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A B S T R A C T

Objectives: Clostridioides difficile infection is a serious healthcare-associated infection linked to antimicrobial use. 
The severity of the disease can be associated with hypervirulent ribotypes such as RT027. The study aimed to 
investigate the molecular epidemiology and genomic characteristics of C. difficile isolates from private and public 
healthcare settings in South Africa.
Methods: One hundred clinical stool specimens were cultured on cycloserine-cefoxitin-fructose agar. Conven-
tional multiplex polymerase chain reaction (M-PCR) assays were conducted for isolate identification and 
detection of toxin genes. Genomic characteristics of the isolates were determined using whole genome 
sequencing (WGS) and data was analysed using pubMLST, EnteroBase, Pathogenwatch and CARD.
Results: One hundred clinically presumptive C. difficile positive stool specimens were collected, of which 62 % 
(62/100) were confirmed as C. difficile by M-PCR assay. Among the 62 identified C. difficile isolates, 97 % (60/62) 
were toxigenic, with the most dominant toxin profile being A + B + CDT + according to the M-PCR assay. The 
results showed that 93 % (40/43) of the WGS analysed C. difficile strains clustered into clades 1 to 5. These 40 
strains were categorized into 16 sequence types (STs), with ST1 (clade 2) being the most prevalent, representing 
45 % (18/40), this strain is an RT027-associated strain previously epidemic hypervirulent strain. One major 
cluster (n = 18) comprising ST1 strains was identified in Gauteng Province and all the isolates associated with 
this cluster showed the same resistome (antimicrobial resistance genes and mutations: CDD-1, aac (6′)-Ie-aph 
(2″)-Ia, PnimBG and Thr82Ile). The study also identified one strain as ST11, this strain is well known for its 
zoonotic potential, and two strains were identified as ST37 known as an epidemic strain. Strains from public 
healthcare settings exhibited genetic similarity, while those from private settings showed greater genetic 
diversity.
Conclusion: The study reported, for the first time, hypervirulent strains ST1 in Africa and ST11 in South Africa, 
with a minimum spanning tree indicating an ongoing ST1 outbreak.

1. Introduction

Clostridioides difficile (C. difficile), is a gram-positive bacterial path-
ogen that causes antimicrobial-associated diarrhea in high-income and 
low-income countries [1–3]. Clostridioides difficile infections signifi-
cantly impact quality of life, morbidity and healthcare utilisation espe-
cially in older patients and immunocompromised patients [4]. 

Symptoms range from mild diarrhea to severe pseudomembranous co-
litis and the major virulence factors are toxin A, toxin B and binary 
toxins [2,5]. According to the literature, Africa has not implemented 
routine surveillance and strain typing of C. difficile; prospective sam-
pling and comprehensive studies are infrequent and are often limited by 
resource scarcity and requisite laboratory expertise [6]. Worldwide, 
PCR-ribotyping is the most used typing method; however, its 
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standardisation is challenging due to interlaboratory variation in 
banding patterns and interpretation, causing data comparison issues [7]. 
Whole genome sequencing (WGS) effectively addresses challenges by 
offering insights into genetic relatedness, genotyping and public health 
risks [8]. Ribotyping and toxinotyping studies have identified 446 
strains from five African countries, with Egypt and South Africa iden-
tifying global strains [e.g., ST3 (RT001), ST2 (RT014/020), ST37 
(RT017), ST11 (RT078)]; however, the hypervirulent strain ST1 has not 
been documented [6,9–11]. This study aimed to investigate the molec-
ular epidemiology and genomic characteristics of C. difficile strains from 
South African private and public healthcare settings to provide addi-
tional information on C. difficile strain diversity in Africa.

2. Methods

2.1. Study settings, sample collection and processing

This laboratory-based study analysed residual stool samples testing 
positive for toxigenic C. difficile from two major diagnostic laboratories 
representing private and public healthcare settings. A total of 100 non 
repeated stool specimens were included, sourced from 20 community 
hospitals including 11 private and nine public hospitals across Gauteng, 
Limpopo and Mpumalanga Provinces in South Africa. The study 
included all specimens confirmed positive for toxigenic C. difficile by 
either the GeneXpert real-time PCR assay (Cepheid, USA) or the 
TECHLAB C. diff Quick Check Complete assay (TECHLAB, USA), without 
restriction on patient age or sex. Since the specimens were residual 
samples collected post-diagnosis, no direct patient contact was involved 
and patient consent was not required. Furthermore, no clinical data 
were associated with the specimens, as they were collected solely for 
diagnostic purposes.

Stool specimens were obtained between June 2022 and December 
2022 and stored at − 20 ◦C until analysis. The sample collection included 
an equal number of specimens from each healthcare setting (50 from 
private and 50 from public). Private healthcare settings utilized the 

GeneXpert real-time PCR assay (Cepheid, USA) to detect C. difficile 
toxins A, B, and binary toxins. In contrast, public healthcare settings 
used the TECHLAB C. diff Quick Check Complete enzyme immunoassay 
(TECHLAB, USA), which detects both the glutamate dehydrogenase 
(gdh) enzyme and toxins in a single assay. Discrepancies in the enzyme 
immunoassay were further analysed using the GeneXpert PCR assay 
(Cepheid, USA). Fig. 1 presents the methodological framework 
employed in this study.

2.2. Isolation of Clostridioides difficile

A total of 100 stool specimens from private and public healthcare 
settings were cultured on cycloserine-cefoxitin-fructose agar (CCFA) 
(Liofilchem, Italy) [12]. Briefly, a volume of 1mL of stool specimen was 
mixed with 1 mL 96 % ethanol (Merck, UK) for spore selection, vortexed 
and incubated at room temperature (25 ◦C ± 5 ◦C) for one hour. The 
suspension was cultured on CCFA (Liofilchem, Italy) supplemented with 
5 % horse blood (South African Vaccine Producers) for isolation of 
C. difficile from stool specimens and were incubated in a Mitsubishi™ 
AnaeroPack (Davies Diagnostics, South Africa) anaerobic jar containing 
AnaeroPack-Anaero (Davies Diagnostics, RSA) gas-generating sachets at 
37 ◦C for 48 h. The colonies were identified based on their morphology 
(characteristics: 4 mm–6 mm diameter irregular, raised opaque, 
grey-white in colour) and were sub-cultured on 5 % Columbia Horse 
Blood Agar (CHBA) (Thermo Scientific, USA) and incubated at 37 ◦C for 
48 h for purity.

2.3. DNA extraction

The total genomic DNA of 87 presumptive C. difficile isolates was 
extracted using the Quick-DNA Fungal/Bacterial Miniprep Kit (Zymogen 
Fermentas, USA) according to the manufacturer’s instructions.

Fig. 1. Flow diagram showing the methodological framework employed in this study.
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2.4. Molecular identification and characterization of Clostridioides 
difficile using conventional PCR

Conventional-polymerase chain reaction (PCR) assays were used for 
the identification of C. difficile targeting the genus-specific (16S rRNA), 
species-specific (gdh) gene and toxin profiling (tcdA, tcdB and cdtA and 
cdtB) using CelTaq DNA Polymerase master mix (Celtic Molecular Di-
agnostics, South Africa) [13–19]. Agarose gel electrophoresis was per-
formed using a 2 % (m/v) SeaKem agarose gel (Lonza, Switzerland) for 
PCR amplification product detection. The amplicon product bands were 
visualised under a transilluminator (UV) light (UVP products, USA) 
using the Bio-Rad gel DocTM EZ (Bio-Rad, USA) system. Clostridioides 
difficile American Type Culture Collection (ATCC) BAA-1870 (tcdA+, 
tcdB+, and cdtA/B+) and C. difficile ATCC 700057 (tcdA− , tcdB− and 
cdtA/B− ) strains (Davies Diagnostics, South Africa) were used as the 
positive and negative controls respectively. A no-template control con-
sisting of ultrapure water (ThermoFisher Scientific, USA) was included 
as a negative control.

2.5. Whole genome sequencing of Clostridioides difficile isolates

Sixty-two (toxigenic and non-toxigenic) C. difficile DNA extracts were 
submitted to the Sequencing Core Facility (SCF), NICD, for WGS. The 
Nextera DNA Flex library prep kit (Illumina, San Diego, CA, USA) was 
used for library preparation, with the inclusion of a gBlock Gene Frag-
ment (Integrated DNA Technologies, Coralville, IA, USA) as a quality 
control measure. The Illumina NextSeq 2000 platform (Illumina, USA) 
was used for sequencing at 100 × coverage, using 2 × 150 base pairs 
(bp) paired-end sequencing for each flow cell.

2.6. Bioinformatics analysis

Sequencing reads were processed using the JEKESA pipeline (v1.0). 
In summary, FastQC (v.0.11.9) was used for quality control (available 
online at https://www.bioinformatics.babraham.ac.uk/projects/fast 
qc/) and Trim Galore! (v.0.6.7) (available online at https://github. 
com/FelixKrueger/TrimGalore) set to a minimum Phred quality score 
of 30 and minimum read length of 50 bp. Kraken 2 was used to deter-
mine whether any contaminating sequences other than C. difficile were 
present. Assembly was performed using SPAdes (v.3.14.1), while Shovil 
(v.1.1.0) was used for polishing (available online: https://github. 
com/tseemann/shovill) [18,20] The final read assembly was evaluated 
using QUAST [21]. Assembled sequence uploaded on Pathogenwatch 
(https://pathogen.watch/) to confirm identity. Raw sequencing data 
(FastQ files) were uploaded to the EnteroBase platform (available on-
line: https://enterobase.warwick.ac.uk/species/index/clostridium) 
where core-genome MLST (cgMLST) and hierarchical clustering (HC) 
were used to investigate phylogeny amongst clinical C. difficile isolates 
[22]. The genomic relationships were visualised using GrapeTree with 
the MSTree V2 algorithm based on the cgMLST + HierCC scheme and 
Microreact [21–23]. Once the GrapeTree was produced, the settings of 
the tool were set to ‘collapse branches’ at a value of ‘6’, which resulted in 
isolates showing allelic differences to collapse together into a ‘cluster’. 
This was how a cluster of isolates was created and visualised. Cluster 
definition used in the current study was ≥2 isolates showing ≤6 allelic 
differences, as obtained by the above actions, following cgMLST analysis 
and generation of a GrapeTree [7]. Assembled sequences were submit-
ted to the PubMLST sequence query page (http://pubmlst.org/cd 
ifficile/) where MLST was used to obtain the sequence type (ST) and 
clade, looking at seven housekeeping genes (adk, atpA, dxr, glyA, recA, 
sodA and tpi). Detection of antimicrobial resistance determinants was 
performed using Comprehensive antibiotic resistance database (CARD) 
and EnteroBase.

2.7. Genome sequence data availability

All sequencing data was uploaded to the public EnteroBase platform 
(https://enterobase.warwick.ac.uk/species/index/clostridium) and are 
freely available at the EnteroBase platform. In addition, sequencing data 
were deposited in the National Center for Biotechnology Information 
(NCBI) under the project accession number PRJNA1138394.

3. Results

3.1. Molecular characterization of Clostridioides difficile

One hundred clinical stool specimens from private and public 
healthcare settings were screened for toxigenic C. difficile and 87/100 
isolates had presumptive colonies that resembled C. difficile. Conven-
tional PCR confirmed 71 % (62/87) of isolates as C. difficile due to the 
presence of the 16S rRNA and gdh genes. Among the 62 identified 
C. difficile strains, 97 % (60/62) were confirmed as toxigenic, while 3 % 
(2/62) were non-toxigenic. The most prevalent C. difficile toxin profile 
was tcdA + B+, cdtA + B+ (A + B + CDT+) [37 % (23/62)]. Table 1 shows 
the distribution of toxin profiles for all isolates identified as C. difficile by 
M-PCR.

3.2. Genetic relatedness and phylogenetic analysis

Among the 62 isolates submitted for WGS, 86 % (53/62) were 
identified as C. difficile, while 14 % (9/62) were identified as Clostridium 
species (n = 6) and contaminants (n = 3) based on the kraken2 analysis 
and pathogenwatch. Among the 53 C. difficile strains, 19 % (10/53) were 
excluded because they did not meet the EnteroBase assembly minimum 
requirements. Therefore, 43 strains were included for WGS analysis and 
93 % (40/43) clustered in clades 1 to 5, with most strains belonging to 
clade 2 [45 % (18/40)]. The 40 C. difficile strains were assigned to 16 STs 
and ST1 clade 2 was the most prevalent clone accounting for 45 % (18/ 
40) with the majority 83 % (15/18) from public health settings, followed 
by ST3 clade 1 and ST35 clade 1 with 7 % (3/43) strains each. Other STs 
included: two isolates each belonging to: ST4, ST37 and ST104, while 
one isolate each belonging to ST2, ST5, ST11, ST23, ST29, ST43, ST54, 
ST63, ST397and ST558. Amongst the C. difficile strains, 48 % (19/40) 
were classified as hypervirulent strains, comprising 18 ST1 and one 
ST11 strain. Four STs (ST1, ST3, ST35 and ST104) were detected in both 
private and public health settings, while ten STs (ST2, ST4, ST5, ST11, 
ST23, ST29, ST37, ST43, ST63 and ST397) were only detected in private 
health settings and two STs (ST54 and ST558) in public health settings. 
The remaining 7 % (3/43) of the strains belonged to unknown clade (s) 
and were identified as ST122 (n = 2) and ST668, all from private 
healthcare settings. Table 2 shows distribution of clinical C. difficile 
strains according pubMLST and Fig. 2 is a minimum spanning tree that 
shows genetic relationship of the C. difficile strains.

3.3. Demographic characteristics of patients with Clostridioides difficile 
infection

The majority [58 % (25/43)] of the patients with CDI were younger 
than 65 years and the median was 61 years (range: 7 months to 89 
years). The majority [61 %, (26/43)] were from females. Detailed de-
mographic characteristics are described in Tables 3A–3C.

3.4. Core-genome MLST and hierarchal clustering of Clostridioides 
difficile strains

As illustrated in Fig. 2, one major cluster comprising ST1 strains (n =
18) was identified, the majority of the strains (67 %, 12/18) were from 
females and the majority (44 %, 8/18) were from patients aged between 
26 years and 44 years. All strains from this cluster were from seven 
different hospitals (private and public) in Gauteng Province. All strains 
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associated with the cluster 1 showed similar genotypic properties. 
Genotypic properties for the strains are summarised in Table 4 and the 
genotypic relationships are displayed in Fig. 3A and B and are briefly 
described as follows.

From cluster 1, four groups of genetically indistinguishable strains 
were detected at HC level 0 (HC0), namely, HC0:ST11385, HC0: 
ST26375, HC0:ST26377 and HC0:ST26384. The HC0:ST11385 and HC0: 
ST26375 comprised four strains each while HC0:ST26377 and HC0: 
ST26384 comprised two strains each. Three of the four strains in the 
HC0:ST11385 originated from the same hospital within public health-
care settings, while one strain was from a private healthcare setting. The 
HC0: ST26375 (n = 4) includes strains distributed as follows: three from 
public healthcare settings (two from the same hospital, one from a 
different hospital) and one from a private hospital. The HC0:ST26384 
comprised strains from public healthcare settings exclusively, while the 
HC0: ST26377 cluster comprised strains from private healthcare settings 
exclusively. All strains from cluster 1 showed a multidrug resistance 
(MDR) genotype with the presence of intrinsic antimicrobial resistance 
(AMR) genes (beta-lactamase CDD-1, cephalosporin], acquired AMR 
genes (aac (6′)-Ie-aph (2″)-Ia, aminoglycosides), mutations (PnimBG, 
metronidazole and Thr82Ile, fluoroquinolones)] and efflux gene (qacG, 
disinfecting agents and antiseptics). An additional group comprising two 
undistinguishable ST122 strains designated HC0:ST26392 was detected. 
Both strains from HC0:ST26392 were from a private hospital in Gauteng 
Province. Fig. 3A shows five groups of undistinguishable C. difficile 
strains in private and public healthcare settings.

4. Discussion

This study reports the circulation of hypervirulent strain ST1 which 
was found to be the dominant strain, while one strain belonging to ST11 
(not previously reported in South Africa) was identified. The primary 
STs identified were ST1, ST3 and ST35; with all these strains seen in 
private and public healthcare settings. These findings are similar to 
findings by Liu et al. [24], conducted in China, where ST3 and ST35 
were the most predominant strains. Based on the literature, hyperviru-
lent strain ST1 is the representative ST in clade 2 and is associated with 
RT027 increased CDI severity [23,24]. Since its first discovery in North 
America, this strain has been reported in Europe, Australia and Asia, and 
the current study reports its presence in Africa [3,25–27]. In the current 

Table 1 
Distribution of Clostridioides difficile toxin profiles.

Toxin 
profile

Number of isolates with toxin profiles 
by M-PCR n = 62 (%)

Identified as C. difficile by whole genome 
sequencing n = 62 (%)

C. difficile isolates that met minimum assembly requirements on EnteroBase 
and included for further analysis n = 62 (%)

A + B +

CDT+

30 (48 %) 27 (44 %) 23 (37 %)

A + B+ 23 (37 %) 19 (31 %) 16 (26 %)
A-B+ 4 (7 %) 4 (7 %) 2 (3 %)
A + B− 1 (2 %) 0 0
A-B + CDT+ 1 (2 %) 1 (2 %) 0
None 

toxigenic
2 (3 %) 2 (3 %) 2 (3 %)

Table 2 
Distribution of Clostridioides difficile strains by clade, sequence type, and 
healthcare setting from which stool specimens were collected.

Clade Sequence Type (s) Count n = 43 Healthcare Setting

Clade 1 ST2 1 Private
ST3 3 Private n = 1

Public n = 2
ST4 2 Private
ST29 1 Private
ST35 3 Private n = 2

Public n = 1
ST43 1 Private
ST54 1 Public
ST63 1 Private
ST104 2 Private n = 1

Public n = 1
ST397 1 Private
ST558 1 Public

Clade 2 ST1 18 Private n = 15
Public n = 3

Clade 3 ST5 1 Private
Clade 4 ST23 1 Private

ST37 2 Private
Clade 5 ST11 1 Private
Unknown Clade ST122 2 Private

ST668 1 Private

Fig. 2. Minimum spanning tree based on the core-genome MLST and hierar-
chical clustering of Clostridioides difficile strains on EnteroBase, visualised using 
GrapeTree (n = 43). Different colours represent different sequence types. Iso-
lates showing ≤6 allelic differences, are collapsed together into a single circular 
node. The larger the circular node, the more isolates which are reflected. The 
number of segments within a circular node are indicative of the number of 
isolates. The number values between adjacent nodes indicate the number of 
allele differences between connecting nodes (isolates). Different colours 
represent genetically indistinguishable strains. A major cluster of isolates is 
indicated (n = 18). (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.)
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study, ST1 was the most prevalent strain [42 % (18/43) followed by ST3 
[7 %, n = 3/43]. Similar to the results in the current study, ST3 was the 
second most prevalent strain detected in patients attending tuberculosis 
hospitals in Cape Town, South Africa in 2016 [9]. The study by Rajabally 
et al. [10], identified ST37 in 50 % (16/32) of the strains, while ST37 
was only detected among 5 % (2/43) of the strains in the current study. 
In the current study, the ST37 comprised of one epidemic strain RT017 

(HC10:ST17).
Sequence type 11, a representative strain of clade 5, is widely rec-

ognised as a key causal agent of community-acquired (CA-CDI) and 
hospital-acquired C. difficile infections (HA-CDI) in Europe and North 
America [25–28]. This strain is a significant infectious source in animal 
populations and accounts for a substantial number of CDIs in humans. It 
has been isolated from human clinical samples, veterinary cases and 
environmental sources across Australia, Asia, Europe and North America 
[29]. In Africa, ST11 was identified in Egypt and Malawi, however, this 
is the first study to identify ST11 in South Africa [6].

Two ST122 strains belonging to an unknown clade were also iden-
tified, this ST was described for the first time in Europe by Knetsch et al. 
[30] and it demonstrated a virulence profile similar to that of ST1 and 
ST11 hypervirulent strains. An Australian study by Hong et al. [27], 
detected a high prevalence of CDT + strains in public health settings 

Table 3A 
Demographic characteristics of patients with Clostridioides difficile from private 
and public healthcare settings per sequence type.

Sequence 
type

Age 
Group

Private healthcare 
settings n = 43

Public healthcare 
settings n = 43

Total 
Count n =
43

ST1 ≥65 2 (5 %) 2 (5 %) 4 (9 %)
≤65 1 (2 %) 12 (28 %) 13 (30 %)
Unknown – 1 (2 %) 1 (2 %)

ST2 ≤65 1 (2 %) – 1 (2 %)
ST3 ≥65 1 (2 %) 1 (2 %) 2 (5 %)

Unknown – 1 (2 %) 1 (2 %)
ST4 ≥65 2 (5 %) – 2 (5 %)
ST5 ≤65 1 (2 %) – 1 (2 %)
ST11 ≥65 1 (2 %) – 1 (2 %)
ST23 ≤65 1 (2 %) – 1 (2 %)
ST29 ≤65 1 (2 %) – 1 (2 %)
ST35 ≤65 2 (5 %) 1 (2 %) 3 (7 %)
ST37 ≥65 1 (2 %) – 1 (2 %)

≤65 1 (2 %) – 1 (2 %)
ST43 ≤65 1 (2 %) – 1 (2 %)
ST54 ≤65 – 1 (2 %) 1 (2 %)
ST63 ≤65 1 (2 %) – 1 (2 %)
ST104 ≥65 1 (2 %) – 1 (2 %)

Unknown – 1 (2 %) 1 (2 %)
ST122 ≥65 2 (5 %) – 2 (5 %)
ST397 ≤65 1 (2 %) – 1 (2 %)
ST558 ≤65 – 1 (2 %) 1 (2 %)
ST668 ≥65 1 (2 %) – 1 (2 %)

Table 3B 
Age distribution for patients with Clostridioides difficile.

Age Group Count n = 43 (%)

≥65 15 (35 %)
≤65 25 (58 %)
Unknown 3 (7 %)

Table 3C 
Gender distribution for patients with Clostridioides 
difficile.

Sex Count n = 43

Female 26 (61 %)
Male 16 (37 %)
Unknown 1 (2 %)

Table 4 
Genotypic properties of Clostridioides difficile isolates associated with the cluster identified in the Gauteng province of South Africa.

Cluster MLST cgMLST HC0 (indistinguishable) cgMLST HC150 (clonal 
complex)

Presence of intrinsic AMR 
genes

Presence of acquired AMR 
genes

Mutations Plasmid

1 1 11385 n = 4 4711 CDD-1 aac (6′)-Ie-aph (2″)-Ia PnimBG, 
Thr82Ile

None

26375 n = 4 4711 CDD-1 aac (6′)-Ie-aph (2″)-Ia PnimBG, 
Thr82Ile

None

26377 n = 2 4711 CDD-1 aac (6′)-Ie-aph (2″)-Ia PnimBG, 
Thr82Ile

None

26384 n = 2 4711 CDD-1 aac (6′)-Ie-aph (2″)-Ia PnimBG, 
Thr82Ile

None

Strains with allele difference > 0 n 
= 6

4711 CDD-1 aac (6′)-Ie-aph (2″)-Ia PnimBG, 
Thr82Ile

None

Fig. 3A. Minimum spanning tree based on the core-genome MLST and hier-
archical clustering of Clostridioides difficile strains on EnteroBase, visualised 
using GrapeTree (n = 43). Isolates showing ≤6 allelic differences, are collapsed 
together into a single circular node. Different colours undistinguishable iso-
lates. The larger the circular node, the more isolates which are reflected. The 
number of segments within a circular node are indicative of the number of 
isolates. The number values between adjacent nodes indicate the number of 
allele differences between connecting nodes (isolates). Different colours 
represent genetically indistinguishable strains. Colourless indicate non- 
identical strains. A major cluster of isolates is indicated (n = 18). (For inter-
pretation of the references to colour in this figure legend, the reader is referred 
to the Web version of this article.)
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compared with private healthcare settings, similarly, the current study 
observed a high prevalence of CDT + strains in public health settings. 
The majority of the C. difficile strains were from patients younger than 
65 years, especially those with the ST1 strain. This demonstrates that 
C. difficile could spread amongst younger patients, which could be a 
result of the high prevalence of comorbidities such as human immuno-
deficiency virus and tuberculosis in South Africa [4]. These findings 
highlight the importance and significance of continuous epidemiological 
surveillance of CDI to prevent generalisations. Core-genome MLST and 
HC showed that strains from public healthcare settings were genetically 
similar, while strains from private healthcare settings were genetically 
diverse. This was evidenced by the clustering of strains at levels HC0 - 
HC 2500. This suggests that there may have been patient-to-patient 
transmission possibly resulting from shared hospital facilities, trans-
mission from healthcare workers (HCWs) and patient transfers between 
clinical settings. Additionally, public healthcare settings possibly ac-
quire infections from common environmental sources in the community. 
The high diversity of strains in private healthcare settings could be due 
to strict infection control measures compared to public healthcare set-
tings. Moreover, strains (ST1, ST2, ST3, ST11 and ST37) with zoonotic 
potential were identified in the current study which underscores the 

importance of One Health approach.
One large cluster comprising 18 ST1 strains with four different 

groups of undistinguishable clones was detected in samples from Gau-
teng Province. This demonstrated a possible ongoing outbreak of ST1. 
Most importantly, all the strains from this cluster proved to be geno-
typically MDR. This is of public health concern because this strain is 
known to cause epidemic outbreaks.

Non-toxigenic C. difficile isolates may result from patient carriage of 
both toxigenic and non-toxigenic strains. The GeneXpert PCR assay 
(Cepheid, USA) has misidentified strains as presumptive RT027 due to 
genetic similarities such as PaLoc and cdtB. For instance, RT244 and 
RT591 were misidentified as presumptive RT027 in studies by Lim et al. 
[31] in Australia and Skinner et al. [32] in the USA, respectively. In this 
study, most strains presumed RT027 by GeneXpert were identified as 
ST1 through WGS.

Some of the clinical specimens failed to yield colonies on CCFA 
(Liofilchem, Italy), potentially due to the prolonged storage period of 
stool samples before testing, as they were processed approximately a 
year after collection. The CCFA (Liofilchem, Italy) also has limitations in 
its inability to differentiate between species, which could contribute to 
colony misidentification, therefore proper verification is recommended 
when using this media. Additionally, there was a misidentification of 
other Clostridium species as C. difficile by M-PCR assay specifically 
designed for C. difficile. However, there is a possibility that the primers 
used in the M-PCR assay were non-specific, which potentially led to the 
misidentification of Clostridium species as C. difficile. In M-PCR, primers 
are designed to target specific DNA sequences, but if they are not highly 
specific, they can bind to similar sequences in closely related species, 
resulting in the amplification of non-target DNA. To reduce such errors, 
tools such as MALDI-TOF-MS (Bruker Daltonics, Billerica, MA, USA) are 
recommended for more accurate species identification, minimizing the 
risk of sending misidentified samples for labour-intensive and expensive 
tests such as M-PCR and WGS. Additionally, only one colony per sample 
was isolated and at this point, the toxigenic C. difficile could have been 
missed, thereby isolating non – C. difficile isolates with similar 
morphology to that of C. difficile. The WGS has proven invaluable in 
distinguishing between C. difficile and Clostridium species.

5. Conclusion

This study is the first to report hypervirulent C. difficile strains ST1 in 
Africa and ST11 in South Africa, linked to epidemics, severe symptoms 
and outbreaks. Sequence type 1 was dominant, indicating an ongoing 
outbreak. Whole-genome sequencing and genomic tools (EnteroBase, 
pathogenwatch and pubMLST) highlighted diverse C. difficile genotypes 
in private healthcare settings, while undistinguishable strains in public 
healthcare settings suggest possible cross-transmission among patients. 
This study was limited to two laboratories that collected 100 stool 
specimens from 20 healthcare facilities across three Provinces. Conse-
quently, the findings may not fully represent South Africa’s broader 
population. Thus, multi-centre studies or surveillance programs in both 
sectors are recommended to enhance epidemiological insights and early 
detection of epidemic strains. Additionally, South Africa’s C. difficile 
diagnostic algorithm [TECHLAB C. diff Quick Check Complete assay 
(TECHLAB, USA) and the GeneXpert real-time PCR assay (Cepheid, 
USA)] should be updated to include culture-based, AST, and molecular 
methods, as current protocols have missed the spread of ST1, high-
lighting a critical gap in current diagnostic practices.
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