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Abstract

Objective: To investigate associations between healthcare-associated Clostridioides difficile infection and patient demographics at an urban
safety-net hospital and compare findings with national surveillance statistics.

Methods: Study participants were selected using a case-control design using medical records collected between August 2014 and May 2018 at
Hahnemann University Hospital in Philadelphia. Controls were frequency matched to cases by age and length of stay. Final sample included
170 cases and 324 controls. Neighborhood-level factors were measured using American Community Survey data. Multilevel models were used
to examine infection by census tract, deprivation index, race/ethnicity, insurance type, referral location, antibiotic use, and proton-pump
inhibitor use.

Results: Patients on Medicare compared to private insurance had 2.04 times (95% CI, 1.31–3.20) the odds of infection after adjusting for all
covariables. Prior antibiotic use (2.70; 95% CI, 1.64–4.46) was also associated with infection, but race or ethnicity and referral location were
not. A smaller proportion of hospital cases occurred among white patients (25% vs 44%) and patients over the age of 65 (39% vs 56%) than
expected based on national surveillance statistics.

Conclusions:Medicare and antibiotics were associated withClostridioides difficile infection, but evidence did not indicate association with race
or ethnicity. This finding diverges from national data in that infection is higher among white people compared to nonwhite people.
Furthermore, a greater proportion of hospital cases were aged <65 years than expected based on national data. National surveillance statistics
on CDI may not be transportable to safety-net hospitals, which often disproportionately serve low-income, nonwhite patients.

(Received 11 August 2020; accepted 9 November 2020)

In 2016, an estimated 264,400 cases of healthcare-associated
Clostridioides difficile infection (CDI) were reported in the
United States, representing an incidence of 83 cases per 100,000
persons.1 These estimates were based on disease surveillance data
from the Emerging Infections Program (EIP), which comprises 10
health departments located in California, Colorado, Connecticut,
Georgia, Maryland, Minnesota, New Mexico, New York, Oregon,
and Tennessee. Risk factors for CDI include, but are not limited to,
age (with the elderly being more frequently affected), prior use of
antibiotics, prior use of gastric acid suppressors, and exposure
to healthcare settings.2 EIP data also indicate disparities in

healthcare-associated CDI by race, with higher rates seen among
white people than among people from other racial or ethnic
groups.3

Although CDI is associated with demographic factors like race
or ethnicity on the national level,2,3 the relationship between these
factors and infection may be a consequence of disparities in treat-
ment and access to care across demographic groups. Notably,
household income and private health insurance are also positively
associated with CDI on the national level.4 One study, based on a
national all-payer claims database, reported that white patients had
higher rates of CDI than black, Hispanic, Asian, and Native
American patients.4 However, when examining a subpopulation
of patients with similar healthcare access and antibiotic exposure,
no differences by race or ethnicity were found. This finding sug-
gests that national differences in infection by race and ethnicity
could be explained by differences in access to healthcare and treat-
ment, which may in turn be determined by socioeconomic context.
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Individual socioeconomic indicators are often not available in
health records. However, by linking geographic data with census
data, it is possible to describe and account for area-level socioeco-
nomic context when investigating CDI using hospital records.
These indicators may be summarized as a social deprivation index
(SDI), a summary score based on several socio-demographic
domains associated with health outcomes.6

Urban safety-net hospitals disproportionately serve patients
who are low income, black and/or Hispanic, and rely on public
health insurance.5 Among patients served by urban safety-net hos-
pitals, where low-income black and/or Hispanic patients may re-
present the majority, disparities in treatment by race may look
different from what is observed nationally, leading to patterns of
CDI that diverge from the national norm.

Hahnemann University Hospital (HUH) was a tertiary-care
facility located in the heart of Philadelphia, and it served as a
safety-net hospital to its predominantly black patient base prior
to its closure in 2019. The goals of this study were (1) to investigate
the association between CDI and race or ethnicity, insurance type,
referral location, and SDI atHUHand (2) to compare demographic
patterns of infection at HUH with what has been observed
nationally.

Methods

Overall study design

A case–control design was used to investigate the occurrence of
healthcare-associated CDI among patients aged 18 years and older
at HUH.Hospital-wide data corresponding to CDI, billing address,
race/ethnicity, primary insurer, type of referral to the hospital,
prior use of antibiotics, and prior use of proton-pump inhibitors
were abstracted from electronic medical records for August 1,
2014, through May 1, 2018. Institutional review board approval
(no. 1403002707) for this project was granted by the Drexel
University Human Research Protections Office.

Cases were patients who showed symptoms of CDI at least 72
hours after admission to the hospital and whose infection was con-
firmed by testing fecal samples using a rapid enzyme immunoassay
(C Diff Quik Check). Controls were selected from admissions
records for patients who had a length of stay of at least 72 hours
and who had no positive C. difficile test on record between admis-
sion to discharge. Controls were frequency matched to cases at a
ratio of 2 controls to every 1 case by age, length of inpatient visit,
and admission date (5 days before to 14 days after admission).

In total, 228 cases and 454 controls were selected. We restricted
our analysis to patients who lived within Philadelphia County,
resulting in the exclusion of 58 cases and 134 controls who lived
outside the county. The final sample included 170 cases and 324
controls (n= 494). This restriction was made to focus on the core
patient base for HUH, representing Philadelphia residents who
were more likely to be primarily or solely dependent on HUH
for care. To contextualize the differences between residents and
nonresidents, we conducted a sensitivity analysis comparing key
attributes of the 2 groups.

Individual-level factors

Covariables of interest included individual race or ethnicity, insur-
ance type, type of referral to the hospital, prior use of antibiotics,
prior use of proton-pump inhibitors, and census-tract–level dep-
rivation index. Insurance type was classified based on the primary
insurer as private,Medicare,Medicaid, or other/unknown. Referral

type described where the patient came from prior to their arrival at
HUH, and referral could be classified as home, acute care or reha-
bilitation, long-term care or nursing facility, or other/unknown.
Prior use of antibiotics and prior use of proton-pump inhibitors
were parameterized as dichotomous variables based on use of these
drugs over the previous 6 months.

Neighborhood-level factors

Patients’ billing addresses were geocoded and mapped to census
tracts; 6 patients reported a postal box instead of a home address
and all but 1 of these postal box addresses were outside of the city of
Philadelphia. The location of 31 other patients could only be
resolved to the street where they lived, and each were assigned a
home location at the midpoint of that street.

Derived SDI scores

The SDI was calculated on the census tract level using the approach
described by Messer et al.6 Characteristics that inform this score
are education, poverty, occupation, household crowding, use of
public assistance or food stamps, unemployment, and proportion
of households that are female-headed with dependents. The SDI is
a z score standardized to have a mean of 0 and a standard deviation
of 1. Therefore, if a Philadelphia resident was assigned a score
higher than 0, it indicates they lived in a census tract with demo-
graphic characteristics that indicate deprivation above the
Philadelphia average. A score lower than 0 indicates below-average
deprivation for the city. Population data were obtained from the
2018 American Community Survey 5-year estimates for
Philadelphia County.7

Analytic approach

We examined the univariable relationship between CDI and the
covariables of interest using the Pearson χ2 test for categorical cova-
riables and the t test for continuous covariables. Multivariable
estimates of association were calculated using generalized linear
mixed-effects models with census tract-level random intercepts.
We fit a total of 5 multivariable models. Because we were primarily
interested in demographic indicators of infection, we beganwith an
empty model containing only tract-level random intercept, adding
deprivation index inmodel 2, race or ethnicity inmodel 3, insurance
and referral type inmodel 4, andprior use of antibiotics andproton-
pump inhibitors inmodel 5. For eachmodel, we used amedian odds
ratio to assess area level variance as described by Merlo et al.8

The demographics of CDI according national surveillance data
from the EIP were also tabulated and compared to the distribution
observed in our sample. EIP data, including case counts and pop-
ulation estimates, were taken from the 2016 Annual Report for the
Emerging Infections Program for Clostridium difficile infection.3

To approximate the demographic distribution of the population
served by HUH, we pulled data from the 2018 American
Community Survey 5-year estimates7 for all Philadelphia census
tracts containing at least 1 study participant. We estimated the
expected case distribution at HUH by multiplying the demo-
graphic-specific rates observed in the EIP data by these
American Community Survey population statistics.

Geocoding was conducted using the DeGauss geocoder version
2.3 software.9 All analyses were conducted in R version 3.6.2 soft-
ware (R Foundation for Statistical Computing, Vienna, Austria).
Generalized linear mixed models were fit using the lme4 package
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version 1.1.21 software.10 All computational code is available at
https://github.com/daniel-vader/cdiff-safety-net-hosp.

A priori design considerations

Using a 2:1 case–control matching ratio and assuming an α of 0.05,
power of 0.80, and 20% risk factor prevalence, we determined a
priori that 221 cases and 442 controls were needed to detect a
50% increase in risk factor prevalence among controls.

Results

Distribution of patient characteristics by case–control status is
described in Table 1. Overall, 60.1% of patients were non-
Hispanic black, 25.1% were non-Hispanic white, and 4.9% were
Hispanic. Comparing controls to cases, the proportion of patients
who were white (25.3% vs 24.7%), black (58.6% vs 62.9%),
Hispanic (5.2% vs 4.1%), or of another racial or ethnic group
(10.8% vs 8.2%) were approximately equal (P = .71). Mean age
among cases (58.9 years) and controls (59.5 years) was also similar
(P < .19), which was expected because cases and controls were fre-
quency matched by age. Differences were observed by insurance
type (P < .01); a greater proportion of controls (52.5%) than cases
(35.3%) used private insurance. No association between referral
location and infection was indicated (P = .17), with controls and
cases having approximately equal proportions of patients referred
fromhome (69.1% vs 68.2%) or acute care or a rehabilitation facility
(11.7% vs 12.4%). A smaller percentage of controls had used antibi-
otics (14.5% vs 35.9%; P< .001) or proton-pump inhibitors (17.9%
vs32.4%;P< .001) in thepast 6months.Wedetected littledifference
in mean SDI z score between controls and cases (0.37 vs 0.34;
P= .77), suggesting that cases andcontrols lived inareaswith similar
levels of deprivation.

Figure 1 illustrates cases, controls, and deprivation index by
census tract. Cases and controls appear to live in similar areas
of Philadelphia, with the greatest density of patients in both groups
living just north of HUH. Figure 2 displays the distribution of SDI z
score in the general population of Philadelphia and in the study
sample. The mean SDI in the sample was 0.36 standard deviations
(SD) higher than in the general population.

Descriptive statistics comparing patients identified as
Philadelphia residents to nonresidents are presented in the supple-
ment (Supplementary Table S1 online). A higher proportion of
nonresidentswerewhite (57.4%vs25.1%;P< .001) and, onaverage,
lived in areas with less social deprivation (SDI, −0.12 vs 1.21;
P< .001). Differences by insurance type and referral type were also
observed.

Considering multivariable models (Table 2), the odds of CDI
among black patients were 1.04 times (95% CI, 0.62–1.73) as high
as among white patients in a model that included census tract as a
random intercept, SDI, insurance type, referral type, antibiotics,
and proton-pump inhibitors (model 5). Likewise, no association
was indicated between SDI and infection (OR, 1.00; 95% CI,
0.79–1.25). The median odds ratio for census-tract–level variation
was 1.22 (95% CI, 0.69–1.68), indicating little evidence of tract-
level variation in the outcome. These null associations were con-
sistent across all models.

Patients insured through Medicaid had 1.76 times (95% CI,
0.98–3.15) the odds of having CDI as patients on private insur-
ance. The odds ratio for patients insured through Medicare com-
pared to private insurance was 2.04 (95% CI, 1.31–3.20). Patients
who had records of receiving antibiotics in the past 6 months had
2.70 times (95% CI, 1.64–4.46) the odds of CDI as patients who

did not, and the odds ratio for those using proton-pump inhib-
itors was 1.61 (95% CI, 0.98–2.63).

The demographic distribution of cases in national surveillance
data compared to the distribution of cases at HUH (along with the
populations from which these cases were drawn) are described in
Table 3. Differences in the observed and expected distribution were
seen by age group and race. At HUH, 48% of cases occurred among
patients aged 45–64 years, and 39% occurred among patients aged
65 and older. However, the expected distribution of cases was 27%
and 56% respectively. Also, 75% of hospital cases occurred among
nonwhite patients, but the expected proportion was only 56%.

Discussion

HUH was one of the oldest safety-net hospitals in the United
States, and individuals from low-income black communities made
up a large portion of its patient base prior to its closure in 2019.
Also, 60.1% of patients in our sample were black, and only
46.6% were using private insurance. Differences in patient
demographics between safety-net and non–safety-net hospitals
may also indicate differences in the conditions underlying patient
decisions to seek care. Poverty is associated with elevated use of
emergency room services at hospitals in the United States,11 and
91% of 15,572 inpatient admissions at HUH in 2017 started as
emergency room visits. Less than a mile away at Jefferson
University Hospital, only 49% of 39,973 inpatient admissions
started in the emergency room.12

Coverage with public verses private insurance is strongly corre-
lated with income in the United States; 71.2% of individuals with
an annual household income <$25,000 were covered by public
insurance compared to 34.4% of individuals from all income
groups.13 Medicare was associated with CDI at HUH despite con-
trolling for known risk factors like age, length of inpatient stay,
prior use of antibiotics, and prior use of proton-pump inhibitors.14

Because direct individual-level economic indicators were not avail-
able in these data, public insurance may have served as a proxy for
those indicators in our analysis.

Because patients living in the HUH catchment were the focus of
this study, we chose to exclude patients living outside of
Philadelphia from our analysis. An examination of the 2 groups
revealed that they came from different socioeconomic contexts.
In contrast to city residents, nonresidents were predominantly
white, lived in socially advantaged areas, and were less likely to
be on Medicaid (Supplementary Table S1 online).

Differences in the occurrence of CDI as reported by the EIP and
in our data indicate that descriptive analysis of CDI using national
surveillance data may not be transferable to the communities
served by safety-net hospitals like HUH. Nearly 50% of cases in
our sample occurred among those aged 45–64 years, and 39%
occurred among patients aged 65 and older. Given the population
served by HUH, the distribution was expected to be 27% and 56%,
respectively. No model in our analysis indicated a difference in the
odds of CDI between black and white patients, but the national
incidence of CDI in 2011 was estimated to be 104.7 per 100,000
white persons and 61.8 per 100,000 nonwhite persons.15 These dis-
parities in the rate of infection between white and nonwhite people
persist throughout the most recent data from the EIP in 2016.3

One explanation for the racial disparities observed in national
data may be that white people tend to have better access to health-
care, leading to differences in treatment and diagnosis.4,16 The use
of antibiotics, a cause of hospital-associated CDI, is one pathway
through which differences in treatment may lead to differences
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in the incidence of CDI. Nationally, antibiotics are more frequently
used among white people; one study estimated that white people
fill twice the number of outpatient antibiotic prescriptions as non-
white people.17,18 Controlling for antibiotic use in our study had no
impact on the estimated association between race or ethnicity and
infection, suggesting that differences in prescription and use on the
national level may not be equivalent to practice at HUH.

The demographic distribution of CDI at safety-net hospitals
may be of particular importance during the ongoing COVID-19
pandemic. In the United States, the same black communities that
are disproportionately served by safety-net hospitals like HUH are
also disproportionately affected by COVID-19.19 As of June 15,
2020, the Philadelphia Department of Public Health estimates that
hospitalization rates were more than twice as high among black
compared to white city residents.20 As a hospital-associated infec-
tion, CDI has the potential to exacerbate differences in the impact
of the pandemic on these groups. A report on hospital-acquired
infection at Christian Hospital in St Louis, Missouri, and
Mt Sinai Morningside Hospital in New York, New York, showed
a decrease in the overall rate of CDI, potentially due to increased
attention to infection control.21 However, the report lacked infor-
mation on the demographic distribution of infection and does not
discuss whether CDI surveillance has been affected by the
pandemic.

This study has several strengths, including the frequency
matching on age and length of inpatient visit, consideration of
variation in the occurrence of CDI by census tract of residence,
and comparison with national surveillance data using population
adjusted estimates of case distribution. One consequence of age-
matching cases and controls was that we were unable to investigate
the relationship between age and infection at HUH. Although age
is an established risk factor for CDI, further examination may have
been beneficial given the concentration of cases among patients
45–64 years old. This study also lacked data on individual-level so-
cioeconomic indicators. Although these factors are indirectly mea-
sured through census tract-level SDI, it is difficult to tell how
representative patients at HUH are of their census tracts. A limi-
tation of hospital-based data is difficulty in defining the population
of inference. The reasons why a patientmight be treated at one hos-
pital rather than another, particularly when there are multiple
options nearby, are not restricted to factors like geography and
condition. This limitation is further complicated by the closure
of HUH in 2019, meaning that study of this population became
impossible after that point. Finally, although we believe that
restricting our study population to residents of Philadelphia
County allowed us to better define our study population, the exclu-
sion of these patients necessarily led to a loss in power relative to
the a priori calculations.

Table 1. Distribution of Covariables by Case–Control Status

Characteristic

Controls
(N=324)

Cases
(N=170)

Total
(N=494)

P ValueNo. % No. % No. %

Race/Ethnicity

White 82 25.3 42 24.7 124 25.1 .707

Black 190 58.6 107 62.9 297 60.1

Hispanic 17 5.2 7 4.1 24 4.9

Other/Unknown 35 10.8 14 8.2 49 9.9

Insurance type

Private 170 52.5 60 35.3 230 46.6 .002

Medicaid 48 14.8 29 17.1 77 15.6

Medicare 97 29.9 76 44.7 173 35.0

Other/Unknown 9 2.8 5 2.9 14 2.8

Referral type

Home 224 69.1 116 68.2 340 68.8 .022

Acute care/Rehabilitation 38 11.7 21 12.4 59 11.9

Long-term care/Nursing facility 16 4.9 16 9.4 32 6.5

Other/Unknown 46 14.2 17 10.0 63 12.8

Antibiotics (previous 6 mo) 47 14.5 61 35.9 108 21.9 <.001

Proton-pump inhibitors (previous 6 mo) 58 17.9 55 32.4 113 22.9 <.001

Gastrointestinal comorbiditiesa 52 16.0 29 17.1 81 16.4 .873

Social deprivation index (mean, SD)b 0.37 0.96 0.34 0.99 0.36 0.97 .774

Age, mean y (SD) 58.88 16.40 60.78 14.89 59.54 15.91 .194

Length of stay, mean d (SD) 25.79 42.98 28.71 38.84 26.79 41.59 .445

Note. SD, standard deviation.
aPresence of irritable bowel syndrome, Crohn’s disease, ulcerative colitis, or gastroesophageal reflux disease.
bDeprivation index is a z-score calculated at the census tract level and based on all tracts in Philadelphia County.
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In conclusion, Medicare insurance and prior use of antibiotics
were associated with CDI at a safety-net hospital in Philadelphia,
but statistical evidence did not indicate an association between
infection and race or ethnicity or census tract social deprivation.
These findings diverge from the association between race and
infection observed in national surveillance data where the rate
of infection is higher among white people than among nonwhite
people. Furthermore, a greater proportion of CDI cases at HUH

were aged <65 years than would be expected based on national
data. Descriptive statistics from national surveillance data on
CDI may not be transportable to safety-net hospitals, which dis-
proportionately serve low-income nonwhite patients. Further
research is needed to examine whether these findings persist at
other safety-net hospitals and to investigate the cause of these
potential differences.
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Fig. 1. Social deprivation index (SDI) and
patient count by census tract, Philadelphia
County.

Fig. 2. Density plot of deprivation index in the sample and general population of
Philadelphia.
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Table 2. Estimates of Association With Clostridioides difficile Infection by Model

Variable

Model 1 Model 2 Model 3 Model 4 Model 5

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Random intercept (tract)

Median OR 1.33 (0.89–1.90) 1.32 (0.88–1.89) 1.34 (0.88–1.94) 1.00 (0.43–1.16) 1.22 (0.69–1.68)

Fixed effects

Deprivation indexa 0.98 (0.80–1.19) 0.95 (0.77–1.18) 0.98 (0.79–1.22) 1.00 (0.79–1.25)

Race/Ethnicity

White Ref Ref Ref

Black 1.17 (0.71–1.91) 1.12 (0.69–1.81) 1.04 (0.62–1.73)

Hispanic 0.84 (0.31–2.26) 0.85 (0.32–2.29) 0.71 (0.25–2.01)

Other/Unknown 0.81 (0.38–1.70) 0.83 (0.39–1.74) 0.90 (0.41–1.94)

Insurance type

Private Ref Ref

Medicaid 1.67 (0.96–2.91) 1.76 (0.98–3.15)

Medicare 2.08 (1.35–3.19) 2.04 (1.31–3.20)

Unknown/Other 1.71 (0.54–5.45) 1.89 (0.57–6.29)

Referral location

Home Ref Ref

Acute care/Rehab 1.09 (0.61–1.98) 1.13 (0.61–2.08)

Long-term care/Nursing
facility

1.51 (0.71–3.25) 1.29 (0.57–2.90)

Unknown/Other 0.71 (0.38–1.32) 0.73 (0.39–1.38)

Antibiotics, previous 6 mo 2.70 (1.64–4.46)

Proton-pump inhibitors, previous 6 mo 1.61 (0.98–2.63)

Note. CI, confidence interval.
aDeprivation index was calculated at the census tract level and assigned to patients based on their location of residence.

Table 3. National, Local, and Expected Local Clostridioides difficile Infection (CDI) Case Distribution by Sex, Age Group, and Race

Variable

National Surveillancea Hahnemann University Hospitalb Total Expected CDI Casesc

CDI Cases Population CDI Cases Population National
Local

Expected

No. % No. % No. % No. % Rate per 100,000 No. %

Sex

Male 4,090 46 5,762,583 49 81 48 441,743 47 7.10 313.5 44

Female 4,791 54 6,014,899 51 89 52 497,154 53 7.97 396.0 56

Age group

1–17 y 254 3 2,541,378 22 0 0 215,077 23 1.00 21.5 3

18–44 y 1,078 12 4,595,566 39 18 11 390,051 42 2.35 91.5 14

45–64 y 2,545 29 3,085,858 26 82 48 217,844 23 8.25 179.7 27

65þ y 5,004 56 1,554,680 13 67 39 115,925 12 32.19 373.1 56

Race

White 6,522 73 7,997,290 68 42 25 348,766 37 8.16 284.4 44

Nonwhite 2,359 27 3,780,192 32 128 75 590,131 63 6.24 368.3 56

aNumbers from the 2016 Annual Report from the National Emerging Infections Program.
bCase numbers from patients included in this study. Population numbers calculated using 2018 American Community Survey 5-year estimates for Philadelphia census tracts that contained at
least 1 study participant (case or control).
cExpected cases calculated by multiplying the rate observed in national surveillance data by the corresponding local population.
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