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Background: Clostridioides difficile is the foremost cause of nosocomial infectious diar-
rhoea and one of the most prevalent healthcare associated infections (HAIs).
Aims: To investigate the impact of the coronavirus disease 2019 (COVID-19) pandemic on
the incidence of healthcare associated C. difficile infection (HA-CDI).
Methods: A retrospective study was conducted from January 2019eDecember 2022
inclusive at a tertiary University Hospital in Dublin, Ireland. The study period was divided
into COVID-19 and non-COVID-19 periods determined in tangent with the then national
incidences of COVID-19 and number of hospitalized patients with COVID-19. Analyses
looked at quantity of testing performed, incidence rates and antimicrobial consumption.
An independent samples t-test was used to determine significance between groups.
Results: Between COVID-19 and non-COVID-19 periods, no statistically significant differ-
ence was observed among HA-CDI rates per 10,000 bed-days (2.1 cases vs 1.76 cases;
P¼0.34), consumption of defined daily doses per 100 bed-days of antimicrobials e all
antimicrobials (83.36 vs 89.5; P¼0.091), fluoroquinolones only (3.71 vs 4.46; P¼0.067),
third-generation cephalosporins only (4.17 vs 4.43; P¼0.449), carbapenems only (3.28 vs
3.26; P¼0.944) e or the number of C. difficile tests performed per 10,000 bed-days
(321.81 tests vs 326.63 tests; P¼0.696).
Conclusions: There was no difference in the incidence rates of HA-CDI between COVID-19
and non-COVID-19 periods at our institution.

ª 2023 The Authors. Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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associated infections (HAIs) [1,2]. The Health Protection Sur-
veillance Centre reported 1,774 enhanced cases of C. difficile
infection (CDI) in 2021, with an average rate of healthcare
associated CDI (HA-CDI) of 2.1 cases per 10,000 bed-days in the
Republic of Ireland [3]. Predisposing factors for C. difficile
colonization and infection, among others, include exposure to
C. difficile spores colonizing the environment as well as pre-
vious exposure to broad-spectrum antimicrobials [4]. As such,
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environment decontamination, hand hygiene and antimicrobial
stewardship have been widely accepted interventions for CDI
prevention [5].

The coronavirus disease 2019 (COVID-19) pandemic placed
significant demands on an already strained healthcare system.
Hospitals experienced an extreme restructuring with a heavy
reliance on robust infection prevention and control (IPC)
services, including hand hygiene and personal protective
equipment compliance. Theoretically, this increased focus on
IPC practices may have positively impacted on HAIs, including
those from multi-drug resistant organisms (MDROs) and
C. difficile. On the other hand, the shift of resources from
surveillance of HAIs to support the COVID-19 response, the
prioritisation of limited isolation facilities for COVID-19 and the
discontinuation of antimicrobial stewardship activities, could
lead to an increase in HAIs [6].

The impact of COVID-19 pandemic on the incidence of CDI
has been assessed by a few studies with conflicting results e
most report no effect or a reduction of CDI incidence during the
first wave [7e13]. However, as the pandemic evolved, so too
could its impact on CDI incidence. The medical management of
hospitalized patients with COVID-19 and the profile of these
patients has greatly changed over the course of the previous
years; and while aggressive lockdowns and restricted hospital
activity existed during the first wave, a progressive synchro-
nicity of COVID-19 and non-COVID-19 medical care has been
established in recent times. As such, we aim to investigate the
impact of the COVID-19 pandemic on the incidence of HA-CDI
from January 2019eDecember 2022 inclusive at a tertiary
hospital in the Republic of Ireland.
Materials and methods

Study design and setting

This was a retrospective study conducted from January
2019eDecember 2022 inclusive at a tertiary University Hospital
in Dublin, Ireland. St. Vincent’s University Hospital, part of the
St. Vincent’s Healthcare Group, is a 600-bedded academic
teaching hospital providing front line, acute, chronic and
emergency care across over 50 different medical specialities.
The Emergency Department is a major referral centre for
cerebrovascular events and major trauma; and the National
Cancer Control Programme, Liver Transplant Programme,
Pancreas Transplant Programme and Centre for Cystic Fibrosis
all operate internally.

The study period was divided into COVID-19 and non-COVID-
19 periods determined in tangent with the then national inci-
dences of COVID-19 and number of hospitalized patients with
COVID-19. Using 50 COVID-19 inpatients as a lower limit to
define a “COVID-19 Period”, April and May 2020, January and
February 2021, January, February and March 2022 and June and
July 2022 were designated as same. The threshold of 50
patients was decided upon as an indirect indicator of a hospital
monthly occupancy bed rate due to COVID-19 >5%.
Data collection and definitions

C. difficile testing is performed using the EntericBio� real-
time PCR assay since 2013 at our institution according to
manufacturer instructions [14]. Testing is only performed on
loose stool samples from patients over the age of two-years and
repeated samples are only performed after at least four-weeks
from a positive PCR result, or by request of the Clinical
Microbiologist. The total number of C. difficile tests per-
formed, total number of samples where C. difficile was
detected and classification of cases according to accepted
surveillance definitions during the study period was extracted
fromweekly IPC meeting reports. CDI diagnosis was established
following definitions described by the Health Protection Sur-
veillance Centre (HPSC) e diarrhoeal stools (at least three
loose bowel motions in 24 hours) or toxic megacolon; with
either a positive laboratory assay for C. difficile toxin A and/or
toxin B in stools or a toxin-producing C. difficile organism
detected in stool via culture. Cases of pseudomembranous
colitis revealed by lower gastrointestinal endoscopy or colonic
histopathology characteristic of C. difficile infection (with or
without diarrhoea) were also considered diagnostic of CDI for
enhanced surveillance purposes [15]. According to European
Centre for Disease Prevention and Control criteria, a CDI epi-
sode was classified as HA-CDI if the onset of symptoms occurred
on day three or later following admission to a healthcare
facility or within four weeks of discharge from a healthcare
facility [16]. The rate of HA-CDI was reported as the number of
cases per 10,000 bed-days (BDs).

Total antimicrobial consumption during the study period
was also examined, with a focus on specific classes of anti-
microbials traditionally associated with inducing CDI, namely
third-generation cephalosporins, fluoroquinolones and carba-
penems. Antimicrobial consumption was assessed by defined
daily dose (DDD) per 100 BDs according to the Anatomical
Therapeutic Chemical Classification System defined by the
World Health Organisation [17]. This data was obtained from
quarterly reports compiled by the local Antimicrobial Advisory
Committee.
Study outcomes

The primary outcome of this investigation was to assess the
impact of the COVID-19 pandemic on HA-CDI rates. Analyses
looked at gross incidence rates as well as antimicrobial con-
sumption and testing practices during the outlined period.
Statistical analysis

Data analysis was performed using IBM SPSS V.25. Con-
tinuous variables were expressed as means within each group
and an independent samples t-test was used to determine
significance of difference between groups. A P value of <0.05
was considered statistically significant.
Ethical approval

The project was discussed with St Vincent’s University
Hospital Ethics Committee. As no direct patient-level data was
to be collected and the dataset was anonymised with only
surveillance figures formal ethics application was waived as
there were no concerning issues from an ethical point of view
that needed a committee review. This article does not contain
any studies with human participants or animals performed by
any of the authors.
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Results

Our first patient with COVID-19 was admitted on March 19th
2020. Since then, the evolution of the number of hospitalised
patients with COVID-19 is presented in Figure 1.

A look at the overall trend in HA-CDI shows a very marginal
decrease, in tandem with a complementary overall decrease in
total antimicrobial consumption over the study period (See
Figure 2).

Comparisons between COVID-19 and non-COVID-19 periods
(as shown in Table I), found no statistically significant differ-
ence in HA-CDI (P¼0.34) or consumption of all antimicrobials
(P¼0.091), fluoroquinolones only (P¼0.067), third-generation
cephalosporins only (P¼0.449) or carbapenems only
(P¼0.944). However, the overall number of bed-days was noted
to be statistically less during the COVID-19 period (P¼0.034), as
well as the absolute number of C. difficile tests performed
during this period (P¼0.029); however, when expressed as a
rate (per 10,000 BDs) to reflect hospital activity, this difference
in the number of C. difficile tests performed was not statisti-
cally significant (P¼0.696).

Discussion

At the beginning of the pandemic, some experts expressed
concern that COVID-19 could impact CDI rates [6]. However,
initial studies conducted in Spain, Dublin, Rome and Mexico
reported a lower than anticipated incidence when compared to
historical data sets; and those conducted in New York and
Singapore have reported no impact [6]. Our study findings
support the latter with no statistically significant difference in
HA-CDI rates between COVID-19 and non-COVID-19 periods
found (P¼0.34).

Antimicrobial exposure is one of most relevant individual
factors associated with the development of CDI [18,19]. In
Scotland, limiting hospital use of high-risk antimicrobials was
associated with a substantial decline in CDI [20]; and studies
performed in the United States of America have shown that
Figure 1. Number of Hospitalis
facilities achieving significant reductions in hospital anti-
microbial use experienced reductions of HA-CDI, which was
more evident for quinolones, cephalosporins and carbapenems
[21,22]. This trend, albeit minor and not statistically sig-
nificant, is also reflected in our analysis as shown in Figure 2,
with the overall consumption of antimicrobials steadily
decreasing across the years e including fluoroquinolones,
third-generation cephalosporins and carbapenems e with a
simultaneous decreasing rate of CDI.

By contrast, the implementation of the antimicrobial
stewardship program PIRASOA in Spain has led to a significant
decrease in total antimicrobial consumption and incidence of
infections due MDROs, but the incidence of CDI increased
during the same period [23].

This reflects that the impact of hospital antimicrobial use on
CDI rates is not linear but dependent on several factors, such as
the degree of implementation of IPC measures and the preva-
lence of high-risk ribotypes [24].

Testing practices during the pandemic must also be con-
sidered as variations in CDI rates could be explained by
underdiagnosis. A statistically significant difference was noted
for the absolute number of C. difficile tests performed
between the COVID-19 and non-COVID-19 periods (P¼0.029),
but when expressed as a rate i.e., the number of tests per
10,000 BDs to reflect hospital activity at the time, the differ-
ence was not significant (P¼0.696).

During the pandemic, many clinical services in hospitals and
the community were suspended or severely curtailed leading to
a reduction in patient consultations, and hence clinical speci-
mens received in laboratories. Furthermore, based on the
knowledge that COVID-19 also produced gastrointestinal
symptoms and the intense focus on COVID-19 in all arenas,
C. difficile testing may not have been requested as readily by
treating physicians. All in all, the actual number of CDI cases
during the pandemic may be underestimated [25].

Furthermore, the organisational structure and utilisation of
resources within the hospital infrastructure changed through-
out the pandemic as knowledge on transmission models and
ed Patients with COVID-19.
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mitigation measures in relation to COVID-19 was gained. There
was a reduction in hospital activity during early COVID-19
periods due to suspension of all non-COVID-19 work (as
reflected by the statistically significant lower number of bed-
days during COVID-19 periods (P¼0.034)). This meant that
implementation of appropriate IPC policy with regard to iso-
lation or accommodation of patients with transmissible infec-
tions or MDROs was more achievable compared with non-
COVID-19 periods due to less pressure on limited isolation
resources. With the reintroduction of full clinical services,
alongside the additional COVID-19 burden, hospital resources
and bed capacity came under considerable pressure, affecting
the isolation facilities available for patients with potentially
infectious diarrhoea (and other transmissible infections).

This theoretically suggests a potential delay in time to iso-
lation of individuals with new diarrhoeal symptoms and a
greater probability of environmental contamination and
Table I

Variable comparisons between COVID-19 and non-COVID-19
periods

COVID-19

period

Non-COVID-19

period

P

Bed Days
Mean 15832.56 16874.36 0.034
HA-CDI
Mean 3.78 3.21 0.386
Per 10,000 BD 2.10 1.76 0.340
Antimicrobial Consumption (DDD/100BD)
Overall 83.36 89.50 0.091
Fluoroquinolones Only 3.71 4.46 0.067
Third-Generation
Cephalosporins Only

4.17 4.43 0.449

Carbapenems Only 3.28 3.26 0.944
C.difficile Testing
Mean 506.22 549.46 0.029
Per 10,000 BD 321.81 326.63 0.696
exposure risk to patients [11,26]. An in-depth review of each
HA-CDI case at our institution found that all infected individuals
were isolated within 24-hours of diagnosis due to robust IPC
involvement, and likely contributed to our reported low rates.

However, the peaks in HA-CDI cases denoted in Figure 2
after the initial 2020 COVID-19 period probably reflects the
resumption of normal services alongside COVID-19 care, with
increase in patient numbers and competing demands for limi-
ted isolation beds. In fact, bed occupancy had been markedly
elevated, and at times above capacity for much of 2021 and
2022. It is also important to recognise that there was minimal
circulating influenza in the Republic of Ireland for the usual
2020/2021 influenza season [27], which if present would have
placed heavy pressure on already scarce hospital isolation
facilities and could have resulted in an increased incidence of
infectious diseases, like CDI [28].

We do acknowledge other limitations in our study. Our
findings are observational and retrospective from a very
defined cohort thereby limiting the generalizability of results
and recognising that definitive causal relationships cannot be
inferred. Even though we compared antimicrobial consumption
between COVID-19 and non-COVID-19 periods by means of DDD
per 100 BD, we neither evaluated whether durations of regi-
mens differed between periods nor examined the relation to
other antimicrobial classes such as penicillins. Ribotyping also
represents an area of further study. Isolates are only sent to the
Reference Laboratory at Cherry Orchard Hospital for
sequencing on request by the Clinical Microbiologist, largely in
cases of suspected or confirmed outbreaks; and as there were
no C. difficile outbreaks during the study period, information
on circulating ribotypes is unavailable. Furthermore, our study
lacks patient-level data; individual risk factors for developing
HA-CDI may have differed between our non-COVID-19 and
COVID-19 cohort.

Conclusion

The COVID-19 pandemic has not promoted an increase of
HA-CDI. The association between antimicrobial consumption
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and HA-CDI appeared synchronous, but the value of strict IPC
measures must not be overlooked.
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