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CHAPTER 6

Screening for Clostridioides difficile
colonization at admission to the
hospital: a multi-centre study
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Abstract

Objective. This study aimed to assess the value of C. difficile colonization (CDC) screening

at hospital admission in an endemic setting.

Methods. A multi-centre study was performed in 4 hospitals located across the Netherlands.
Newly admitted patients were screened for CDC. The risk to develop C. difficile infection
(CDI) during admission and one-year follow-up was assessed for colonized and non-
colonized patients. C. difficile isolates from colonized patients were compared with isolates
from incident CDI cases using core genome multi locus sequence typing (cgMLST) to

determine if onwards transmission had occurred.

Results. CDC was present in 108/2211 admissions (4.9%), while colonization with a toxigenic
strain (tCDC) was present in 68/2211 (3.1%) of admissions. Among these 108 colonized
patients, diverse PCR ribotypes were found and no ‘hypervirulent’ RTO27 was detected
((95% ClI, 0- 0.028). None of the colonized patients developed CDI during admission
(0/49, 95% CI 0-0.073) or one-year follow-up (0/38, 95% CI 0-0.93). Core genome MLST
identified 6 clusters with genetically related isolates from tCDC and CDI patients, but in
these clusters only one possible transmission event from a tCDC to a CDI patient was

identified by epidemiological data.

Conclusion. In this endemic setting with a low prevalence of ‘hypervirulent’ strains
screening on CDC at admission did not detect any CDC patient who progressed to
symptomatic CDI and only one possible transmission event from a colonized patient to a

CDI patient. Thus, screening on CDC at admission is not useful in this setting.



Introduction

Clostridioides difficile infection (CDI) remains an important source of healthcare and
antibiotic associated diarrhoea. However, not every individual will develop symptomatic
CDI after contact with C. difficile spores: patients with asymptomatic C. difficile colonization
(CDC) outnumber symptomatic CDI patients (1). CDC patients do not exhibit symptoms, but
might progress to symptomatic CDI upon disturbance of their microbiota. Also, they do shed
C. difficile spores in their environment thereby acting as a reservoir and potential source
for C. difficile (2, 3). Although infection control measures focus currently on symptomatic
cases only (4), literature has shown that isolation of CDC patients may help in preventing
nosocomial transmission (5). Notably, most studies on the importance of CDC patients
are conducted in settings with high CDI incidence rates and/or a high proportion of
hypervirulent ribotypes (6, 7). The contribution of CDC patients to the epidemiology of
CDl is less well known in other settings. In this study, we investigate the value of a CDC
screening program on hospital admission in an endemic setting. Factors that determine
the need for such a screening program including the prevalence of colonization, the risk of
colonized patients to progress to CDI and the chance of onwards transmission from CDC

to CDI patients were taken into account.

Methods

Study design and patients

The study was performed in 4 acute care hospitals (3 university-affiliated, 1 general) located
across the Netherlands. In one of these hospitals the Dutch reference laboratory for C.
difficile is housed and all hospitals participate in national sentinel CDI surveillance. In
each of the 4 hospitals, patients were enrolled during a 6 to 8 month period between
January 2015 and December 2016. Adult patients admitted to predefined wards (medical
and surgical) were eligible. Patients with CDI at admission or CDI diagnosed within the first
72hrs of admission were excluded. Additional exclusion criteria are listed in S1. Patients
could be enrolled more than once if readmitted during the study period. Consenting
subjects had stool samples (and in 1 hospital partly rectal swabs) collected within 72hrs of
admission. If patients were discharged before spending 72hrs in the hospital, stool samples
could be collected at home and returned to the hospital, no time limit was imposed on
collection of these samples. Patients with a positive C. difficile culture but no diagnosis
of CDI were considered C. difficile colonized (CDC). The subset of CDC patients with
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a toxigenic strain in their stool cultures were considered toxigenic C. difficile colonized
(tCDC). CDC patients were included as cases in the case control study after obtaining
written informed consent. For each case, 3 controls were selected from the cohort that
tested negative for C. difficile in their stool samples obtained at admission. These controls
were the 3 consecutive patients who submitted a study stool sample to the laboratory and

agreed to participate in the case control study.

Toxigenic C. difficile isolates from tCDC and CDI patients were compared to determine
if transmission from tCDC patients to CDI patients had occurred. CDI cases were all
hospitalized patients diagnosed with CDI during the study period and 3 months thereafter
in each of the participating hospitals. Isolates of these CDI cases were collected and sent
to the Dutch CDI reference laboratory as part of the national sentinel CDI surveillance (3).
All CDI cases had to comply with definitions valid in the surveillance protocol (see S2).
Test methods for diagnosing CDI in the 4 hospitals are described in S3. Samples from
recurrent (>2 but <8 weeks after initial episode) or new (>8 weeks after the initial episode)

CDlI episodes were once more included.

Microbiological analysis

Stool culture for the presence of C. difficile was performed on a daily basis; during weekends
or holidays samples were stored at 4°C until the following working day. Culture methods
are described in S4. All identified isolates from (enrichment) culture were ribotyped by
resolution capillary gel-based electrophoresis PCR-ribotyping, using the Dutch national
reference laboratory library (9). In addition, a multiplex PCR to detect toxin genes tcdA,
tcdB, cdtA and cdtB was performed on cultured isolates (10). Strains positive for tcdA,
tcdB or cdtA/cdtB were defined as toxigenic strains, all other strains were defined as non-

toxigenic strains.

Data collection

Patient information was collected at baseline via a patient’s questionnaire and medical
electronical records. For each patient, the Charlson’s Comorbidity Index was calculated (11).
Follow-up by patient’s questionnaires was scheduled at 30 days and 1year after enrolment

to determine how many patients developed CDI.



Transmission analysis using core genome MLST

Methods used for reculturing, sequencing and construction of the core genome MLST are
described in S5. In short, genomes were assembled as previously described (12), annotated
with Prokka ,and alleles for the cgMLST were predicted with a method compatible with
SeqSphere . Library preparation is described in S6. Based on previous publications

, < 2 different alleles in the cgMLST were considered to be the same strain if the time
frame of sampling was less than 124 days, and < 3 different alleles if it was less than 1year.
Ward movement data of CDI and colonized patients were investigated if their isolates were

genetically related. Criteria for epidemiologic linkage are described in S7.

Statistical analysis

Characteristics of CDC patients and tCDC patients were compared to their respective
controls. All analyses were performed using STATA SE statistical software version 15.1

(Statacorp, Texas, USA). A p-value of <0.05 was considered statistically significant.
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Figure 1. Flowchart of included samples.
CDI; Clostridoides difficile infection, CDC: Clostridoides difficile colonization, ntCDC: non-toxigenic
Clostridioides difficile colonization, tCDC: toxigenic Clostridoides difficile colonizatiion



Ethical and Methodological Considerations

The study protocol was submitted to the Institutional Review Ethics Board that deemed that
this research is not subject to the Medical Research Involving Human Subjects Act. They
had no objection to the conduction of the research or collection of the stool samples on
admission under verbal informed consent. C. difficile culture results were not disclosed to
patients or treating physicians. Patients selected as cases and controls provided written
informed consent. Stool samples from CDI patients were collected as part of routine care
and PCR ribotyped for surveillance purposes. No additional consent was required for whole

genome sequencing of samples.

Data availability

All genomic data has been uploaded to the European Nucleotide Archive under study
number PRJEB25045.

Results

Included samples and prevalence of C. difficile colonization

In total 2626 samples were screened for CDC, ranging from 500 to 1011 samples per
hospital (Table 1). 415 samples were excluded from epidemiological analyses (Figure 1).
From the remaining 2211 samples, 1736 were stool samples, 467 were rectal swabs, and
for 8 information about sampling method was lost. C. difficile was found in 108 samples,
thus the prevalence of CDC at admission to the hospital was 4.9% (108/2211). Toxigenic
strains were found in 68/108 samples. The prevalence of tCDC was therefore 3.1% (68/2211).
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Patient characteristics

In total 194 patients were enrolled in the case-control study: 32 tCDC patients, 17 patients
colonized by non-toxigenic strains (ntCDC) and 145 controls (Figure 1). Results from

univariate analysis are shown in Table 2.

CDI during follow-up

None of 49 colonized (95% CI 0-0.073) or 145 control patients (95% CI 0-0.025) developed
CDI during admission or within the month after enrollment. Questionnaires at one year
follow-up were returned by 152 (85% of alive) patients (38 CDC patients and 114 controls).
None of these patients reported to have developed CDI during follow-up (0/38 CDC, 95%
Cl 0-0.093 and 0/114 controls, 95% CI 0-0.032). Chart review of deceased patients showed

than one control patient developed CDI 2 months after negative admission screen.

PCR ribotyping and sequence typing

Forty-four different (known) PCR ribotypes were identified among 129 colonized patients.
Colonization with the ‘hypervirulent’ RTO27 was not identified, 4 patients were colonized
with the ‘hypervirulent’ RTO78 (all from different hospitals). During the study period and 3
months thereafter, 183 CDI episodes were identified and these samples were included for

comparison with tCDC isolates. RTO27 was also not found among CDI patients.

In total 253 strains were available for WGS analysis (82 isolates from tCDC patients and 171
isolates from CDI patients (Figure 1). Sequence types were assigned to all isolates (Figure 2).
ST (RTO78, RT826 and related ribotypes) was more frequently found among CDI patients
than among tCDC patients (19.9% vs 4.9%, p<0.01) (Figure 2).
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Sequence types among CDI and tCDC patients

10
H B Bk H= B B Bl
ST2 ST3 ST6 S

T8 ST 14 STS ST11 other ST

Figure 2. Sequence types among patients with Clostridioides difficile infection and toxigenic Clos-
tridioides difficile colonization.

tCDC, toxigenic Clostridoides difficile colonization; CDI, Clostridoides difficile infection; ST, sequence
type

Core genome MLST

Given the aforementioned cut-offs, in total 24 clusters could be identified (Figure S1). Six
of these clusters (C1-C6) contained isolates from CDI and tCDC patients. Ward movement

data for these clusters were investigated.

In cluster C1(2 patients with RT020/220 from the same hospital), patients shared a ward 11
days before the first patient was found to be colonized and 37 days before the other patient
was diagnosed with CDI (direction of transmission indeterminate). In cluster C2 (2 CDI
and 2 CDC patients with RT265 from 2 different hospitals) a possible epidemiological link
could be established between 2 of the patients: these patients were admitted to the same
ward at the time of the first CDI positive sample and the second patient was found to be C.

difficile colonized 42 days later at readmission (directional transmission from CDI to CDC).
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In the other four clusters (C3-C6), no epidemiological link could be found (see legend
Figure S1).

Thirteen clusters contained isolates from CDI episodes only (Figure S1). The largest of
these clusters was earlier determined to be an outbreak of RT826 (7 samples RT826, one

sample RT127) at a single ward in one of the hospitals

Five pairs of genetically related isolates were detected in colonized patients (Figure S1).
Four of these pairs were identified from the same hospital >20 days apart, but one of these

pairs contained isolates from the same ward sampled only 2 days apart.

Discussion

In this multi-centre study, we screened 2211 patients on hospital admission and found
that C. difficile colonization was present in 4.9% of admissions; colonization with toxigenic
C. difficile strains was present in 3.1% of admissions, comparable to previously reported
numbers . Ildentified strains among colonized patients were genetically diverse,
indicating various reservoirs. Sixty-three percent of colonized patients were colonized
by toxigenic strains, but in contrast to other studies not a single colonized patient
developed CDl in the year after study enrolment. The reason why we could not confirm a
high risk to develop CDI may either be that the number of colonized patients in our study
was too low, and/or that there was truly no increased risk due to the local situation such
as low numbers/absence of virulent strains circulating among colonized patients and low

antimicrobial use

We identified only one possible onwards transmission event from a colonized patient:
a tCDC and CDI patient shared a ward before they tested positive for C. difficile. Our
data are in contrast with published reports , which could be explained by the low
incidence setting in which our study was performed. During the study period, CDl incidence
ranged from 1.87 to 4.59 CDI cases per 10,000 admission days among the hospitals

. Only one outbreak due to RT826 was detected . The hypervirulent RTO27 was not
detected in CDI nor in CDC patients. As higher transmission has been shown for certain
lineages the absence of these lineages may explain why transmission was infrequent
in our study and also why no other large clusters between CDI patients were detected by
cgMLST. Moreover, other local characteristics may play a role, like antimicrobial pressure

and infection control policies.



Of note, we also detected a few genetically related pairs of isolates in colonized patients,
suggesting a common source or transmission before admission, although the detection
of genetical identical isolates on the same ward only 2 days apart raises the suspicion of
transmission (either patient to patient or from the hospital environment) during admission

in that particular case.

Our study had numerous strengths. We captured all CDI cases as all 4 hospitals participate
in continuous sentinel CDI surveillance. Moreover, CDI diagnosis was not only based
on laboratory tests, instead all cases underwent chart review by local infection control
personnel and had clinical symptoms compatible with CDI. We included all CDI cases
that occurred in the hospitals instead of CDI cases diagnosed on study wards only, as

transmission may possibly extend beyond wards

However, our study also has some limitations. First of all, we may have missed a substantial
amount of C. difficile introductions into the hospitals due to study design (screening was
performed on only a few specific wards per hospital) and difficulties in study execution
(stool samples were only received from half of 5200 consenting subjects). During the study
period, the total number of admissions in the four hospitals were 13987, 19424, 21220 and
25510, respectively, indicating that screening for colonization was not performed in the
vast majority of these admissions. On the other hand, to account for C. difficile transmission
extending beyond wards, all incident CDI cases from each entire hospital were included
in cgMLST. Thereby, we are underestimating the contribution of colonized patients to CDI
overall, as a source could possibly not be identified if a CDI case occurred on a ward where

screening for colonization was not performed.

Furthermore, patients were only sampled once during the study. Consequently, we do not
know how many patients were (a) transiently colonized, (b) persistent carriers, or (c) acquired
colonization during admission, although this may affect both the risk for CDI progression
and C. difficile transmission pressure. Moreover, we did only include hospital-onset CDI
cases, thereby ignoring that transmission may not (directly) lead to symptomatic CDI.
Patients that acquired C. difficile from a colonized patient during admission, but developed

CDlI only after discharge, have not been captured in our study.
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Environmental swabs were not taken during our study though colonized patients may
contaminate the hospital environment with spores that can persist for long times. A direct
transmission link can be missing when C. difficile acquisition occurs at a later moment from

this contaminated hospital environment.

Criteria to determine epidemiologic linkage were quite strict and did not take into account
transmission beyond wards. In our study, data about patients’ movements to other hospital

areas (like the radiology department) were not available.

Another limitation includes the applied criteria to consider isolates to be the same strain,
as these were originally based on single nucleotide variant analysis instead of cgMLST.
As it is not known if the discriminatory power of both approaches is similar, we checked
all comparisons with 3 or less allele differences in cgMLST. In all besides one comparison,
one allele was equal to 1 single nucleotide polymorphism (SNP). In the last comparison,
where only one allele difference was predicted, this allele had 2 SNPs. We therefore think

that the criteria are still applicable to our study.

Implementing screening was difficult and burdensome, while those tCDC patients that
were detected did not have a high risk of progressing to CDI themselves and were not
identified as an important direct source for incident hospitalized CDI cases. However, tCDC
patients may still contribute to C. difficile transmission by transmitting C. difficile to other
patients who remain asymptomatically colonized instead of (directly) progressing to CDI,
or by contaminating the hospital environment. The hospital environment can however be
contaminated in many other ways, for example by CDI patients whose isolation precautions
are lifted after resolution of symptoms but who are still shedding spores. Therefore, we think
that we should focus on decreasing CDI susceptibility (e.g. by antimicrobial stewardship
programs) and complying with general infection prevention measures to prevent spread
from C. difficile and other nosocomial pathogens. Sentinel surveillance to monitor CDI
incidence rates and circulating ribotypes and the use of molecular typing in case of
suspected transmission is of value to detect clusters and outbreaks . A very typical
example of this approach was the finding of the RT826 cluster that was already detected
via sentinel surveillance (16), and turned out to be the only transmission between multiple
CDI patients detected by cgMLST in this study.
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Supplementary material

S1. Additional exclusion criteria

Patients were excluded if:

- admitted from other wards within the same hospital

. admitted for palliative care

«  hemodynamically unstable

. residency outside the Netherlands

« unable to speak or read Dutch or English

. unable to participate in the verbal informed consent process on their own behalf or

represented by a surrogate

S2. Definition of CDI according to the Dutch sentinel surveillance
program

Patients had to have clinical suspicion of CDI (which included either diarrhea -defined as
at least 3 loose stools per 24hrs for 2 days- or toxic megacolon, and the absence of an
alternative explanation for diarrhea) in combination with a positive C. difficile test or the

presence of pseudomembranous colitis by endoscopy/histopathology.

S3. Test methods used for diagnosing CDI in the 4 hospitals

Toxin A/B EIA (1 hospital), a Nucleic Acid Amplification Assay (1 hospital), a Nucleic Acid
Amplfication Assay in combination with a Toxin A/B EIA (1 hospital) or a GDH EIA in
combination with a Toxin A/B EIA (1 hospital).

S4. C. difficile culture methods

Stool samples and rectal swabs were plated directly on CLO plates (selective C. difficile
medium containing cefoxitin, amphotericin B and cycloserine, BioMérieux, The Netherlands)
and after ethanol shock on CNA (Columbia blood-agar containing colistin and nalidixic
acid, BioMérieux , The Netherlands) and CLO plates. After 48 and 96hrs, plates were read.
Presumptive colonies were identified by Matrix-Assisted Laser Desorption lonization—Time
Of Flight (MALDI-TOF) Mass Spectrometry and sent to the national reference laboratory

for GluD PCR to confirm C. difficile presence. For rectal swabs, an additional enrichment



culture was performed. Swabs were inoculated in C. difficile enrichment modified broth
(Clostridium difficile enrichment broth with 0.1% sodium taurocholate moxalactam (32mg/L),
norfloxacin (12mg/L) and cysteine hydrochloride (500mg/L), Mediaproducts BV, Groningen,
the Netherlands) for 5 days, and then subcultured on CLO plates.

S5. Methods for DNA preparation, sequencing and core genome MLST

C. difficile strains were anaerobically (re)cultured for 48hrs on TSS plates (Trypcase Soy
agar + 5% sheep blood, Biomérieux). A single colony was picked, suspended in 9ml BHI
(Brain Heart Infusion broth, Media Products Groningen) and incubated anaerobically
overnight at 37°C with gentle shaking at 100rpm. The culture was centrifuged afterwards
at 4000rpm for 10 minutes. The pellet was then resuspended in 800ul PBS (Phosphate-
buffered saline Media Products Groningen), and 24ul of lysozyme (50 g/l) was added to a
final concentration of 1,3g/I. The solution was incubated for 20 minutes at 37°C. Afterwards
15ul of proteinase K (20g/l, Roche) were added to a final concentration of 1,3g/l, and
the solution was again incubated for 20 minutes at 37°C. DNA was extracted with the
QiaSymphony and the program Complex800_OBL_V4_DSP. The extracted DNA was used
for whole genome sequencing and ribotyping. Ribotyping was performed according to (1),
with the following changes: PCR was performed on a BIO-RAD MyCyclerTM and analyzed
on the Applied Biosystems 3500xL Genetic Analyzer. All samples were sequenced on an

lllumina HiSeq X10 machine in paired-end mode, with a read length of 151.

Genomes were assembled using Velvet v1.2.10 (2), SSPACE v2.0 (3) and GapFiller v1.1 (4)
as described previously (5), and annotated with Prokka, version 1.5 (6) with options -M n
-V b. MLST types were determined with MLSTcheck (/) version 2.1.1706216. All reads were
mapped to their respective genomes with bowtie2 v. 2.3.4.1 (8) and further converted to
sorted bam files with samtools v. 1.6 (9). Optical duplicates were marked with PicardTools v.
1124, and SNPs were called with HaplotypeCaller from the GATK package, v.4.1.2 (10), with
ploidy set to 2, to detect possibly mixtures of two different strains. Results were visualized
with af-plot v 0.2.1, https://doi.org/10.5281/zenodo.3238297. Additionally all samples were
profiled with checkm v1.0.13 (11). The typing scheme, sequences of alleles, and other
relevant information for C. difficile core genome MLST (cgMLST) were downloaded from
cgmist.org. A blastn search (with standard parameters; Blast v 2.11) with all predicted C.
difficile genes was performed against the cgMLST database. A gene was assigned to an
allel if it was 100% identical over at least 95% of its length. A gene was tentatively assigned

to an allel if it was at least 99% identical over 95% of its length. Assignment of cluster types



was performed via the hamming distance as implemented in Numpy/SciPy (12), based on

the predicted allels. A minimum spanning tree was constructed via the networkX library

(13), and was visualized in Cytoscape 3 (14). A limited amount of samples was also analysed

in SegSphere (15), for validation purposes. All genomic data has been uploaded to the

European Nucleotide Archive under study number PRJEB25045.

We applied a threshold of <=3 alleles in cgMLST as recent data show that this threshold

better identifies outbreaks than the current threshold of 6 alleles, especially in ribotypes

with lower mean intra-ribotype allele differences (Baktash, submitted).

S6. Library preparation: IHTP WGS NEB Ultrall library process — DUAL/
QUAD processing using Sanger 168 tags and PE1tag2 sets 1-4

Samples quantified with Biotium Accuclear Ultra high sensitivity dsDNA Quantitative kit
using Mosquito LV liquid platform, Bravo WS and BMG FLUOstar Omega plate reader
and cherrypicked to 200ng / 120ul using Tecan liquid handling platform.
Cherrypicked plates sheared to 450bp using a Covaris LE220 instrument.

Post sheared samples purified using Agencourt AMPure XP SPRI beads on Agilent
Bravo WS.

Library construction (ER, A-tailing and ligation) using ‘NEB Ultra Il custom kit on an
Agilent Bravo WS automation system.

PCR set-up using KapaHiFi Hot start mix and Sanger 168 tags (i7) and PE1.D1-PE1.D2
(Dual) or PE1.D1-PE1.D4 (Quad) tag? (i5) tags on Agilent Bravo WS automation system.
PCR cycles, 6 standard cycles,

Post PCR plate purified using Agencourt AMPure XP SPRI beads on Beckman NX96
liquid handling platform.

Libraries quantified with Biotium Accuclear Ultra high sensitivity dsDNA Quantitative
kit using Mosquito LV liquid handling platform, Bravo WS and BMG FLUOstar Omega
plate reader.

2 x 96 (Dual) or 4 x 96 (Quad) libraries pooled in equimolar amounts on a Beckman
BioMek NX-8 liquid handling platform.

Library pools normalised depending on sequencing platform. For NovaSeq, pools are
normalised to 1.2nM (XP) or 2.25nM (Standard S4) and loaded on requested lllumina

sequencing platform. For HiSegX platforms pools normalised to 2.8nM.



S7. Definitions for epidemiological linkage

Epidemiologically linkage was plausible if (a) the donor-recipient pair shared a ward after the

donor tested positive and before the recipient tested positive or (b) shared a ward before

either tested positive or (c) if the recipient was admitted to a ward that had been occupied

by the donor patient before. A maximum infectious period of 8 weeks and incubation period

of 12 weeks were allowed. Both CDI and colonized patient were assumed to contaminate

the ward for 26 weeks after testing positive (16).
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Description belonging to Flgure S1:

Colonized patients are shown as circles, CDI patients are shown as diamonds.

Recurrent episodes with identical isolates in one patient are shown as larger diamonds (the number
of retrieved isolates in the patient is given, e.g. 2 x 001 means that the patient had one initial episode
and one recurrence with an identical isolate of RTOO1).

Colonization with identical isolates in one patient is shown as a larger circle.

Both colonization and infection with identical isolates in one patient is shown as a diamond/circle
combination.

?” means that the ribotype was not recognized in our reference database.

Clusters with isolates from both colonized and infected patients are numbered (C1-C6).

In cluster C3 (2 patients with RTO14 from the same hospital), CDC was detected almost 5 months
after CDI.

In cluster C4 (2 patients with RTO02 from 2 different hospitals) CDC was detected 7 months after
CDl in the other hospital.

In cluster C5 (2 patients with RTOO1 from the same hospital) community-onset CDI was diagnosed
more than 5 months after detection of the colonized patient and the CDI patient had not been
admitted to the hospital in the 12 weeks preceding CDI diagnosis.

Cluster C6 consisted of 5 patients with RTOO1 from 3 different hospitals. In the first hospital CDI was
diagnosed 4 months after CDC; patients had not been admitted to the same ward in the 12 weeks
preceding CDI diagnosis. The other CDI patient in this cluster derived from a different hospital and
CDC patients from the third hospital were sampled 6 months apart.

CDI: Clostridoides difficile infection, tCDC: toxigenic Clostridioides difficile colonization
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