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Virulence Markers and Antimicrobial Susceptibility of Bacteria of
the Bacteroides fragilis Group Isolated from Stool of Children with
Diarrhea in Sdo Paulo, Brazil

Viviane Nakano™™, Mario J Avila-Campos™

Laboratdrio de Anaerdbios, Departamento de Microbiologia, Instituto de Ciéncias Biomédi cas, Universidade de S&o Paulo,
Av. Prof. Lineu Prestes 1524, 05508-900 S&o Paulo, SP, Brasil

Bacteroides fragilis has been isolated from several human and non-human monomicrobial and mixed infections.
In this study, some virulence markers and the antimicrobial susceptibility of bacteria of the B. fragilis group isolated
from children’s stools were evaluated. All the 64 isolates showed the following characteristics: capsulated, 3-
hemolytic, hydrophilic, and serum-resistant. Only, 24 (37.5%) strains were resistant at 60°C, for 30 min, and among
them, 12 (18.75%) were resistant at 60°C, for 60 min. Also, none strain was resistant at 100°C. Four strains were
able to hemagglutinate erythrocytes and D-mannose, D-galactose, D-arabinose, and D-xylose inhibited hemagglu-
tination in 2 B. fragilis strains (p76a, p76b). The hemagglutination in the strain B. uniformis p3-2 was inhibited by
D-xylose and D-galactose. The bft gene detection and the enterotoxin production were observed only in 13 EF-
enterotoxigenic species. Fragilysin activity was confirmed on HT-29 cells. The antimicrobial determination con-
firmed that both imipenem and metronidazol e were efficient against B. fragilis species; all the strains were resistant
to lead and nickel. Plasmids of 2.9, 4.4, 4.8, and 8.9 kb were observed in 6 tested strains. These results show the
values of the species identification from clinical infections, as well as of the periodic evaluation of the resistance
patterns of the B. fragilis group at Brazilian medical institutions.
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Species of the genus Bacteroides are important con-
stituents of both human and animal intestinal microbiota,
achieving approximately 30% of the total of organisms
cultured from feces (Soki et a. 1999).

Bacteroidesfragilisisconsidered to be the most viru-
lent speciesin this genus due to its virulence factors and
its predominance in monomicrobial and mixed infections
such as brain, lung, intra-abdominal and intra-pelvic ab-
scesses, peritonitis, and sepsis. Some virulence factors
were noticed in B. fragilis such as adherence, hemaggl u-
tination, polysaccharide capsule, fimbriage, aswell as anti-
biotic and metal ion resistances (Gorbach & Bartlett 1974,
Duerden 1980).

B. fragilis also produces an enterotoxin (ETBF) that
causesdiarrheain animalsand it has been associated with
diarrheain human beings (Myerset al. 1984). Thisextra-
cellular toxin has been characterized as aheat-labile zinc-
metalloprotease of approximately 20 kDaand it residesas
apro-toxinin the periplasmic space (Moncrief et al. 1995).
The bft chromosomal gene, which has been isolated and
sequenced, encodesthetoxin named fragilysin. It hasbeen
observed atoxin activity against tight junction proteins,
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disrupting the intestinal epithelial barrier and causing
morphologic alterations such asloss of cell-to-cell attach-
ment, rounding, apparent swelling, and pyknosis. More-
over, this fragilysin produces the hydrolysis of gelatin,
actin, azocoll, tropomosin, and fibrinogen (Koshy et al.
1996, Franco et al. 1997, Kato et al. 2000).

In the present study, bacteria of the B. fragilis group
isolated from stool samplesof children with diarrheawere
evaluated to detect putative virulence factorsin vitro such
as capsule, temperature and serum resistance, hemolytic
activity, hemagglutination, hydrophobicity, antibiotic and
metal susceptibility, and plasmid detection; the presence
of the bft gene and the fragilysin production were also
detected.

MATERIALSAND METHODS

Bacterial strains- Clinical isolateswere obtained from
diarrheastool samples collected from April to December
2000 in 2 child hospitals of S&o Paulo, Brazil (Hospital
Menino Jesus and Instituto da Crianga do Hospital das
Clinicas). A total of 64 strainsof the B. fragilisgroup were
isolated from the intestinal microbiotaof 15 childrenwith
diarrhea (rangesfrom 2 monthsold to 6 yearsold). Bacte-
riawere isolated and identified at the Anaerobe Labora-
tory, Department of Microbiology, University of S&o Paulo.
Two positive enterotoxigenic B. fragiliSATCC 43858 and
GAI 97124, kindly provided by Dr AnnalisaPantosti (L abo-
ratory of Bacteriology and Medical Mycology, Institute
Superiore di Sanita, Rome, Italy) and by Dr Naoki Kato
(Institute of Anaerobic Bacteriology, Gifu University
School of Medicine, Gifu, Japan), respectively, were used
as positive control in the enterotoxin production assay.
Strainswere stored in 10% skim milk at —-80°C. The Ethic
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Commission of the hospitals and of the Instituto de
CiénciasBiomédicas, USP (Parecer 158/CEP) approved this
study.

Capsule detection - Capsules were detected by using
aHissstain with modifications(Namavar et al. 1991). Each
isolate was anaerobically grown in peptone-yeast extract
(PY) with 1% glucose. A drop of 24-h-bacterial-suspen-
sion was deposited on amicroscopeslide, and it wasfixed
with methyl alcohol (100%), for 1 min. Then, it was cov-
ered with crystal violet and heated until vapor emission.
Each slide was washed with 20% (w/v) of copper sulfate
and allowed to air-dry. Capsulewasidentified under light
microscopy (100X) through verification of a clear area
around the bacteria.

Temperature resistance - Strainswere grown in brain
heart infusion broth (BHI, Oxoid), supplemented with yeast
extract (0.5%) in anaerobiosis conditions (90% N,/10%
CO,), at 37°C, for 48 h; aliquots of 0.1 ml wereinoculated
in 5 ml of fresh BHI medium and then incubated in water
bath at 60°C, for 30 min, and afterwardsfor 1 h, and also at
100°C, for 1,5,and 10 min (Holdeman et a. 1977). After the
period of incubation, the tubes were incubated under
anaerobiosis, at 37°C, for 48 h. Bacterial growth wasinter-
preted as a heat-resistance. An inoculated BHI broth, not
exposed at heat, was used as control.

Hemolytic activity - The hemolysin production was
performed on trypticase soy agar (TSA, Oxoid) enriched
with horse blood (5%) (Avila-Campos 1995). The strains
weregrown in BHI broth supplemented with yeast extract
(0.5%) and incubated in anaerobiosis, at 37°C, for 48 h.
Plates were inoculated in duplicate by using a Steer’s
replicator, with agiven final inocula of ca. 10° cfu/spot,
and then incubated at 37°C, for 48 h. The hemolytic activ-
ity wasidentified through the verification of aclear zone
around the bacterial growth.

Serumresistance - Serum resistance was tested using
human and horse sera (Namavar et a. 1991). Each serum
was pooled, and aliquots of 1 ml were stored at —20°C.
Each strain grew for 24 h in BHI broth and they were
washed oncein 0.01 M of phosphate-buffered saline (PBS,
pH 7.4); then 1 ml (1.5x 108 cfu/ml) was mixed with 1 ml of
human (100%) or horse (100%) serum, and incubated in
anaerobiosis, at 37°C, during 4 h. Afterwards, 0.1 ml of
each mixture was removed and inocul ated on blood agar
with a Steer’s replicator (10° cfu/spot) and incubated in
anaerobiosis, at 37°C, for 48 h, for viable counts. 100% of
inactivated sera (56°C, 30 min) were used as control. A
total bacterial inhibition was considered susceptible to
serum.

Hemagglutination assays (HA) - Organisms were
grown in BHI broth, in anaerobiosis, for 24 h, at 37°C,
then harvested, pellet, and washed (10,000 g, 5 min) 3
times in PBS. The bacterial suspension was adjusted to
ca. 1.5x 108 cfu/ml (Vel et al. 1986). Human erythrocytes,
collected each week and stored at a concentration of 10%
(v/v), inAlsever’ssolution, from a23 year-old man, A Rh-
positive donor, were harvested and then washed 3 times
(600 g, 4°C, 5min) and finally resuspended at 1% in PBS.
HA was tested qualitatively by mixing 50 pl of bacterial
suspension with 50 pl of erythrocyte suspension in a 96-
well microtitre plate (V shaped). Two-fold seria dilutions
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of the bacterial suspension of afinal volume of 50 pil/well
were performed. Then, 50 pl erythrocytes were added to
each dilution and the plate was gently shaken, being in-
cubatedfirst at 37°C, for 1 h, and afterwards at 4°C, over-
night. Hemagglutination activity titers were expressed
through the reciprocal of the highest bacterial dilution
showing agglutination activity.

Hemagglutination assay inhibition (HAI) - The abil-
ity of D-arabinose, D-galactose, D-mannose and D-xy-
loseto inhibit hemagglutination was eval uated. Each car-
bohydrate was dissolved in 80 mM of PBS and then fil-
trated (0.45 mm, Millipore). To each 9.9 ml of each carbo-
hydrate solution it was added 0.1 ml of washed erythro-
cytes. TheHAI was qualitatively performed by mixing 50
I of bacterial suspensionwith 50 pl of erythrocytestreated
with each carbohydrate suspension. Two-fold serial dilu-
tions of the bacterial suspension of afinal volume of 50
pl/well were performed. Then, 50 pl of erythrocytestreated
with carbohydrate were added and the plate was gently
shaken, incubated (37°C, 1 h), and then at 4°C, overnight.
Erythrocytestreated with sugar and mixed with PBSwere
used as negative control.

Hydrophobicity (Hp) - The hydrophobicity of the
bacterial surface was measured through the interaction
with hexadecane (Rosenberg et al. 1981). Strainsgrownin
BHI broth for 24 h, at 37°C, were washed three timesin
phosphate-urea-magnesium buffer (PUM) and resus-
pended to ca. 1.5 x 108 bacteria/ml. Then, 3ml of bacterial
sugpension weremixed with 400 pl of n-hexadecane (Sigma
Chemical Co., US) and incubated at 30°C, for 10 min. After
the vortex and the separation of 2 phases, absorbance
(Assonm) Was determined. Hp values were expressed
through the percentage of bacteriarecovered in the aque-
ous phase. Percentage values > 50% were considered as
hydrophilic, and Hp < 50% as hydrophobic. These tests
were performedintriplicate.

Fragilysin activity - Bacterial supernatantswere used.
HT-29/C, cellsweregrowninflasksof 25 cm?with 5 ml of
Eagle’'s medium with glutamine (Gibco), supplemented
with penicillin (100 Ul/ml), streptomycin (100 pg/ml), and
inactivated fetal bovine serum (15%); then they werein-
cubated in air plus 5% CO,, at 37°C. These cells were
distributed (200 pl/well) into a96-micratitration plate (Corn-
ing, US), and they were allowed to grow during 2-3 days.
Before the assay, the medium was removed and 180 pl of
fresh medium without serum were added to each well, and
then 20 pl of supernatant were added in each well, in du-
plicate. The plate was incubated at 37°C, in air plus 5%
CO, and then examined after 3-4 h, period in which the
typical toxin-induced cytotoxic changes occur (Pantosti
etal. 1994).

Fragilysin gene detection (bft) - From 5 to 6 colonies
of each strain were suspended in 1 ml of Milli-Q water,
being homogenized and boiled for 10 min, and finally cen-
trifuged at 14,000 g, for 10 min. Supernatantswere used as
templates. The amplification reaction was performed by
using aspecific primer pair: 5 - GACGGT GTATGT GAT
TTGTCTGAGAGA-3 and5-ATCCCTAAGATTTTA
TTATCC CAA GTA -3 (Gibco BRL) (Pantosti et . 1997).
The polymerase chain reaction (PCR) was performedin a
final volume of 25 pl containing 2.5 ul of 10 X PCR buffer
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(Gibco), 1.25ul of MgCl, (1.5mM), 1l of dNTP (0.2 mM)
(Gibco), 0.25 pl of Tag DNA polymerase (0.5 U) (Gibco), 1
pl of each primer (0.4 mM), 8 ul of Milli Qwater and 10 pl
of DNA. Thethermocycler (Perkin ElImer Amp PCR Sys-
tem 2400) was programmed to: 1 cycle of 94°C (5 min),
followed by 35 cyclesof 94°C (1 min), 52°C (1 min), 72°C
(Imin) and 1 cycleof 72°C (5 min). Theamplified products
were analyzed by 1% agarose gel electrophoresis, stained
with 0.5 pg/ml of ethidium bromide (EtBr) and photo-
graphed by using a Kodak Digital Science System DC
120.

Antibiotic and metal susceptibility testing - An agar
dilution method by using a Wilkins-Chalgren agar was
used asreference (Sutter et al. 1979, Riley & Mee 1982).
The antibiotics used were: amoxicillin, ampicillin,
clindamycin, erythromycin, and tetracycline (Luper Ind.
Farm. Ltd., SP, Brazil), amoxicillin/clavulanic acid
(Smithkline Beecham Ltd., SP, Brazil), cefoxitin and
imipenem (Merck, Sharp & Dohme, SP, Brazil), penicillin G
(Prodoti Lab. Farm. Ltd., SP, Brazil), metronidazole (Aventis
Farm. Ltd., SP, Brazil). The metals used were: mercuric
chloride (HgCl,), silver nitrate (AgNO,), copper sulfate
(CuSO,) and nickel sulfate (NiSO,6H,0) (Labsynth Prod.
Lab. Ltd., SP, Brazil), cadmium sulfate (3CdSO,.8H,0) and
lead chloride (PbCl,) (Vetec QuimicaFinaltd., SP, Brazil).

Antibiotic and metal concentrationswere ranged from
0.25t0 512 pg/ml. Mediawithout antimicrobial swere used
ascontrol. Bacterial inoculawere standardized to ca. 1.5x
108 cfu/ml. Each plate was inoculated by using a Steers
replicator, with ca. 1.5 x 10° cfu/spot. All the plateswere
incubated in anaerobiosis, at 37°C, for 48 h. The minimal
inhibitory concentration (M1C) was defined asthe lowest
concentration of each antimicrobial agent able to inhibit
the macroscopic bacterial growth.

Plasmid detection - Plasmid DNA was extracted from
al tested strains by using a Concert™ Rapid Plasmid
Miniprep System (Gibco BRL) from all tested strains. The
DNA was analyzed by agarose gel electrophoresis. The
strain Escherichia coli J53 pACYC 184 was used as a
plasmid-positive control.

RESULTS

A total of 64 species of the B. fragilis group were
isolated from theintestinal microbiotaof 15 childrenwith
diarrhea: 26 B. fragilis; 13 enterotoxigenic B. fragilis; 8 B.
vulgatus; 6 B. uniformis; 6. B. distasonis; and 5 B. ovatus.

All B. fragilis presented a capsule and the following
characteristics: B-hemolytic, hydrophilic, and resistant to
human or horse serum. Variable datawere verified in the
temperature resistance and in the hemagglutination as-
say. Twenty-four (37.5%) were resistant at 60°C, for 30
min and, among them, only 12 (18.75%) were resistant at
60°C, for 60 min. None strain wasresistant at 100°C (Table
.

Four strainswere able to hemaggl utinate erythrocytes,
showing HA titersof 8 (B. uniformisp3-2, B. fragilisp3-3)
and 2 (B. fragilisp76a, p76b). Carbohydrates D-mannose,
D-galactose, D-arabinose, and D-xylose were ableto in-
hibit the hemagglutination of two B. fragilisstrains (p76a,
p76b). Thestrain B. uniformis p3-2 wasinhibited only by
D-xylose and by D-galactose. Moreover, none carbohy-
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TABLE |

Temperature resistance and plasmid profile in 64 Bacteroides
fragilis strainsisolated from children’s stool samples

Resistanceto 60°C  Plasmid profile
30min Bandnr kb

Species Strainnr 60 min
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ETBF: B. fragilis- enterotoxigenic

drate was able to inhibit the HA in the strain B. fragilis
p3-3.
The bft gene was detected only in 13 cytotoxic strains
and the enterotoxin production was confirmed by a mor-
phologic alteration in the HT-29/C; cells. All the ETBF
were isolated from diarrhea stools and they produced a
characteristic 294-bp band by PCR, and acytotoxic effect,
which wasvisible after 4 h, producing refringent-rounded
cellswith clear outlines and detached one from another.

The MIC values to antibiotics and metals for the 64
tested species are showed in Tables Il and 111, respec-
tively. All the strains showed 100% of resistance to lead
and nickel. Moreover, imipenem and metronidazole were
very actives against all strains.

Plasmids of low molecular weight were observedin 3
enterotoxigenic B. fragilis (4.4 kb), in 1 non-enterotoxigenic
B. fragilis (4.4 kb), in 1 non-enterotoxigenic B. fragilis
(2.9and4.8kb) andin 1 B. vulgatus (8.9 kb) (Tablel).

DISCUSSION

In this study, all the examined B. fragilis strains pos-
sessed a capsule, according to Kasper et a. (1977) and
Domingueset a. (1995). The capsular polysaccharide B.
fragilis acts as a protector against neutrophil phagocytes
and the complement bactericidal activity; it can produce
abscessesin animals (Lindberg & Weintraub 1985). More-
over, all the tested strains showed characteristics such as
[B-hemoalytic, hydrophilic, and human or horse serum re-
sistant, in accordance with Rotimi and Eke (1984), Oyston
and Handley (1990), and Namavar et al. (1991).

Bacterial capsulesare usually hydrophilic, contribut-
ing, therefore, to the low hydrophobicity of the cellular
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TABLE I
Antimicrobial activity and resistance rates of 10 antibiotics to 64 bacteria of the Bacteroides fragilis group

Breakpoint & MIC (ug/ml) (%)
Antibiotics pg/mi Range 50% 90% Resistance
Amoxicillin 8 4 -256 32 256 90.5
Amoxcillin/Clavulanic acid 8 <025- 64 8 32 40.5
Ampicillin 4 <0.25-256 16 256 92
Cefoxitin 16 <0.25-256 16 32 235
Clindamycin 8 <0.25-256 <025 256 345
Erythromycin 8 <0.25-256 256 256 97
Imipenem 16 <025 <0.25 <0.25 0
Metronidazole 16 <025- 4 <0.25 2 0
PenicillinG 8 1 -256 32 256 87.5
Tetracycline 8 <025- 32 16 16 515

a: breakpoints used from NCCL S (1997)

TABLE Il

Antimicrobial activity and resistance rates of six metalsto 64
bacteria of the Bacteroidesfragilisgroup

MIC (ug/ml) %

Metals & Range 50% 90% Resistance
HgCl, <025- 8 4 8 59
AgNO4 <025- 32 16 32 70
CusSO, <0.25-256 16 64 68.5
3Cds0,.8H,0 <0.25-128 16 128 68.5
PoCl, 64 —-<512 512 <512 100
NiSO,.6H,0 128 —-<512 512 <512 100

a: the breakpoint for all metalswas2 mg/ml (Avila-Camposet al.
1991). Susceptibility for B. fragilis ATCC 43858: HgCl, 4 pg/
ml; AgNO3 8 pg/ml; CuSO,, 32 pg/ml; 3CdSO,.8H,0, 16 pg/
ml; PbCl,, < 512 pg/ml and NiSO,.6H,0, < 512 pg/ml.
Susceptibility for B. fragilis GAI 97124: HgCl,, 4 pg/ml; AgNO4
0.5 pg/ml; CusSO,,, 8 ug/ml; 3CdSO,.8H,0, <0.25pg/ml; PoCl,,
<512 pg/ml and NiSO,.6H,0, 256 pg/ml

surface (Oyston & Handley 1990). In our study, it was not
observed any correlation between the presence of cap-
sule and hydrophobicity.

The serum bactericidal activity is perhaps the most
important host’s resistance factor against the systemic
bacterial invasion. Thus, the resistance of the B. fragilis
strain against human or horse seramay explain its patho-
genic potential in severeclinical infections (Rotimi & Eke
1984). Namavar et d. (1991) showed that avirulent B. fagilis
strains were more sensitive to serum than the virulent
ones, indicating that the complement iscrucial for killing
of avirulent strains.

Therefore, theresistance at 60°C, for 60 min, observed
in 12 tested strains, suggests an association with the pres-
enceof capsule. Four strains (B. uniformisp3-2; B. fragilis
p3-3; B. fragilisp76a; B. fragilis p76b) produced hemag-
glutination. Oyston and Handley (1990) detected differ-
ent hemagglutination patterns among B. fragilis strains,
and these differences were not observed in this study.
There was not any correlation between capsulation (as

seen with Hiss stain) and hemaggl utination in accordance
with Namavar et a. (1991). Moreover, D-mannose, D-ga-
lactose, D-arabinose or D-xylosewas abletoinhibit HA in
these organisms.

Domingues et a. (1991) analyzed 31 B. fragilis iso-
lated from intestinal microbiotaand other infections, and
they observed that 84.2% of clinical strainswere HA-posi-
tive. On the other hand, Oyston and Handley (1990) ob-
served that oneB. fragilis strain produced human or horse
erythrocytes agglutination, and 13 strains hemaggluti-
nated rabbit’s erythrocytes. These conflictive data about
HA in B. fragilis have been observed, however, it can be
suggested that adhesins or outer membrane proteins
could beresponsiblefor hemagglutination (Vel et a. 1986,
Oyston & Handley 1990).

By PCR, 13 ETBF showed a294-bp band and they al so
produced morphologic alterationsin the HT-29/C, cells.
PCR assay proved to be agood methodological choicein
the detection of fragilysin, due to its speed and ease of
reading. The evaluation of the enterotoxin activity by the
HT-29/C, cellsassay was successful. Studies have shown
that ETBF wererecovered in 3.1% from feces of immuno-
deficient children (Bressane et al. 2001) and in 2.1% in
children with diarrhea (Krzyzanowsky & Avila-Campos
2003). Moreover, Céceres et al. (2000) showed the pres-
enceof ETBFin 8.4% of Nicaraguan children.

Thisfragilysin produced rounded and refringent cells
with clear outlines and they were detached one from an-
other. In this study, al the 13 ETBF strainsisolated from
diarrhea stools produced a characteristic rounded of the
HT29/C, cells. Moreover, studies in vivo have showed
that ETBF produce an accumulation of sodium, chloride,
albumen, and protein. Despite of this fact, ETBF strains
have been considered as enteropathogensto children and
adults in several countries (Pantosti et al. 1994, 1997).
However, it seems to be too early to suggest that this
protease is a determinant factor of the B. fragilis inva-
siveness, and more studies are needed, according to
Ferreiraetd. (1999).

The bacteria of the B. fragilis group have been stud-
ied due to their pathogenic character and their resistance



to several antibiotics and heavy metals. All isolates were
resistant to lead and nickel. Studies have documented an
alarming and gradual increase of theresistanceto several
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