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ABSTRACT

Introduction: Clindamycin is frequently prescribed in dentistry. The spread of clindamycin resistance among
Clostridioides difficile strains and associated severe side effects have triggered patients’ concern. The extent of
this concern and how it is addressed were investigated in this study. Pro- or synbiotics have been suggested to
prevent antibiotic-induced C. difficile infection (CDI). In vitro experiments were performed to evaluate what
role these products can play in managing clindamycin-resistant CDI and which product features might be
beneficial.

Material and methods: A survey among German dentists evaluated the importance of side effects of anti-
biotics during discussions with patients, clindamycin usage and whether co-administration of pro- or synbio-
tics is recommended. Three different C. difficile strains were characterized by antibiotic susceptibility testing
(AST) and the possibility to inhibit their in vitro growth by products containing probiotic microorganisms.
Results: All respondents claimed that side effects of antibiotics are a topic of discussion with patients, 92%
reported using clindamycin. 6% of respondents stated that they did not recommend pro- or synbiotics,
while 67% claimed to make this recommendation with each antibiotic prescription. AST of the three inves-
tigated C. difficile strains revealed resistance against clindamycin (and other antibiotics) of the C. difficile
ribotype 001 strain No. 977 and the ribotype 027 strain No. 644. In vitro inhibition experiments showed that
all three strains could be best inhibited by multi-strain synbiotic preparations.

Conclusions: The recommendation to co-administer pro- or synbiotics together with clindamycin can be
used to address concerns of patients. The results of this study support this approach and provide some

guidance for product selection.
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INTRODUCTION

Clindamycin is a broad-spectrum antibiotic com-
monly used in dentistry for the treatment of odontogenic
infections (e.g., periapical abscess, pericoronitis, and
periodontal abscess) as well as the prophylaxis of infective
endocarditis. Odontogenic infections are mostly poly-
microbial, comprising facultative anaerobes (e.g., Strep-
tococci spp.) and strict anaerobes (e.g., Prevotella spp.,
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Fusobacterium spp.) [1]. Clindamycins antibacterial
profile covers this spectrum of bacterial pathogens
excellently [2]. In addition to its anti-infective proper-
ties, clindamycin has high oral absorption, significant
tissue penetration and good penetration into bone [3, 4].
Common side effects of systemic clindamycin therapy
(affecting > 1% of patients) are diarrhea, nausea, vomit-
ing, abdominal pain, cramps and/or a rash [5]. In some
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patients clindamycin therapy can result in the develop-
ment of potentially lethal pseudomembranous colitis
(PMC), which is caused by overgrowth of the gut by
the bacterial pathogen Clostridioides difficile [6]. Most
C. difficile strains, among them the hypervirulent epi-
demic PCR-ribotype 027 (also known as North Ameri-
can Pulsotype 1 [NAPI] or restriction endonuclease
analysis [REA] BI type [BI]) strains, have become clin-
damycin-resistant [7]. As the majority of the beneficial
bacteria in the gut are still susceptible to clindamycin,
the therapy with this antibiotic provides clindamycin-
resistant C. difficile strains with a strong growth advan-
tage in the gut. By using this growth advantage, the clin-
damycin-resistant C. difficile strains can overcome the
colonization resistance normally provided by a diverse
and balanced bacterial gut microbiota [8-10]. Because of
the associated risk of PMC and the spread of resistance
among C. difficile strains, prescription of clindamycin
should follow a good antibiotic stewardship. At the same
time, usage of preparations containing probiotic micro-
organisms (probiotics or synbiotics) as prophylactic CDI
measures, at least for patients at risk (e.g., the elderly or
those with previous CDI), and as complementary ther-
apy during and after clindamycin therapy, is receiving
growing interest. Results from a number of studies found
evidence that probiotics or synbiotics could play a role
in the management of CDI. In vitro growth inhibition of
C. difficile has been demonstrated for mono-strain pro-
biotics [11, 12] and multi-strain pro- or synbiotics [13].
Administration of Lactobacillus acidophilus and Bifido-
bacterium bifidum seemed to have a neutralizing effect
on the toxins of Clostridioides difficile, as it was found
that only 46% of patients who received the probiotic
were toxin-positive, compared to 78% of patients in the
placebo group [14]. Colonization of epithelial cells by
C. difficile could be prevented by administering a mix-
ture of Staphylococcus, Enterococcus, Lactobacillus,
Anaerostipes, Bacteroidetes, and Enterorhabdus [15].
The probiotic yeast Saccharomyces boulardii upregulated
the expression of anti-TcdA secretory immunoglobulin A
in animal models of CDI and inhibited the binding
of TcdA to epithelial cells [16, 17]. A mixed culture of
non-toxigenic Clostridioides difficile, Escherichia coli,
Bifidobacterium bifidum, and members of Lachnospir-
aceae was found to prevent the colonization of Clostri-
dioides difficile in germ-free mice [18, 19]. A meta-anal-
ysis [20] showed that probiotics are associated with
a reduction in the incidence of CDI-associated diarrhea.
A review published in 2008 by the Cochrane Group [21]
stated that there were still not enough data to establish
the role of probiotics for the treatment of CDI. However,
in a more recent systematic review and meta-analysis
by the Cochrane Collaboration, published in 2017, the
authors concluded that probiotics have general positive
effects in CDI patients [22]. While there are currently not
sufficient data to support a positive recommendation to

use products containing probiotic microorganisms for
the management of CDI, these products are known to
be used by dentists, although to what extent is not well
characterized.

Anecdotal evidence collected by the authors over
recent years indicates that patients of dentists increasingly
demand to discuss side effects of antibiotic therapy, espe-
cially the potential problems related to clindamycin ther-
apy. Some dentists have even reported that compliance
of patients has been negatively affected by this concern.
The present study had two objectives: Firstly, a survey
was carried out among German dentists to investigate the
extent to which antibiotic side effects are a topic during
routine patient/dentist discussions, assess the utilization
rate of clindamycin in dentists’ daily routine and deter-
mine to what extent and for what purpose dentists recom-
mend probiotics or synbiotics when prescribing clindamy-
cin or other antibiotics. In the second, experimental part
of the study, the antibiotic susceptibilities of three differ-
ent Clostridioides difficile strains (C. difficile [ATCC9689],
C. difficile No. 977 ribotype 001 and C. difficile No. 644
PCR ribotype 027) were characterized. In vitro patho-
gen inhibition experiments were employed to determine
whether the growth of these different C. difficile strains
could be inhibited by products containing probiotic
microorganisms. Despite the obvious limitations of
results from in vitro experiments, the present results can
provide some guidance to dentists when making recom-
mendations to patients to co-administer probiotics and
synbiotics while taking clindamycin or other antibiotics.

MATERIAL AND METHODS

A cross-sectional study employing a survey among
German dentists was performed by sending a short cover
letter outlining the objectives of the research project
and a one-page questionnaire comprising four questions
(Table 1) by regular post.

Postal addresses for German dentists were taken from
a commercially available database. Dentists were provid-
ed with a national fax number to which they were invited
to send the completed questionnaire. One reminder was
sent to dentists who had not responded within two weeks
after the first contact. Data processing was approved by
respondents by stamp, date and their signature.

Only questionnaires with answers to all questions
were analyzed. Survey answers were collected until the
data from the last ten newly collected questionnaires did
not change the percent values to the predefined answers
of question three by more than 3%. The maximum per-
centage change caused by the last ten collected question-
naires was actually 2.4%.

The vyeast probiotic Enterol (Biocodex, Gentilly,
France) contains in each capsule 4.5 x 10° colony forming
units (CFU) of the Saccharomyces boulardii strain CNCM
1-745. Dicoflor (Bayer Sp. z 0.0., Warszawa, Poland) con-
tains 6 x 10° CFU of Lacticaseibacillus rhamnosus GG
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TABLE 1. Questions of the survey

discussions with your patients?

1 Does the topic of side-effects of antibiotics come up in

Selection of one of the pre-defined answers

2 | Which antibiotic are you using in your daily routine?

Multiple selection of predefined answers and
field for free-text answer

synbiotics when you prescribe antibiotics?

3 Do you recommend the co-administration of probiotics or

Selection of one of the pre-defined answers

4 | Are you interested in information about Clostridioides difficile?

Selection of one of the pre-defined answers

ATCC 53103 per capsule. The multi-strain synbiotic A
(Vivatlac, Vivatrex GmbH, Rees, Germany) con-
tains in each capsule 9.0 x 10® Lactococcus lactis LI-23,
9.0 x 10® CFUs Lactobacillus helveticus SP 27, 6.75 x 10®
CFUs Bifidobacterium longum BI-05, 4.5 x 10® CFUs
Bifidobacterium breve Bb-03, 4.5 x 10% CFUs Lacticasei-
bacillus rhamnosus Lr-32, 4.5 x 10® CFUs Streptococcus
thermophilus St-21, 2.25 x 10® CFUs Lacticaseibacillus
casei Lc-11,2.25 x 108 CFUs Lactiplantibacillus plantarum
Lp-115, 2.25 x 108 CFUs Bifidobacterium bifidum Bb-02,
and 68 mg of the prebiotic FOS. The multi-strain synbi-
otic B (Vivatlac Baby, Vivatrex GmbH, Rees, Germany)
is a freeze-dried powder. Each sachet contains a total of
10° CFUs as a mixture of equal CFU amounts of Lacto-
bacillus acidophilus LA-14, Lacticaseibacillus casei R0215,
Lacticaseibacillus paracasei Lpc-3, Lactiplantibacillus
plantarum Lp-115, Lacticaseibacillus rhamnosus GG,
Ligilactobacillus salivarius Ls-33, Bifidobacterium lactis
BI-04, Bifidobacterium bifidum R0071, Bifidobacterium
longum RO175 and 1.43 g of the prebiotic FOS.

The ribotype 001 strain C. difficile (ATCC 9689) was
purchased from ATCC, Manassas, Virginia, USA [23].
The bacterial strains C. difficile No. 644 and C. difficile
No. 977 are members of a collection of C. difficile strains
that has been established in the course of a surveillance
study conducted in 2012 to obtain an overview of CDI
in Polish hospitals [24]. Ethical approval and informed
consent were not required. The strains were isolated
from CDI patients, diagnosed on the basis of the CDI
definitions of 2012 proposed by the European Soci-
ety of Clinical Microbiology and Infectious Diseases
(ESCMID) [25]. For isolation of the strains, the fecal sam-
ple was inoculated anaerobically on selective media for
48, and C. difficile colonies were sub-cultured on blood-
agar and identified using standard methods, as described
previously [26]. PCR ribotyping of the isolates was per-
formed by the Anaerobe Laboratory, Medical University
of Warsaw according to the method described by Stubbs
et al. [27]. The Cardiff-ECDC collection of reference iso-
lates (n = 23) of C. difficile was used as a reference set.

AST (antimicrobial susceptibility testing) of the
C. difficile strains was performed using the gradient
diffusion method ETEST for epidemiological research
(bioMérieux SA, Marcy lEtoile, France). Tests with
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ETEST strips that contained gradients of each agent
tested were performed as specified by the producer [28].
The following antimicrobials were tested: metronidazole
(MZ) and vancomycin (VA), clindamycin (CLI), eryth-
romycin (ERY), which had ETEST strips ranging from
0.016 to 256 mg/l; and ciprofloxacin (CIP), moxifloxacin
(MXF), imipenem (IP), which had ETEST strips ranging
from 0.002 to 32 mg/l. Minimum inhibitory concentra-
tion (MIC) values were read from the scales in terms of
mg/l at complete inhibition of growth of the respective
C. difficile strain. European Committee on Antimicrobial
Susceptibility Testing (EUCAST) clinical breakpoints for
C. difficile were applied to the antimicrobial drugs MXF,
MZ and VA (http://www.eucast.org) [29]. For CIP, CLI,
ERY and IP, Clinical and Laboratory Standards Institute
(CLSI) clinical breakpoints were assessed [30].

For the in vitro pathogen inhibition studies with the
different C. difficile strains, the pathogens were cultivat-
ed under anaerobic conditions at 35-37°C for 24-48 h
on Schaedler agar (CMO0437, Fisher Scientific GmbH,
Schwerte, Germany) [31]. Suspensions of the evaluated
products each containing 10° CFU were inoculated on
MRS agar and incubated for 48 h in the presence of 5%
CO,. 10 mm diameter bars were transferred to a Mueller-
Hinton agar with 5% horse blood and 20 mg/l NAD
(PP0972, E&O Laboratories Ltd, Bonnybridge, UK) and
incubated under anaerobic conditions for 24 h.

For testing a potential pathogen growth inhibitory
effect of FOS, 100 ul of a solution containing 14.3 mg/ml
FOS (F8052, Sigma Aldrich, St. Louis, Missouri, USA)
was applied to a 10 mm filter disk that was then admin-
istered to respective pathogen testing plates. The multi-
strain synbiotics A and B containing nine different pro-
biotic strains were tested on the same plates as positive
controls.

At the end of the incubation, measurements of inhi-
bition zones around the tested colonies were taken from
the outer edge of the colonies to the outer edge of the
clear zones. Each test was performed in triplicate and the
arithmetic means of the radii measuring from the edg-
es of the colonies to the edges of the clear zones were
calculated, as well as the standard deviations SD (Excel,
Microsoft, Redmond, Washington, USA). Independent
t-test statistical analyses of datasets were conducted
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FIGURE 1. Recommendation of co-administration of probiotics and synbiotics by German dentists (n = 66)

with GraphPad Prism software version 8.2 (GraphPad
Software, San Diego, California, USA). Datasets were
considered as significantly different when a p-value
< 0.01 was achieved.

RESULTS

From September 2020 to January 2021, 633 Ger-
man dentists were contacted. Responses from a total of
68 (response rate 10.7%) were collected, of which two
(2.9% of all respondents) were incomplete and there-
fore were excluded from further analysis. All respond-
ing dentists (100%) stated that the topic “side effects of
antibiotics” is part of their communication with patients
and nearly all dentists (92%) reported using clindamy-
cin as part of their daily antibiotic routine. Only 6% of
the responding dentists claimed not to recommend pro-
biotics or synbiotics to their patients when prescribing
antibiotics (Figure 1). Nearly two thirds of dentists stat-
ed that they recommend the co-administration of pro-
or synbiotics for all antibiotic therapies they prescribe.
The remaining 27% of respondents reported a more
selective recommendation behavior: 16.7% claimed to
make such a recommendation only when prescribing clin-
damycin and 10.6% stated that they based their recom-
mendation on a CDI risk assessment of their patients.

Interest to receive more information about C. difficile
was expressed by 79% of all respondents.

AST was used to investigate the resistance profile of
the three investigated C. difficile strains (Table 2). Mini-
mum inhibition concentrations (MICs) above the respec-
tive resistant breakpoint concentration were rated as resis-
tant (R), those below as susceptible (S), and those equal to
the respective resistant breakpoint concentration as medi-
um susceptible (MS). Resistance breakpoints for metro-
nidazole, vancomycin and moxifloxacin were taken from
the most recent publication of the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) [29],
those for clindamycin, erythromycin, ciprofloxacin and
imipenem from the actual publication of the Clinical and
Laboratory Standards Institute (CLSI) [30].

The reference strain C. difficile (ATCC 9689) exhib-
ited resistance against fluoroquinolones and a somewhat

JOURNAL OF HEALTH INEQUALITIES 2022 /Volume 8/ Issue 1, June

TABLE 2. Antimicrobial susceptibility of Clostridioides diffi-
cile strains

Antibiotic C. difficile  C.difficile C. difficile
(ATCC9689) No0.977 No.644

PCR-Ribotype 001 001 027
Clindamycin' S R R
Erythromycin? S R R
Ciprofloxacin? R R R
Moxifloxacin? R R R
Imipenem? MS R R
Metronidazole’ S S S
Vancomycin' S S S

R: resistant (MIC values = resistance breakpoint concentration),
S: susceptible (MIC values < resistance breakpoint concentration),
MS: medium susceptible (MIC values equal to resistance breakpoint
concentrations).

'Resistance breakpoint concentration taken from EUCAST.
2Resistance breakpoint concentration taken from CLSI.
3Epidemiological cut-off concentration taken from EUCAST.

reduced susceptibility against imipenem. In contrast,
C. difficile No. 977 and C. difficile No. 644 were multi-
drug resistant, defined as being resistant against antibio-
tics from at least three different antibiotic classes. Both
strains demonstrated resistance to clindamycin, erythro-
mycin, the fluoroquinolones ciprofloxacin and moxiflo-
xacin as well as the carbapenem antibiotic imipenem.
Results of the in vitro growth inhibition experiments
are shown in Figure 2. The inhibitory effects of each test-
ed product on the three different C. difficile strains were
similar; in none of the cases was a significant difference
(p-value > 0.05) found. In contrast, there were signifi-
cant differences when the inhibitory effects of the differ-
ent products containing probiotic microorganisms were
compared. The weakest inhibitory effects were deter-
mined for the product containing the yeast probiotic
Saccharomyces boulardii. The mono-strain bacterial pro-
biotic containing Lacticaseibacillus (L.) rhamnosus GG
caused medium size inhibition. The multi-strain bacteri-
al synbiotics caused the strongest inhibition. There were
no significant differences (p-value > 0.05) between the
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Saccharomyces boulardii

L. rhamnosus GG
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FIGURE 2. Invitro growth inhibition of C. difficile strains by the yeast probiotic Saccharomyces boulardii, the bacterial probiotic
L. rhamnosus GG and two bacterial multi-strain synbiotics. Detailed information about the composition of the multi-strain

synbiotics is provided under Materials and methods

inhibitory effects of the two multi-strain synbiotics. FOS
alone caused no inhibition of the growth of the C. diffi-
cile strains (data not shown).

DISCUSSION

Results of the survey revealed that discussion about
the adverse events of antibiotic therapy is a common
topic encountered by the responding dentists when
they speak with their patients. High percentages of the
respondents claimed to use clindamycin and to recom-
mend the co-administration of probiotics or synbio-
tics when they prescribe antibiotics. The results from
the survey have to be interpreted with caution. Firstly,
the survey response rate was only slightly above 10%.
This relatively low response rate limits the possibility
to generalize the findings of the survey. Secondly, the
respondents might be especially interested in the topic,
while dentists who are not interested in the subject may
have tended not to participate. In that case, it is possible
that the topic addressed in the questionnaire has activat-
ed only a specific subset of dentists. Consequently, the
survey results might not be representative of the attitude
of all dentists. Therefore, the actual usage rate of clin-
damycin by all German dentists, as well as the rate of
recommendation to co-administer probiotics or synbio-
tics, might be significantly lower than the rates found in
this study. In the worst case, only users of clindamycin
and dentists recommending the co-administration of
probiotics or synbiotics might have responded to the
survey. This would mean that only about 10% of dentists
are using clindamycin and are performing pro- or syn-
biotic co-administration recommendations. Even then,
the topic of clindamycin side effects and the possibility
to alleviate them by the administration of probiotic or
synbiotics remains an important issue for a large number
of dentists. Despite the inherent limitations of the sur-
vey, it is an interesting finding that two thirds of respon-
dents stated that they recommend the co-administration
of probiotics or synbiotics to all patients independent of

the type of antibiotic prescribed. 16.7% of respondents
claimed to make such a recommendation only when
they prescribe clindamycin and another 10.6% based
this recommendation on a CDI risk assessment of the
patient to whom they prescribe an antibiotic.

The results from antibiotic susceptibility testing per-
formed for the three C. difficile strains are in line with
findings of others, indicating that multi-drug resistance
is a common feature of C. difficile strains [32-34]. As
of today, resistance to clindamycin, erythromycin and
quinolones is a common finding for C. difficile strains
isolated from CDI patients around the world. Between
1 and 4% of the general population are assumed to be
symptom-free carriers of C. difficile [35]. Significantly
higher carrier rates have been found in patients with acute
or recent exposure to healthcare and in the elderly [36, 37].
Consequently, a significant percentage of patients treat-
ed by dentists might be carriers of C. difficile. Dentists
have to keep this in mind, as prescribing an antibiotic to
a C. difficile carrier can unleash this pathogen, with some-
times fatal consequences. A diverse and balanced bac-
terial gut microbiota has been found to provide protec-
tion against overgrowth of the gut by C. difficile, and the
administration of products containing probiotic microor-
ganisms therefore might be a sensible approach to keep
this pathogen at bay [22]. Unfortunately, data from clin-
ical studies investigating this potential effect of pro- or
synbiotics are limited, as most modern probiotics and
synbiotics are food supplements which do not seem to
be of too much interest to the pharmaceutical industry.
Despite the lack of strong evidence-based support for the
usage of probiotics or synbiotics for the management of
CDI, the majority of respondents of this study’s survey
have already adopted this approach. Characterization
of the types of products recommended by dentists and
the underlying drivers for product selection has to be
evaluated in a future study. There is a large number of
different probiotic and synbiotic products available on
the market, and product selection could be a challenge.
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Products containing probiotic microorganisms can be
differentiated by the type of probiotic (yeast or bacteria),
the number of probiotic strains (mono-strain or multi-
strain) and the presence (synbiotic) or absence (probiotic)
of a prebiotic component.

The present study compared the C. difficile growth
inhibitory effects of a mono-strain probiotic contain-
ing the yeast Saccharomyces boulardii, a mono-strain
bacterial probiotic containing L. rhamnosus, and two
multi-strain bacterial synbiotics which contain FOS as
a prebiotic component. Inhibition rates observed were
not C. difficile strain dependent, an effect that has also
recently been demonstrated for different strains of
Klebsiella pneumoniae [38] and for Salmonella enterica
typhimurium [39]. The C. difficile growth inhibition
observed for the multi-strain synbiotics was found to be
significantly stronger than that observed for the mono-
strain probiotics. A potential reason for the superior
effects of the multi-strain synbiotics might be synergistic
effects among the different probiotic bacteria, leading
to a stronger overall inhibitory effect on the growth of
C. difficile [40-42].

CONCLUSIONS

Patients of dentists are increasingly aware of side
effects of antibiotics and clindamycin in particular. A solid
knowledge of clindamycin’s potential side effects, the role
of C. difficile in these adverse actions, and the possibility
to alleviate the effects by co-administration of products
containing probiotic microorganisms will help dentists
to address this concern of patients. Results from in vitro
C. difficile growth inhibition experiments allow one to dif-
ferentiate among the large number of products present on
the market and can guide product selection, at least as long
as data from clinical studies remain unavailable.
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