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a b s t r a c t

Objective: To investigate the impact of COVID19 pandemic on the incidence of health-care associated
Clostridioides difficile infection (HA-CDI).
Methods: Retrospective study conducted in the Hospital Universitario de Valme (HUV) and the Hospital
General Universitario de Alicante (HGUA) in Spain between January 2019 and February 2021. The study
period was divided into non-COVID19 period (2019 and months from 2020 to 2021 with �30 hospi-
talized COVID19 patients) and COVID19 period (months from 2020 to 2021 with >30 COVID19 patients).
HA-CDI incidence rates (IR) were calculated as the number of new CDI cases per 10.000 occupied bed-
days (OBD) and antimicrobial consumption by means of the defined daily dose (DDD) per 1000 OBD.
Results: During the COVID19 period, HA-CDI IR in the HUV was 2.6 per 10.000 OBD, which was lower
than what was observed during the non-COVID19 period (4.1 per 10.000 OBD; p ¼ 0.1). In the HGUA, HA-
CDI IR during COVID19 period was 3.9 per 10.000 OBD, which was not significantly different to the IR
observed during the non-COVID19 period (3.7 per 10.000 OBD; p ¼ 0.8). There was a slight increase in
the total antibiotic consumption during COVID19 period in both hospitals, with significant increases of
certain high-risk antibiotics as cephalosporins.
Conclsusions: HA-CDI incidence has not increased during the COVID19 pandemic in two tertiary centers
in Spain, in spite of a slightly higher antibiotic consumption during the COVID19 period in both hospitals.
These findings suggest that, in the presence of strict infection control measures, hospital antibiotic
consumption might have a lower impact than expected on HA-CDI.

© 2022 Elsevier Ltd. All rights reserved.
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1. Background

Clostridioides difficile is the leading cause of nosocomial infec-
tious diarrhea and one of the most prevalent health-care associated
infections (HAIs) [1,2]. Besides patient exposure to C.difficile spores
colonizing the environment, the leading predisposing factors for
C.difficile colonization and infection are, among others, previous
exposure to systemic antibiotics and a variety of comorbidities,
including immunosuppression [3]. Consequently, environment
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cleaning, hand hygiene and antibiotic restriction have been the
most widely accepted interventions for C.difficile infection (CDI)
prevention [4].

Coronavirus disease 2019 (COVID19) pandemic have placed an
enormously demand on the health care system. The high rates of
COVID19 admissions have led to the adoption of extraordinary
organizational measures in acute care hospitals, which have been
common across different countries, such as the creation of COVID
medical wards where patients were under isolation measures and
health-care workers wore personal protective equipment (PPE). In
fact, increased attention to infection prevention practices, including
hand hygiene and contact precautions compliance, has been an
undoubtedly collateral effect of the COVID19 pandemic. Theoreti-
cally, this enhancement of infection control measures might have
impact in the spread of multi-drug resistant organisms (MDROs) or
C.difficile within hospitals. However, other collateral effects of the
pandemic, such as the shift of resources for the monitoring and
prevention of HAIs to support the COVID19 response and the
discontinuation of antimicrobial stewardship (AMS) activities,
could have act in the opposite direction, leading to high HAIs,
including CDI.

The impact of COVID19 pandemic on the incidence of CDI has
been assessed in a few studies with conflicting results. Although
some experts have speculated that hospitalized patients with
COVID19 could be more prone to develop CDI [5], most of the
studies conducted so far have found either no effect [6e8] or a
reduction of CDI incidence during the first wave of the pandemic
[9e12]. A common limitation of these studies is that they have
focused only in the first months of the pandemic. However, the
impact of COVID19 on CDI incidence might be affected by the
evolution of several factors during the pandemic. First, medical
management of hospitalized patients with COVID19 have largely
evolved, including the widely use of corticosteroids and other
immunosuppressive agents. Second, the profile of hospitalized
patients has also changed, with less comorbidities and younger
ages. Finally, while aggressive lock-downs and the stop of surgeries
and medical attention to non-COVID conditions was a constant
among most countries during the first wave, a progressive coexis-
tence of COVID19 and non-COVID19 medical care within hospitals
have been adopted in the subsequent months of the pandemic.

For the above-mentioned reasons, our objective was to inves-
tigate the impact of the first year of COVID19 pandemic on the
incidence of health-care associated CDI (HA-CDI).

2. Methods

2.1. Study design, study periods and sources of data

This was a retrospective study conducted in two tertiary care
hospitals (Hospital General Universitario de Alicante [HGUA],
n¼ 783 beds; Hospital Universitario de Valme [HUV], n¼ 581 beds)
from Spain between January 2019 and February 2021.

The study period was divided into non-COVID19 period (2019
andmonths from 2020 to 2021 with 30 or less patients hospitalized
due to COVID19) and COVID19 period (months from 2020 to 2021
with >30 COVID19 patients). The threshold of 30 patients for was
decided by the investigators as an indirect indicator of a monthly
occupancy bed rate due to COVID19 > 5%. For this purpose, we
considered only those admissions due to clinical symptoms related
to SARS-CoV-2 infection that was microbiologically confirmed by
polymerase chain reaction (PCR) or an antigen test.

All CDI episodes diagnosed in patients older than 18 years in the
participant hospitals during the study period were extracted by
from specific databases from the Infectious Diseases Units that
were also checked with microbiology laboratory reports and
2

Preventive Medicine registries. The electronic clinical records of all
CDI cases were reviewed for this study in order to confirm that
fulfilled required criteria for CDI diagnosis and health-care associ-
ated origin (see Definitions on the next section).

2.2. Definitions and microbiological procedures

CDI diagnosis was established following the European Center for
Disease Prevention and Control (ECDC) [13] and the European So-
ciety of Clinical Microbiology and Infectious Diseases (ESCMID)
recommendations [14,15] by the presence of diarrhea and a positive
laboratory assay for C.difficile toxin A and/or B in stools or a toxin-
producing C.difficile organism detected in stool by means of a po-
lymerase chain reaction (PCR) method. According to ECDC criteria,
a CDI episode 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
[13]. We also analyzed CDI cases considering only hospital-onset
healthcare facility-associated (HO-HCFA) as defined by the Infec-
tious Diseases Society of America (IDSA) [16]. CDI incidence rates
(IR) were calculated as the number of new CDI cases per 10.000
occupied bed-days (OBD).

The algorithm employed for themicrobiological diagnosis of CDI
did not changed throughout the study period and included a
sequential qualitative detection of glutamate dehydrogenase and
toxin B from C. difficile by immunochromatography (HUV: CerTest,
BIOTEC S.L., Spain; HGUA: C.difficile Quik Chek complete, TechLab,
Blacksburg, VA). We assessed discrepancies by detecting the
C. difficile toxin B gene by real-time PCR (HUV: BD MAX Cdiff,
Becton Dickinson Diagnostics, Canada; HGUA: GeneXpert C. diffi-
cile/Epi test, Cepheid, Sunnyvale, California). The number of stool
samples sent to microbiology for C. difficile diagnosis standardized
per 10.000 OBD during the study periods was also assessed.

2.3. Antimicrobial consumption

Antimicrobial consumption was assessed by means of the
calculation of the defined daily dose (DDD) per 1000 OBD, ac-
cording to the Anatomical Therapeutic Chemical Classification
System (ATC/DDD) defined by WHO [17]. Total antimicrobial con-
sumption (ATC codes J01 and J02) and the consumption of specific
antimicrobial families which has been linked to an increased risk of
CDI (penicillins, cephalosporins, carbapenems, piperacillin/tazo-
bactam, fluoroquinolones and clindamycin) [18,19] were evaluated.

2.4. Infection control measures

A similar infection prevention bundle was implemented during
the COVID19 period in both participant hospitals. Educational ac-
tivities with special emphasis on hand hygiene and infection con-
trol measures were developed to health-care workers. All
healthcare workers wore PPE when caring for patients with
COVID19 whereas the universal use of hand gloves when attending
non-COVID19 patients was discouraged. Environmental cleaning by
trained cleaning staff was reinforced during the COVID19 period
but the same cleaning products were employed for both periods.
Patients with COVID-19 were grouped in COVID-wards (2 or 3 pa-
tients per room) with dedicated staff. Visits were prohibited to
COVID19 wards (except in exceptional situations) and restricted to
non-COVID19 wards during the COVID19 period. Elective proced-
ures and non-urgent admissions were suspended several times
during the COVID19 pandemic depending on hospitals occupancy
rates. Patients with CDI were isolated in a single roomwith contact
precautions during both the COVID-19 and non-COVID19 periods.



Fig. 1. Number of hospitalizations due to COVID19 in the participant hospitals. 1A: Hospital Universitario de Valme (HUV). 1B: Hospital General Universitario de Alicante
(HGUA). COVID19: Coronavirus disease 2019. ICU: Intensive care unit.
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Table 1
Incidence rates of health-care associated Clostridioides difficile infection according to study periods in each participant center.

Category No. of HA-CDIa episodes Occupied bed days Incidenceb and incidence rate ratio (95% CIc) p

Global (HUVd þ HGUAe)
Non-COVID19 period
COVID19
HA-ICDa incidence rate ratio

186
75

478076
213239

3.89
3.52
0.90 (0.69e1.18)

0.5

HUVd 0.1
Non-COVID19 period 86 212616 4.04
COVID19
HA-ICDa incidence rate ratio

19 73016 2.6
0.64 (0.39e1.06)

HGUAe 0.8
Non-COVID19 period 100 265460 3.77
COVID19 period
HA-ICDa incidence rate ratio

56 140223 3.99
1.06 (0.76e1.47)

a HA-ICD: Health-care associated clostridoides difficile infection.
b Incidence are expressed per 10.000 OBD.
c CI: Confidence interval.
d HUV: Hospital Universitario de Valme.
e HGUA: Hospital General Universitario de Alicante. The study period was divided into non-COVID19 period (2019 and months from 2020 to 2021 with 30 or less patients

hospitalized due to COVID19) and COVID19 period (months from 2020 to 2021 with >30 COVID19 patients).
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2.5. Statistical analyses

Continuous variables were expressed as median (Q1-Q3) and
categorical variables as frequencies (percentage). Continuous vari-
ables were compared by means of the Student t-test or the Mann-
Whitney U test, depending on the normality tests. The chi-square
and the Fisher tests were used for comparisons between categori-
cal variables.

HA-CDI IR and its respective 95% confidence intervals (CI) during
the study periods in each participant hospital were computed. HA-
CDI IR comparisons between COVID-19 and non COVID-19 periods
were performed by calculating the rate ratio (RR) with its respec-
tive 95% CI. Associations with a p < 0.05 were considered signifi-
cant. Analyseswere performedwith SPSS statistics (version 25; IBM
Corp., Armonk, NY).
3. Results

Since March 2020, when the first COVID19 patients were
admitted in the HUV and the HGUA, the evolution of the number of
hospitalized patients due to COVID19 is presented in Fig. 1.
Reflecting the different evolution of the pandemic among the
different regions in Spain, the duration and the intensity of
consecutive waves of the epidemic was different between the 2
participant hospitals. In HUV the COVID19 period included 3 well
defined different waves (Fig. 1A), whereas in HGUA an overlap
between 2nd and 3rd waves was seen (Fig. 1B).
3.1. Hospital Universitario de Valme

3.1.1. Impact of COVID19 on CDI incidence
During the COVID19 period, 19 HA-CDI episodes were diag-

nosed, leading to a CDI incidence of 2.6 per 10.000 OBD, which was
lower than what was observed during the non-COVID19 period
(n ¼ 86 HCA-CDI cases; CDI incidence 4.04 per 10.000 OBD)
(p ¼ 0.1) (Table 1). Fig. 2A shows the monthly distribution of HA-
CDI incidence and total antibiotic consumption in HUV during the
study period. Of note, a marked decreased in HA-CDI incidence in
every COVID19 wave was noted. This behavior was even more
apparent when only HO-HCFA cases were included (Fig. 3). During
2019, 977 CDI diagnostic test were performed, which accounted for
4

71.5 per 10.000 OBD, whereas 1022 test were done in 2020 ac-
counting for 80.7 per 10.000 OBD (p ¼ 0.08). The mean number of
CDI diagnostic test performed per 10.000 OBD during non-COVID19
period was 77.7 whereas in COVID19 period was 67.1 (p ¼ 0.04).
3.1.2. Impact of COVID on antimicrobial consumption
There were no differences between the total antibiotic con-

sumption between the non-COVID 19 and the COVID19 period (518
vs 543 DDD per 1000 OBD; p ¼ 0.3) (Fig. 3). However, when
analyzing specific antibiotic classes, there were significant in-
creases in the consumption of certain high-risk antibiotics as
cephalosporins and carbapenems, although overall consumption of
high-risk antibiotics was comparable in both periods (Fig. 4A).
Remarkably, a 22% increase in the consumption of cephalosporins
was seen during the COVID19 period.
3.2. Hospital General Universitario de Alicante

3.2.1. Impact of COVID19 on CDI incidence
During the COVID19 period, 56 HA-CDI episodes were diag-

nosed, leading to a CDI incidence of 3.9 per 10.000 OBD, which was
not significantly different to what was observed during the non-
COVID19 period (n ¼ 100 HCA-CDI cases; CDI incidence 3.7 per
10.000 OBD) (p¼ 0.8) (Table 1). Themonthly distribution of HA-CDI
incidence and total antibiotic consumption in the HGUA during the
study period is shown in Fig. 2B. CDI diagnostic test were per-
formed in 89.8 per 10.000 OBD in 2019 and in 92.2 per 10.000 OBD
in 2020 (p ¼ 0.5). The mean number of CDI diagnostic test per-
formed per 10.000 OBD during non-COVID19 period was 89.2
whereas in COVID19 period was 93.1 (p ¼ 0.4).

In HGUA, a COVID19 unit with a specific informatic code of
admission was created. Thus, specific COVID19 OBD and the inci-
dence of HA-CDI in the COVID19 unit could be computed. Using this
approach, 7 cases of CDI among 17347 OBD (HCA-CDI incidence:
4.03 per 10.000 OBD) were detected in the COVID19 unit whereas
145 among 373290 OBD (HA-CDI incidence: 3.88 per 10.000 OBD)
were diagnosed in non-COVID19 units since from 2019 to February
2021. HA-CDI incidence in non-COVID19 units did not changewhen
it was calculated considering only the pandemic period (March
2020eFebruary 2021; n ¼ 70 HA-CDI cases; HA-CDI incidence 3.8
per 10.000 OBD).



Fig. 2. Trends in total antibiotic consumption and HA-CDI incidence during the study period. 2A: Hospital Universitario de Valme (HUV). 2B: Hospital General Universitario de
Alicante (HGUA). DDD: Daily defined dose. HA-CDI: Health-care associated Clostridoides difficile infection. OBD: occupied bed-days. CDI: Clostridoides difficile infection.
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Fig. 3. Trends in total antibiotic consumption and HO-HCFA incidence in Hospital Universitario de Valme during 2020e2021. DDD: Daily defined dose. HO-HCFA: Hospital-
onset healthcare facility-associated Clostridoides difficile infection. OBD: occupied bed-days. CDI: Clostridoides difficile infection.
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3.2.2. Impact of COVID on antimicrobial consumption
There was a non-significant slight increase in the total antibiotic

consumption between the non-COVID 19 and the COVID19 period
(874 vs 984 per 1000 OBD; p ¼ 0.3) (Fig. 4B). A significant increase
of the consumption of some high-risk antibiotics, such as cepha-
losporins (which increased by a factor of 41%) and piperacillin/
tazobactam, was seen in the COVID19 period whereas the con-
sumption of quinolones decreased (Fig. 4B).

4. Discussion

Our study shows that HA-CDI incidence has not increased dur-
ing the COVID19 pandemic in two tertiary centers in Spain despite a
slight increase of the consumption of antibiotics during the same
period was observed. We have also observed that the evolution of
HA-CDI has been heterogeneous between the two participant
centers. Thus, a significant decrease of HA-CDI incidence in every
wave of the pandemic was observed in the HUV whereas incidence
remained stable through the pandemic in HGUA. Interestingly,
these figures were observed in the presence of a slightly higher
antibiotic consumption during the COVID19 period in both hospi-
tals, suggesting that, in the presence of strict infection control
measures, hospital antibiotic consumption might have a lower
impact than expected on HA-CDI.

At the beginning of the pandemic, some experts expressed
concern that COVID19 could impact CDI rates, especially in the
elderly [5]. However, initial studies have reported no impact or a
trend for a lower incidence that anticipated by historical data. In the
first study assessing this issue, Ponce-Alonso et al. reported a
marked decrease in HO-HCFA incidence during the first wave in
6

Madrid when compared to a historical control period in spite of a
mild increase of antibiotics consumption [9]. A similar effect has
been observed during the first wave in Dublin [10], Rome [11] and
Mexico [12]. On the other hand, studies conducted during the first
wave in New York [6] and Singapore [7] have found no effect of the
pandemic on the incidence of CDI. Recently, Baker and coworkers
did not found variations in HA-CDI incidence with respect to
monthly COVID19 hospitalization rates during 2020 among 148
HCA Healthcare-affiliated hospitals in USA [8].

In the line with these previous reports, our work demonstrates
that COVID19 has not promoted an increase in HA-CDI incidence
during the first year of the pandemic. Of note, a marked decrease of
HA-CDI during the first three waves of the pandemic was seen in
the HUV in a similar manner towhat has been seen in the first wave
in other centers [9e12]. This behavior was even more pronounced
when only HO-HCFA cases were considered. These results suggest
that, at least in some centers, the implementation of infection
control measures and the reorganization of health-care activities
during the pandemic have led to collateral beneficial effects in
terms of Clostridioides difficile nosocomial transmission.

Antimicrobial exposure is one of most relevant individual fac-
tors associated with CDI development [3,18,19]. Besides direct pa-
tient exposure to antibiotics, the influence of antibiotic use on the
risk of CDImay also operate at aggregate levels (i.e. ward or hospital
use of antibiotics). In Scotland, limiting hospital use of high-risk
antibiotics was associated with a substantial decline in CDI, espe-
cially those caused by epidemic ribotypes [20]. Recent studies
conducted in the US have shown that facilities achieving significant
reductions in hospital antibiotic use experienced reductions of HO-
HCFA CDI, which was more evident for reductions in quinolones



Fig. 4. Antibiotic consumption by study period. 4A: Hospital Universitario de Valme (HUV). 4B: Hospital General Universitario de Alicante (HGUA). ATB: Antibiotics. COVID19:
Coronavirus disease 2019. DDD: Daily defined dose. OBD: occupied bed-days. Pip/Taz: Piperacilin/Tazobactam.
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and cephalosporins [21,22]. By contrast, a lack of effect on CDI has
been seen after 3 years of starting the PIRASOA program, an anti-
microbial stewardship program implemented in hospitals of the
Public Health System of Andalusia, Spain [23]. While PIRASOA has
led to a significant decrease in total antimicrobial consumption and
a reduction of the incidence of infections due MDROs in the
Andalusian public health-care system, the incidence of CDI
increased during the same period [23]. Likewise, other studies have
not found a correlation between monthly cephalosporin hospital
use and the risk of CDI [24].

In our study, a stable or declining incidence of HA-CDI was seen
in the presence of a mild increase of total antibiotic consumption
during the pandemic, including significant increases in certain
high-risk antibiotics such as cephalosporins. Similarly, some of the
previous studies reporting a decrease of CDI incidence during the
first wave of the pandemic also found a concomitant increase of
antibiotic consumption [6,9]. These data support that the impact of
hospital antibiotic use on CDI rates is not uniform and depends on
several factors, such as the degree of implementation of infection
control measures, the prevalence of high-risk ribotypes or the level
of use of specific antibiotic classes such as quinolones. In this sense,
a “saturation effect” has been described for quinolones, as CDI risk
rises until reaching a certain threshold of use beyond which risk
plateaus [21]. In the line of this, we speculate that the heteroge-
neous effect of COVID19 between the two participant hospitals
observed herein might be explained by different baseline levels of
hospital antibiotic pressure. Thus, the lower baseline antibiotic
pressure might have facilitated the observed decrease in CDI inci-
dence during COVID19 in the HUV, whereas this was not seen in the
HGUA as a consequence of a higher baseline antibiotic consumption
and amarked increase of cephalosporin use during COVID19. While
previous studies have suggested that reductions in CDI incidence
can be expected in institutions with high-level of antibiotic con-
sumption [21,22], it is possible that mild changes in antibiotic use in
settings where low to intermediate level of consumption has
already been achieved might no further impact on CDI.

Our study has some limitations that must be acknowledged. First,
as our study was observational and retrospective, definitive causal
relationships cannot be inferred from our observations. Second,
variations in CDI rates could be explained by under diagnosis due to
the exceptional situation within hospitals during the COVID19
pandemic. We found this unlikely, as the standardized number of
stool samples sent to the laboratory during the pandemic was
comparable to the previous year. As a slight decrease in CDI diag-
nostic test during the COVID19 period was observed in the HUV, we
cannot completely exclude that this could partially affect HA-CDI
incidence rates. However, it would not justify the marked re-
ductions of HO-HCFA rates that we have observed. Third, the direct
effect of SARS-CoV2 infection on CDI risk in an individual basis could
only be assessed in the HGUA, as in the HUV we could only assess
monthly incidence of HA-CDI but not the incidence of CDI among
hospitalized COVID19 patients. Finally, we compared antibiotic
consumption between COVID19 and non COVID19 periods by means
of DDD per 1000 OBD calculation but we could not evaluate if du-
rations of antibiotic regimens differ between both periods, which
would have been of interest, as the duration of antibiotic exposure
has been linked to CDI risk [18]. On the other hand, previous studies
have focused only in HO-HCFA CDI, which could underestimate the
impact of COVID19 hospitalization in health-care associated CDI, as
many of hospital acquired CDI cases become apparent after hospital
discharge. In our study, we have included incident CDI cases up to 4
weeks after previous admission, which gives a better picture of the
impact of the pandemic on HA-CDI. Besides, previous studies have
evaluated the overall consumption of antibiotics during the
pandemic without distinguishing between different classes. We
8

have compared overall consumption during COVID19 but also by
antibiotic families, as CDI risk is not uniform across them. Finally,
changes in HA-CDI incidence is highly influenced by clinical suspi-
cion and microbiological detection. To solve this, our analysis has
also included standardized data of stool samples sent to microbi-
ology during COVID19 and non-COVID19 periods. These are
strengths of our study.
5. Conclusions

In summary, the COVID19 pandemic has not promote an in-
crease on HA-CDI. The role of hospital consumption of antibiotics
on the risk of HA-CDI might be less prominent than previously
believed, at least in the presence of strict control measures.
Consequently, public health and preventive strategies should still
focus on other relevant factors such as environmental cleaning and
safe-practices implementation.
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