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1. Introduction

Clostridium difficile (C. difficile) is an anaerobic spore-forming Gram-positive
bacillus that can be found in the environment and in the gastrointestinal tract of
animals and humans [1]. The pathogenicity of C. difficileis attributed to the pro-
duction of two protein toxins, designated A (enterotoxin) and B (cytotoxin), en-
coded by the tcdA and tcdB genes respectively. They are located at the pathogenic-
ity locus (PaLoc) and both cause disease by significantly disrupting the integrity
of the colonic mucosa [2]. The clinical picture of C. difficile-associated disease can
range from asymptomatic carriage in the gastrointestinal tract to mild diarrhoea
or even potentially fatal pseudomembranous colitis [3]. According to several au-
thors, these symptoms have increased in recent decades, with incidence rates es-
timated in some studies in the United States at 147.2 cases per 100,000 people, and
around 29,300 associated deaths [4] and in the Netherlands at 390 to 730 cases per
100,000 people/year [5]. However, diagnosis of CDI remains difficult [6]. Initial
strategies to detect C. difficile consisted of anaerobic culture of stool samples,
which was however, time-consuming despite its good sensitivity and specificity
[7]. The development of the cell culture cytotoxicity test has bypassed the standard
stool culture but presents technical constraints [8] [9]. Rapid detection tests
(RDTs), consisting of common antigenic tests, have largely replaced culture, and
cytotoxicity tests present limitations in the interpretation of results [10]. Today,
PCR is an appropriate diagnostic tool for DCI because of its rapid turnaround
time, good sensitivity and high specificity. This specificity is characterised by the
fact that PCR targets the genes (tcdA and tcdB) for C. difficiletoxins A and B [11].
This fact has led to increasing interest in studies in developing countries, where
diarrhoeal diseases remain one of the major causes of morbidity and mortality in
children, and where the prevalence of CDI remains poorly understood [12]. This
observation prompted the study of paediatric patients in order to gain a better
understanding of the role of CDI in childhood diarrhoea. The general aim of this
work was to optimise the diagnosis of C. difficile using molecular biology tech-
niques. More specifically, the objectives were to detect the tcdA and tcdB genes
for C. difficile toxins A and B in diarrhoeal stools and to identify the risk factors

associated with C. difficile infection.

2. Method

» Ethical considerations
Confidentiality and anonymity were respected during the study, with the use of
a single survey form in which patients’ identities were replaced by codes. In addi-

tion, samples were taken with the written and informed consent of the parents of
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eligible patients. This study also required the authorisation of the Medical Direc-
tor of Health (DMS) at the University Hospital Centre (CHU) in Treichville.
¢ Scope, duration and type of study

The pre-analytical phase of this study, either the selection of patients and the
collection of diarrhoeal stools from eligible patients, was carried out at the Trei-
chville University Hospital, in the paediatric medical department. Once the stools
had been collected, molecular analysis was carried out in the molecular biology
unit of the Institut Pasteur de Cote d’Ivoire (IPCI), using primer pairs specific for
the Clostridium difficile TcdA and TcdB genes and compared with positive con-
trols (Monica®). The study lasted six months from April to August 2021 and was
a cross-sectional study.
= Population study

The study population was children presenting with diarrhoea. In practice, stool
collection was preceded by a questionnaire session after parental consent had been
obtained. Stool samples were taken in coproculture jars. The study population
consisted of 36 patients whose reason for consultation and hospitalisation was di-
arrhoea, and who were on antibiotic treatment for even 30 days after stopping it.
Patients from the community and hospitalised children were included in the
study. At the time of the survey, patients classified as being of community origin
were children with diarrhoea who had come directly from the community and
whose reason for consultation and hospitalisation was diarrhoea. On the other
hand, patients hospitalised in our context were children admitted to the paediatric
ward for other illnesses and who subsequently developed diarrhoea. Because of its
strong impact on the occurrence of CDI, patients’ history of antibiotic treatment
was defined as a risk factor and monitored during the survey.
* Molecular detection of the TcdA and TcdB genes in Clostridium difficile.
o Extraction of the tcdA and tcdB genes

Double-stranded DNA was isolated from anonymised stool samples obtained
from patients in the medical paediatrics department of Treichville University
Hospital, Abidjan. The extraction of genomic DNA from stools, was performed
according to the protocol of the “Quick-DNA™ Fecal/Soil Microbe Miniprep” kit
from ZYMO Research. This is a kit designed for the simple and rapid isolation of
inhibitor-free, PCR-grade DNA from a variety of faecal (including human, bird,
rat, mouse, cattle, etc.) and soil samples. In our context, the kit successfully iso-
lated DNA from Gram-positive bacteria in faecal samples.
o Amplification method for tcdA and tcdB genes

Target sequences were amplified, from previously isolated DNA (10 ng) added
to a final reaction volume of 50 yl. The reaction mix contained in addition to 1 x
buffer; 0.01 umoL Taq polymerase (New England Biolabs, Ipswich, MA), 2
mmol/L MgCl, (Life Technologies, Carlsbad, CA), 8 umol/L DMSO, 2 mmol/L
each ANTP (New England Biolabs), 0.1 U/uL Taq polymerase (New England Bi-
olabs), 0.3 umol/L each primer (tcdA, tcdB). To optimise PCR, DMSO was added

to the mix, which improved template denaturation by facilitating the breaking of
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hydrogen bonds connecting the 2 strands of the DNA molecule. The primer se-
quences used were :

tedA:  F-5-CTGGAGAATCTATTTGTAG-3, R-5-GCAGTTGATACT-
AATTCAAC-3; tcdB F-5'-GCATGATAAGGCAACTTCAGTGGTA-3, R-5-
'AGTTCCTCCTGCTCCATCAAATG-3'". After an initial 5-minute heating step at
94°C, the samples were amplified for 40 cycles of 30 seconds at 94°C, 30 seconds
at 65°C, 53°C for 30 seconds (decreasing by 0.5°C per cycle and held constant
thereafter), and 72°C for 1 minute; the samples were then held at 72°C for 5
minutes for a final extension step. Target sequences were amplified using a con-
ventional thermal cycler (Bio-Rad). PCR products, either. Amplicons, were ana-
lysed using 1% agarose gel electrophoresis with ethidium bromide and imaged
using the Gel Doc Imager.
= Statistical analysis

The statistical analysis was carried out using Epi/Info 6.2 (CDC) software to
compare the independence of the means of the qualitative variables using the chi-
square test (y*). Fisher’s exact probability test was also used with this software to

test the independence of the quantitative variables studied.

3. Results

= Epidemiological characteristics (Table 1)

Out of a study population of 36 patients who agreed to take part in the survey,
the majority were male (n = 21) with a proportion of 58% and a sex ratio (M/F) =
1.4. Apart from gender, the age group (2 - 12 months) was the most important,
with 19 patients, or 53%. The minimum and maximum ages were 2 and 180
months respectively. The mean age was 30 months and the median age 12 months.
Significantly, most of the patients (n = 22) eligible for the study came from the
community or (61%) (Table 1). One of the risk factors most consistently associ-
ated with the occurrence of CDI was antibiotic therapy. The class of antibiotics
most commonly used by the respondents was the beta-lactam class, in particular
cefixime, the combination of amoxicillin and clavulanic acid, and fucloxacillin.
The use of antibiotics such as metronidazoles and 5-nitrofurans was also observed
during this study.

Table 1. Distribution of the TcdB gene according to socio-demographic risk factors and
history of antibiotic treatment.

TcdB gene P

Socio-demographic characteristics
Positive (n =3)  Negative (n = 33) value

Gender
Male (n = 21) 2 (5%) 19 (53%)
Female (n = 15) 1 (3%) 14 (39%) 0.06
Age
2 - 12 years (n = 19) (2) 6% (17) 47% 0.60
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Continued

13 - 24 year olds (n =9) (1) 3% (8) 22%

24 - 180 years (n = 8) 0(00) (8)22% 0.60
How patients are admitted

Community (n = 22) 1 (3%) 21 (58%)

Hospitalized (n = 14) 2 (6%) 12 (33%) 052
Prevalence of toxin B according to
antibiotic use

With previous history Antibiotic 2 (6%) 22 (61%)
(n=24) 0.65

No history of antibiotics (n = 12) 1 (3%) 11 (30%)

=  Molecular detection of genes (tcdB and tcdA) for Clostridium difficile tox-
ins A and B (Table 2)

At the end of the survey, only the TcdB gene for Clostridium difficile toxin B
was detected in 03 patients (8.3%) (Table 1). No toxin A gene (TcdA gene) was
detected in the stools of children presenting with diarrhoea.

Identifying the risk factors for CDI is a major challenge in reducing the inci-
dence of these infections. The main risk factor for developing CDI is antibiotics,
which alter the intestinal flora. However, in our context, with a prevalence of 8.3%
for toxin B, children with no history of antibiotic treatment accounted for a third
(1/3) of positive cases. The other risk factors studied, either sex, age and mode of
admission of patients, did not reveal any of the aforementioned factors in the risk
of CDI after statistical analysis of the data collected.

Table 2. Distribution of the presence of the TcdB gene according to antibiotic use.

Antibiotic Frequency  Presence of TcdB gene p value
5-Nitro-furan 2 0
Metronidazole 7 1
Amoxicillin + clavulanic acid 8 0 0.65
Fucloxacillin 3 1
Cefixime 4 0

The TcdB gene was mainly detected in 02 children with a medical history of

metronidazole and flucloxacillin (Table 2).

4. Discussion

Following molecular detection of virulence genes (tcdA and tcdB) in C. difficile
strains isolated from diarrhoeal stools, only the tcdB gene was identified in three
children. The strains identified were A/B~* variants. It should be remembered that
according to the results of several previous studies on the genetics of C. difficile,
the strains (A/B™*) corresponded to a toxigenic variant of C. difficile. They were
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characterised by deletions, insertions or polymorphic restriction sites in one or
more sequences of the Paloc gene which no longer produced detectable toxin A
[13] [14]. Among the many studies that have reported on these variants, mention
should be made of work on the characterisation of the strain (A/B™*) of C. difficile
responsible for nosocomial outbreaks [15], the virulence of strains (A/B™) of C.
difficile [16] emergence of C. difficile strains (A/B~*): epidemiological and c/inical
considerations [17] characterisation of polymorphisms in the C. difficile A and B
toxin genes [13] [15]-[17]. On the other hand, it has to be said that the identifica-
tion of strains (A/B**) was more frequent in most studies. While in the past, due
to the mechanism of synergistic action, all toxigenic strains associated with the
disease were considered to produce both toxin A and B, to date, the virulence of
strains (A/B*) has been widely reported in several studies [16]-[18]. Today, it is
well documented that the (A/B™) variants are responsible for the same spectrum
of diseases associated with the (A/B**) strain [16] [19]. This may be due to the
concordant data from several in vitro studies indicating that toxin B is a highly
potent cytotoxin capable of inducing toxicity 1000 times greater than that of toxin
A in experimental colonic implants [19]-[21]. In addition, four studies in hamster
and mouse infection models indicated that the tcdB gene was capable of inducing
pathological phenotypes in the absence of tcdA [22]. At this level, it is also im-
portant to note that the genes (tcdA and tcdB) are normally located on the same
Paloc [23]. Consistent with the notion that the tcdB gene is independently capable
of causing disease, a considerable number of clinical isolates of C. difficile express-
ing only the tcdB gene have been reported. For example, the virulence of the PCR
017 ribotype pathogenicity, clearly identified in several epidemic situations [17]
[24]. In addition, several multicentre studies have highlighted the clinical viru-
lence of isolates (A/B™) in epidemics of C.difficile diarrhoea, sporadic cases of
infection and cases of pseudomembranous colitis (PMC) caused by the C. difficile
variant (A/B™*) [25]-[27]. Far from being an isolated study, the results (8.6%) of
the present study are consistent with other studies of variants (A/B™) in several
countries with varying prevalence [28]. In France, rates of 3% (A/B™*) have been
reported in 25 different Paris hospitals [29]. Subsequently, in 2012, rates of 1.26%
(1/80) (A~/B*) were reported in Serbia [30]. Recently, in a comparative multicen-
tre study of 593 controls and 608 patients with diarrhoea in communities in Ger-
many, Ghana, Tanzania and Indonesia, 18% (6/33) of isolates from Indonesia
were reported (A7/B*) [28]. In Iran, out of 538 C. difficile isolates, 169 (31.41%)
were A/B™* [31]. From 2006 to 2018, in Thailand, rates of 32% were reported in a
multicentre study where 46 of 145 C. difficile isolates from approximately 13 prov-
inces were A/B~* [32]. Higher rates of (A7/B*) of 39% were described in a Japanese
study [33]. In addition, an Israeli study documented C. difficile rates (A/B™*) of
56% [34]. A study carried out in Argentina showed that strains (A/B™*) completely
replaced strains (A/B**) over a four-year period, with isolates (A/B™*) rising from
12.5% in 2000 to 97.9% in 2003 [34].

Interestingly, despite the increasing incidence of C. difficile infections world-

wide and the high mortality rate associated with diarrhoea in children, statistical
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analysis (p = 0.06) of the results of the present study failed to establish a correla-
tion between the occurrence of CDI and gender. In fact, the distribution of posi-
tive cases was as follows: 6% for males and 3% for females. There appears to be
heterogeneity in the distribution of the tcdB gene independently of sex. Sex cannot
therefore be considered a major risk factor in the development of CDI. From 2003
to 2014, a similar study focusing on age and sex differences and based on trends
in C. difficile-related hospitalisations in Madrid (Spain) over a 12-year period was
unable to establish a relationship in favour of a sex-related risk factor [35]. How-
ever, this study reported a gradient of infection rates across age groups as in our
study. In our study, two positive cases were observed in children under 12 months
of age, which represented half of the samples. For the 13 to 24 months and 25 to
180 months age groups, the positive cases were respectively one case out of nine
(9) and zero cases out of eight (8) samples. It was found that the age variable did
not influence the risk of CDI in the paediatric population (p = 0.65). It should be
noted that the paediatric population, unlike adults, is generally characterised by a
high asymptomatic carriage (20 - 70%) of C. difficile [36]. Some authors explain
this by the fact that in infants, the absence of toxin receptors on the surface of
their colonocytes inhibits the internalisation of the toxins that cause colonic le-
sions [37] [38]. Like age in the present study, statistical analysis of the mode of
admission indicated that this was not a risk factor in the occurrence of CDI. In
fact, the positive results for patients from the community were 3%, compared with
6% for hospitalised patients. In 2016, at the end of his work on C. difficile infec-
tion, Wiep Kaas Smits explained that due to exposure to a hospital environment,
comorbidities and/or antibiotic therapy, hospitalised patients generally had a
much higher rate of colonisation than people from the community [39]. He also
reported that an increase in the rate of asymptomatic colonisation by toxigenic
isolates in patients at the time of hospital admission was observed without, how-
ever, inducing a real impact on the occurrence of CDI [39]. This lack of trend
indicates that the mode of admission was not a risk factor in the occurrence of
CDIL. These results are consistent with the data from the meta-analysis by Zachari-
oudakis et al 2015 in PubMed and EMBASE, on the role of mode of admission in
CDI [40].

In addition to the mode of admission, one of the risk factors most regularly as-
sociated with the occurrence of CDI was antibiotic therapy [41]. However, in our
study, we were unable to establish a statistical correlation between virulence gene
detection and antibiotic therapy. Among the diarrhoea patients selected, the posi-
tive cases were as follows: 6% positive cases in patients on antibiotic therapy com-
pared with 3% negative cases in children without antibiotics. The class of antibiot-
ics used by the patients consisted mainly of beta-lactams. Antibiotics such as met-
ronidazole and nitroimidazole were also used. In this group, it should be noted that
detection of the TcdB gene was observed mainly in two children with a medical
history of metronidazole and fucloxacillin. During the course of the survey, the

presence of traditional medicines in the medical histories preceding the admission
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of certain patients was also noted. This lack of relationship between the occurrence
of CDI in children and antibiotic therapy could be explained by the very low expo-
sure to antibiotics compared to the elderly [42]. Other authors, referring to paedi-
atric immunity, have even indicated that the titres of C. difficile toxin found in the
stools of healthy infants are similar to those found in adults with C. difficile-asso-
ciated diarrhoea [43] [44]. The mechanism of protection of infants against C. dif-
ficile is not clearly established, but a number of theories have been proposed, in-
cluding the absence of toxin receptors on the surface of intestinal cells, as well as
the protective action of breast milk and the defence provided by other neonatal
intestinal flora [43] [45]. In an experimental study on a neonatal rabbit ileum
model, the researchers found that there were no binding sites for toxin A on the
cell surface. Furthermore, even with maximum concentrations of toxin A applied
to the ileum cells of neonatal and young rabbits, the effects were minimal compared

with the severe mucosal damage caused in adult rabbits [45].

5. Limitations

There were a number of limitations to the study. Due to the rapid discharge of
patients, we were unable to follow up all patients with toxigenic Clostridium dit-
ficile in their faeces. Despite the help of the supervisors, the lack of financial sup-
port for the study was also a major limitation in the acquisition of the reagents
and small equipment needed for the work. The small sample size did not suffi-
ciently reflect the prevalence of CDI in the paediatric population. Although widely
recognised as the most appropriate current standard approach, the development
of a conventional PCR for the detection of TcdA and TcdB was much more time-

consuming and remains very difficult.

6. Conclusions

Molecular analysis of the faeces of children with diarrhoea detected a single C.
difficile toxin gene, toxin B (TcdB), with a prevalence of 8.3%. The toxin A gene,
TcdA, was not detected in the stools. The C. difficile strains obtained were de-
scribed as A/B™* variants. Positive cases were slightly more prevalent in males
(6%) than in females (3%). The age group of children was predominantly between
2 and 12 months, with 53% of patients. Community patients accounted for 58%
of cases, compared with 42% of hospital patients. The antibiotics associated with
the detection of TcdB genes were flucloxacillin and metronidazole. Finally, with
the circulation of virulent strains, it is important to monitor the carriage of C.
difficile in order to improve the management of CDI.
State of knowledge on the subject
¢ The incidence of morbidity and mortality from clostridium difficile infections
in childhood diarrhoeal syndromes is well known in Western countries;
e Thelimitations of culture-based diagnostic methods and rapid diagnostic tests
are well known;

e The role of antibiotics as a risk factor in the occurrence of clostridium difficile
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infections is also regularly reported.
e Molecular biology is the appropriate diagnostic tool for clostridium difficile

infections.

Our Study’s Contribution to Knowledge

o The incidence rate of clostridium difficile infections in the study population is
now known: 8.3%.

e The variant of clostridium difficile reported in diarrhoeal syndromes in this
study is the strain (A7/B*).

o The antibiotics associated with the detection of TcdB genes were flucloxacillin

and metronidazole.
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