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Introduction
Clostridium difficile, also known as “C. difficile” or “C. diff” 

is a Gram-positive, spore-forming, anaerobic, motile bacteri-
um (Figure 1). Clostridium difficile cells show optimum growth 
on blood agar at human body temperatures in the absence of 
oxygen. Clostridium difficile produces two types of toxins, en-
terotoxin A and cytotoxin B.

C. difficile is a bacterium that causes life-threatening 
diarrhea. It is usually caused as an adverse effect of taking 
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Abstract
Background & Aims: Clostridium difficile (“C. difficile” or “C. diff”) is a Gram-positive, spore-forming, anaerobic, motile 
bacterium which produces two types of toxins, enterotoxin A and cytotoxin B. Clostridium difficile Infection (CDI) caus-
es life-threatening diarrhea which is usually a side-effect of taking antibiotics. C. diff can easily spread from person to 
person and is considered a major health threat. In 2017, there were an estimated 223,900 cases in hospitalized patients 
and 12,800 deaths in the United States. There has been considerable scientific research in using various probiotic strains 
against C. diff with diverse observations and inconsistent results. Our first goal was to develop an “optimum probiotic 
product” to inhibit growth and pathogenicity of C. diff. Our second goal was to prove an inhibitory effect of bioactive 
compounds (secreted by the 15 strains of probiotic bacteria into the juice) on C. diff.
Methods: For optimum profile of probiotics, we considered positive results from specific strains in the published liter-
ature and commercially-available probiotic bacteria from credible global suppliers. As a result, we chose a blend of five 
strains of Bifidobacteria and ten strains of Lactobacilli. For an optimum carrier, we chose a proprietary blend of organic 
green vegetable and fruit juices. Upon culture propagation and strain verification of Clostridium difficile ATCC #9689, 
inoculum was prepared using reinforced clostridial broth and a sample was prepared using centrifuged, microfiltered 
supernatant of Doctor’s Biome Colon Health (DBCH). The inoculated control was serially diluted with sterile 0.1% Peptone 
Buffer. The inoculated sample was serially diluted with the centrifuged, filtered supernatant of DBCH. The serially diluted 
control and diluted sample were transferred to agar plates and incubated anaerobically at 35-37 °C for 18-24 hours.
Results: Serially diluted agar plates of the control showed presence of C. diff colony forming units, which were biochemi-
cally identified via VITEK ANC. Serially diluted agar plates of the sample did not show any C. diff colony forming units due 
to the inhibitory effect of the DBCH bioactive compounds.
Conclusions: We believe inhibition of C. diff by DBCH probiotics should be considered from both a quantitative and 
qualitative points of view. From a quantitative point of view, a general mechanism of microbial inhibition is through the 
“competitive exclusion principle”. This means that when two species compete in a limited environment (e.g., colon) and 
compete for the same limited amount of nutrients, the species that has advantage over the others (e.g., larger numbers) 
will dominate the environment and lead to the exclusion of the weaker competitor. From a qualitative point of view, it 
seems that the chosen blend of Bifidobacteria and Lactobacilli have released some bioactive compounds into the juice 
that has completely inhibited growth of C. diff. We conclude that the bioactive compounds secreted from the 15 probiotic 
strains into the organic vegetable and fruit juice has played a decisive inhibitory role against growth of C. diff.
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vened by International Scientific Association for Probiotics 
and Prebiotics (ISAPP) held in 2013. The currently accepted 
definition of probiotics is: “Live microorganisms that, when 
administered in adequate amounts, confer a health benefit 
on the host”. This means if the microorganisms are not “live”, 
they cannot be considered probiotic and if their amount is 
not adequate enough to confer a health benefit, they cannot 
be considered probiotic either.

A review of the literature shows it is replete with hun-
dreds of published papers showing various positive and some 
mixed results on the use of specific probiotic strains to help 
prevent and help treat CDI [10-15].

The probiotics used in most of the consumer available 
preparations are usually taken from a limited range of organ-
isms. As this area of study has become more important and 
prevalent, new strains have come under investigation.

“Next Generation Probiotics” (NGP) are bacteria that due 
to their development act as live biotherapeutic products and 
lend themselves to act more like pharmaceuticals than tradi-
tional food supplements [16,17].

Despite the above findings reported in the literature, Mc-
Donald, et al., in 2017 update on Clinical Practice Guidelines 
for Clostridium difficile Infection in Adults and Children, using 
earlier publications up to 2013 and referring to issues such as 
differences in probiotic formulations studied, duration of pro-
biotic administration, definitions of CDI, duration of study fol-
low-up, inclusion of patients not typically considered at high 
risk for CDI, and the potential for organisms in probiotic for-
mulations which can cause infections in hospitalized patients, 
concluded that there is insufficient data at this time to recom-
mend administration of probiotics for primary prevention of 
CDI outside of clinical trials of probiotics for primary preven-
tion of CDI. Yet the literature is replete with numerous studies 
showing that specific strains of patented bacteria have had 
beneficial results in the prevention and treatment of CDI.

antibiotics. It is considered a major health threat and listed 
as an “Urgent Threat” by the Center for Disease Control and 
Prevention (CDC) [1]. According to the CDC symptoms may 
begin within a few days or several weeks after beginning or 
following the taking of antibiotics or when people touch sur-
faces that are contaminated with feces from an infected per-
son. Symptoms of Clostridium difficile Infection (CDI) include 
diarrhea, loose or watery stools lasting for several days, fever, 
stomach tenderness, loss of appetite and nausea. Frequent 
recurrent and duplicate episodes are common with one in six 
patients with CDI occurring again within two to eight weeks 
[1].

These infections are common in people 65 and older 
(80+%) and in children who take antibiotics and receive out-
patient medical care or people who stay in hospitals and nurs-
ing homes for a long period of time [1,2]. Also, it is common 
in patients with weakened immune systems on antibiotics or 
with previous infection with C. diff. One out of eleven patients 
diagnosed with CDI will die within a month [1].

The estimated national burden of C. difficile infection 
(CDI) was 476,400 cases in 2011 and 462,100 in 2017 with an 
average number of deaths around 28,000 per year [3].

CDI puts a tremendous strain on the healthcare system. 
The total financial burden of CDI inpatient management was 
estimated to be $5.4-6.3 billion USD per year. This includes 
2.4 million days of hospital stays and growing in number year-
ly [3-6].

With the increased use of appropriate and inappropriate 
prescriptions of antibiotics both in hospital and outpatient 
care the financial burden from CDI has risen over the past de-
cade [4,7-9].

The scientific definition of the term ‘probiotic’ was pro-
posed in a 2001 joint report of the Food and Agriculture Or-
ganization of the United Nations and the World Health Orga-
nization (FAO/WHO), and confirmed by an expert panel con-

         

Figure 1: Clostridium difficile (“C. diff.”).
Source: US center for disease control and prevention (CDC).

https://www.nature.com/articles/nrgastro.2014.66
https://www.nature.com/articles/nrgastro.2014.66
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http://www.fao.org/3/a-a0512e.pdf
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possible to choose one single, most effective strain for inhibi-
tion of C. difficile. Therefore, we decided to develop an “opti-
mum probiotic product” to inhibit growth and pathogenicity 
of C. difficile. We named it Doctor’s Biome Colon HealthTM or 
DBCH (Figure 2). By definition, DBCH should have the opti-
mum profile of probiotic bacteria and be an optimum carrier 
for the chosen probiotic bacteria. The immediate goal of our 
study was to prove the inhibitory effect of DBCH bioactive 
compounds (secreted by the 15 strains of NG Smart probiotic 
bacteria in the juice) on C. difficile.

Materials and Methods

Optimum profile of probiotics
Bifidobacteria and Lactobacilli are broadly recognized for 

their key roles in the human intestinal microflora throughout 
life. A high proportion of bifidobacteria and lactobacilli in the 
intestinal tract is considered beneficial to health. Consider-
ing the results of published literature mentioned above and 
reviewing commercially-available probiotic bacteria from 
credible global suppliers, we chose a blend of five strains of 
Bifidobacteria (Table 1a) and ten strains of Lactobacilli (Table 
1b) from DuPont Nutrition & Biosciences.

Optimum carrier
In search of an optimum carrier (also known as excip-

ients or medium), we chose a proprietary blend of organic 
green vegetable and fruit juices consisting of 100% organic 
diluted mint juice, cucumber juice, apple juice, lettuce juice, 
kale juice, celery juice and lemon juice. Sensory evaluation of 
DBCH (blend of probiotics in blend of organic juices) showed a 
pleasant taste of this product to consumers across the board. 

The Harvard School of Public Health says “Because pro-
biotics fall under the category of supplements and not food, 
they are not regulated by the Food and Drug Administration 
in the U.S. This means that unless the supplement company 
voluntarily discloses information on quality, such as carrying 
the USP seal that provides standards for quality and purity, a 
probiotic pill may not contain the amounts listed on the label 
or even guarantee that the bacteria are alive and active at the 
time of use” [18].

Several studies have been performed in an attempt to find 
a way to improve survival of probiotics before reaching the 
large intestine with limited and minimal success. This is one 
of the main concerns over capsule, powder, tablet and spore 
probiotics. Less than 59% survival using unique and some-
what expensive measures have been employed, though rare-
ly found and used in most probiotic preparations currently 
available [19-24].

The FDA states “Many dietary supplements, often mar-
keted as “probiotics,” include claims that the live microbial 
ingredient, formulated in adequate amounts, will confer a 
health benefit on consumers. The weight of microbial dietary 
ingredient in a product represents the product’s total cellular 
mass, consisting of both live and dead microorganisms, and 
therefore does not necessarily correlate with the number of 
viable microorganisms in that product” [25].

Aims of the Study
It became evident that certain strains of NGP “Smart Bac-

teria” (SB) achieved consistently the best results in helping to 
prevent and assist in CDI amelioration along with the usual 
treatment regimens. SB can sense they’re attached to our in-
testinal cells, and then remodel their expression of specific 
genes, including those involved in metabolism, to beneficially 
exploit our cells and colonize our gut [26,27].

Bacteria have evolved to develop remarkable systems 
that can sense neighboring cells called “target” cells, and can 
initiate upon contact a series of changes that enhance their 
ability to survive and grow at the expense of these “target” 
cells. Smart Bacteria do this by employing a mechanism called 
“Horizontal Gene Transfer” (HGT). This is a very interesting 
and complex mechanism. Simply put, HGT shares genetic ma-
terial between organisms that are not in a parent-offspring 
relationship and is a widely recognized mechanism for adap-
tation in bacteria [28-33].

With this concern in mind, NGP SB’s were created to sur-
vive the stomach acids and digestive enzymes 80% or more 
[34]. Also, to ensure that they are “living” and thriving at the 
time of ingestion an appropriate environment and media, a 
100% organic vegetable-fruit juice needed to be found meet-
ing all these needs including the range of acidity needed for 
survival and growth. The NGP SB’s that were chosen need-
ed to be compatible with each other so as not to overwhelm 
each other’s growth and benefits. They also needed to be in 
a sufficient number of Colony Forming Units (CFU) to repopu-
late the colon and attack the CDI effectively.

Considering diverse observations and inconsistent results 
of various probiotic strains on Clostridium difficile, it was not 

         

Figure 2: Doctor’s biome colon health™.
(A patent-pending blend of 15 strains of probiotics in organic 
vegetable/fruit juice).
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Table 1a: Bifidobacteria of doctor’s biome colon health.

(registered trademarks of DuPont-Danisco)

Bifidobacterium bifidum

Bb-06

This is a specially selected strains of Bifidobacterium bifidum that could be used with a variety of 
excipients.

Bifidobacterium breve

Bb-03

This strain is a specially selected strain of Bifidobacterium breve. B. breve (Bb-03) has demonstrated very 
good adhesion to human epithelial cell lines (HT-29) applied in in vitro studies. Bb-03 is tolerant to low pH 
conditions and survives the presence of bile at concentrations present in the duodenum.

Bifidobacterium lactis

Bi-07®

This strain is a specially selected strain of Bifidobacterium lactis that could be part of a multiple strain 
custom blend with a variety of excipients. BI-07 has strong adhesion to intestinal cell lines.

Bifidobacterium longum 
Bl-05

This is a specially selected strain of Bifidobacterium longum. In vitro studies have shown that B. longum Bl-
05 is tolerant to low pH conditions and survives the presence of bile at the concentrations present in the 
duodenum. B. longum Bl-05 has demonstrated very good adhesion to human epithelial cell lines applied in 
in-vitro studies.

Bifidobacterium infantis Bi-26 This is a specially selected strain of Bifidobacterium longum subsp. infantis that could be part of a multiple 
strain custom blend with a variety of excipients.

Table 1b: Lactobacilli of doctor’s biome colon health.

(registered trademarks of DuPont-Danisco)

Lactobacillus acidophilus

La-14®

This strain is a specially selected strain of Lb. acidophilus. Well-suited for intestinal survival it has a 
high tolerance to gastrointestinal conditions (acid, bile, pepsin and pancreatin). LA-14 also has strong 
adhesion to intestinal cell lines. LA-14 may influence immune regulation as demonstrated by the 
induction of IL-12 and moderate induction of tumor necrosis factors in vitro.

Lactobacillus brevis

Lbr-35

This is a specially selected strain of Lb. brevis that could be part of a multiple strain custom blend 
with a variety of excipients.

Lactobacillus bulgaricus

Lb-87

This strain is a specially selected strain of Lb. bulgaricus. L. bulgaricus metabolizes and produces 
D (-)-lactic acid from four sugars: Lactose, glucose, fructose and mannose. LB-87 has the ability to 
rapidly convert lactose into lactic acid. LB-87 also has the ability to convert lactose into lactate, 
aiding in lactose digestion.

Lactobacillus casei

Lc-11®

This strain is a specially selected strain of Lb. casei. LC-11 is well suited for intestinal survival and 
functionality. It is highly tolerant of acid and bile. LC-11 adheres strongly to intestinal Caco--2 cell 
lines and it inhibits common pathogens.

Lactobacillus gasseri

Lg-36

This strain is a specially selected strain of Lb. gasseri that could be part of a multiple strain custom 
blend with a variety of excipients.

Lactobacillus paracasei

Lpc-37®

This strain is a specially selected strain of Lb. paracasei. Lpc-37 displayed in vitro inhibition of 
selected pathogens including Salmonella typhimurium, Staphylococcus aureus, Escherichia coli 
and Listeria monocytogenes. A five-strain formulation including L. paracasei (Lpc-37) was found to 
maintain and more rapidly restore microbiota after antibiotic treatment. LPC-37 is well-suited for 
intestinal survival, it has a high tolerance to gastrointestinal conditions (acid and bile).

Lactobacillus plantarum

Lp-115®

This strain is a specially selected strain of Lb. plantarum. In vitro studies have shown that L. 
plantarum (Lp-115) is extremely resistant to low pH conditions and survives the presence of 
bile at concentrations present in the duodenum. Lp-115 displayed in vitro inhibition of selected 
pathogens including Salmonella typhimurium, Staphylococcus aureus, Escherichia coli and 
Listeria monocytogenes. LP-115 is well-suited for intestinal survival; it has a high tolerance to 
gastrointestinal conditions (acid, bile, pepsin and pancreatin) and has strong adhesion to intestinal 
cell lines. LP-115 may improve specific immune response, as demonstrated in a human clinical study.

Lactobacillus reuteri

1E1

This is a specially selected strain of Lactobacillus reuteri that could be part of a multiple strain 
custom blend with a variety of excipients.

Lactobacillus rhamnosus

Lr-32®

This strain is a specially selected strain of Lb. rhamnosus. L. rhamnosus (Lr-32) has shown anti-
inflammatory properties, as demonstrated through significant protection against TNBS induced 
colitis in an animal model. L. rhamnosus (Lr-32) may influence immune regulation, as demonstrated 
by the increased induction of IL-10 in vitro.

Lactobacillus salivarius

Ls-33®

This is a specially selected strain of Lb. salivarius. LS-33 is well-suited for intestinal survival, it has a 
high tolerance to gastrointestinal conditions (acid, bile, pepsin and pancreatin). LS-33 has a strong 
adhesion to intestinal cell lines, and ability to inhibit common pathogens. It also has a beneficial 
modulation of immune functions, it may influence immune regulation, as demonstrated by increased 
induction of IL-10 in vitro.
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ing centrifugation at 4500 RPM for 15 minutes, the superna-
tant liquid was filtered through a 0.22 μm filter to ensure that 
the supernatant liquid was free of cells. A 10 mL portion was 
pipetted into a test tube and photographed (Figure 4). The 
filtered sample was used as the test product sample and the 9 
mL diluent tubes for its ten-fold serial dilution. The inoculated 
control was analyzed with sterile 0.1% Peptone Buffer.

Test procedure
Test procedure was performed according to the Com-

pendium of Methods for the Microbiological Examination of 
Foods, 5th Edition, Chapter 33, Section 33.7 (Editors: Yvonne 
Salfinger and Mary Lou Tortorello, American Public Health As-
sociation).

Control test procedure: The inoculum used for the sample 
test procedure was vortexed for 5 seconds. 1 mL of the inoc-
ulum was transferred to a 9 mL tube of 0.1% Peptone Buffer 
and vortexed for 5 seconds. This served as the 10-1 dilution 
tube. 1 mL from the 10-1 dilution tube was transferred in du-
plicate into sterile Petri Dishes. With the same pipet, 1 mL 
was transferred into a second 9 mL tube containing the 0.1% 
Peptone Buffer for the 10-2 dilution tube and vortexed for 5 
seconds. 1 mL from the 10-2 dilution tube was transferred in 
duplicate into sterile Petri Dishes. With the same pipet, 1 mL 
was transferred into a third 9 mL tube containing the 0.1% 
Peptone Buffer for the 10-3 dilution tube and vortexed for 
5 seconds. Serial dilution was repeated until a 10-8 dilution 
plate was reached. Approximately 20 mL of tempered (44-46 
°C) Reinforced Clostridial agar was added to the Petri Dishes 
and gently swirled to evenly disperse inoculum throughout 
the agar. After solidification, 15 mL of Reinforced Clostridial 
agar was overlaid onto each plate. The plates were incubat-
ed anaerobically in an upright position at 35-37 °C for 18-24 

Furthermore, every batch of Doctor’s Biome Colon Health is 
tested by an independent, FDA-registered accredited microbi-
ology lab to confirm absence of pathogenic microorganisms.

Design of the Study

Culture propagation and strain verification
A sterile inoculating loop of Clostridium difficile ATCC 

#9689 was streaked onto a Reinforced Clostridial agar slant, 
broth tubes, and two Sheep Blood agar plates. The slant and 
broth tubes and one Sheep Blood agar plate were incubated 
anaerobically at 36-38 °C for 48 ± 2 hours. The second Sheep 
Blood agar plate was incubated aerobically at 36-38 °C for 48 
± 2 hours and served as the contamination check. Following 
incubation, the agar plates and tube were observed for colo-
ny growth and turbidity. The Sheep Blood agar plate incubat-
ed anaerobically was biochemically identified using the VITEK 
ANC card to verify purity.

Inoculum preparation
A well isolated colony from the Sheep Blood agar plate 

was used to inoculate a Reinforced Clostridial broth, which 
was then incubated anaerobically at 36-38 °C for 18 to 20 
hours. Following incubation, the culture was stored overnight 
at 3 ± 1 °C.

Sample preparation
Six, individually packaged, intact 2-ounce DBCH glasses 

were composited into a sterile 500 mL glass bottle under a 
laminar flow hood. This bottle was mixed by gentle swirling 
and stored at ambient temperature (20-25 °C) until testing. At 
that time, the composited product was homogenized. Then 
10 mL was pipetted into a test tube for a before (Figure 3) and 
after comparison photo with the centrifuged product. Follow-

         

Figure 3: Doctor’s biome colon health pre-centrifugation.

         

Figure 4: Doctor’s biome colon health post-centrifugation/mi-
crofiltration.

https://ajph.aphapublications.org/author/Tortorello%2C+Mary+Lou
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rially diluted agar plates of the control to visually show pres-
ence of Clostridium difficile colony forming units (Figure 5). 
The plates which exhibited less than 300 colonies were enu-
merated and representative colonies for Clostridium difficile 
were biochemically identified via VITEK ANC (Table 2).

Similarly, following incubation, photographs were taken 
of the serially diluted agar plates of the sample to visually 
show absence of Clostridium difficile colony forming units 
due to the inhibitory effect of the DBCH bioactive compounds 
(Figure 6 and Table 2).

Discussion and Conclusion

hours.

Sample test procedure: The refrigerated anaerobic cham-
ber containing the inoculum was equilibrated to ambient 
temperature prior to inoculation. The inoculum was vortexed 
for 5 seconds to homogenize. 1 mL of the inoculum was trans-
ferred to a 9 mL tube of the supernatant test sample and vor-
texed for 5 seconds. This served as the 10-1 dilution tube. 1 
mL from the 10-1 dilution tube was transferred in duplicate 
into sterile Petri Dishes. With the same pipet, 1 mL was trans-
ferred into a second 9 mL tube containing the supernatant 
test sample for the 10-2 dilution tube and vortexed for 5 sec-
onds. 1 mL from the 10-2 dilution tube was transferred in du-
plicate into sterile Petri Dishes. With the same pipet, 1 mL 
will be transferred into a third 9 mL tube containing the su-
pernatant test sample for the 10-3 dilution tube and vortexed 
for 5 seconds. Serial dilution was repeated until a 10-8 dilution 
plate was reached. Approximately 20 mL of tempered (44-46 
°C) Reinforced Clostridial agar was added to the Petri Dishes 
and gently swirled to evenly disperse inoculums throughout 
the agar. After solidification, 15 mL of Reinforced Clostridial 
agar was overlaid onto each plate. The plates were incubat-
ed anaerobically in an upright position at 35-37 °C for 18-24 
hours.

Results
Following incubation, photographs were taken of the se-

         

Figure 5: Presence of C. diff. colony forming units when Peptone 
Buffer is used for serial dilution.

         

Figure 6: Absence of C. diff. colony forming units when doctor’s 
biome colon health supernatant is used for serial dilution.

Table 2: Colony Counts of Clostridium difficile.

Control Sample

Dilution Rep 1 Rep 2 Rep 1 Rep 2

10^-1 TNTC TNTC 0 0

10^-2 TNTC TNTC 0 0

10^-3 TNTC TNTC 0 0

10^-4 TNTC TNTC 0 0

10^-5 TNTC TNTC 0 0

10^-6 62 40 0 0

10^-7 3 1 0 0

10^-8 0 0 0 0

TNTC: Too numerous to count.
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20. Maathuis AJ, Keller D, Farmer S (2010) Survival and metabolic 
activity of the GanedenBC30 strain of bacillus coagulans in a dy-
namic in vitro model of the stomach and small intestine. Benef 
Microbes 1: 31-36.

The obtained results of our in-vitro study are consistent 
with several published investigations in PubMed. We believe 
inhibition of C. difficile by DBCH probiotics should be consid-
ered from both quantitative and qualitative points of view:

From a quantitative point of view, a general mechanism 
of microbial inhibition is through the “competitive exclusion 
principle”. This means that when two species compete in a 
limited environment (e.g., colon) and compete for the same 
limited amount of nutrients, the species that has advantage 
over the others (e.g., larger numbers) will dominate the envi-
ronment and lead to the exclusion of the weaker competitor. 
For example, in our study the probiotic dose of 27 billion live 
and active Colony Forming Units (CFU) for a daily serving of 
DBCH is considered among the higher quantities commercial-
ly available.

From a qualitative point of view, it seems that the cho-
sen blend of Bifidobacteria and Lactobacilli have functioned 
in a complementary, additive and possibly synergistic way to 
completely inhibit growth of C. difficile. In other words, the 
chosen probiotics have released some bioactive compounds 
into the juice that has inhibited growth of C. difficile. One 
such compound could possibly be lactic acid (and possibly 
other organic acids) which can reduce the pH of the envi-
ronment to an acidic range unfavorable for spore germina-
tion and/or growth of C. difficile. We can conclude that the 
bioactive compounds secreted from the chosen 15 probiotic 
strains into the organic vegetable and fruit juice has played a 
decisive inhibitory role against growth C. difficile.

The combined quantitative and qualitative properties of 
juice-based DBCH is expected to positively and impressivlely 
impact prevention and/or treatment of CDI.

Based on these results, and in line with the recent guide-
lines of American Gastroenterological Association on the role 
of probiotics in the management of gastrointestinal disorders 
[35], a prospective, randomized, double-blind clinical trial 
(based on Good Clinical Practice) on the safety and efficacy of 
DBCH for CDI patients is warranted.
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