
Fecal detection of enterotoxigenic Bacteroides fragilis

L. A. Chen1, S. Van Meerbeke1, E. Albesiano1, A. Goodwin1, S. Wu1, H. Yu2, K. Carroll3, and 
C. Sears1

1Department of Medicine, Johns Hopkins School of Medicine, CRB2 Bldg, Suite 1M.05, 1550 
Orleans Street, Baltimore, MD21231, USA

2Sidney Kimmel Comprehensive Cancer Center, Department of Oncology, Johns Hopkins School 
of Medicine, CRB1 1650 Orleans Street, Baltimore, MD 21287, USA

3Department of Pathology, JohnsHopkins School of Medicine, Meyer B1-193, 600 North Wolfe 
Street, Baltimore, MD 21287, USA

Abstract

Bacteroides fragilis is a common colonic symbiote of which one subtype, enterotoxigenic 

Bacteroides fragilis (ETBF), causes inflammatory diarrhea. However, asymptomatic ETBF 

colonization is common. Through its primary virulence factor, B. fragilis toxin (BFT), ETBF 

causes asymptomatic, chronic colitis in C57BL/6 mice and increased colon tumorigenesis in 

multiple intestinal neoplasia mice. Human studies suggest an association between ETBF infection, 

inflammatory bowel disease, and colon cancer. Additional studies on ETBF epidemiology are, 

therefore, crucial. The goal of this study is to develop a reliable fecal diagnostic for ETBF. To 

develop a sensitive assay for ETBF, we tested multiple protocols on mouse stools spiked with 

serially diluted ETBF. Each assay was based on either touchdown or quantitative polymerase chain 

reaction (qPCR) and used primers targeted to bft to detect ETBF. Using touchdown PCR or qPCR, 

the mean ETBF detection limit was 1.55 × 106 colony-forming units (CFU)/g stool and 1.33 × 104 

CFU/g stool, respectively. Augmentation of Bacteroides spp. growth in fecal samples using PYGB 

(Peptone Yeast Glucose with Bile) broth enhanced ETBF detection to 2.93 × 102 CFU/g stool 

using the touchdown PCR method and 2.63 × 102 CFU/g stool using the qPCR method. Fecal 

testing using combined culture-based amplification and bft touchdown PCR is a sensitive assay for 

the detection of ETBF colonization and should be useful in studying the role of ETBF colonization 

in intestinal diseases, such as inflammatory bowel disease and colon cancer. We conclude that 

touchdown PCR with culture-based amplification may be the optimal ETBF detection strategy, as 

it performs as well as qPCR with culture-based amplification, but is a less expensive technique.

Introduction

Bacteroides species are common colonic commensals identified in all human hosts and 

comprise about 30 % of the total enteric flora [1, 2]. Among the at least 20 Bacteroides 
species [3], enterotoxigenic B. fragilis (ETBF) is unique in its association with human 
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colonic disease. ETBF was first identified as a cause of human diarrheal illness in 1992 [4] 

and then as an etiology of inflammatory diarrhea in 2008 [5]. Since that time, studies have 

demonstrated an association between ETBF and both active inflammatory bowel disease 

(IBD) [6, 7] as well as colorectal cancer [8, 9]. Despite the relevance of this bacterium in 

acute, and potentially chronic, gastrointestinal diseases, there have been limited efforts to 

develop a diagnostic protocol for ETBF with well-defined test characteristics.

ETBF is characterized by expression of the B. fragilis toxin (BFT), a ~20-kDa 

metalloprotease of which there are three known isotypes (i.e., BFT1, BFT2, and BFT3) [10]. 

Diagnostic assays for ETBF have focused on various ways of identifying the presence of bft 
in clinical samples. While a number of clinical studies assessing ETBF colonization have not 

evaluated the testing characteristics of their diagnostic assays, three studies have specifically 

focused on ETBF diagnostic techniques, each using a variation of a bft polymerase chain 

reaction (PCR) assay [11–13].

Our study builds upon this literature by analyzing two PCR-based techniques to detect 

ETBF that may be more easily utilized in a clinical setting. Our hypothesis was that these 

techniques would have similar or improved detection limits, while at the same time, being 

time-efficient and/or less costly to perform. The first technique, touchdown PCR, uses a 

higher initial annealing temperature, promoting high specificity, while still preserving assay 

sensitivity by incrementally decreasing the annealing temperature throughout the protocol. 

The second technique, quantitative PCR (qPCR), provides calculable data and can be readily 

adopted by clinical labs for the rapid testing of samples.

Materials and methods

Sample preparation

One hundred milligrams of C57BL/6 mouse feces was spiked by adding and vortexing 100 

µL of 1:10 serial dilutions of a fresh overnight Brain Heart Infusion (BHI) broth culture of 

ETBF strain 86-5443-2-2. Typically, dilutions corresponding to ~108 or 109 colony-forming 

units (CFU)/mL to 0 CFU/mL were tested per experiment. DNA was directly extracted from 

spiked stools (below) or stools were cultured in anaerobic broth media to augment 

Bacteroides spp. growth. The number of CFU added to mouse stools was determined by 

plating the serial dilutions of the fresh overnight ETBF culture in duplicate on non-selective 

agar in an anaerobic chamber for 1–2 days. For each experiment, fecal dilutions yielding 20–

100 CFU were counted and used to calculate the CFU spiked into each stool sample. We 

assume a 1 mL to 1 g conversion to determine our CFU concentration in ETBF culture 

compared to ETBF-spiked stools.

For studies comparing 1- versus 2-day augmentation, BHI supplemented with hemin, 

vitamin K1, cysteine +/− clindamycin [14], or PYGB (Peptone Yeast Glucose with Bile; 

Anaerobe Systems, Morgan Hill, CA) broth media were initially tested. Subsequently, all 

augmentation was performed in PYGB. Samples were incubated at 37 °C using an AS-580 

anaerobic chamber (Anaerobe Systems, Morgan Hill, CA). DNA was extracted from 

samples using either Omega Biotek’s E.Z.N.A.® Mag-Bind® Stool DNA Kit or QIAcube 

(Qiagen’s stool DNA protocol for pathogen detection).
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Touchdown PCR and qPCR

Primers for touchdown PCR and qPCR were designed to be specific for the bft gene and 

inclusive of all three known isoforms of BFT (Table 1). Primers for the touchdown PCR 

were obtained from the literature [15] (Table 1). Each reaction contained a total volume of 

25 µL, comprising 23.5 µL of Platinum® PCR Supermix (Invitrogen, Grand Island, NY), 10 

µM of each primer, and 1 µL of DNA template. The touchdown PCR protocol utilized a “hot 

start” step at 94 °C for 2 min; denaturation at 94 °C for 30 s; then annealing steps in which 

the annealing temperature decreased by 0.5 °C from 60 to 50 °C over 20 cycles of 30 s each; 

followed by a 20-cycle amplification at the annealing temperature of 50 °C. Elongation after 

the 50 °C annealing step was 72 °C for 30 s. The final elongation step was at 72 °C for 5 

min, with a final hold temperature of 4 °C. Amplicons (10 µL of the reaction mixture) were 

visualized using 1 % agarose gels stained with ethidium bromide and run in SB™ buffer 

(Faster Better Media LLC, Hunt Valley, MD). A 100-bp DNA ladder (New England Biolabs, 

Ipswich, MA) was used as the molecular size marker for all gels. Gels were run at a constant 

rate of 130 mV and photographed under UV light.

For qPCR reactions, customized primers and a TaqMan probe were designed using Primer 

Express software of Applied Biosystems (Table 1). The reactions were constructed as per the 

manufacturer’s protocol. qPCRs were performed using the Applied Biosystems 7900HT 

Sequence Detection System and SDS 2.3 software. The annealing temperature for all qPCRs 

was 60 °C, and the threshold for a positive result was set as fluorescent signal detection by 

40 cycles. The results were analyzed using RQ Manager software. The mean detection 

values and standard errors (SEM) were calculated for the results of each assay.

Storage of fecal DNA extracts and ETBF-spiked stools

DNA extracted from mouse stool spiked with serial dilutions of ETBF cultures as described 

above was stored at 4 °C or −20 °C, with or without bovine serum albumin (BSA, final 

concentration 0.1 µg/µL). Two sets of stored DNA samples were tested by touchdown PCR 

as described above. In addition, aliquots of ETBF-negative stool or stool spiked with ETBF 

containing 1.6 × 109 CFU/g, 1.6 × 107 CFU/g, or 1.6 × 105 CFU/g were stored at −80 °C 

until DNA extraction and touchdown PCR testing. For the baseline data, DNA extracted 

from one set of spiked stools was tested by touchdown PCR on the day of sample 

preparation.

Statistics

A one-tailed paired Student’s t-test was used to compare the mean detection limit between 

samples augmented for 1- versus 2-day incubation in BHI and PYGB.

Results

Touchdown PCR and qPCR detection of ETBF

DNA was extracted from serial dilutions of a pure ETBF culture and tested by touchdown 

PCR, revealing a mean detection limit of 1.23 × 105 CFU/mL (Table 2). To determine if 

unrelated DNA alters the detection of bft in the sample, 1 ng of glioblastoma multiforme 

(GBM) DNA was added to the serial dilutions of ETBF DNA. Touchdown PCR of these 
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samples revealed a similar ETBF detection limit of 2.91 × 105 CFU/mL. When serial 

dilutions of a pure ETBF culture were spiked into mouse stool, a mean detection limit of 

1.55 × 106 CFU/g was obtained. Figure 1a shows the decreasing gradient of band intensity 

with serial ETBF culture dilutions. Figure 1b, c qualitatively show the CFU detection limit 

when ETBF is mixed with unrelated DNA or stool. Touchdown PCR testing of DNA 

extracted from ETBF-spiked stools from three individual mice demonstrated that the ETBF 

detection limit was within one log, indicating no marked variation in sensitivity from sample 

to sample (data not shown). In more limited experiments, we tested qPCR on a subset of 

samples tested by touchdown PCR as an alternative approach not requiring the added step of 

gel electrophoresis to determine results (Fig. 1d, e). In these experiments, qPCR 

demonstrated a detection limit of 1.33 × 104 CFU/g for ETBF-spiked mouse stool. Both 

touchdown PCR and qPCR primers were tested on unspiked stool from multiple mice and 

did not produce any product.

We further tested whether augmenting bacterial growth in culture prior to touchdown PCR 

would increase assay sensitivity (termed “augmented touchdown PCR”). Preliminary 

comparisons between the less selective BHI broth and the Bacteroides spp.-promoting 

PYGB broth, as well as 1- versus 2-day of growth augmentation, were performed (Table 3). 

Although not significant, the use of PYGB and 2 days of growth augmentation appeared to 

improve the detection of small numbers of ETBF in mouse stool. Direct comparison of the 

touchdown PCR assay for ETBF-spiked stools with and without PYGB augmentation for 2 

days revealed enhanced detection of bft qualitatively by gel electrophoresis and 

quantitatively (Table 2, Fig. 2), with a mean detection limit by augmented touchdown PCR 

of 2.93 × 102 CFU/g compared to 1.55 × 106 CFU/g without culture augmentation. The 

detection of ETBF in fecal samples was similarly enhanced by growth augmentation using 

qPCR (Table 2).

Effect of storage and sample conditions

Touchdown PCR testing of ETBF-spiked mouse stool stored at −80 °C showed no change in 

the detection limit for bft (~105 CFU/g) after 6 months (Fig. 3). The stability of DNA 

extracts from ETBF-spiked fecal samples stored at 4 °C versus −20 °C, with and without 

BSA (0.1 µg/µL), was also examined weekly by touchdown PCR for up to 6 weeks and then 

at 13 weeks after extraction. Storage of fecal DNA extracts at −20 °C with BSA enhanced 

bft detection at 13 weeks (data not shown).

Discussion

Our results show that the fecal ETBF detection limit for both touchdown PCR (~106 CFU/g) 

and qPCR (~104 CFU/g) are comparable to the 104–105 CFU/g detection limit described in 

the first study of ETBF diagnostic development by Pantosti et al. in 1997 [11]. In that study, 

Pantosti et al. plated spiked stool samples on Bacteroides-promoting Bacteroides Bile 

Esculin (BBE) agar, which was then anaerobically incubated for 24 h. The resulting colonies 

were collected to create boiled lysates, which were tested by PCR for the bft gene. Later 

more sensitive assays included a protocol that could detect 102–103 CFU/g stool [12], but 

which used a nested PCR technique that is largely avoided by clinical microbiology 
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laboratories, given high false-positivity rates and the suboptimal nature of the increased 

handling involved [16, 17; K. Carroll, personal communication]. A third method employed 

an immunomagnetic separation-PCR protocol that could detect approximately 50 CFU 

ETBF/g stool [13]. This study described the use of magnetic beads linked to a pair of 

monoclonal antibodies recognizing the lipopolysaccharide of B. fragilis. The beads were 

mixed with broth cultures of spiked stool with subsequent concentration of B. fragilis 
attached to the beads using immunomagnetic separation. Boiled lysates were made from the 

B. fragilis bound to the beads, which were then tested for bft using the inner primers of the 

nested PCR described by Shetab et al. [12]. Unfortunately, both monoclonal antibodies used 

in this assay have been lost (A. Weintraub, personal communication).

In conclusion, we show that growth augmentation in Bacteroides spp.-promoting PYGB 

media prior to touchdown PCR or qPCR testing enhances ETBF detection in spiked mouse 

stool, yielding a detection limit of ~102 CFU/g. This represents a significant improvement 

compared to the other approaches we tested and is comparable to available nested PCR 

techniques [12]. Collectively, our results suggest that culture augmentation followed by PCR 

testing (either touchdown PCR or qPCR) is a sensitive diagnostic approach for the detection 

of low-level fecal ETBF colonization. This technique also has high specificity for bft, as 

both touchdown PCR and qPCR primers were tested on unspiked stool from multiple mice 

and did not produce any product. Cost and laboratory resource considerations will likely 

determine which PCR approach to use. A similar strategy using culture augmentation of 

clinical stool samples followed by O157 antiserum or latex reagent testing is currently 

utilized in clinical practice for diagnosing O157 Shiga toxin-producing Escherichia coli 
[18]. Our storage and stability studies suggest that the detection of fecal bft is stable at 

−80 °C for at least 6 months, potentially facilitating the testing of fecal repositories for bft. 
Thus, growth augmentation to detect low-level ETBF colonization may facilitate future 

studies of the role of ETBF in human gastrointestinal illnesses, in particular, to understand 

the epidemiology of chronic asymptomatic ETBF colonization and its possible relationship 

to subclinical colon inflammation. This is a fertile area for investigation since experimental 

models suggest that ETBF has the capacity to induce chronic colitis and colon 

carcinogenesis [14, 19, 20].
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Fig. 1. 
bft-specific touchdown polymerase chain reaction (PCR) and qPCR assays. a–c Touchdown 

PCR. Representative images from one parallel experiment demonstrating touchdown PCR 

detection of bft in enterotoxigenic Bacteroides fragilis (ETBF) culture alone (a), ETBF 

culture spiked into glioblastoma multiforme (GBM) carrier DNA (b), and ETBF culture 

spiked into mouse stool (c). The numbered lanes refer to the log value in CFU/mL (a, b) or 

CFU/g of ETBF spiked into mouse stool (c). For example, the lane numbered “7” indicates 

that there were 107 CFU/mL or 107 CFU/g in that sample. “+” indicates the positive control 
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lane, which contains pure ETBF DNA extract. The underlined numbers demonstrate the last 

sample where a band can be detected. d–e qPCR amplification of 10-fold dilutions of ETBF 

culture DNA extracts. d Standard curve generated from our bft-specific qPCR assay. e ΔRn 

demonstrating the magnitude of the signal generated by the qPCR conditions
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Fig. 2. 
Touchdown PCR demonstrating increased ETBF detection when ETBF-spiked samples are 

pre-incubated in Peptone Yeast Glucose with Bile (PYGB) broth for 2 days prior to PCR 

analysis. a In this representative experiment, the detection limit without broth amplification 

is 3.55 × 104 CFU/g stool. b The assay sensitivity is increased to 3.55 × 102 CFU/g after 

samples have been incubated for 2 days in PYGB broth, which promotes growth of 

Bacteroides spp. “+” indicates the positive control lane, which contains an ETBF culture 

spiked into mouse stool (109 CFU/g). The spiked positive control is also pre-incubated for 2 

days in PYGB broth. The numbered lanes refer to the log value in ETBF CFU/g spiked into 

mouse stool (see also the caption for Fig. 1). The underlined numbers demonstrate the last 

sample where a band can be detected
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Fig. 3. 
bft detection using touchdown PCR on ETBF-spiked mouse stool stored for 6 months at 

−80 °C. “+” indicates the positive control lane, which contains ETBF DNA extract. The 

numbered lanes refer to the log value in CFU/g of ETBF spiked into mouse stool (see also 

the caption for Fig. 1). “−” is ETBF-negative stool and “ø” is no DNA added
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Table 1

Primers and probe sets for touchdown polymerase chain reaction (PCR) and quantitative PCR (qPCR)

Primers/probe Sequence 5′ → 3′ Reference

Touchdown PCR – bft F GAA CCT AAA ACG GTA TAT GT [15]

Touchdown PCR – bft R GTT GTA GAC ATC CCA CTG GC [15]

qPCR bft – F GGA TAA GCG TAC TAA AAT ACA GCT GGA T This study

qPCR bft – R CTG CGA ACT CAT CTC CCA GTA TAA A This study

qPCR bft probe CAG ACG GAC ATT CTC This study

F forward primer, R reverse primer
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