Pseudomonas aeruginosa Pseudomonas fluorescens
Pseudomonas putrefaciens Rhodococcus equi Salmonella enteritidis
Salmonella typhimurium Serratia liquefaciens Serratia marcescens
Staphylococcus aureus Staphylococcus epidermidis Staphylococcus haemolyticus
Staphylococcus hominis Staphylococcus saprophyticus Staphylococcus simulans
Staphylococcus warneri Stenotrophomonas maltophilia Streptococcus bovis
Streptococcus spp. group A (b-hemolytic) Streptococcus spp. group B (b-hemolytic) Streptococcus spp. group C (b-hemolytic)
Streptococcus spp. group F (b-hemolytic) Streptococcus spp. group G (b-hemolytic) Streptococcus pneumoniae
Veillonella parvula Viridans group streptocci
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