S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Anaerobe 74 (2022) 102518

journal homepage: www.elsevier.com/locate/anaerobe

Contents lists available at ScienceDirect

2

(S
/~ Anaerobe
» - ~

Anaerobe

Review Article

Clostridioides difficile infection (CDI) during the COVID-19 pandemic

Patrizia Spigaglia

Check for
updates

Department of Infectious Diseases, Istituto Superiore di Sanita, Via Regina Elena 299, 00161, Rome, Italy

ARTICLE INFO

Article history:

Received 21 October 2021
Received in revised form

8 January 2022

Accepted 14 January 2022
Available online 19 January 2022

Handling Editor: Maja Rupnik

Keywords:

COVID-19
SARS-CoV-2
Coronavirus

C. difficile

CDI

HAls

Antibiotic resistance

ABSTRACT

The ongoing coronavirus disease (COVID-19) pandemic has dramatically tested healthcare systems
around the world, with serious repercussions on the measures of prevention and control of hospital-
acquired infections (HAIs). Among HAIs, Clostridioides difficile infection (CDI) represents one of the
most important global public health threats. Although the full impact of the COVID-19 pandemic on CDI
remains undetermined, depending on the development of the pandemic in the coming months, in this
review literature studies of the last three years have been considered in order to depict the current
situation, and make some considerations about possible future developments. If on the one hand, a
general reduction in CDI incidence has been reported in several settings, mainly due to the extraordinary
reinforcement of infection prevention measures, on the other hand, the critical circumstances experi-
enced in many hospitals have limited the effectiveness of these measures, particularly in the intensive
care units (ICUs), increasing the possibility of the occurrence of hospital-acquired CDI (HA-CDI). New
concerns have arisen from the decrease in C. difficile testing and the increased use of broad-spectrum
antibiotics reported during the pandemic. In particular, overuse of antibiotics and disinfectants may
lead to a selection of resistant C. difficile strains not only in hospitals but also in the community.
Furthermore, patients infected with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and
patients that have survived COVID-19 may represent a new group of frail patients potentially at a higher
risk of CDI, a group that could potentially increase in size due to SARS-CoV-2 evolution. In the dramatic
COVID-19 era, the multifactorial nature of CDI has emerged more clearly than before, highlighting the
necessity of a strong refocus on efforts to improve prevention strategies and to integrate CDI surveillance
in a One Health prospective in order to curtail the public health threat posed by this infection in the next
future.

© 2022 Elsevier Ltd. All rights reserved.

1. Clostridioides difficile infection (CDI) in the pre-COVID-19

pandemic period

urgent antimicrobial resistance (AMR) threat [8]. CDI symptoms
range from mild diarrhea and abdominal discomfort to the most
severe colitis, toxic megacolon, and pseudomembranous colitis [9].

In the last decades, Clostridioides (Clostridium) difficile has
emerged as the main cause of healthcare-associated infective
diarrhea, rapidly becoming an urgent global public health threat
[1-3]. In the United States (US), C. difficile causes about half a
million infections and 29,000 deaths in a year [4], while in Europe
about 152,905 C. difficile infection (CDI) cases and 8382 CDI-
associated deaths occur every year [5]. The target population for
CDI is represented by the elderly, the immune-depressed, and
hospitalized patients, or those under antimicrobial treatment,
which is the main risk factor for this infection [6,7]. In this respect,
C. difficile is a multidrug-resistant (MDR) pathogen that is ranked by
the US Centers for Disease Control and Prevention (CDC) as an
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Recurrences after an initial episode of CDI are common, with a rate
of around 15—35% of all CDI cases, [10].

The incidence of CDI, infection severity, recurrences, and mor-
tality rates has increased in the last years. These epidemiological
changes have largely been attributed to the emergence of new
highly virulent C. difficile strains, in particular belonging to the PCR
ribotype (RT) 027 [11,12], although other highly virulent epidemic
types have recently emerged [13,14]. Among these types, RT 078
has increasingly been recognized as a cause of infection acquired in
the community (CA-CDI) [15,16] and genomic analysis supports a
possible zoonotic transfer of RT 078 strains between humans and
pigs [17,18]. Notably, CA-CDI often lacks the traditional risk factors,
such as previous hospitalization/contact with health-care settings
and antibiotic treatment [19].
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The emergence of strains with characteristics of high virulence
and the increasingly aging population in many high-income
countries have led to a renewed attention to this important
hospital-associated infection (HAI).

2. CDI and the COVID-19 pandemic

The novel coronavirus disease (COVID-19), caused by the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), has
emerged in Wuhan (China) in December 2019 [20] and it has
rapidly spread worldwide causing a major pandemic that is still
ongoing [21] and that has dramatically impacted healthcare sys-
tems around the world.

In the early stages of the COVID-19 pandemic, hundreds of
millions of people were infected with an immediate and dramatic
impact on hospitals, in particular acute-care hospitals, which faced
a high number of hospitalizations [22]. COVID-19 can affect all age
groups but frail individuals, in particular the elderly, with under-
lying diseases and chronic conditions, have been reported to be the
most vulnerable to COVID-19 infection [23,24].

The burden of response to the COVID-19 pandemic have deter-
mined alterations in routine patient care practices, in compliance
with antibiotic stewardship programs (ASPs) and in the use of
personal protective equipment (PPE) [25,26] that have impacted on
HAlIs, including CDI. If on the one hand, redirection of the usual
efforts to monitor and prevent HAIs to the COVID-19 response may
have reduced the focus on routine HAIs prevention [27,28]
(Table 1), on the other hand, enhanced infection prevention and
control practices, emphasis on hand hygiene and the use of PPE
have positively impacted the HAIs rates [29—31].

In general, data available from January 2019 to September 2021
indicate that hospital-acquired CDI (HA-CDI) incidence decreased
during the COVID-19 pandemic [32—35] (Table 1). Barrier pre-
cautions, increased focus on hygiene, environmental cleaning, pa-
tient isolation and the increased use of PPE, have certainly played
an important role in preventing C. difficile transmission, despite the
increased/inappropriate use of broad-spectrum antibiotics, with
about 70% of patients with COVID-19 subjected to antibiotic ther-
apy mainly for the suspected acquisition of secondary bacterial
infections [36,37]. However, it has to be considered that some an-
tibiotics, such as azithromycin, are more extensively used
compared with others for treatment of COVID-19 patients [38—40].
Although treatment with any antibiotic may precede the develop-
ment of CDI, certain antibiotic classes have higher rates of associ-
ation and, in addition, the associated CDI risk can be different
within the same class [41]. Interestingly, azithromycin has been
demonstrated to not have any effect on CDI development in pa-
tients with COVID-19 compared with other antibiotics, probably
due to a lower risk of CDI associated with this antibiotic [41,42].
Although antibiotic treatment remains one of the main CDI risks
also among COVID-19 patients [42—44] (Table 1), the contribution
of the different antibiotic classes to the general increase in antibi-
otics consumption during the pandemic, as well as the length of
treatment and the combination of drugs, may have a different
impact on the occurrence of CDI in these patients.

In the evaluation of the general decrease of the CDI incidence
rates recently observed, it is important to consider that the COVID-
19 pandemic may complicate CDI diagnosis. In fact, SARS-CoV-2
frequently causes gastrointestinal symptoms including nausea,
vomiting, and diarrhea [45], with a possible lack of clinical suspi-
cion for CDI in patients with COVID-19 [46,47] (Table 1). In addition,
stool tests may have been discouraged during the pandemic to limit
nursing contact with feces during collection, due to concerns on the
presence of SARS-CoV-2 [48], contributing to CDI underreporting.
In this regard, delays in CDI diagnosis during the course of
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hospitalization of COVID-19 patients have been observed [49,50]
(Table 1). A recent study conducted in nine hospitals in Massa-
chusetts reports that about 40% of patients with COVID-19 have
experienced diarrhea after admission and that two of these pa-
tients, critically ill, died prior to receiving a correct therapy for CDI
[50] (Table 1). Some single-center studies have reported a trend
toward decreased C. difficile testing and a stable or decreased CDI
incidence [51,52] (Table 1). These results could be partially
explained with a potential over- or inappropriate testing in the pre-
COVID-19 period or more thoughtful testing during the current
pandemic. Besides the problems related to CDI diagnosis, also the
drastic reduction in outpatient hospital admissions, probably in
response to the fear of contagion and in consequence of lockdown
measures [53], may have contributed to the reduction in CDI
incidence.

Despite improvement of prevention and control strategies,
some single-center studies have observed an increase in HA-CDI
cases during the COVID-19 pandemic [42,54,55] (Table 1). In the
study of Sandhu et al., conducted in a hospital of Michigan, USA, the
rate of CDI increased from 3.32/10,000 patient-days during
January—February 2020 to 3.6/10,000 patient-days during
March—April 2020. Lewandowski et al. have observed an increase
in the CDI rates in a hospital of Warsaw from 2.6% in the pre-
pandemic period to 10.9% during the COVID-19 pandemic, while
Boccolini et al. have reported that CDI increased from 0.0% to 3.2%,
between March—April 2019 and March—April 2020 in an intensive
care unit (ICU) of an Italian hospital. Another study, including eight
different Italian acute-care hospitals admitting COVID-19 patients,
has reported differences in CDI incidence (from 0.7 to 12.3 per
10,000 patient days) among the participating hospitals, with the
occurrence of C. difficile outbreaks in two of these settings associ-
ated with a higher CDI incidence [43]. These data highlight one
more importance of local factors in HA-CDI occurrence. In fact,
particularly during the first wave of the pandemic, many hospitals
experienced extraordinary circumstances (increased patient case-
load, staffing challenges, physical space limitations, constrained
availability of personnel, shortages in personal protective equip-
ment) that may have limited the effectiveness of standard infection
prevention and control practices, particularly in the ICUs [56].

3. What about CDI in the next future?

Published data indicate that the pandemic may have important
effects on CDI, suggesting some considerations for the next future.
The first consideration is that the extraordinary reinforcement of
infection prevention and control measures due to the COVID-19
pandemic has contributed to the reduction in HA-CDI incidence
[32,33,47,50] (Table 1) and, therefore, it is necessary that the focus
on a continuous improvement of these measures does not wane
after the COVID-19 emergency. In particular, improvement of hand
washing, donning and doffing protocols, environmental cleaning
and the more stringent restrictions for visitors may have limited
not only the circulation of C. difficile in the hospitals, but also the
introduction of C. difficile from the community. In fact, carriers
represent a potential vehicle of transmission considering that
asymptomatic C. difficile colonization ranges between 4% and 15%
among healthy individuals and between 3% and 21% among pa-
tients on admission [57]. Nevertheless, some factors may
contribute to the exposure of COVID-19 patients to a higher risk of
CDI, as highlighted in a recent study conducted in an Italian hos-
pital, in which, although the total CDI incidence was not signifi-
cantly changed compared with the pre-pandemic period, a higher
CDI incidence was observed in COVID-19 wards compared with that
observed in COVID-19 free wards [35]. In this regard, it is notable
that COVID-19 seems to have adversely affected some HAIs and, in
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Relevant publications reported in this review.
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particular, increased incidence rates for device-related HAIs have
been reported in COVID-19 patients [28,33,55,58,59] (Table 1). The
growing burden of HAIs different from CDI, may indirectly favor CDI
occurrence due to worsening of the patient's condition, prolonga-
tion of hospitalization and possible repeated antibiotics treatments.
Furthermore, it is notable that COVID-19 itself may represent a risk
for CDLI. In fact, COVID-19 can be considered as an evolving systemic
pathology, which may affect many organs and tissues other than
the lungs. In particular, recent studies have reported an exacerbated
systemic inflammatory response [60,61] and alterations in the
gastrointestinal microflora similar to antibiotic exposure in patients
infected by SARS-CoV-2 [62—65], conditions that could favor CDI
occurrence in these patients. Furthermore, COVID-19 damages
seem to seriously affect long-term health of the discharged patients
[66]. Therefore, there is the possibility that the pandemic may
result in a large number of survivors with residual post-COVID-19
damages, such as chronic lung disease or neurologic/cardiolog-
ical/intestinal complaints, which might warrant frequent hospital
admissions and/or antibiotics treatments, with a consequently
higher risk of CDI. In addition, this cohort of frail patients may in-
crease in the future due to the ongoing evolution of SARS-CoV-2.
Several genetic variants of SARS-COV-2 have been identified and
associated with higher transmissibility, higher risk of hospitaliza-
tion/mortality and increased immune escape in comparison with
the wild-type lineage. In fact, very recent studies have reported an
increased risk of 28-day mortality and critical care unit admission
for the recently emerged SARS-CoV-2 delta variant (B.1.617.2)
[67—69]. More importantly, this variant seems to infect prevalently
younger people, while older adults are more frequently infected by
SARS-CoV-2 alpha (B.1.1.7) earlier in the pandemic [68,70].

In the COVID-19 era, a correct diagnosis of CDI has returned to
the limelight as a cardinal point to avoid under-ascertainment of
this infection. The underdiagnosis of CDI has already been recog-
nized as an alarming issue in the pre-pandemic period, with about
40 000 inpatients with this infection potentially undiagnosed in

European hospitals every year due to the absence of clinical sus-
picion and/or suboptimal diagnostic laboratories in the pre-
pandemic period [71]. Recent studies have reported a trend to-
ward decreased C. difficile testing in several hospitals [47,49,51,52]
(Table 1), suggesting that the COVID-19 pandemic may lead to a
further underreporting of CDI and highlighting the importance of a
differential diagnosis of CDI in patients with COVID-19.

A final consideration is with regards to the heavy burden of the
current pandemic on antimicrobial stewardship activities. The
overused of antibiotics reported in the recent past [38,39,72] has
raised several concerns about the consequent selection and in-
crease in the AMR in pathogenic bacteria. In particular, C. difficile, as
a possible component of the intestinal microflora of patients, may
be subjected to “bystander selection”, a selective pressure for
resistance due to antibiotic exposure for a condition caused by
other species [73], with a consequent selection of resistant
C. difficile strains. Furthermore, the increased emission of antibi-
otics and disinfectants in the environments (including wastewater,
surface waters, soils and sediment) during the current pandemic
[37,74—77] could promote and accelerate bacterial evolution to-
ward AMR outside the hospitals [78]. The ecology of C. difficile
enhances its potential to acquire and develop AMR in the envi-
ronment [79], favoring the selection of resistant C. difficile strains
with a higher capability to diffuse and to cause infection in both
animals and humans in the community. About 60% of the clinical
C. difficile strains have been reported as MDR in European hospitals
[80], but AMR strains have frequently been also detected outside
the hospitals, in animals, food and the environment [81—85]. Ani-
mals represent an important reservoir of this pathogen, however,
the frequent detection of epidemic C. difficile RTs in soil, water,
sediment, vegetables, meat, etc, also suggests additional sources of
human infection and the possibility of a more extensive trans-
mission of this pathogen [86].

In conclusion, the COVID-19 pandemic has dramatically high-
lighted the complex interactions between bacterial and viral
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infections. Although the full impact of the COVID-19 pandemic on
CDI remains to be determined, first data strongly suggest that a
general reinforcement of prevention and control practices, a correct
diagnosis, and a constant implementation of ASPs will be critical
issues for the next future. In the challenging era of COVID-19, the
multifactorial nature of CDI has become even more evident, ur-
gently requiring the inclusion of CDI global and local surveillance
programs in a One Health integrated approach, with a stronger
interconnection among public health authorities, veterinary med-
icine, and agriculture in order to improve prevention strategies and
curtail public health threat posed by this infection.

4. Search for relevant literature

Papers published between January 2019 and September 2021,
reporting data on CDI and COVID-19, were searched using medical
databases: PubMed, Medline, Scopus, Web of Science. Combina-
tions of the following keywords were used: [(COVID-19) OR (SARS-
CoV-2) OR (coronavirus)] AND [(Clostridioides difficile) OR (clos-
tridium difficile) OR (CDI)]; [(COVID-19) OR (SARS-CoV-2) OR
(coronavirus)] AND [(HAI) OR (hospital-acquired infections) OR
(bacterial infections)]; [(COVID-19) OR (SARS-CoV-2) OR (corona-
virus disease 2019)] AND |[(antibiotics) OR (AMR) OR (antibiotic
resistance)]. Publications written in languages other than English
and studies published only in abstract form were not included.
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