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Bacteroides fragilis group is the most frequently isolated pathogenic
anaerobes with potent virulence determinants such as the ability to
produce biofilm and presence of polysaccharides capsules which are

responsible for the abscess formation. Enzymes such as beta- lactamase
and neuraminidase are also implicated as virulence factors. The main
B fragilis group, beta-lactamse, biofilm, aim of this study was to evaluate the virulence factors possessed by B
capsule,  neuraminidase,  virulence fragilis group isolated from clinical samples. The study was conducted
factors. in a tertiary care hospital in South Karnataka, India. A total of 72
strains isolated from various clinical samples were included in the
study and tested for virulence factors and biofilm formation. Strains
displaying encapsulation, beta-lactamase and neuraminidase enzymes
were 75%, 77.7%, 69.4% respectively. Out of the 72 strains 73.6%
were strong biofilm producers. In conclusion: The members of B
fragilis group possess many virulence factors which may contribute
towards its pathogenicity.
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Introduction:-

Bacteroides fragilis group, a non-sporing, non-motile, gram negative bacilli and an obligate anaerobe is the most
frequently encountered organism with high pathogenic potential. (Soki et al., 2016) Due to its ability to produce
diverse infections and frequent distribution as normal flora in various mucocutaneous sites, they are accounting 60-
80% of the anaerobic infection. (Antony, 2016; Barlett, 2017)

They are known to produce many virulence factors. In the recent past, increased incidence of antimicrobial
resistance was reported around the globe. The polysaccharide capsule is a virulence determinant which acts as
defense against phagocytosis and responsible for the abscess formation. (Nakano and Avila Campos, 2004; Reis et
al., 2014) Untreated abscess can cause obstructions and later disseminate resulting in bacteremia. (Wexler, 2007)

It has been widely accepted that anaerobes produce enzymes such as beta lactamase that could inactivate penicillins,
cephalosporinases that inactivates cephalosporins.(Livemore and Brown, 2001) Other enzymes such as
neuraminidase, protease, hyaluronidase, chondratinsulfatase, gelatinase, collagenase, fibrinolysin, lecithinase , lipase
secreted by some anaerobes have significant involvement in the process of infection and contributes to its
pathogenic potential. (Wexler 2007; Duerden, 1994; Nagmoti, 2014; Moncla et al.,1990)
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Biofilm represents multicellular sessile growth which can colonize and adhere to surface of mucous membrane and
other inert medical devices such as urine catheter and central line catheter which initiates infections. (De A et al.,
2017, Bunyan et al., 2017) Demonstration for biofilm production has been seen in many bacteria and it has become
the universal feature of bacteria. (Lemon et al., 2003)

The present study investigates the virulence factors and biofilm formation of B fragilis group isolated from various
clinical samples.

Materials & Method:-

The present cross-sectional study was conducted for a duration of two years starting from January 2017 to December
2018 in a tertiary care hospital in Mangalore, coastal Karnataka, South India. Various clinical samples suggestive of
B fragilis group infections such as intra-abdominal infection, deep seated abscesses, female genitourinal tract were
collected from patients of all age groups. The samples were inoculated in Robertson Cooked Meat Medium (RCM)
and transported to microbiology laboratory for further investigation. The study was approved by Institutional Ethics
Committee (FMMC/FMIEC/4229/2017). Demographic details of patients were taken from the medical records.

Characterisation of B fragilis group

All the samples transported in RCM were incubated at temperature of 37°C for 24 hours. After incubation the
samples were sub cultured from RCM onto anaerobic media such as Neomycin Blood agar (NBA) and selective agar
for B fragilis group, Bacteroides Bile Esculin Agar (BBE) (HiMedia Laboratories Pvt. Limited, India).
Metronidazole disc 5ug was included on each plate for presumptive identification. The sub cultured plates were
incubated in a transparent, BD Gaspak anaerobic jar using commercially available BD GasPak™ Gas Generating
Sachet (Beckton-Dickinson and Co, USA) to create anaerobic environment at a temperature of 37°C for 48-72 hours.
Characterization of the isolates was performed by standard conventional biochemical test as per Wadsworth-KTL
Manual for Anaerobic Bacteriology. ( Jousimies-Somer et al., 2002)

Small, circular, black colonies of 1mm size on BBE showing pleomorphic gram-negative bacilli by gram stain will
be presumptively identified as Bacteroides spp except B. vulgatus which does not hydrolyze esculin and do not form
black colonies.

Special potency discs such as (Vancomycin (5ug), Kanamycin (1000ug) and Colistin (10ug)) were used for
grouping i.e. B fragilis is resistant to all the 3 discs. Biochemical tests which includes growth in 20% bile, catalase
test, indole test, esculin hydrolysis and sugar fermentation such as glucose, sucrose, lactose, maltose, rhamnose,
trehalose, mannitol, arabinose, xylose, cellobiose for speciation.

Demonstration of Virulence Factor

a. Capsule detection by Dry India Ink method:

Encapsulated strains were detected by using dry India Ink method. (Cruickshank et al., 1965) Briefly a colony was
emulsified in a drop of 6% dextrose solution mixed with India Ink on a clean slide. A thin film was made with the
help of another slide. The slide was allowed to dry without blotting or heating and stained with 1% crystal violet for
1 min. It was gently rinsed with water and allowed to air dry and observed under oil-immersion objective (100x) in
the microscope. A distinct clear zone of at least half the width of bacterial cell surrounding the entire cell
circumference of over 50% of the organism are considered as encapsulated strains.

b. Beta-lactamase detection by Cefinase / Nitrocefin disk:

Commercially available Nitrocefin disk (Sigma-Aldrich, St.Louis, USA) — 6mm diameter filter paper discs
impregnated with chromogenic cephalosporin were used for the detection of beta-lactamase enzyme. The test was
performed according to manufacturer’s instructions. The disk was placed on a clean slide, moistened with one drop
of deionized water. A few colonies were smeared onto the surface of the disk using sterile applicator stick. The
development of red color on the smeared area indicates the presence of beta lactamase enzyme resulting in
resistance to penicillin or cephalosporin activity. (Livermore and Brown., 2001)

c. Detection of neuraminidase by filter paper spot test:

The reagent 2’-(4-methulumbelliferyl)-a-D-N-acetylneuraminic acid (Sigma-Aldrich Chemicals Pvt. India) was
prepared in distilled water at a concentration of 110umol/ml. It was stored frozen in 180 volume until use. The
stock solution was thawed and 20ul of a 1.0-mol/liter sodium acetate buffer (pH 4.6) was added and poured in a
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petri dish. The filter paper (approximately 60 by 6mm) (No2; Whatman, Inc., Clifton) was moistened with the
solution and spotted with one or two colonies, and incubated at 37°C for 15 mins. The filter paper was examined
using Woodpecker light cure unit 2300mw/cm (385-515nm) (Healthtech Engineer Pvt Ltd, India). The enzyme
activity will be observed as a fluorescent spot on the filter paper. (Moncla et al.,1990)

d. Quantitative biofilm formation assay

Quantitative biofilm formation assay procedure was followed as described by Donelli et al, 2012. Pure cultures
maintained in Brucella Blood Agar (BrBA) were suspended in pre reduced Brain Heart Infusion (BHI) broth and
incubated anaerobically for 72 hours. Turbidity of culture broth was adjusted to 0.5 McFarland standard. 20pl of
culture broth and 180ul fresh BHI broth containing 1% glucose were transferred each well of flat-bottomed plastic
tissue culture plates (Himedia Laboratories, India) in triplicate. Fresh BHI with 1% glucose was used as negative
control. The plates were covered with a lid and incubated anaerobically for 48hrs at 37°C and washed three times
with 200 ul Phosphate Buffer Solution (PBS). After drying for 1 hour at 60°C, it was stained with 150ul of 2%
Hucker’s crystal violet for 5 min. The plate was rinsed off gently with water to drain the excess stain and left
overnight for drying. The dye was solubilized with 150l of 30% (v/v) glacial acetic acid. Using microplate reader
model 680 (Biorad Laboratories, India) optical density of the wells were measured at 570nm. The results were
interpreted according to the criteria given by Stephanovic et al,2000.

The cut-off OD (ODc) is defined as three standard deviations above the mean OD of the negative control. The stains
were categorized by strength of adherence based on OD values.: nonadherent (OD <ODc), weakly adherent (ODc <
OD < 2x0Dc), moderately adherent (2xODc < OD < 4xODc), and strongly adherent (4xODc < OD) (Stephanovic et
al.2000)

Statistical analysis
The results were analyzed by frequency distribution and chi-square using SPSS 22 version statistical software. In all
cases p value > 0.05 was considered significant.

Results:-

A total of 72 strains of B fragilis group were isolated from [pus 25(34.7%), high vaginal swab 26 (36.1%), blood
and body fluid 6 (8.3%), wound swab 14(19.4%)] were characterized using standard biochemical reactions. B
fragilis is the most common isolates in this study 37 (51.4%).

Among the 72 strains tested for virulence factors, 54 (75%) were encapsulated isolates and presence of beta-
lactamase and neuraminidase were 56 (77.7%) and 50 (69.4%) respectively. The results are shown in table 1. In
vitro quantitative biofilm investigation was done based on their ability of adherence and relative results are given in
table 2.

Discussion:-

B fragilis group is an opportunistic obligate anaerobe that occurs as normal flora which cause endogenous infection.
B fragilis is reported as the most frequent isolate among the members of the group with maximum virulence
potential. Virulence factors are components or molecules synthesized by the bacteria to contribute to its
pathogenicity and cause infections. Among the virulence factors, the polysaccharide capsule occupies the outer most
layer and acts as the first line of defense against phagocytosis. (Rendueles, 2017) Various investigators could
successfully induce abscess formation in experimental animals using B fragilis capsule. (Conye et al., 2000,
Tzianaboz et al., 2000)

In addition, Tzianaboz et al., 2000 could demonstrate development of antibodies preventing abscess formation by
systematic capsular injections. A study reported a particular capsular polysaccharides (CPS5) was found in human
samples which can produce multiple capsule types to survive antibiotic therapy. (Porter et al.,2017) In our study 54
(74%) strains produced capsule.

As documented in literature, enzymes particularly beta-lactamase including penicillinases, cephalosporinases and
the metallo-beta-lactamases were responsible for resistance to beta lactam agents (Tally, 1979). These enzymes were
commonly found in all Bacteroides species (Livermore and Brown, 2001) Other mechanism such as changes in
penicillin binding protein and outer membrane permeability to beta-lactams were also reported.(Wexler, 1991,
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Edward et al., 1997) Even though some investigators reported beta-lactamase production in a range of 96-99%
(Aldridge et al.,2001. Fernandes-Canigia et al.,2012) and our results showed only 77.7%. This might be due to the
inclusion of comparatively smaller number of isolates.

Bacteroides species utilizes indigestible polysaccharides that are composed of complex sugars including N-acetyl-
D-glucosamine and N-acetylneuraminic acids. The production of neuraminidase can cause infection. (Yamamoto et
al., 2018). Moncla et al., 1990 reported that sialidase enzyme was detected in 94% of the strains whereas in this
study only 69.4% produced neuraminidase. In the present study, stock cultures which was collected for a period of 1
year has been employed. Geographical distribution, whether or technical short comings are responsible for the
decreasing incidence of positivity to be ruled out by studying larger number of cases.

Bacterial biofilm producers protect itself from host immune defenses and mildly responds to antimicrobial therapy.
Studies report that biofilm provides refuge for cancerous bacteria. As reported by Dejea et al.,2018 B fragilis toxin
(bft) causes to stimulate release of IL-17, leading to immune cell infiltration and colon inflammation in patient with
familial adenomatous polyposis (FAP) (Dejea et al.,2018, Dickson, 2018) Another study reports 83.9% of B fragilis
isolates from women with BV, were strong biofilm producers and 16.1% were moderate biofilm producer. (Bunyan
etal.,2017)

Table 1:-Detail of virulence factors detected in B fragilis (72 strains)

Virulence factors Interpretation
Positive Negative
1. | Capsule 54(75%) 18(25%)
2 | Beta lactamase 56(77.7%) 16(22.2%)
3 | Neuraminidase 50 (69.4%) 22(30.5%)
Table 2:-Analysis of Biofilm production by B fragilis group (72 strains)
Biofilm
Species No of | Strong Moderate | Weak Non P value
strains producers | producers | producers | producers
tested
B fragilis 37 30 7 0 0
(41.7%) (9.5%)
B theitaiotamicron 16 11 3 1 1 0.018
(15.3%) (4.2%) (1.4%) (1.4%)
B ovatus 12 8 0 2 2
(11.1%) (2.8%) (2.8%)
B distansonis 5 3 1 - 1
(4.1%) (1.4%) (1.4%)
B vulgatus 2 1 - 1 -
(1.4%) (1.4%)
Total 72 53 11 4 4
100% 73.6% 15.3% 5.6% 5.6%
Conclusion:-

On the bases of data obtained in this investigation, B fragilis group tends to expresses many virulence factors and
which enable them to be potent virulent pathogen.
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