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Prevention of Clostridium difficile infection in hamsters using a non-toxigenic strain

Prevencio da infeccio por Clostridium difficile em hamsters usando uma estirpe nfo toxigénica

Carlos Augusto de Oliveira Junior™ Rodrigo Otavio Silveira Silva’! Amanda Nadia Diniz!'
Prhiscylla Sadana Pires' Francisco Carlos Faria Lobato' Ronie Antunes de Assis"

ABSTRACT

The present study aimed to evaluate five non-
toxigenic strains of Clostridium difficile (NTCD) in vitro and to
select one strain to prevent C. difficile (CDI) infection in hamsters
(Mesocricetus auratus). The NTCD strains were evaluated
for spore production in vitro, antimicrobial susceptibility and
presence of antimicrobial resistance genes. Approximately
107 spores of the selected strain (Z31) were administered by

esophageal gavage in hamsters pretreated with 30mg kg' of

clindamycin. The challenge with a toxigenic strain of C. difficile
was conducted at 36 and 72h, and the animals were observed
for 28 days. The NTCD strain of C. difficile (Z31) was able to
prevent CDI in all animals that received it.

Key words: diarrhea, Clostridium difficile-associated diseases,
colitis.

RESUMO

O presente trabalho objetivou a avaliag¢do in vitro
de cinco estirpes ndo toxigénicas de Clostridium difficile (NTCD)
e selecdo de uma delas para preveng¢do de infecgao por C.
difficile (CDI) em hamsters (Mesocricetus auratus). As estirpes
NTCD foram avaliadas quanto a produgdo de esporos in vitro,
sensibilidade antimicrobiana e presenca de genes de resisténcia
a antimicrobianos. Aproximadamente 107 esporos da estirpe
selecionada (Z31) foram administrados por gavagem esofdgica
em hamsters previamente tratados com 30mg kg de clindamicina.
O desafio com uma estirpe toxigénica de C. difficile ocorreu nos
tempos experimentais 36 e 72h, e os animais foram observados por
28 dias. A estirpe NTCD de C. difficile (Z31) foi capaz de prevenir
a CDI em todos os animais que a receberam.

Palavras-chave: diarreia, doengas associadas a Clostridium
difficile, colite.

INTRODUCTION

Clostridium difficile (CDI) infection
is a disease that affects several species, including
humans, swine and equines, with different clinical
presentations (SILVA et al., 2013a). In swine, the
disease affects one- to seven-day-old animals and is
subclinical, resulting in decreased body development
and reduction of the zootechnical indexes of the swine
farm (SONGER & ANDERSON, 2006). Surveys
conducted in Brazil suggested a high prevalence
of C. difficile in neonatal piglets, emphasizing the
increased importance of this disease in this age
group (SILVA et al., 2011; CRUZ JUNIOR et al.,
2013). In addition, in equines, CDI affects young
and adult animals, with pre-antimicrobial therapy
being one of the main predisposing factors for
disease development (BAVERUD et al., 2003).
Although scarce, studies show a higher frequency of
CDI in veterinary hospitals than in commercial stud
farms (SILVA et al., 2013a).

CDI control is limited to treatment of sick
animals and general management measures; thus
far, no vaccine to control the disease is commercially
available (SILVA et al., 2013a). A possible alternative
to CDI prevention would be the use of non-toxigenic
strains of C. difficile NTCD) as competitive exclusion
agents, as they do not have the genes responsible for the
production of toxins that cause the disease, but retain the
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colonization capacity (SAMBOL et al., 2002). However,
the use of NTCD requires careful analysis and previous
testing in experimental animal models prior to their
use in the target. Furthermore, due to the geographical
variability between different PCR ribotypes, it is more
appropriate to use strains isolated from the same region
in which they will be tested (JANEZIC et al., 2012).
Therefore, the aim of the present study was to evaluate
five NTCD strains isolated in Brazil and to select one
strain that will then be assessed for its capacity to
prevent CDI development in hamsters.

MATERIALS AND METHODS
Strains

Five NTCD strains from the bacteria
collection of the Laboratorio de Anaerdbios of

the Veterinary School of the Federal University
of Minas Gerais (Universidade Federal de Minas
Gerais — UFMGQG) were used in the present study.
The strains were isolated from healthy animals
in Brazil, subjected to DNA thermal extraction
(90°C for 20min) and characterized as non-
toxigenic (A'B'CDT) by PCR (SILVA et al.,
2011). The strains did not produce the A/B toxins
by cell serum neutralization (SILVA et al., 2013b).
The five strains were also previously ribotyped
according to JANEZIC & RUPNIK (2010)
(Table 1). A toxigenic strain (A'B'CDT, PCR
ribotype 012) was used for disease induction; the
strain belongs to the same bacteria collection as
the other five NTCD strains and was previously
isolated from a swine with CDI confirmed by A/B
toxin detection.

Table 1 - Details of non-toxigenic C. difficile strains (NTCD) with regard to origin, ribotype, spore production in vitro, antimicrobial

resistance profile and presence of resistance genes.

Species of strain

Log;o of spore counts

Minimal Inibitory Concentration =~ Antimicrobial resistance

Strain origin Ribotype in vitro (MIC) (ug mL™):" genes
CI: 32.0 Er: 1.0
. 4.72 +0.03 Li: 64.0 Me: 0.25
Ha Swine 053 d 0x: 8.0 Pe: 0.5 ;
Ty: 2.0 Va: 0.25
Cl: 32.0 Er: 1.0
5.42+0.05 Li: 8.0 Me: 0.25
E Equi ‘A ‘B
Q3 quine 053 . Ox: 4.0 Pe: 0.5 bcerA, ber:
Ty: 2.0 Va: 0.25
Cl: 64.0 Er: 0.5
. 6.68 +£0.03 Li: 64.0 Me: 0.25
Z31 Canine 009 a Ox: 8.0 Pe: 0.5 tetM
Ty: 2.0 Va: 0.25
Cl: 32.0 Er: 0.5
RI Cani 009 6.21 £0.06 Li: 4.0 Me: 0.25 berB
nin 7
anme b Ox: 2.0 Pe: 0.25 ¢
Ty: 2.0 Va: 0.25
CI: 32.0 Er: 0.5
. 537+0.04 Li: 4.0 Me: 0.25
S8 Canine 009 . Ox: 8.0 Pe: 0.25 bcrd
Ty: 2.0 Va: 0.25

Legend: Cl: Clindamycin; Er: Erythromycin; Li: Lincomycin; Me: Metronidazole; Ox: Oxytetracycline; Pe: Penicillin; Ty: Tylosin; Va:

Vancomycin.

“Breakpoints (ug mL"): Clindamycin: 32.0; Erythromycin: 2.0; Lincomycin: 16.0; Metronidazole: 2.0; Oxytetracycline: 16.0; Penicillin: 2.0;

Tylosin: 16.0; Vancomycin: 2.0.

Obs. 1: Different letters indicate different means by Student’s t test (P<0.05).

Obs. 2: Bold values means that the strain is resistant to the antimicrobial.
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Antimicrobial susceptibility and detection of
antibiotic resistance genes

After  sample  reconstitution, the
antimicrobial susceptibility profiles to clindamycin,
erythromycin, lincomycin, metronidazole, penicillin,
oxytetracycline, tylosin and vancomycin (Sigma-
Aldrich, EUA) were determined using the minimum
inhibitory concentration (MIC) method in Brucella
agar plates enriched with 5% horse blood and
antimicrobial concentrations ranging from 0.25
to 256.0mg L, as recommended by the Clinical
and Laboratory Standards Institute (CLSI, 2011).
Macrolide-lincosamide-streptogramin B resistance
determinants (ermB), oxytetracycline resistance
genes (tetM), and bacitracin resistance genes (bcrA,
berB, berC and berR) were determined by PCR, as
previously described by SPIGAGLIA et al. (2007)
and CHARLEBOIS et al. (2012).

Spore production and strain selection

Six batches of spores per C. difficile strain
were produced as described by SILVA et al. (2014a).
The concentration of each batch was determined by
plating on blood agar enriched with 0.1% taurocholate.
Spore concentrations were converted into base-
10 logarithm, means and standard deviations were
calculated, and means were compared using Student’s
t test (P<0.05) (GraphPad Prism 6, USA). High
production of spores in vitro, antimicrobial resistance

profiles and/or presence of resistance genes were
considered in order of importance for strain selection.

Animal experimentation: groups and treatments

Thirty adult Syrian hamsters (Mesocricetus
auratus) were randomly separated into five groups of
six animals (I to V). At time 0, all animals received
30mg kg' of clindamycin intramuscularly. After 24h,
animals in groups II and III received 10" UFC spores
of the NTCD strains by esophageal gavage. Animals
in groups II and IV were challenged with 10® spores
of a C. difficile toxigenic strain at 36h, while animals
in groups III and V were challenged with the same
spore concentration at 72h. Animals in group I were
only subjected to gavage with 0.85% saline at 24,
36 and 72h. The animals were observed for 28 days,
and those who survived the experimentation period
were euthanized with 100mg kg' of pentobarbital
intravenously (Figure 1).

Fecal pellets were collected daily from
each animal in microtubes containing saline for the
isolation and detection of C. difficile toxins (SILVA
et al., 2011). After natural death or euthanasia,
the animals were necropsied, the colon was fixed
in formalin for histopathology analysis, and the
intestinal content was collected for isolation of C.
difficile and toxins identification by a commercial
enzyme-linked immunosorbent assay (ELISA) kit
(Techlab, USA) according to the manufacturer’s

Figure 1 - Scheme of inoculation of NTCD strains in hamsters (Mesocricetus auratus) for evaluation of protection
against infection by a C. difficile toxigenic strain for 28 days.
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recommendation. The intestines of euthanized
animals were analyzed by electron microscopy,
as described by HUMPHREY et al. (1979). To
evaluate the capacity of the tested strain to prevent
CDI development in hamsters, a Kaplan-Meier
survival chart was constructed and analyzed using
the Mantel-Cox test (GraphPad Prism 6, USA).

RESULTS AND DISCUSSION

All details of the five C. difficile strains
used in the present study are shown in table 1.
Although the ribotype 053 of C. difficile is not
commonly described in the literature, two recent
studies performed in Brazil isolated the NTCD
strains ribotype 053 in coatis (Nasua nasua) and wild
carnivores, confirming the presence of this ribotype in
different species in the country (SILVA et al., 2014b;
SILVA et al., 2014c). The NTCD strains of ribotype
009 have been isolated in studies with humans and
healthy animals in different geographic regions
(KEEL et al., 2007; KOENE et al., 2011; JANEZIC
et al., 2012). An ongoing study in Brazil has shown
that strains 009 and 053 are the most common in the
country among NTCD strains and that they have
been isolated in different species, including swine,
a fact that makes them relevant for the goal of the
present study. Other studies that used NTCD strains
to prevent CDI in hamsters selected the M3, M23
and T7 types after molecular typing using restriction
endonuclease analysis (REA) (SAMBOL et al., 2002;
MERRIGAN et al., 2009; NAGARO et al., 2013).
There is no well-established correlation between
the REA characterization methods and ribotyping.
Currently, studies focusing on typing use ribotyping
due to the simplicity of the technique and the greater
discrimination among strains, which allows better
comparisons with and deeper discussion concerning
other studies (KILLGORE et al., 2008).

All  strains were susceptible to
metronidazole, penicillin, tylosin and vancomycin.
Metronidazole and vancomycin are the antimicrobials
of choice for CDI treatment in humans and equines;
few C. difficile strains are resistant to these drugs. In
contrast, resistance to penicillin and tylosin has been
reported in Brazil and other countries (BAVERUD
et al., 2003). Two (40%) and three (60%) strains had
intermediate susceptibility profiles to erythromycin
and oxytetracycline, similar to what was reported
by SILVA et al. (2014d). Two strains (40%) were
resistant to lincomycin, while all strains (100%) were
resistant to clindamycin. In a study that evaluated
the use of NTCD strains for CDI prevention in

hamsters, the three strains analyzed were susceptible
to clindamycin (SAMBOL et al., 2002).

Lincosamides are used to treat infections
caused by anaerobic microorganisms. The use of
antimicrobials of this group is one of the main
risk factors for developing CDI. In addition to the
resistance of C. difficile to lincosamides, these
antimicrobials cause an imbalance of intestinal
microbiota, affecting the pathogen’s competitors
(HUANG et al., 2010). The resistance of the C.
difficile strains evaluated in the present study to
clindamycin is of utmost importance because this trait
makes them able to compete with toxigenic strains in
patients treated with clindamycin.

The ftetM gene was detected in the
Z31 strain, which could explain the intermediate
susceptibility profile of this strain to oxytetracycline
by MIC. The simultaneous occurrence of the fetM and
ermB genes, described as common by SPIGAGLIA
(2007), was not observed in the present study. The
bacitracin resistance genes (bcrA and bcrB) have
never been described in C. difficile and, different
from what has been observed for C. perfringens,
these genes can be individually isolated in C. difficile
strains (CHARLEBOIS et al., 2012).

The main risk factor for CDI development
in humans and equines is antimicrobial therapy, which
causes an imbalance of the microbiota, favoring
gastrointestinal tract colonization by C. difficile
(HUANG et al., 2010). Thus, the NTCD strain must
have a high antimicrobial resistance profile to colonize
the gastrointestinal tracts of patients subjected to
antimicrobials to avoid colonization by toxigenic
strains that have high antimicrobial resistance profiles
due to the wide use of antimicrobials in veterinary
practice (BAVERUD et al., 2003; SILVA et al., 2014d).

Among the strains evaluated, those
isolated from dogs were the ones with the highest
spore production in vitro, mainly the Z31 strain. The
H4 strain, which was isolated from swine, showed the
lowest production (Table 1). In liquid culture medium
in static conditions, concentrations exceeding 10°
spores mL™ (>6 log, ), such as those produced by the
Z31 and RI strains, are desirable. Considering the
high dose suggested for CDI prevention in animals
(107 spores animal'), a strain able to produce a
high amount of spores is of utmost importance to
facilitate the prevention of C. difficile infection using
a non-toxigenic strain (SILVA et al., 2014a). In other
studies that use NTCD strains for CDI prevention in
hamsters, there are no data on spore production by the
evaluated strains (SAMBOL et al., 2002; NAGARO
et al., 2013). Z31 and H4 strains showed the highest
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antimicrobial resistance profiles among the strains
tested in the present study; however, the Z31 strains
had the best spore production values; therefore, Z31
was selected for CDI prevention.

To evaluate the protective capacity of
the NTCD strain, the Z31 strain was administered
to hamsters. After 28 days, no animals died, no C.
difficile was isolated, no toxins were detected, and
there were no histopathological lesions characteristic
of the disease in the life control group (I). In contrast,
animals of the death control groups (IV and V)
challenged with the C. difficile toxigenic strain
died between 36 and 90h after being challenged and
exhibited hemorrhagic typhlitis. In these groups, the
isolation of the toxigenic strain and toxin detection
were possible from the day after the animals were
challenged until death, confirming CDI as the
classification of SILVA et al. (2014a). Hamsters in
groups II and III, which received the NTCD strains,
did not die, had no toxins detected in their intestinal
contents, and exhibited no histological lesions. The
toxigenic strain was isolated only one and two days
after challenge but without the presence of toxins.
SILVA et al. (2014a) observed the same results after
animals not previously treated with antimicrobials
were challenged with a toxigenic strain. The timely
isolation with no detection of A/B toxins and/or
clinical signs suggest that the toxigenic strain simply
passed through the gastrointestinal tract without
colonizing it, possibly because the colonization sites

were already occupied by the NTCD strain. Thus,
there was no toxin production and, consequently, no
disease was observed. The Mantel-Cox test revealed
a significant difference between the survival curves
of groups II and IV (P=0.0009) and groups III and
V (P=0.0011), indicating that the use of the NTCD
strain was effective in preventing CDI in hamsters
(Figure 2).

In the study conducted by SAMBOL et al.
(2002) using an NTCD strain and challenging with
three different toxigenic strains, the protection level
ranged from 87 to 97%. In contrast, NAGARO et
al. (2013) managed to prevent the deaths of 100%
of the hamsters when using two NTCD strains
with the same goal. However, in both studies, only
10% spores of the toxigenic strain were used in the
challenge. The use of a larger amount of spores in
the challenge is important because a high level
of C. difficile spore contamination is expected in
the animal facilities (KEESSEN et al., 2011). The
effectiveness of the NTCD strain in preventing CDI
after being challenged with a large number of spores,
as evaluated in the present study, places it as a strong
candidate for CDI prevention when animal facilities
are more contaminated (SILVA et al., 2013a).

The NTCD strain was isolated from one
day post-inoculation until the end of the experiment
from all animals that received its inoculum and
was detected by electron microscopy (Figure 3).
The presence of the NTCD strain for long periods

Figure 2 - Kaplan-Meyer diagram showing the survival of hamsters (Mesocricetus auratus)
of experimental groups I to V over 28 days of observation. I: Life control group;
II: NTCD strain (24h) + toxigenic strain (36h); III: NTCD strain (24h) + toxigenic
strain (72h); I'V: toxigenic strain (36h); V: toxigenic strain (72h).
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Figure 3 - Electron micrograph of intestinal villi of a hamster’s colon (Mesocricetus auratus)
from group II1. The spore is an oval structure with a central nucleus and an electrodense
capsule close to intact villi of an animal that was isolated the NTCD strain.

has been demonstrated in other studies (SAMBOL
et al., 2002; NAGARO et al., 2013) and may be
useful for preventing a recurrent infection as, in case
of decreased microbiota, the NTCD strain would
multiply, preventing colonization by the toxigenic
strain (VILLANO et al., 2012). In animal production,
in particular pig farming, strain maintenance in
the intestinal tract for a long period would lead to
dissemination of the strain in the animal facilities. It
is believed that over time, there would be a natural
intake of NTCD strains by animals, which would
contribute to decreased incidence of the disease, even
without active and constant administration of the
NTCD strain (SONGER et al., 2007).

The use of NTCD strains to prevent CDI
has already been used in other species with relative
success. SONGER et al. (2007) observed that the
detection of A/B toxins in piglets that received the
NTCD strain orally was 12% lower than in the
control group. In humans, the first stage of a study
with the NTCD strain demonstrated that it is able to
colonize the gastrointestinal tracts of patients whose
microbiota were affected by the use of antimicrobials,
which is the main risk factor for CDI occurrence
(VILLANO et al, 2012). The present study

consolidates the selection of a strain isolated in Brazil
that may ultimately be tested for CDI prevention in
several species.

CONCLUSION

The strain NTCD Z31 showed the highest
spore production in vitro, the higher antimicrobial
resistance profile and was effective in preventing CDI
in 100% of the hamsters. These results indicate this
strain as a strong candidate for the prevention of the
disease in the target species as swine, for example.
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