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ABSTRACT A novel Bacteroides fragilis selective (BFS) medium, consisting of a brain
heart infusion agar base supplemented with yeast extract, cysteine hydrochloride,
bile salts, vitamin K, hemin, glucose, esculin, ferric ammonium citrate, bromothymol
blue, gentamicin, kanamycin, and novobiocin, was evaluated. When BFS agar was
tested with a collection of 303 bacteria of different genera, it allowed the growth of
B. fragilis as large yellow colonies, with blackening of the medium after 48 h of an-
aerobic incubation, while the growth of most other anaerobes, facultative anaer-
obes, and aerobes was inhibited. In a prospective comparison of BFS agar with a
routinely used medium (neomycin blood agar) in 1,209 clinical specimens, 60 B. fra-
gilis bacteria were detected on BFS agar while 46 were detected on the routine agar
(McNemar's test, P = 0.008). In conclusion, this novel medium may be added to im-
prove the recovery of B. fragilis in clinical specimens and to facilitate surveillance of
antimicrobial-resistant strains.
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acteroides species colonize the human gut as commensals, but they can also cause

infections if translocated into the bloodstream or other tissues following disease, an
operation, or trauma (1, 2). In the genus Bacteroides, Bacteroides fragilis is regarded as
the most virulent species and has been implicated in various infections such as
intra-abdominal sepsis, deep-seated abscesses, and necrotizing skin and soft tissue
infections (2). In B. fragilis, emerging resistance to antibiotics is a big concern (3, 4).
Among isolates from large hospitals in the United States and Europe, resistance rates
for clindamycin and moxifloxacin are now >20% to 30% (3, 4). Currently, carbapenem
and metronidazole resistance rates among B. fragilis isolates from the United States and
Europe remain low (<1% to 2%) in general (3, 4). However, higher carbapenem
resistance rates have been reported by investigators from Taiwan (7% to 12%) (5),
Germany (4.9% to 5.3%) (1), and Canada (2.3% to 12.7%) (6), suggesting that this
resistance phenotype may be emerging in certain hotspots in those countries. Most
seriously, rare strains of multidrug-resistant B. fragilis with simultaneous resistance to
carbapenems and metronidazole have also been identified (7, 8).

In B. fragilis, two divisions (I and Il) have been identified by using matrix-assisted
laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) (9).
Metronidazole is administered as an inactive prodrug, and reduction of the nitro group
is required for activation to the active compounds. In B. fragilis, metronidazole resis-
tance is usually attributed to acquisition of the nitroimidazole resistance gene (nim),
encoding a nitroimidazole reductase which is presumed to modify metronidazole to an
inactive compound (10). The acquisition of carbapenem resistance usually correlates
with the activation of the carbapenemase gene, cfiA, in division Il strains by an
upstream insertion sequence (11). Most of the genetically characterized multidrug-
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resistant B. fragilis strains belong to division Il strains, and some investigators have
proposed to rename division Il strains as a new Bacteroides genomospecies (7, 10, 12).

Although MALDI-TOF MS has facilitated the identification of B. fragilis and its
subsequent differentiation into division | and Il strains, without a selective medium,
recognition of B. fragilis in mixed growth with other bacteria remains difficult (9, 13).
Surveillance for drug-resistant B. fragilis strains in various patient populations also
requires the availability of a selective and differential culture medium. While Bacteroides
bile-esculin (BBE) agar supplemented with gentamicin has been developed for such a
purpose, the selectivity of the medium is limited by increasing gentamicin resistance
among enterococci and by the medium'’s inability to inhibit some lactobacilli (14-17).
Furthermore, BBE agar may not produce large colonies for some B. fragilis strains, and
culture media based on brain heart infusion have been found to be superior to BBE agar
for recovery of B. fragilis (18, 19). Previous studies further reported that B. fragilis
produced yellow colonies in the presence of glucose or glucuronic acid as a ferment-
able carbon source, and this may be a useful marker for enhancing recognition of the
organism in mixed growth (18, 20). In an attempt to improve the detection of B. fragilis,
the aforementioned principles were used to design a new medium. First, the selectivity
of this Bacteroides fragilis selective (BFS) medium was validated by using a collection of
ATCC strains and clinical isolates. Then, this medium was prospectively compared with
an in-house method, based on neomycin blood agar for clinical specimens requiring
culture for anaerobes.

RESULTS AND DISCUSSION

Recovery of B. fragilis and quality control. Fourteen batches of BFS agar plates
were tested, and all of them passed the quality control test. Large colonies of B. fragilis
ATCC 25285 were consistently obtained in BFS plates. The log,, CFU counts (mean =
standard deviation) of B. fragilis ATCC 25285 bacteria in anaerobic blood agar and BFS
plates exhibited only a small difference (3.44 = 0.03 CFU and 3.23 = 0.05 CFU,
respectively; P = 0.001). No growth of Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, Enterococcus faecalis ATCC 29212, and Lactobacillus rhamnosus
ATCC 7469 was obtained when approximately 100,000 bacteria were inoculated onto
BFS plates.

Validation of BFS agar with pure cultures. In total, 104 B. fragilis clinical isolates
(including 52 division | and 52 division Il isolates), 63 other Bacteroides species, and 136
other bacteria were plated onto BFS medium and incubated anaerobically for 48 h
(Table 1). All 104 isolates of B. fragilis grew well on BFS plates, with easy recognition of
the typical yellow colonies and blackening of the surrounding medium (Fig. 1). Thirteen
other Bacteroides species were tested. Five of them (B. caccae, B. nordii, B. ovatus, B.
salyersiae, and B. thetaiotaomicron) grew as well as B. fragilis-like colonies while the
remaining eight Bacteroides species (B. dorei, B. eggerthii, B. intestinalis, B. massiliensis, B.
pyogenes, B. stercoris, B. uniformis, and B. vulgatus) yielded only pinpoint colonies on BFS
plates (Table 1). Six isolates of Parabacteroides (two isolates each of Parabacteroides
faecis, Parabacteroides distasonis, and Parabacteroides goldsteinii) were tested. The two
P. faecis isolates yielded large colonies, but there was no blackening of the medium.
Growth of the other two Parabacteroides species on BFS plates was poor. An isolate of
Fusobacterium mortiferum also yielded large and yellow colonies in the medium, but
there was no blackening of the medium. For the other anaerobes (Clostridium, Pepto-
streptococcus, and Prevotella species) as well as the aerobic and facultative anaerobic
bacteria, growth was completely inhibited.

Validation of BFS agar with clinical specimens. Of 1,209 clinical specimens, 540
yielded no growth on any plates, 513 showed growth only on plates using the routine
agar (routine plates), and 156 had growth on both routine and BFS plates. Overall, B.
fragilis was detected in 65 specimens (Table 2), of which 41 were detected by both
routine and BFS plates, 5 were detected by routine plates only, and 19 were detected
by BFS plates only (McNemar's test, P = 0.008). Colonies suggestive of B. fragilis on
routine and BFS plates were tested with MALDI-TOF MS directly and after they were
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TABLE 1 Growth characteristics of Bacteroides fragilis and other bacteria in BFS medium

Colony profile on BFS agar (no. of isolates)

Isolate type and organism (no.  Esculin T B A Yellow Blackening of

of isolates)? positive’ Absent Good Poor? colonies the medium
Anaerobic bacteria (215)

Bacteroides caccae 4 (4) 4 4 4
Bacteroides dorei 4 (4) 4 4 4
Bacteroides eggerthii 1(1) 1 1 1
Bacteroides fragilis (division 1) 52(52) 52 52 52
Bacteroides fragilis (division Il) 52 (52) 52 52 52
Bacteroides intestinalis 2(2) 2 2 2
Bacteroides massiliensis 1(0) 1 1
Bacteroides nordii 4 (4) 4 4
Bacteroides ovatus 11011) 11 11 11
Bacteroides pyogenes 2(0) 2 2
Bacteroides salyersiae 2(2) 2 2 2
Bacteroides stercoris 2(2) 2 2 2
Bacteroides thetaiotaomicron 10(10) 10 10 0
Bacteroides uniformis 10(10) 10 10 10
Bacteroides vulgatus 10 (4) 10 10 4
Clostridium species 15(3) 15
Fusobacterium species® 3(0) 2 1 1
Parabacteroides distasonis 2(2) 2 2 2
Parabacteroides faecis 2(0) 2 2
Parabacteroides goldsteinii 2(0) 2 2
Peptostreptococcus species 3(0) 3
Prevotella species 16 (1) 16
Other anaerobes¢ 5(0) 5

Aerobic and facultative anaerobic

bacteria (88)

Enterobacteriaceae 16 (8) 16
Enterococcus species 6 (6) 6
Lactobacillus species 5(5) 5
Nonfermenters? 7(2) 7
Staphylococcus species 23(0) 23
Streptococcus species 22 (4) 22
Vibrio species 6(2) 6
Other bacteria® 3(2) 3

Total 303(193) 129 138 36 174 160

aThe total includes 48 reference strains and 255 clinical isolates. The designations of the reference strains
and the clinical isolates are listed in Tables ST and S2 in the supplemental material.

bFusobacterium mortiferum (n = 1; good growth), F. varium (n = 1, absent), and F. nucleatum (n = 1, absent).
<Bifidobacterium bifidum (n = 1), Finegoldia magna (n = 1), Parvimonas micra (n = 1), Propionibacterium
acnes (n = 1), and Veillonella parvula (n = 1).

dAcinetobacter baumannii (n = 2), Brevundimonas diminuta (n = 1), Flavobacterium meningosepticum (n = 1),
Pseudomonas aeruginosa (n = 2), and Stenotrophomonas maltophilia (n = 1).

eAeromonas hydrophila (n = 1), Kocuria rosea (n = 1), and Listeria monocytogenes (n = 1).

Ability of the organisms to hydrolyze esculin was determined by separate testing.

9Poor growth is defined by pinpoint-sized colonies after 48 h of incubation.

subcultured onto anaerobic blood agar plates. One to three colonies for each colony
type were tested. All 106 cultures (46 from routine plates and 60 from BFS plates) were
identified as B. fragilis with a Biotyper score of >2.0. Colony growth from BFS agar and
anaerobic blood agar plates had Biotyper scores (mean * standard deviation) of
2.227 *= 0.133 and 2.458 = 0.111, respectively. A total of 106 colonies (one colony from
each culture-positive plate) were further confirmed by species-specific PCR. The sensi-
tivities of routine and BFS plates were 70.8% (46/65) and 92.3% (60/65), respectively. In
the five specimens with B. fragilis that were missed by BFS plates, only a few colonies
were found in the routine plates, and an inoculation problem may possibly explain the
missed results. Of the 46 B. fragilis isolates from routine plates, 43 belonged to division
I, and 3 belonged to division II. Of the 60 B. fragilis isolates from BFS plates, 54 belonged
to division |, and 6 belonged to division Il. In total, 59 specimens had B. fragilis division
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FIG 1 Culture on a plate of Bacteroides fragilis selective (BFS) medium after 48 h of anaerobic incubation
at 35°C. B. fragilis (white arrows) appears as large yellow colonies (glucose fermentation) with blackening
of the surrounding medium (esculin hydrolysis).

| isolates, and 6 specimens had B. fragilis division Il isolates. No specimen had both B.
fragilis division | and division Il isolates. No difference in the identifications of the
division of B. fragilis on routine and BFS plates was found. A total of 46 specimens were
culture positive for Bacteroides species other than B. fragilis, including 53 isolates
originating from BFS agar and 29 isolates from routine plates (Table 2). On BFS plates,
96 non-Bacteroides organisms were also recovered from 90 specimens. These include E.
coli (n = 44), Enterobacter spp. (n = 5), Klebsiella spp. (n = 5), Citrobacter spp. (n = 4),
Pseudomonas species (n = 13), Candida species (n = 15), Fusobacterium varium (n = 4),
Aeromonas caviae (n = 1), Clostridium spp. (n = 1), and Enterococcus faecalis (n = 1).
Besides Bacteroides species (Table 2), Fusobacterium varium was the only other species
of anaerobe detected in mixed growth with B. fragilis (in 3 BFS agar plates).

Our results showed that BFS medium supports the growth of B. fragilis, facilitates the
differential recognition of the organism in specimens with mixed growth of other
bacteria, and is significantly more sensitive than routine medium for the primary
isolation of this organism. In addition, BFS agar is advantageous in that B. fragilis can
be identified by MALDI-TOF MS directly using the growth in the agar plate. Among the

TABLE 2 Isolation of Bacteroides species from 1,209 clinical specimens plated onto
Bacteroides fragilis selective (BFS) and routine anaerobic plates

No. of isolates recovered on:

Bacteroides species BFS plates Routine plates
B. fragilis@ 60 46
B. caccae 1 0
B. nordii 2 3
B. ovatus 16 6
B. salyersiae 3 1
B. thetaiotaomicron 29 12
B. uniformis 1 1
B. vulgatus 1 3
B. stercoris 0 2
B. cellulosilyticus 0 1

Total 113 75

aIn total, 65 B. fragilis isolates were detected: 41 by both methods, 5 by routine plates only, and 19 by BFS
plates only. McNemar's test, P = 0.008 for comparison of results for B. fragilis detection by the two
methods.
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Bacteroides species, some are less resistant to bile and can be susceptible to a high
concentration of kanamycin (16, 21). This explains why BFS agar suppressed the growth
of some Bacteroides species (Table 1). While BFS agar was designed to improve recovery
of B. fragilis, the medium may also be used for isolation of several other Bacteroides
species, such as B. thetaiotaomicron. In the latter species, metronidazole and carbap-
enem resistance have recently been described (22). Since the growth of B. vulgatus on
BFS agar is inhibited (Table 1), the medium is not suitable for recovery of this
antibiotic-resistant species (23). In the validation with clinical specimens, 59 of the 1,209
specimens had growth of Enterobacteriaceae, but their colony morphologies were
different from the morphology of B. fragilis. Only a minority of the growth in BFS plates
represented Candida species. According to Tierney et al., amphotericin B can be added
without adversely affecting the recovery of B. fragilis (17). In our experience, the
inclusion of amphotericin B is not essential.

A limitation of this study is that BBE agar was not included as a comparator. In
addition, this study did not compare BFS agar against other nutritious agars such as
brucella blood agar with vitamin K and hemin and chocolate agar containing hemin
and supplemented with vitamin K and cysteine. For the test of the clinical specimens,
the routine neomycin agar plates were processed by the on-duty laboratory technician
in the usual manner while the BFS agar plates were followed by a research student. It
is possible that the student exercised more diligence in following the BFS plates than
would be expected with the routine handling of agar plates in a laboratory.

In conclusion, this study reports the evaluation of a new medium for recovery of B.
fragilis from clinical specimens. BFS agar can be added to routine medium to improve
recovery of B. fragilis and can potentially be supplemented with additional antibiotics
(e.g., metronidazole and meropenem) for surveillance of isolates harboring resistance in
different patient populations.

MATERIALS AND METHODS

Preparation of BFS agar. Pilot studies were conducted to determine the optimal concentrations of
glucose and bromothymol blue in the medium that would grow yellow colonies of B. fragilis. Several
antibiotics (gentamicin, kanamycin, and novobiocin) were chosen based on their stability in prepared
medium and antibacterial activities for common aerobes and facultative anaerobes that may hydrolyze
esculin (19, 24). Concentrations of the antibiotics were chosen empirically after reviewing those that were
previously used in various selective media (18, 19, 24). The final formulation of the new medium
consisted of (per liter) 15 g of bacteriological agar (Oxoid agar no. 1), 37 g of brain heart infusion
(CM1135; Oxoid), 5 g of yeast extract, 0.5 g of cysteine hydrochloride, 10 g of bile salts (LP0O055; Oxoid),
0.05g of vitamin K, 0.5 g of hemin, 1 g of glucose, 1 g of esculin, 0.5 g of ferric ammonium citrate, 0.24
g of bromothymol blue (pH indicator), 4 mg of gentamicin, 100 mg of kanamycin, and 30 mg of
novobiocin. All the ingredients, except the antibiotics and hemin-vitamin K components, were dissolved
in deionized water, and the pH was titrated to 7.2 using hydrochloric acid. The medium was then
autoclaved at 121°C for 15 min and cooled to 50°C. The hemin-vitamin K mixture and the antibiotics were
then added aseptically. It was assumed that the ability of B. fragilis to ferment glucose would lower the
pH of the medium and change the color of the indicator to yellow, thereby producing yellow colonies,
while hydrolysis of esculin and subsequent reaction with iron in the medium would produce a diffusible
black complex that would cause blackening of the medium surrounding the colonies (16, 18, 20).
Antibiotics, including gentamicin, kanamycin, and novobiocin, were added to inhibit the growth of
common bacteria (Enterobacteriaceae, enterococci, and lactobacilli) that are esculin positive, thereby
facilitating the recognition of B. fragilis in mixed growth.

Recovery of B. fragilis and quality control. The test strains were spread onto BFS plates at an
inoculum of either 1,000 CFU (B. fragilis ATCC 25285) or 100,000 CFU (Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Enterococcus faecalis ATCC 29212, and Lactobacillus rhamnosus
ATCC 7469). The inoculated BFS plates were incubated at 37°C in an anaerobic workstation (with 10%
hydrogen, 10% carbon dioxide, and 80% nitrogen as the gas mixture) for 48 h, and the number of
colonies in the plates was counted and compared against colony counts in aerobic or anaerobic blood
agar plates (Becton Dickinson, Hong Kong) after aerobic (E. coli ATCC 25922, P. aeruginosa ATCC 27853,
and E. faecalis ATCC 29212) or anaerobic (B. fragilis ATCC 25285 and Lactobacillus rhamnosus ATCC 7469)
incubation. Differences between colony counts in the BFS and the blood agar plates were compared after
conversion to a logarithmic scale, and counts are given as means and standard deviations. Batches of
medium were considered suitable for use if they supported the growth of B. fragilis ATCC 25285 after 2
days of anaerobic incubation (colony counts on BFS plate = 0.5 log CFU of that on the blood agar plate)
while preventing the growth of the other four ATCC strains (complete absence of growth or >5 log CFU
inhibition). The plates were stored at 4°C until use, and a shelf life of 10 days from quality control was
assigned.
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Validation of BFS agar with pure cultures. Selectivity of the medium was evaluated by inoculation
with pure cultures of different bacteria (see Tables ST and S2 in the supplemental material). The bacterial
collection included 48 ATCC strains and 255 clinical isolates that were chosen to represent aerobes,
facultative anaerobes, and anaerobes that are commonly found in clinical specimens. The clinical isolates
were recovered from specimens submitted to a clinical laboratory in 2013 to 2015 and had been
identified to species level by MALDI-TOF MS (Bruker Daltonics, Bremen, Germany) (13, 25). All Bacteroides
species were confirmed by conventional PCR assay using previously described species-specific primers or
16S rRNA gene sequencing (26). From a fresh subculture, the test organism was plated onto a BFS plate
and a growth control plate (aerobic or anaerobic blood agar plates) by the standard four-quadrant
method. The growth control plates were incubated under aerobic and anaerobic conditions as appro-
priate while all BFS plates were subjected to anaerobic incubation. Growth of colonies in the BFS plate
was recorded as good, poor, or absent at 48 h. Poor growth was recorded when colonies remained
pinpoint size.

Validation of BFS agar with clinical specimens. The performance of BFS medium in the detection
of B. fragilis in clinical specimens was prospectively examined. During a 3-month period from February
to May 2016, 1,209 clinical specimens (793 pus and wound swabs and 214 bile and 202 peritoneal
specimens) sent to a clinical laboratory for bacteriological investigation were cultured for the presence
of B. fragilis. In the laboratory, these specimens were routinely inoculated onto three culture plates
(blood agar and MacConkey agar plates for aerobic culture and anaerobic blood agar plates supple-
mented with 30 ug/ml neomycin for anaerobic culture). All of the routine media were obtained from
Becton Dickinson, Hong Kong. Besides the routine screening, all specimens were inoculated onto one
BFS plate and incubated anaerobically at 37°C for 48 h. Routine screening plates were processed by the
on-duty laboratory technicians in the usual manner while the BFS plates were followed by a research
student. The inoculated neomycin blood agar plates were incubated at 37°C in an anaerobic workstation
(with 10% hydrogen, 10% carbon dioxide, and 80% nitrogen as the gas mixture) for 48 h before being
read. Two independent personnel were engaged for the screening so that reading of the BFS plates
would not be affected by results from readings of the routine plates and vice versa. After incubation of
the plates, each colony type recovered in the agar plates was identified by a Bruker MALDI-TOF MS
Biotyper system using the direct colony transfer and formic acid protocol (13). For bacterial identification,
a reference library of 5,989 standard spectra (version 5.0.0.0) was used. Colony growth from the primary
or subculture plates was transferred to a polished MSP 96 target (Bruker Daltonics) and overlaid with a
saturated a-cyano-4-hydroxycinnamic acid (HCCA) matrix solution. Data were interpreted according to
the manufacturer’s criteria: species identification was made for a Biotyper score of =2.0, genus identi-
fication was made for a score range of =1.7 to <2.0, and no identification was made for a score of <1.7
(13). The ClinProTools software (Bruker Daltonics) was used for differentiation of B. fragilis into division
I and Il strains, and confirmation was obtained by PCR detection of the cfiA gene (27, 28). Results of the
cultures from the routine processing and the BFS screening were kept blinded until the final analysis.

Statistical analysis. Student’s t test or McNemar’s test was used for statistical analysis. A two-tailed
P value of <0.05 was considered significant. All analyses were performed using GraphPad Prism, version
5 (GraphPad, La Jolla, CA).

SUPPLEMENTAL MATERIAL
Supplemental material for this article may be found at https://doi.org/10.1128/
JCM.01988-16.

TEXT S1, PDF file, 0.04 MB.
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