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Abstract

Objective: To assess the relative risk of hospital-onset Clostridioides difficile (HO-CDI) during each month of the early coronavirus disease
2019 (COVID-19) pandemic and to compare it with historical expectation based on patient characteristics.

Design: This study used a retrospective cohort design. We collected secondary data from the institution’s electronic health record (EHR).
Setting: The Ohio State University Wexner Medical Center, Ohio, a large tertiary healthcare system in the Midwest.

Patients or participants: All adult patients admitted to the inpatient setting between January 2018 and May 2021 were eligible for the study.
Prisoners, children, individuals presenting with Clostridioides difficile on admission, and patients with <4 days of inpatient stay were excluded
from the study.

Results: After controlling for patient characteristics, the observed numbers of HO-CDI cases were not significantly different than expected.
However, during 3 months of the pandemic period, the observed numbers of cases were significantly different from what would be expected
based on patient characteristics. Of these 3 months, 2 months had more cases than expected and 1 month had fewer.

Conclusions: Variations in HO-CDI incidence seemed to trend with COVID-19 incidence but were not fully explained by our case mix. Other

factors contributing to the variability in HO-CDI incidence beyond listed patient characteristics need to be explored.

(Received 12 August 2022; accepted 25 June 2023; electronically published 9 October 2023)

Coronavirus disease 2019 (COVID-19) had a significant impact on
hospitalizations over the last 2 years. Not surprisingly, the CDC
reports that healthcare-associated infections were much more
common in 2020 than in 2019, with an increase in ventilator-
associated pneumonia of 45% and an increase in catheter-
associated bloodstream infections of 47%.! However, there were
significant decreases in hospital-onset Clostridioides difficile
infection (HO-CDI) rates compared to 2019." This finding is
interesting given the complex factors associated with C. difficile
transmission and the impact that the COVID-19 pandemic had on
these factors.
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The major risk factors for HO-CDI include antibiotic use,
increasing age, environmental contamination, and comorbidities
such as inflaimmatory bowel disease, kidney disease, and
immunodeficiency.>? Early in the pandemic, one analysis reported
that 72% of patients received antimicrobial therapy while
hospitalized for COVID-19.* The increased use of antibiotics
during the COVID-19 pandemic could have led to a comparative
increase in rates of CDI in hospitalized patients. At the same time,
there was also increased emphasis on personal protective equip-
ment, hand hygiene, and social distancing in hospital settings and
elsewhere during the pandemic, which may have reduced inpatient
transmission of C. difficile by reducing environmental contami-
nation and transmission from contaminated hands. Finally,
COVID-19 led to prolonged hospital admissions in patients at
high risk for HO-CD], including older patients and those with
comorbidities. Given these opposing forces, we studied the
association of COVID-19 admissions at our medical center on
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the incidence of admissions complicated with HO-CDI during
the same month to better understand the complex risk factors for
HO-CDI. This work is part of a larger study that aims to create a
hospital geographic information system to identify and investigate
clusters of infections. The objective of this study was to assess the
relative risk of HO-CDI during each month of the COVID-19
pandemic (March 2020-May 1, 2021), relative to the historical
expectation based on patient characteristics.

Methods
Patient population

In this retrospective cohort study, we included all patients who
were admitted to The Ohio State University Wexner Medical
Center (OSUWMC) for an inpatient hospital stay at one of our
acute-care hospitals between January 2018 and May 2021
excluding prisoners, children, those who presented with
C. difficile (test positive within first 4 days of hospitalization),
and those with a length of stay (LOS) of <4 days. We excluded
those with a <4-day LOS because they were not available to be
diagnosed with HO-CDI because they left the hospital before
day 4.

Data collected on these patients included race and ethnicity, sex,
age, Charlson comorbidity score, antibiotic administration,
admission and discharge dates, location stayed within the hospital,
C. difficile test order time and result. Date of admission was
used as the temporal index for a patient regardless of when in
the admission the COVID-19 diagnosis or HO-CDI diagnosis
was made.

Variables were chosen based on findings and conventions in
prior literature and guidelines.>® In addition, we limited variables
to those reliably captured in EHR data to aide in reproducibility.
We used the following definitions of variables in the model:
A COVID-19 admission was defined as one in which an ICD-10
code (U07.1) for COVID-19 was associated with the admission.
An HO-CDI admission was defined as one in which the patient
had a positive C. difficile polymerase chain reaction (PCR) on or
after day 4 of hospitalization according to the National Healthcare
Safety Network (NHSN) HO-CDI definition of a laboratory-
confirmed C. difficile infection.®

For patients with HO-CDI, antibiotic use was defined as the
total number of unique classes of antibiotics used 30 days prior to
hospitalization and before a positive C. difficile test during
hospitalization. For patients without HO-CDI, antibiotic use was
defined as the total number of unique classes of antibiotics used
30 days prior to hospitalization and during hospitalization.
We included 14 unique classes of antibiotic in this study:
clindamycin, cephalosporins, carbapenems, fluoroquinolones,
aztreonam, macrolides, penicillins, SMX-TMP, aminoglycosides,
tetracyclines, vancomycin, oxazolidinones, daptomycin, and
other (which included antibiotics not in previous classes). Oral
vancomycin, fidaxomicin, metronidazole and topical antibiotics
were not included in any of the classes. Antibiotics were
categorized by an infectious disease subject-matter expert. For
descriptive analysis, antibiotics were classified as high risk or
low risk based on findings from prior literature.”” High-risk
antibiotics included clindamycin, cephalosporins, carbapenems,
fluoroquinolones, and piperacillin-tazobactam.

We split LOS into 2 categories: 4-10 days or >10 days. This
division was for simplicity and was also based on prior literature
conventions.”
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Previous CDI was defined as a positive C. difficile result within a
year prior to admission date of the current hospitalization. Total
number of unique rooms was defined as the total number of unique
patient rooms that each patient was transferred to during their
hospitalization. This number did not include procedure rooms,
only patient rooms. Building was defined as the hospital
building from which a patient was discharged. Building was
important to include because each building served different patient
populations and thus had a different case mix and baseline risk for
HO-CDI.

Statistical methods

The main objective of this study was to explore temporal
variation in monthly rates HO-CDI in the months prior to and
the early months of the COVID-19 pandemic. Patient hospital-
izations and HO-CDI were assigned to the month of patient
admission for the primary analysis. In a sensitivity analysis
(included in the Supplementary Material online), we assigned
HO-CDI cases to the month when the laboratory test was
ordered. We estimated the expected number of monthly
C. difficile infections assuming no temporal change in the risk,
then we used a Poisson regression model to estimate monthly
standardized incidence ratios (SIR) to compare the observed
number of infections to the expected number. This approach
was similar to that used by the NHSN for monitoring
healthcare-associated infections.!” Recognizing that the risk of
C. difficile can vary by patient-level factors, we computed
expected counts that adjusted for hospitalized patients’
characteristics to ensure fair comparisons over time because
the characteristics of the hospitalized patient population may
have changed over time, particularly during the COVID-19
pandemic.!?

We assessed potential heterogeneity over time; therefore, the
expected number of infections was computed assuming that
the rates of infection are constant over time, conditional on a set
of patient factors. This approach was similar to that of a null
assumption that patient risk of HO-CDI did not depend on the
month of hospitalization. First, we computed the monthly
expected number of HO-CDI cases by aggregating the estimated
patient probabilities of HO-CDI for all patients admitted in each
month of the study. We used a logistic regression model to
estimate the probability of HO-CDI for each patient in the study.
The model included each patient’s Charlson score, age at
admission, number of antibiotic classes used, race, an indicator
of whether length of stay was greater than or equal to 10 days,
whether they had a prior CDI diagnosis, the number of room
transfers in the hospital stay, and an indicator of the hospital
building. We included a sensitivity analysis in the supplement
that uses cubic spline effects for all continuous covariates in the
logistic regression model. Collinearity between variables was
assessed using generalized variance-inflation factors (GVIFs). In
terms of collinearity, GVIFs were <2 for all variables, and most
had values close to 1, indicating lack of collinearity in our
variables. Model discrimination was assessed by estimating area
under the receiver operating curve (AUC), and calibration was
assessed using the Hosmer-Lemeshow test. Using the estimated
infection probability for each patient, the expected number of
infections for the medical center was computed by summing the
probabilities of all patients hospitalized during each month. The
expected number of HO-CDI served to normalize for differences
in the hospitalized patient populations over time, which may have
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been exacerbated by systemic changes during the initial phase of
the COVID-19 pandemic.

To explore whether the number of observed infections differed
from what was expected, a Poisson regression model was used for
the observed counts including a temporal cubic spline, an
autoregressive random effect at each time point to account for
overdispersion and additional temporal correlation, and the log of
the expected number of infections as an offset term. The model was
fit within the Bayesian paradigm so prior distributions were
required. We used noninformative but proper prior distributions
for all parameters. The model was computed using a Markov chain
Monte Carlo algorithm implemented in the nimble R package that
was run for 500,000 iterations, discarding the first 250,000 and
thinning by 50.!' The posterior distributions were summarized
using the posterior mean and 90% equal-tail credible intervals
(CIs). Full model details are included in the Supplementary
Materials (online).

This study was approved by the university’s institutional review
board. Patient data were delivered to the research team in a coded-
limited format.

Results

Table 1 shows the patient population included in our study.
HO-CDI patients were slightly older, with a higher Charlson score
and more likely to have a stay >10 days. A greater proportion of
patients in the HO-CDI group received high-risk antibiotics and
2 or 3 antibiotic classes compared to the non-HO-CDI group.
HO-CDI patients also had a longer average duration of high-risk
antibiotic use. Supplementary Table S1 (online) shows how these
factors varied over the study period.

Table 2 shows the final model used to adjust for patient
characteristics and compute the expected number of HO-CDI
cases. The AUC was 81.2%, showing excellent discrimination and
no evidence of lack of fit (P = .98). This finding suggests that the
logistic regression model was adequate for providing case-mix—
adjusted, expected HO-CDI counts.

Figure 1 shows the percentage of total admissions associated
with COVID-19 or HO-CDI over time. It also shows the number
of HO-CDI-related admissions per month in the table below
Figure 1. Looking at the unadjusted data, when COVID-19
admissions were at their highest, HO-CDI-associated admissions
were low. This finding held true for the surges in Spring 2020 and
December 2020. Conversely, when COVID-19 admissions were a
lower proportion of total admissions, we detected increased rates of
admissions complicated by HO-CDI.

Figure 2 shows the posterior mean of the log SIR by month with
a 90% CI. The dashed line at 0 reflects when the observed and
expected number of HO-CDI are equal (ie, SIR, 1). For most
months, the credible interval covers 0, indicating that after
accounting for variability, the observed number of HO-CDI cases
are compatible with what we expected. However, we noted several
months during the pandemic when HO-CDI differed from what
we expected. The posterior probability that HO-CDI incidence
exceeded the expectation in June 2020 was 0.99 (SIR, 1.48; 90% CI,
1.12-1.97) and in January 2021 this probability was 0.98 (SIR, 1.39;
90% CI, 1.05-1.82). This finding suggests that rates of HO-CDI
were 48% and 39% above expected during June 2020 and January
2021, respectively. The opposite was observed in March 2021,
when the posterior probability that the observed HO-CDI was less
than expected was 0.97 (SIR, 0.66; 90% CI, 0.46-0.94), suggesting a
34% reduction in rates relative to the expectation. As shown in the
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Table 1. Patient Characteristics During the Study Period
Non-HO-CDI)

(HO-CDI vs

Admission Type, No. (%)?

HO-CDI Non HO-CDI

Variable (n=712) (n=100,983)
Race

White 579 (81.3) 74,783 (74.1)

Black 96 (13.5) 21,151 (20.9)

Other 37 (5.2) 5,049 (5.0)
Age, mean y 61.5 58.8
Ethnicity

Not Hispanic 697 (97.9) 98,518 (97.6)

Hispanic 13 (1.8) 1,795 (1.8)

Unknown 2 (0.3) 670 (0.7)
Sex

Female 353 (49.6) 49,138 (48.7)

Male 359 (50.4) 51,844 (51.3)
Charlson score 43 3.9
Extend stay

4-9d 112 (15.7) 69,056 (68.4)

10+ d 600 (84.3) 31,927 (31.6)
Previously C. difficile positive

Yes 42 (5.9) 1,482 (1.5)

No 670 (94.1) 99,501 (98.5)
Total number of rooms transfer, mean 4.2 35
No. of classes of antibiotics given

0 105 (14.7) 28,353 (28.1)

1 157 (22.1) 22,679 (22.5)

2 212 (29.8) 23,874 (23.6)

3 144 (20.2) 15330 (15.2)

4 68 (9.6) 7509 (7.4)

54 6 (3.7) 3238 (3.2)

Risk of antibiotic given

High-risk 557 (78.2) 63,553 (62.9)
Low-risk 50 (7.0) 9,074 (9.0)
No antibiotic 105 (14.7) 28,356 (28.1)
Days on high-risk antibiotic, mean 53 4.0
Buildings
A 77 (10.8) 10,926 (10.8)
B 96 (13.5) 12,648 (12.5)
C 11 (1.5) 3,029 (3.0)
D 72 (10.1) 13,168 (13.0)
E 284 (39.9) 31,794 (31.5)
F 93 (13.1) 17,619 (17.4)
G 79 (11.1) 11,752 (11.6)

2Units unless otherwise specified.

Supplementary Material (online), the results were similar when
the expected counts were computed using splines in the logistic
regression model and when the HO-CDI cases were assigned to the
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Table 2. Multivariable Model Estimating Probability of HO-CDI

Variable 0Odds Ratio 95% Cl P Value
Race

White Ref

Black 0.61 (0.49-0.77) <.0001

Other 0.93 (0.65-1.29) 68
Age 1.01 (1.003-1.01) .002
Charlson score 0.98 (0.96-1.01) 17
Extended stay

<10d Ref

10+ d 11.38 (9.25-14.12) <.0001
Previously C. difficile positive

Yes 438 (3.12-5.99) <.0001

No Ref
Total room transfers, no. 1.09 (1.05-1.13) <.0001
Antibiotic use

0 Ref

1 1.31 (1.02-1.69) .03

2 1.27 (1.00-1.62) .05

3 1.02 (0.79-1.33) .88

4 0.86 (0.62-1.17) 33

5+ 0.59 (0.37-0.91) 02
Buildings

A Ref

B 1.11 (0.82-1.50) 52

C 0.31 (0.15-0.57) <.001

D 1.13 (0.81-1.57) 48

E 1.38 (1.05-1.82) 02

F 0.80 (0.59-1.09) N5

G 0.85 (0.12-1.18) 33

Note. CI, credible interval.

month the test was ordered instead of the month of patient
admission (Supplementary Figs. S3 and S4 online).

Discussion

In this study, there was no overall change in HO-CDI during the
early COVID-19 pandemic; however, there were months when
the observed number of cases of HO-CDI were higher or
lower than we expected solely due to the case mix. This finding
suggests that there may have been some impact of COVID-19 on
HO-CDI that went beyond a change in patient characteristics.
The COVID-19 pandemic was an unprecedented event that
affected all aspects of daily life, including those within the
healthcare system. For example, in the early pandemic there were
reports of routine preventative visits being delayed or cancelled,
PPE and staffing shortages, workforce burnout, and exacerbation
of disparities in health outcomes and access to care.!>!3 In addition,
there were major changes to infection prevention guidance and
standard practices (eg, universal masking). These effects and others
may have contributed to our findings; however, they were difficult
to quantify and track. We did assess whether changes in testing
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could have contributed. We examined the number of C. difficile
tests sent after 4 days over this period. Fewer tests were ordered in
early spring 2020, but this was a time of fewer admissions
(Supplementary Fig. S2 online). Diagnostic testing for CDI at our
health system is done using PCR and did not change over the study
period.

Several other groups have assessed CDI incidence during the
early COVID-19 pandemic.!*1® Allegretti et al'® performed a
retrospective analysis of 9 hospitals in Massachusetts from
February 2020 to November 2020 and found no evidence of an
increased rate of CDI among COVID-19 patients. Ponce-Alonso
et al'"* looked at CDI incidence during a 2-month peak of the
pandemic in Spain in early 2020 and found a lower rate of CDI
compared to a historical control period. In a retrospective review of
a tertiary-care center in New York, Luo et al'® did not find a
significant difference between the prepandemic HO-CDI SIR and
the HO-CDI SIR from February-June 2020. These researchers did
note a trend toward higher-risk antibiotic exposures and increased
LOS during the pandemic. Overall, these studies found no increase
in CDI during the early pandemic despite increased use of
antibiotics. Our study differed from these in that we included an
additional year of pandemic data and we included additional
individual patient-level risk factors. Instead of looking at the
overall incidence of HO-CDI, we looked at the variation over the
months of the pandemic. Notably, in contrast to the findings of
Luo et al, we did not find a major difference in prolonged LOS
between 2019 and 2020 (Supplementary Table 1 online). The mean
number of unique antibiotic classes was generally stable over the
years of the study, although a greater proportion of patients during
2020 received high-risk antibiotics. Also, patients with HO-CDI in
2020 and 2021 were less likely to have a history of CDI in the past,
perhaps suggesting that other risk factors are contributing more
than C. difficile colonization.

Interesting findings of our study included the low incidence of
HO-CDI in the months of highest COVID-19 incidence and
the high incidence of HO-CDI in the 1-2 months following
COVID-19 spikes. The decreased incidence may have been due to
increased use of PPE and hand hygiene during this time, as has
been suggested in previous studies. Furthermore, the increased use
of ultraviolet light as part of terminal cleaning procedure for all
COVID-19 patient rooms could have affected the number of
C. difficile cases during times of high COVID-19 admissions.
The increase in HO-CDI when COVID-19 admissions were low
could be related to the increased antibiotic use hospital-wide in the
months prior. Some evidence indicates that antibiotic use in a
patient increases the risk of CDI for a future patient in that same
room.!” Additionally, this could be related to patients who had
been admitted with severe COVID-19 but remained hospitalized
and critically ill weeks to months later. These patients are very
high risk for HO-CDI and could have led to environmental
contamination and in-hospital transmission.

The logistic regression model was developed to adjust for case
mix, not to identify or assess novel risk factors. In general, the
model findings were in line with previous research. We included
race in the model because there is a known disparity in CDI. Prior
studies have shown that although HO-CDI incidence is higher in
white patients, mortality and severe CDI are higher in Black
patients.'® In our model, Black race was associated with a lower risk
of HO-CDI when compared to white race, even after adjusting for
other factors. Unintended consequences for the inclusion of race in
the model should be assessed if this model is used for prospective
risk assessment. The total number of room transfers was also
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Figure 1. Percentage of total admissions each month that were associated with a COVID-19 diagnosis or hospital-onset Clostridioides difficile infection (HO-CDI).

Log SIR

-1.0

Jul 2019 Jan 2020 Jul2020 Jan 2021

Month

Jan2018 Jul2018 Jan 2019

Figure 2. Posterior mean log standardized incidence ratio (SIR) and 90% credible
interval for hospital-onset Clostridioides difficile infection (HO-CDI) by month from
January 2018 to April 2021.

associated with the outcome. This association was reported in a
previous study by our group and could have been due to exposure
to multiple hospital environments."’

Our study had several limitations. We used the date of
admission as our temporal variable, yet HO-CDI could have
occurred any time after day 4 of admission. On average, the HO-
CDI cases occurred 11.86 days after admission. Our sensitivity
analysis using order date instead of admission date showed similar
findings although less pronounced. Given that expected cases were
determined based on the characteristics of patients admitted per
month, we favored counting the C. difficile cases in the same month
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in which the risks were counted. Given the study design, we were
not able to show causation between COVID-19 surges and the
variations in HO-CDI incidence. We only included data through
the first year of the pandemic, so we were unable to determine
whether the trend persisted. However, compared to the current
literature, we had a more longitudinal view of the impact of
COVID-19. There is some value to looking at only the first year
because for the majority of the year, healthcare workers and
patients had not been vaccinated and PPE use and behavior may
have been different than at later stages in the pandemic. Finally,
some patients with COVID-19 in the early pandemic were not
included, and we excluded prisoners from our analysis. In Ohio, a
significant portion of the first pandemic wave occurred in the
incarcerated population.®

Our findings suggest that although overall incidence of
HO-CDI did not increase during the first year of the COVID-19
pandemic, variations seemed to trend with COVID-19 incidence
that cannot be fully explained by changing patient characteristics.
Additional work should focus on whether this trend continued
throughout the remaining pandemic and what factors may have
contributed to reduced HO-CDI incidence when COVID-19
numbers were highest.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2023.171
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