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Abstract

Objective: Given recent changes in the epidemiology ofClostridioides difficile infection (CDI) and prevention efforts, we investigated temporal
changes over a period of 11 years (2006–2016) in incidence and risk factors for CDI.

Design: Retrospective matched case-control study.

Setting/Patients: Pediatric and adult inpatients (n = 694,849) discharged from 3 hospitals (tertiary and quaternary care, community, and
pediatric) in a large, academic health center in New York City.

Methods: Risk factors were identified in cases and controls matched by length of stay at a ratio of 1:4. A Cochran–Armitage or Mann-Kendall
test was used to investigate trends of incidence and risk factors.

Results: Of 694,849 inpatients, 6,038 (0.87%) had CDI: 44% of these cases were hospital acquired (HA-CDI) and 56% were
community acquired (CA-CDI). We observed temporal downward trends in HA-CDI (−0.03% per year) and upward trends in CA-CDI
(þ0.04% per year). Over time, antibiotics were administered to more patients (þ3% per year); the use of high-risk antibiotics declined
(–1.2% per year); and antibiotic duration increased in patients with HA-CDI (þ4.4% per year). Fewer proton-pump inhibitors and more
histamine-2 blockers were used (−3.8% and þ7.3% per year, respectively; all Ptrend <.05).

Conclusions: Although the incidence of HA-CDI decreased over time, CA-CDI simultaneously increased. Continued efforts to assure
judicious use of antibiotics in inpatient and community settings is clearly vital. Measuring the actual the level of exposure of an antibiotic
(incidence density) should be used for ongoing surveillance and assessment.

(Received 8 February 2020; accepted 1 May 2020; electronically published 29 May 2020)

Clostridioides difficile infection (CDI) is a major cause of
healthcare-associated infection (HAI); it occurs in ~500,000 indi-
viduals and accounts for ~12% of all HAIs in the United States
annually.1–3 Patients with CDI have more adverse outcomes
such as prolonged length of stay and mortality, and they
incur considerably greater economic burden than those without
CDI.4–6

In the past few decades, the epidemiology of CDI has evolved.
The incidence and severity of CDI has continued to rise,7,8 corre-
sponding to the emergence of new hypervirulent strains (eg, PCR
ribotype 027, toxinotype III, and pulsed-field gel electrophoresis
pattern North American pulsed-field type 1).9,10 Thus, C. difficile
has become a particularly problematic pathogen as a result of its
toxin production and widespread resistance to antibiotics.

Ongoing efforts to prevent CDI and increased attention to
improve adherence to infection prevention strategies (eg, antibiotic

stewardship programs, contact precautions, hand hygiene, and
patient and caregiver education) may have resulted in reducing
the rate of CDI,11,12 but because it is difficult to identify the specific
time when prevention strategies were initiated and the extent to
which they are followed in various clinical settings, demonstrating
the real-world impact of interventions remains challenging.

A major risk factor for developing CDI is broad-spectrum
antibiotic therapy.13 In addition to antibiotic exposure, other
medications (eg, proton pump inhibitors [PPIs], histamine-2
blockers [H2 blockers]) that influence the gastric pH or gut
bacteria also increase the risk for CDI.14,15 Some individual-level
host factors associated with increased risk for CDI include age,
gender, and comorbidities (eg, diabetes mellitus, solid organ
transplant, and previous history of CDI).14 Multiple studies
have demonstrated that C. difficile can easily spread directly or
indirectly through contamination of the hospital environment.16,17

Although studies have been conducted to elucidate the
pathogenesis and risk factors of CDI, few studies have examined
temporal changes in the prevalence or risk factors associated
with CDI. Given recent changes in the incidence of CDI and
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prevention efforts, we investigated temporal changes over a period
of 11 years—from 2006 to 2016—in incidence and risk factors
for CDI.

Method

Sampling and setting

The sample for this study included pediatric and adult inpatients
discharged from 1 of 3 hospitals (ie, a 745-bed tertiary-/
quaternary-care hospital with adult wards, a 196-bed community
hospital, and a 269-bed pediatric hospital) in metropolitan New
York City between January 1, 2006, and December 31, 2016, total-
ing >100,000 patient admissions annually. The dataset has been
derived from a federally funded grant (no. R01 HS024915) and
extracted from various electronic databases (eg, admission-
discharge-transfer system, electronic health record, a clinical data
warehouse, departmental records). This study was approved by the
institution’s institutional review board.

Definitions and outcomes

Trends in the total incidence of CDI, hospital-associated CDI
(HA-CDI), and community-associated CDI (CA-CDI) were

examined. In the study institutions, a patient with CDI was
identified until September 1, 2009, as having a positive toxin
detection by enzyme immunoassay (EIA) from an unformed stool.
Beginning September 1, 2009 the more sensitive Xpert real-time
polymerase chain reaction (PCR) test (Cepheid, Sunnyvale, CA)
from an unformed stool was used.

The total CDI rate includes all positive stool specimens col-
lected during the hospitalization. HA-CDI was defined as CDI
but diagnosed ≥3 calendar days after admission. CA-CDI was
defined a CDI present on admission or CDI diagnosed<3 calendar
days after admission. In cases of multiple admissions of the same
patient, consecutive positive C. difficile stool specimens occurring
within 2 weeks of the previous positive test (ie, repeated infection
timeframe) were excluded.18

Risk factors

Table 1 lists the risk factors examined, which include individual-
level host factors, pharmacological factors, and environmental fac-
tors. The host factors include demographic characteristics (age on
admission and gender), severity of illness as measured by Charlson
comorbidity index,19 and International Classification of Disease,
Ninth Revision, Clinical Modification (ICD-9-CM) principal

Table 1. Definitions for Potential Predictors for Clostridioides difficile

Components
(Epidemio-logical Triad) Categorized Risk Factor Possible Predictors

Host factors Individual-level
factors

Comorbidities Peptic ulcer disease; inflammatory bowel disease (ie, Crohn’s disease and ulcerative
colitis); previous C. difficile infection; diabetes mellitus; renal failure; chronic
pulmonary disease; cancer; solid-organ transplant

Environmental factors Pharmaco-logically
related factors

Antibiotics
exposure

Received any type of antibiotic (yes/no)

Days of antibiotic therapy per 100 patient days (DDD/100 PD) in each admission

Continuity of antibiotic exposure: the no. of interrupted courses of antibiotics in each
admission

Risk classification:

• Low risk of antibiotic: yes/no and DDD/100 PD

Risk classification:

• High risk of antibiotic: yes/no and DDD/100 PD
○ Separate each class of high-risk antibiotics: yes/no and DDD/100 PD
○ Combination therapy of high-risk antibiotics: the number of administrated different

classes of high-risk antibiotics

Other type of
mediation

Proton-pump inhibitor (PPI): yes/no and DDD/100 PD

Histamine-2 blocker (H2 blocker): yes/no and DDD/100 PD

Antacids: yes/no and DDD/100 PD

Laxatives and enemas: yes/no and DDD/100 PD

Socioeconomic status Socioeconomic
status

Type of health insurance: commercial, Medicaid, Medicare, other

Exposure to hospital-
environment factors

Prehospitalization Type of admission sourcesa: hospital healthcare facility, other healthcare facility,
nonhealthcare facility, otherb

Prior hospitalization within 6 mo: yes/no
Related to
hospitalization

Length of stay until: (1) C. difficile diagnosis for C. difficile–positive group or (2)
discharge for C. difficile–negative group

Intensive care unit (ICU) stay: yes/no

aNonhealthcare facility includes clinic referral and admission from non–healthcare facility point of origin.
bHealthcare facility (other) refers the transferred from ambulatory surgery center, hospice/hospice plan, skilled nursing facilities or intermediate-care facility, or another healthcare facility.
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procedure codes. The most important pharmacological factor is
antibiotic exposure which was measured in several ways:
(1) whether a patient received any antibiotic (yes or no); (2) ‘days
of antibiotic exposure,’ the cumulative total days of antibiotic
therapy per 100 patient days or incidence density (defined daily
dose [DDD] per 100 patient days); (3) ‘number of antibiotic
courses, calculated by counting the number of interrupted courses
of antibiotics separated by ≥48-hour antibiotic-free interval
between antibiotic exposures; (4) the ‘use of high-risk antibiotics’
that have been previously associated with increased risk of
CDI including aminoglycosides (amikacin), broad-spectrum
penicillins, carbapenem, cephalosporins (except first generation),
clindamycin, fluoroquinolones, glycylcyclin (tigecycline), and
monobactam (aztreonam),20,21 calculated as DDD per 100 patient
days; and (5) ‘combination therapy of high-risk antibiotics,’
defined as the number of different classes of high-risk antibiotics
a patient received. See Appendix 1 (online) for a list of all antibi-
otics and antibiotics designated as ‘high risk’ included in this study.
In addition to the antibiotic exposure, the receipt of (yes or no) and
DDD per 100 patient days were also examined for PPIs, H2 block-
ers, antacids, and laxatives or enema. Environmental factors
included prior healthcare exposures, including admission source
and prior hospitalization within the previous 6 months, and
current hospitalization factors including length of stay and
whether the stay was in an intensive care unit. These variables
were measured up to 1 day prior to C. difficile diagnosis for the
C. difficile–positive group and until hospital discharge for the
C. difficile–negative group.

Statistical analyses

Time trend for CDI incidence
The annual incidence of CDI was calculated as the number of CDI
occurrences per 10,000 admissions. Because the more sensitive
PCR test has been used in this institution since September 1,
2009, the incidence of CDI is separately presented before and after
the PCR test to investigate the related trends. To examine temporal
trends in CDI incidence, the Cochran–Armitage test for trend was
used at a significance level of <.05.

Risk factors for HA-CDI
Because of the change of laboratory diagnostic method for
CDI, only the period after implementation of the PCR test
(September 1, 2009, to December 31, 2016) was included in the risk
factor analysis. Patients <1 years of age and those whose length of
hospitalization was <3 days were excluded. The bivariate associa-
tion between the overall CDI incidence and each potential risk
factor was analyzed using simple logistic regression.

Because of multicollinearity between the length of stay and the
total cumulative days for risk factors, patients with and without
HA-CDI were matched at a ratio of 1:4 by length of stay. For
patients with HA-CDI, length of stay was calculated as the days
from admission to C. difficile diagnosis and for noncases, from
admission to discharge. Then, using multivariable logistic regres-
sion, the relationship between HA-CDI and the pharmacological
risk factors was analyzed, adjusting for confounders identified in
the previous simple logistic regression.

Temporal changes in trends of risk factors for HA-CDI
Each risk factor, which was identified through the simple or
multivariable logistic regression, was independently assessed for
temporal changes over time using Mann-Kendall trend tests for

continuous variables (eg, days of antibiotics exposure) and
Cochran–Armitage test for categorical variables (eg, receipt of
antibiotics, yes or no). As an ecological aspect of the trend analysis,
the temporal change of risk factors was investigated not only for
the selected patients through matched case-control design but
for all patients admitted to the hospitals after September 1, 2009
(ie, all cohort and the patient with HA-CDI, separately). All stat-
istical analyses were performed using SAS version 9.4 software
(SAS Institute, Cary, NC).

Results

Incidence of C. difficile infection

During the study period, 6,038 of 694,849 (0.87%) patients had at
least 1 positive test for C. difficile during their hospitalization. Of
these, 2,659 of 6,038 (44%) were identified as HA-CDI (38 per
10,000 admissions) and 3,379 of 6,038 (56%) were CA-CDI
(48 per 10,000 admissions).

Temporal changes in incidence of C. difficile infection

Figure 1 illustrates the temporal changes in total CDI incidence,
total HA-CDI incidence, and the total CA-CDI incidence for (1)
the overall total and (2) stratified by pre- and post-PCR periods.
After stratifying for the change to a more sensitive diagnostic test,
the temporal change in the incidence rate of HA-CDI decreased
slightly by –0.03% annually in both the pre- and post-PCR test
periods; while the incidence rates of CA-CDI increased by
0.03% and 0.04% annually during the same periods.

Cohort demographics

Table 2 lists the characteristics of the patients included in further
analyses and compares patients with and without HA-CDI. The
median age was 6 years older in patients with HA-CDI than those
without. The proportion of males was larger among those with
HA-CDI (51.1 vs 46.7%), and the median Charlson score was sig-
nificantly higher in patients with HA-CDI (6 vs 4; all P < .001).

Risk factors for HA-CDI

In the bivariate analysis, all factors except the presence of peptic
ulcer or inflammatory bowel disease varied significantly between
those with and without HA-CDI (Table 3); results of the multivari-
able logistic regression assessing the relationship between exposure
to antibiotics and other type of medications and HA-CDI are sum-
marized in Table 4.

Of 9,912 patients, 7,053 (71.2%) received antibiotics at least
once during their hospitalization: 1,797 of 2,021 (88.92%) among
those with HA-CDI and 5,256 of 7,891 (66.61%) among those
without HA-CDI. Antibiotics were administrated for 75.4 days
per 100 patient days and 65.1 days per 100 patient days among
cases and controls, respectively. Antibiotic exposure was associated
with increased risk of HA-CDI (odds ratio [OR], 2.76; 95% confi-
dence interval [CI), 2.35–3.25), as was longer antibiotic adminis-
tration (OR, 1.009; 95% CI, 1.007–1.011). Risk of HA-CDI was
greater among patients who received both low- and high-risk anti-
biotics (OR, 2.19; 95% CI, 1.84–2.61) than those who received no
antibiotics (OR, 3.32; 95% CI, 2.8–3.93). Among all antibiotic
recipients, 5,533 of 7,053 (78.45%) received high-risk antibiotics;
1,631 of 1,797 (90.8%) in the group with HA-CDI and 3,902 of
5,266 (74.24%) in the group without HA-CDI. Of these antibiotic
recipients, high-risk antibiotic exposure was associated with
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increased risk of HA-CDI (OR, 2.59; 95% CI, 2.16–3.01), as was
longer high-risk administration (OR, 1.006; 95% CI, 1.004–1.008).
There was no clear trend in risk of HA-CDI among patients who
receivedmultiple classes of antibiotics compared with those receiv-
ing a ‘low risk’ antibiotic. Recipients of PPI had increased the risk
of HA-CDI (OR, 1.6; 95%CI, 1.42–1.81), as did those receiving PPI
for longer periods of treatments (OR, 1.004; 95% CI, 1.001–1.006).
Receiving H2 blockers also increased the risk of HA-CDI
(OR, 1.21; 95% CI, 1.06–1.37; all P < .05).

Temporal changes in risk factors for HA-CDI

The temporal changes of risk factors for HA-CDI were investigated
in the post-PCR test period, from September 1, 2009, to December
31, 2016 (Table 5 and Appendix 2 online). The average patient age,

Charlson score, and length of stay increased over time. However,
the trend among patients who developedHA-CDI was younger age
(from 62.7 to 55.4 years; –5.4% per year [per year]), lower severity
of illness (ie, the Charlson score fell from 6.2 to 5.3; –5.6%
per year), and shorter hospitalization over time (from 14.7 to
12.3 days; –2% per year).

Overall, the proportion of antibiotic recipients increased over
the study period from 61.2% in 2009 to 70.2% in 2016 (þ3%
per year), but the DDD per 100 patient days of antibiotics became
shorter, from 67 to 65.3 days per 100 patient days (−0.94% per
year). Statistically significant trends were not observed in patients
with HA-CDI. In contrast to the total antibiotic use, the proportion
of high-risk antibiotic recipients declined over time from 71% to
68.8% (–1.2% per year), whereas the DDD per 100 patient days
of high-risk antibiotics increased in patients with HA-CDI from

Fig 1. Temporal changes in the incidence rate of total CDI, HA-CDI and CA-CDI.
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67.3 to 74.9 days per 100 patient days (þ4.4% per year) and the
proportion of low-risk antibiotic recipients increased from
51.9% to 55.8% (þ2.04% per year).

In terms of specific types of high-risk antibiotics, the use of car-
bapenem increased (þ0.5% per year), whereas the use and the
duration of broad-spectrum penicillins (–1.8% and –1.4% per year,

respectively) and the duration of fluoroquinolone use (from 42.1 to
36 days per 100 patient days, –4.2% per year) decreased. The use of
combinations of high-risk antibiotics of 2 or 3 different classes
increased from 14.6% to 17.3% and from 2.9% to 4.5%, respec-
tively. Some high-risk antibiotics (ie, cephalosporin, clindamycin,
and monobactam) were not associated with HA-CDI, but there

Table 2. Characteristics of the Study Participants Aged ≥1 year and With a Length of Stay ≥3 Days in the Post-PCR Period

Characteristic Total (n=184,261)

Hospital-Acquired CDI

P Value (χ2 or Wilcoxon)With HA-CDI (n=2,027) Without HA-CDI (n=182,234)

Demographics

Age, median (SD) 59 (23.59) 64 (23.64) 59 (23.59) <.0001

Age, no. (%) <.0001

Pediatric patients aged 1–18 y 15,071 (8.2) 198 (9.8) 14,873 (8.2)

Adults aged 19–64 y 93,067 (50.1) 846 (41.7) 92,221 (50.6)

Elderly patients aged ≥65 y 76,123 (41.3) 983 (48.5) 75,140 (41.2)

Elderly patients aged 65–74 y 31,731 (17.2) 431 (21.3) 31,300 (17.2)

Elderly patients aged 75–84 y 26,940 (14.6) 348 (17.2) 26,592 (14.6)

Elderly patients aged ≥ 85 y 17,452 (9.5) 204 (10.1) 17,248 (9.5)

Gender <.0001

Sex, male, no. (%) 86,169 (46.8) 1,036 (51.1) 85,133 (46.7)

Comorbidities, no. (%)

Previous CDI history 8,235 (4.5) 623 (30.7) 7,612 (4.2) <.0001

Severity of illness Charlson score, median (SD) 4 (3.44) 6 (3.39) 4 (3.44) <.0001

Medical history, no. (%)

Peptic ulcer disease 1,113 (0.1) 16 (0.8) 1,097 (0.6) 0.2496

Inflammatory bowel disease 1,078 (0.6) 10 (0.5) 1,068 (0.6) 0.7683

Diabetes 43,853 (23.8) 587 (29) 43,266 (23.7) <.0001

Renal failure 50,010 (27.1) 1,089 (53.7) 48,921 (26.9) <.0001

Chronic pulmonary disease 39,364 (21.4) 528 (26.1) 38,836 (21.3) <.0001

Cancer 27,015 (14.7) 437 (21.6) 26,578 (14.6) <.0001

Solid organ transplant 2,892 (1.6) 85 (4.2) 2,807 (1.5) <.0001

Environmental factor

Admission source, no (%) <.0001

Nonhealthcare facility 153,192 (83.2) 1,511 (74.7) 151,681 (83.3)

Healthcare facility, hospital 25,957 (14.1) 431 (21.3) 25,526 (14)

Healthcare facility, other 4,877 (2.7) 81 (4) 4,796 (2.6)

Other 80 (0.04) 1 (0.05) 79 (0.04)

Socioeconomic status: Health insurance, no. (%) <.0001

Commercial 39,929 (21.7) 384 (18.9) 39,545 (21.7)

Medicaid 52,895 (28.7) 460 (22.7) 52,435 (28.8)

Medicare 89,094 (48.4) 1,167 (57.6) 87,927 (48.3)

Other 2,336 (1.3) 16 (0.8) 2,320 (1.3)

Hospitalization-related factor

Prehospitalization within 6 mo, o. (%) 66,557 (36.1) 976 (48.2) 65,581 (36) <.0001

Length of hospital stay, median d (SD) 7 (11.6) 9 (15.1) 7 (11.4) <.0001

ICU stay, no. (%) 37,387 (20.3) 1,018 (50.2) 36,369 (20) <.0001

Note. PCR, polymerase chain reaction assay; CDI, Clostridioides difficile infection; HA-CDI, hospital-acquired CDI; SD, standard deviation; ICU, intensive care unit.
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were notable trends in their use and duration (upward trends in
recipients þ1.9%, þ0.5%, and þ0.4% per year; downward trends
in DDD per 100 patient days –2%, –6.1% and –2.2% per year,
respectively). A steeper incline in cephalosporin use was observed
among those with HA-CDI (þ5.7% per year).

PPIs were used less often and for shorter periods of for all
patients (–3.8% and –4% per year, respectively), and this decrease
was greater among those with HA-CDI (–8.9% per year). In

contrast, the trend in the use of H2 blockers showed an increase
from 9.3 to 22.8% (þ7.3% per year) with a steeper increase among
those with HA-CDI (þ13.1% per year; all Ptrend < .05).

Discussion

In this study, we examined the temporal changes over 11 years—
from 2006 to 2016—in incidence and risk factors for HA-CDI. In

Table 3. Association Between Individual/Environmental Factors and Risk of HA-CDI (Simple Logistic Regression): Matched Case-Control at a Ratio of 1:4 by Length of
Stay

Characteristic Total (n = 9,912)

CDI Status Univariate

With HA-CDI (n = 2,021) Without HA-CDI (n = 7,891) OR (95% CI) P Value

Demographics

Age, median y (SD) 61 (23.34) 64 (23.62) 60 (23.11) 1.005 (1.003–1.007) <.0001

Age, no. (%)

Pediatric patients aged 1–18 y, no. (%) 823 (8 .3) 197 (9.8) 626 (7.9)

Adults aged 19–64 y, no. (%) 4,839 (48.8) 842 (41.7) 3,997 (50.7)

Elderly patients aged ≥65 y, no. (%) 4,250 (42.9) 982 (48.6) 3,268 (41.4)

Elderly patients aged 65–74, no. (%) y 1,820 (13.4) 431 (21.3) 1,389 (17.6)

Elderly patients aged 75–84 y, no. (%) 1,550 (15.6) 347 (17.2) 1,203 (15.3)

Elderly patients aged ≥ 85 y, no. (%) 880 (8.9) 204 (10.1) 676 (8.6)

Gender, no. (%)

Sex, male 4,844 (48.9) 1,034 (51.2) 3,810 (48.3) 1.13 (1.02–1.24) .01

Comorbidities, no. (%)

Previous CDI history 999 (10.1) 622 (30.8) 377 (4.8) 8.85 (7.7–10.19) <.0001

Severity of illness Charlson score, median (SD) 5 (3.5) 6 (3.4) 5 (3.5) 1.1 (1.08–1.11) <.0001

Medical history, no. (%)

Peptic ulcer disease 83 (0.84) 16 (0.79) 67 (0.85) 0.93 (0.54–1.12) .81

Inflammatory bowel disease 68 (0.7) 10 (0.5) 58 (0.7) 0.67 (0.34–1.32) .25

Diabetes 2,423 (24.5) 586 (29) 1,837 (23.3) 1.35 (1.21–1.5) <.0001

Renal failure 3,432 (34.6) 1,085 (53.7) 2,347 (29.7) 2.74 (2.48–3.03) <.0001

Chronic lung disease 2,344 (23.7) 526 (26) 1,818 (23) 1.18 (1.05–1.32) .0048

Cancer 1,653 (16.7) 437 (21.6) 1,216 (15.4) 1.52 (1.34–1.71) <.0001

Solid-organ transplant 226 (2.3) 82 (4.1) 144 (1.8) 2.25 (1.71–2.97) <.0001

Environmental factor

Admission source, no. (%) <.0001

Non–healthcare facility 7,942 (80.2) 1,507 (74.7) 6,435 (81.6) Reference

Healthcare facility (hospital) 1,676 (16.9) 429 (21.3) 1,247 (15.8) 1.47 (1.3–1.66)

Healthcare facility (other) 279 (2.8) 81 (4) 198 (2.5) 1.75 (1.34–2.78)

Other 7 (0.07) 1 (0.05) 6 (0.08) 0.71 (0.09–5.92)

Socioeconomic status: Health insurance, no (%) <.0001

Commercial 2,059 (20.8) 381 (18.9) 1,678 (21.3) Reference

Medicaid 2,733 (27.6) 459 (22.7) 2,274 (28.8) 0.89 (0.77–1.04)

Medicare 5,009 (50.5) 1,166 (57.7) 3,843 (48.7) 1.34 (1.18–1.52)

Other 111 (1.1) 15 (0.7) 96 (1.2) 0.69 (0.4–1.2)

Hospitalization-related factor

Prehospitalization within 6 mo, no. (%) 3,881 (39.2) 974 (48.2) 2,907 (36.8) 1.59 (1.44–1.76) <.0001

ICU stay, no. (%) 2,876 (29) 1,013 (50.1) 1,863 (23.6) 3.25 (2.94–3.6) <.0001

Note. CDI, Clostridioides difficile infection; HA-CDI, hospital-acquired CDI; OR, odds ratio; CI, confidence interval; SD, standard deviation; ICU, intensive care unit.
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Table 4. Association Between Therapeutic Agents and Risk of HA-CDI (Multivariate Logistic Regression)

Antibiotics Exposure Total (n = 9,912)

Hospital-Acquired CDI

Adjusted
OR (95% CI)a P Value

With HA-CDI
(n = 2,021)

Without HA-CDI
(n = 7,891)

Received antibiotic therapy

Received any (vs not received), no. (%) 7,053 (71.7) 1,797 (88.9) 5,256 (66.6) 2.76 (2.35–3.25) <.0001

Low-risk (vs not received), no. (%) 3,477 (35.1) 729 (36.1) 2,748 (34.8) 2.19 (1.84–2.61) <.05

High-risk (vs not received), no. (%) 3,576 (36.1) 1,068 (52.9) 2,508 (31.8) 3.32 (2.8–3.93) <.0001

High-risk (vs low-risk antibiotics), no. (%)b 5,533 (78.5) 1,631 (90.8) 3,902 (74.2) 2.59 (2.16–3.01) <.0001

Total cumulative antibiotic days/100 patient days (DDD/100 PD)

DDD/100 PD of total antibiotics, mean (SD) 67.71 (34.64) 75.37 (37.73) 65.09 (34.89) 1.009 (1.007–1.011) <.0001

DDD/100 PD of low-risk antibiotics, mean (SD) 32.79 (27.24) 29.91 (25.51) 33.56 (27.64) 0.999 (0.995–1.002) .43

DDD/100 PD of high-risk antibiotics, mean (SD) 65.7 (34.04) 69.67 (33.85) 64.04 (33.99) 1.006 (1.004–1.008) <.0001

No. of individual courses of antibiotic, mean (SD) administrationb 1.43 (1.06) 1.47 (1.01) 1.41 (1.07) 0.95 (0.9–1.004) .07

Stratified the type of high-risk antibiotic

Aminoglycoside (Amikacin), no. (%)b 45 (0.6) 19 (1.1) 26 (0.5) 1.42 (0.74–2.71) .29

DDD/100 PD mean (SD) 33.34 (31.59) 30.18 (29.33) 35.65 (33.52) 0.997 (0.969–1.026) .86

Broad-spectrum penicillin, no. (%)b 3,648 (51.7) 1,196 (66.6) 2,452 (46.7) 1.92 (1.7–2.17) <.0001

DDD/100 PD mean (SD) 53.65 (33.97) 55.6 (34.36) 52.7 (33.75) 1.005 (1.003–1.008) <.0001

Carbapenem, no. (%)b 649 (9.2) 260 (14.5) 389 (7.4) 1.39 (1.16–1.68) <.05

DDD/100PD mean (SD) 44.68 (32.29) 44.89 (34.4) 44.53 (30.84) 1.002 (0.997–1.007) .47

Cephalosporins, no. (%)b 1,964 (27.9) 582 (32.4) 1,382 (26.3) 1.13 (0.995–1.285) .06

DDD/100PD mean (SD) 42.69 (32.21) 41.61 (30.93) 43.14 (32.73) 1.002 (0.998–1.005) .35

Clindamycin, no. (%)b 283 (4) 52 (2.9) 231 (4.4) 0.841 (0.6–1.17) .31

DDD/100PD mean (SD) 40.06 (30.97) 37.38 (31.51) 40.66 (30.89) 1.003 (0.99–1.01) .67

Fluoroquinolones, no. (%)b 1,098 (15.6) 298 (16.6) 800 (15.2) 0.962 (0.82–1.13) .63

DDD/100PD mean (SD) 35.06 (29.26) 36.63 (31.38) 34.47 (28.43) 1.006 (1.001–1.011) <.05

Glycylcycline (Tigecycline), no. (%)b 67 (1) 22 (1.2) 45 (0.9) 0.79 (0.45–1.38) .41

DDD/100 PD, mean (SD) 4.64 (13.79) 1.76 (4.8) 6.05 (16.37) 0.99 (0.97–1.01) .48

Monobactam (Aztreonam), no. (%)b 278 (3.9) 96 (5.3) 182 (3.5) 1.26 (0.96–1.66) .10

DDD/100 PD, mean (SD) 41.23 (31.7) 43.01 (31.63) 40.29 (31.78) 1.01 (0.99–1.02) .17

Combination therapy of high-risk antibioticsb

Low-risk antibiotics, no. (%) 1,520 (21.6) 166 (9.2) 1,354 (25.8) Reference

1 class of high-risk antibiotics, no. (%) 3,450 (48.9) 928 (51.6) 2,522 (48) 2.45 (2.03–2.96) <.05

2 classes of high-risk antibiotics, no. (%) 1,518 (21.5) 517 (28.8) 1,001 (19) 3.06 (2.49–3.75) <.0001

3 classes of high-risk antibiotics, no. (%) 428 (6.1) 150 (8.4) 278 (5.3) 2.57 (1.95–3.39) <.05

>4 classes of high-risk antibiotics, no. (%) 137 (1.9) 36 (2) 101 (1.9) 1.42 (0.91–2.22) .07

Other type of medication

Proton-pump inhibitor, no. (%) 5,389 (54.4) 1,411 (69.8) 3,978 (50.4) 1.6 (1.42–1.81) <.0001

DDD/100 PD, mean (SD) 79.39 (30.58) 80.82 (29.43) 78.88 (30.97) 1.004 (1.001–1.006) <.0001

Histamine-2 blocker, no. (%) 1,996 (20.1) 528 (26.1) 1,468 (18.6) 1.21 (1.06–1.37) <.05

DDD/100 PD, mean (SD) 60.25 (37.5) 63.15 (38.06) 59.17 (37.25) 1.002 (0.999–1.005) .14

Antacids, no. (%) 154 (1.6) 23 (1.1) 131 (1.7) 0.96 (0.59–1.55) .85

DDD/100 PD, mean (SD) 31.44 (34.81) 21.96 (34.26) 33.96 (35.09) 1.11 (0.98–1.24) .09

Laxatives or enemas, no. (%) 6,714 (67.7) 1,427 (70.6) 5,287 (67) 1.11 (0.98–1.26) .09

DDD/100 PD, mean (SD) 68.19 (32.22) 61.68 (31.16) 69.97 (32.28) 0.996 (0.994–0.998) <.05

Note. CDI, Clostridioides difficile infection; HA-CDI, hospital-acquired CDI; OR, odds ratio; CI, confidence interval; DDD, defined daily dose; PD, patient days; SD, standard deviation; ICU, intensive
care unit.
aAdjusted for age, gender, previous CDI history, Charlson score, admission source, health insurance, prehospitalization within 6 months and ICU stay.
bDescriptive statistics and multivariate regression analyses were calculated within only all antibiotic recipients.
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terms of temporal changes in C. difficile incidence, we confirmed
the impact of the PCR test on C. difficile detection.22–24 Over
11 years, CDI incidence increased, but after stratifying rates before
and after introduction of the PCR test, there was no overall trend in
rates of total CDI, but a decrease in HA-CDI and an increase in
CA-CDI. This downward trend in HA-CDI is consistent with
recent studies25,26 and a recent report from the CDC that described
a 12% decrease of HA-CDI.27 The increasing trend of CA-CDI
incidence also is consistent with previous longitudinal studies.28,29

The shifting epidemiology of C. difficile may be associated with
increased infection control efforts in the hospital setting (eg, daily
cleaning, surveillance, increased awareness of hand hygiene or
standard precaution),30 or overprescription of high-risk medica-
tions including antibiotics and PPIs in the community.31,32

In addition, this study reconfirmed the established host and
environmental risk factors for HA-CDI using a larger dataset than
has been previously reported, which made it possible to control for
numerous confounders that have not been addressed in previous
studies.33–37 Furthermore, we examined several characteristics of
antibiotic administration including cumulative days, specific
classes of high-risk antibiotics, and combination. After controlling

for confounders, antibiotic exposure and longer periods of
antibiotic administration were associated with an increased risk
of HA-CDI.38 Although receiving more individual courses of anti-
biotic was not significantly associated with risk, we detected a trend
toward lower risk that warrants further investigation. In this study,
some antibiotics previously reported as risk factors were not
consistently associated with HA-CDI in this current study, even
though our sample size was large. Confounders in some previous
studies may have resulted in spurious findings, and other unmeas-
ured factors may not have been considered in this study. Contrary
to previous findings,39 we found no incrementally increased risk of
HA-CDI when>1 class of high-risk antibiotics was used. However,
the insufficient sample size in the groups who received 3 and 4 or
more classes of high-risk antibioticsmight have been not enough to
prove the dose–response relationship. Therefore, further study is
warranted incrementally increased risk of CDI with more different
classes of antibiotic exposure.

Notably, we detected a significant association between HA-CDI
and the incidence density (DDD per 100 patient days) for only cer-
tain antibiotics (broad-spectrum penicillins and fluoroquinolones)
and PPI. As recognized by theWorld Health Organization (WHO)

Table 5. Temporal Changes in Risk Factors for HA-CDI

Characteristic

Total Patients Patients With HA-CDI

Estimate, % Trend Estimate, % Trend

Demographics

Age 0.4 ↑ −5.4 ↓

Charlson score 1.3 ↑ −5.6 ↓

Length of hospitalization 1.2 ↑ −2 ↓

Therapeutic-related factors

Antibiotics exposure

Antibiotics use, % 3.01 ↑ −0.45 : : :

Total antibiotics, DDD/100 PD −0.94 ↓ 2.8 : : :

High-risk antibiotics use, %a −1.2 ↓ −0.6 : : :

High-risk antibiotics, DDD/100 PD 0.2 : : : 4.4 ↑

Low-risk antibiotics use, %a 2.04 ↑ −2 : : :

Stratified the type of high-risk antibiotic

Broad-spectrum penicillin, %a −1.8 ↓ −2.1 : : :

Broad-spectrum penicillin, DDD/100 PD −1.4 ↓ 1.8 : : :

Carbapenem use%a 0.5 ↑ −0.6 : : :

Fluoroquinolones DDD/100 PD −4.2 ↓ 3.8 : : :

Combination of high-risk antibioticsa

1 class −2.8 ↓ −0.72 : : :

2 classes 0.9 ↑ 0.8 : : :

3 classes 0.6 ↑ 0.8 : : :

Other type of medication

Proton-pump inhibitor use, % −3.8 ↓ −8.9 ↓

Proton-pump inhibitor, DDD/100 PD −4 ↓ 0.7 : : :

Histamine-2 blocker use, % 7.3 ↑ 13.1 ↑

Laxative and enemas, DDD/100 PD −2 ↓ −3.4 : : :

Note. ↑, upward trend; ↓, downward trend; : : : , no trend (at Ptrend = .05); CDI, Clostridioides difficile infection; HA-CDI, hospital-acquired CDI; DDD, defined
daily dose; PD, patient days.
aTrends were assessed within only all antibiotic recipients.

Infection Control & Hospital Epidemiology 1055

https://doi.org/10.1017/ice.2020.206 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2020.206


as an initiative of quantifying medication, incidence density rather
than just a yes or no for receiving an antibiotic is the appropriate
metric to assess the relationship between administration of an anti-
biotic and risk of HA-CDI.40

In our trend analysis, patients who developed HA-CDI were
younger in age, their severity of illness was milder, and they had
shorter hospitalizations over time. Such findings could be associ-
ated with earlier recognition, diagnosis of asymptomatically colon-
ized patients, or increased prescribing or misuse of antibiotics
among patients in the community setting, but our study was
limited in that outpatient antibiotic use was not available in this
database. Considering the high reoccurrence rate of HA-CDI, hav-
ing HA-CDI at a younger age means greater risk of CDI infection
over time. Thus, further attention is required to trends in changes
of demographic factors. Through the trend analysis of therapeutic-
related risk factors for HA-CDI, we identified potential targeted
areas of interventions to improve infection prevention. For exam-
ple, antibiotic stewardship efforts should be required to reduce the
use of not only high-risk but also low-risk antibiotics. Combination
therapy was associated with an increased risk of HA-CDI and
should therefore be avoided when possible. In addition, incidence
density, which is themore powerful metric than the administration
of antibiotics (yes or no) to measure medication exposure, demon-
strated that a shorter duration of use for total antibiotics, broad-
spectrum penicillin, fluoroquinolones, and PPI over time, which
was one potential factor associated with the decreased incidence
of HA-CDI over the study period.

Our study has several limitations. Certain previously identified
risk factors (eg, peptic ulcer and inflammatory bowel disease)
are almost certainly underreported in ICD-9 or -10 codes and,
therefore, were underreported in our data. For some antibiotics,
sample size was insufficient to assess any potential associations
with risk of HA-CDI. Also, other confounders may not have been
not available or identified in this database, and changes in diagnos-
tic stewardship (eg, restrictions aimed to limit testing in asympto-
matic patients) were not included. In addition, because the
Cochran–Armitage or Mann-Kendall trend tests were used to
investigate linear trends in proportions, a trend might not be
observed statistically in this study due to the natural fluctuation
of the proportions. A testing bias would have occurred in patients
with longer hospitalization because patients with longer stays are
more likely to be tested. Importantly, data regarding antibiotics
prescribed in the community or other healthcare facilities were
not available. Because of the retrospective study design, we were
able to infer the temporal changes in associations between risk
factors and HAI, but we were unable to impute causality.

In conclusion, the incidence of HA-CDI appears to be decreas-
ing over time, while CA-CDI is simultaneously increasing.
Continued efforts to maximize judicious use of antibiotics in in-
patient and community settings is clearly vital. Measuring the
actual the level of exposure (incidence density) of an antibiotic
(rather than simply recording whether an antibiotic was received)
should be used for ongoing surveillance and assessment of risk
factors. Furthermore, the association between temporal trends in
risk factors and rates of HA-CDI should be followed as changes
in practice are implemented.
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