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Abstract

Description of problem: Clostridioides difficile is a common hospital-associated infection
that is defined as an urgent threat to public health by the CDC (CDC, 2019). Risk of C. difficile
infection (CDI) is highest in elderly and immunocompromised individuals, as well as those with
recent antibiotic exposure and frequent or prolonged hospitalization. This essay aims to analyze
an increase in hospital-associated CDI (HA-CDI) cases in an urban, acute care hospital from June
2022 — August 2023.

Aims: 1) Characterize and describe HA-CDI patients to identify trends, exposures, and risk
factors among these patients. 2) Analyze the movement of HA-CDI patients to determine if shared
environments or exposure to other infected patients may have contributed to transmission in the
hospital setting.

Methods: Data was collected from the electronic health records of HA-CDI patients during
the study period, including risk factors, testing, demographics, and admissions information.
Variables were assessed for their frequency and significance among these patients. Contact tracing
was performed to determine if shared environments may have contributed to transmission and
identify plausible exposures between patients.

Results: This study included 48 patients with 50 reported cases of HA-CDI. Antibiotics
were the most common risk factor exposure (88.0%). Patients were found to be younger but with

more severe comorbidities than expected. There was a significant relationship identified between
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enteric tube insertion and toxin positivity. Contact tracing revealed that 83.3% of patients had at
least one plausible exposure to another HA-CDI patient on the same unit preceding infection.
Shared rooms were not implicated as common sources of transmission.

Conclusions: Hand hygiene, adherence to transmission-based precautions, and thorough
cleaning practices are vital to the prevention of HA-CDI. Adherence to testing protocol may reduce
unnecessary CDI testing. The significant relationship between enteric tubes and toxin positivity
requires further study but may highlight a risk of infection during tube insertion or manipulation.

Public Health Significance: Findings from this study will inform infection prevention
practices at the facility of study. Understanding HA-CDI risk factors specific to this facility allows
for identification of at-risk patients and the implementation of targeted interventions to reduce the

incidence of CDI and HA-CDL.
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1.0 Introduction

Clostridioides difficile is a potentially life-threatening bacterial infection of the large
intestine which most often causes watery diarrhea, nausea, cramping, and fever (Mada & Alam,
2023). Infections range in severity and can be fatal, especially in elderly or immunocompromised
patients. C. difficile is a common hospital-associated infection, with nearly a quarter million
infections in hospitalized patients and nearly thirteen thousand attributed deaths in 2017 (CDC,
2019). Additionally, C. difficile infections (CDI) are frequently acquired in the community, but
reporting is limited in these cases and determining exact prevalence of CDI is difficult. Overall, it
is estimated that C. difficile is responsible for upwards of half a million infections every year. CDI
is associated with significant cost, with an estimated one billion dollars in attributable healthcare
costs in 2017.

In 2013, the CDC released the first Antibiotic Resistance Threats report with the goal of
providing an overview of antibiotic resistance trends in the United States (CDC, 2013). Although
C. difficile is not considered an antibiotic resistant organism, infections are driven by the same
factors that drive antibiotic resistance and, therefore, was included in the report. In 2013, and again
in 2019, C. difficile was classified as an urgent threat, indicating that it is a public health hazard
that requires urgent and aggressive action (CDC, 2013, 2019).

The purpose of this essay is to analyze and describe a series of hospital-associated
Clostridioides difficile infection (HA-CDI) cases that occurred over a 15-month period at an urban,
acute care, teaching hospital. This essay has two primary aims that will be addressed throughout.
The first aim is to characterize and describe the patients diagnosed with CDI, who were identified
and reported as hospital-associated infections, with the purpose of identifying trends, exposures,
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and risk factors among these patients. The second aim is to analyze the movement of patients with
HA-CDI, before and after infection, to determine if shared environments or exposure to other
infected patients may have contributed to transmission in the hospital setting. This essay will
provide insights into common risk factor exposures among HA-CDI patients and determine if
environmental contamination may have played a role in facility-based transmission, with the goal

of informing future infection prevention initiatives at the facility of study.

1.1 About Clostridioides difficile

1.1.1 Microbiology and Epidemiology

C. difficile is a gram-positive, spore-forming, toxin-producing, obligate anaerobic bacteria
that infects the large intestine of susceptible humans (Smits et al., 2016). The pathogenicity of C.
difficile is primarily driven by the production of two toxins, TcdA and TcdB. These toxins induce
morphological changes and apoptosis of host intestinal epithelial cells, ultimately leading to severe
gastrointestinal symptoms, such as diarrhea and colitis (Bella et al., 2016; Smits et al., 2016).
Approximately 40 percent of C. difficile strains isolated from hospitals are nontoxigenic and
considered harmless to patients (Bowling, 2018).

As an obligate anaerobe, vegetative C. difficile bacteria are not suited to survive outside of
the host gastrointestinal tract. Transmission of and infection with C. difficile is mediated by spores,
which are released from an infectious host, germinate in the colon of a susceptible and exposed
person, and form vegetative, toxin-producing bacteria (Paredes-Sabja et al., 2014; Zhu et al.,

2018). C. difficile spores easily contaminate the environment and can survive on surfaces for up to



five months in the absence of appropriate cleaning and disinfection practices (Bowling, 2018;
Srinivasa et al., 2019). Spores are inherently resistant to antibiotics, non-bleach disinfectant
chemicals, and alcohol-based hand sanitizers (Smits et al., 2016; Zhu et al., 2018).

Acquisition of CDI can occur both in the hospital setting and in the community. Recent
research indicates that approximately 40 percent of infections are considered to be community-
associated, occurring in individuals with no recent history of hospitalization, while the remaining
60 percent of CDI cases are hospital-associated (Mada & Alam, 2023). However, a much smaller
proportion of patients, 24.2 percent, experience onset of disease during the hospitalization in which
they are infected with C. difficile (Bowling, 2018). In hospitals, rates of CDI vary widely over time
and across facilities, which highlights the need for facility-specific surveillance programs.

Mortality associated with non-toxin variant strains of C. difficile is generally low, ranging
from 0.6 percent to 3.5 percent (O’Connor et al., 2009). Mortality rates increase with patient age
and presence of comorbidities, which are further addressed in a subsequent section. Although
associated mortality is relatively low, patients who have a primary infection with C. difficile are
highly likely to have a recurrent infection at some point in their life, with an approximate
recurrence rate of 25 percent. In patients who have had one recurrence, approximately 40 percent
to 65 percent will have multiple recurrences (Feuerstadt et al., 2021). This recurrence risk increases
the probability of additional cost, clinical complications, and transmission of infection to others

over a patient’s lifetime, making the prevention of initial infection even more important.

1.1.2 Clinical Presentation of C. difficile Infection

The most common symptom of CDI is unformed, watery or mucoid diarrhea with high
frequency — as few as three and as many as 20 bowel movements per day (Bowling, 2018). Clinical
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manifestations of CDI vary greatly across patients, ranging from asymptomatic colonization or
mild diarrhea, to severe disease presenting with toxic megacolon, bowel perforation and sepsis
(Smits et al., 2016). Additional common symptoms include abdominal pain or cramping, occurring
in 22 percent of CDI patients, and fever, occurring in 28 percent of CDI patients (Bowling, 2018).
On laboratory examination, approximately 50 percent of patients present with leukocytosis and 26

percent with occult fecal blood (Bowling, 2018).

1.1.3 C. difficile Testing and Diagnosis

Diagnostic testing for CDI is only indicated for symptomatic patients, as to avoid
identification of colonized individuals as true infections. Colonization with C. difficile is common,
with one to three percent of adults and up to 20 percent of hospitalized patients of all ages
asymptomatically carrying the bacteria in their stool (Bowling, 2018). Generally, the presence of
three or more unexplained, unformed, or watery stools in 24-hours is adequate to initiate testing
(Bowling, 2018). Other explanations for diarrhea, such as the use of laxatives, tube feeding, or
patient diagnosis with other diarrhea-inducing infections or conditions, should be explored before
testing is initiated (Smits et al., 2016).

At the facility of study, testing guidelines require that the patient have three or more
unformed stools within 24 hours, not related to the use of laxatives, enemas, bowel prep, or tube
feeding, as these treatments have diarrhea as a known side effect. Additionally, the patient must
have at least one additional indication for testing, such as elevated white blood cell count (WBC)
within 24 hours of diarrhea onset, abdominal tenderness, cramping, or distention, fever, antibiotic
use within the previous 60 days, recent chemotherapy or immunosuppression, or history of CDI

(UPMC, 2023).



The Society for Healthcare Epidemiology of America (SHEA) and the Infectious Diseases
Society of America (IDSA) recommends the use of multi-step diagnostic testing for CDI, which
includes a stool toxin test used in conjunction with other enzyme testing or PCR (McDonald et al.,
2018). Typically, these testing algorithms target at least two of three common C. difficile markers
in a stool sample:

e (. difficile toxins, TcdA and TcdB

e Glutamate dehydrogenase (GDH), an enzyme and common antigen present in all

isolates of C. difficile

e Toxin genes, which determine if the bacteria present are toxigenic, even if toxin was

not detected in the sample

Since GDH is present in both toxigenic and nontoxic strains of C. difficile, the addition of
toxin testing and correlation to patient symptoms is key to determining proper treatment. When
the toxin is not detected in the stool, toxin gene testing via PCR can be used to determine if the
bacteria present are toxigenic or nontoxigenic.

CDl is largely considered to be a toxin-mediated disease, as it is the toxin that damages the
cells of the intestinal epithelium and ultimately causes the symptoms of CDI (Bella et al., 2016;
Polage et al., 2015). Patients who test toxin-negative but test positive for toxigenic C. difficile via
PCR often have less severe symptoms, shorter duration of diarrhea, and low rates of CDI-related
complications when compared to toxin-positive patients (Polage et al., 2015). In these patients, a
negative toxin test may indicate colonization with toxigenic C. difficile and may not require
treatment. In this case, correlation to symptoms, knowledge of patient risk factors for CDI, and
identification of other plausible causes of diarrhea is key to preventing unnecessary antibiotic

therapy.



The facility of study employs a multi-step testing algorithm, as recommended by SHEA
and IDSA (UPMC, 2023). The testing occurs in two sequential steps: 1) Enzyme immunoassay
(EIA) for GDH and toxins TcdA and TcdB, then 2) PCR testing for toxin-producing genes. If
conflicting results are found in the first step, PCR will be performed. The reported result and

interpretation of each possible test result is available in Table 1.

Table 1. Interpretation of C. difficile Multi-Step Testing Algorithm Results.

Test Result Reported
EIA: EIA: PCR: Result Interpretation
GDH | Toxin A/B Toxin gene

Negative | Negative Not performed | Negative Negative for C. difficile.

Negative | Positive Not performed | Indeterminate | Rare result. Retest specimen.

Positive | Positive Not performed | Positive Free toxin and toxigenic C. difficile
are present.

Positive | Negative Positive Positive Positive for toxigenic C. difficile, no
free toxin present. Clinical
correlation required.

Positive | Negative Negative Negative Negative for free toxins and
toxigenic C. difficile.

Note. Adapted from C. difficile Testing Frequently Asked Questions by UPMC, 2023.

1.2 Clostridioides difficile as a Hospital-Associated Infection

CDI is one of the most common hospital-associated infections in the United States and is
the leading cause of antibiotic-associated diarrhea (CDC, 2023c¢). C. difficile spreads exceptionally
well in the hospital environment, primarily due to shared environments, equipment, and staff, as

well as the congregation of patients, many of whom have several risk factors for CDI.



1.2.1 Transmission in the Healthcare Setting

C. difficile transmission occurs primarily via the fecal-oral route. Spores are released from
a symptomatic or asymptomatic patient, which are then ingested or otherwise introduced to the
gastrointestinal tract of a susceptible patient, such as via insertion of a nasogastric tube (Smits et
al., 2016; Wijarnpreecha et al., 2016). Spores can be spread between patients by unclean hands
and equipment, as well as due to lapses in environmental cleaning between discharges and
admissions, which results in patient exposure to a contaminated room. However, ingestion of
spores does not always result in infection and is highly dependent on a number of patient risk
factors (Martin et al., 2016). Although risk factors for CDI are known, it is difficult to establish a
temporal relationship between exposure to the risk factor, spore exposure, and onset of symptoms.

A challenge to managing CDI in hospital settings is the variability of the C. difficile
incubation and infectious period. The incubation period of C. difficile varies greatly, and likely
depends significantly on host susceptibility and characteristics of the causative strain (Martin et
al., 2016). In a study of CDI in the hospital setting, most incubation periods ranged from a few
days to four weeks, with some longer than three months (Walker et al., 2012). It is largely unknown
if and when a patient may be contagious preceding symptom onset.

Additionally, a significant proportion of C. difficile infections are asymptomatic but may
be a source of transmission. A 2013 study from UPMC found that approximately a quarter of HA-
CDI cases reported in their facility were highly genetically related to isolates from asymptomatic
carriers (Curry et al., 2013). In that same study, nearly half of patients remained positive for C.
difficile after treatment, confirming that patients with asymptomatic infection, even those who

have been treated, can be contagious and contribute to infection rates in a facility.



1.2.2 Prevention and Control

Prevention and control measures are generally directed at reducing the risk of transmission.
These measures include the use of contact precautions when interacting with the patient or their
environment, handwashing with soap and water, and environmental cleaning and disinfection
practices (Bowling, 2018). Transmission of C. difficile spores occurs primarily via contaminated
hands of healthcare workers. Spores can severely contaminate the hospital environment and can
be isolated from beds, walls, floors, and various other surfaces throughout the environment of care
(Srinivasa et al., 2019). C. difficile has been cultured in nearly half of all hospital rooms previously
occupied by a CDI patient and is one of the most frequently recovered pathogens from hospital
floors. Spores can then collect on the hands during patient care or interaction with the environment.
In cases where hand hygiene and contact isolation procedures are not followed closely, spores can
be spread from unclean hands to surfaces outside of the infected patient’s room and then easily
transmitted to susceptible patients. To reduce spore contamination of equipment and the
environment, thorough cleaning and disinfection with a bleach-based or other EPA-approved
sporicidal chemical is paramount.

There is ongoing debate regarding the duration of CDI patient contact isolation since,
despite symptom resolution and treatment, patients can shed spores in their stool for weeks to
months and may serve as a source of infection in the facility (Banach et al., 2018). Additionally,
the patient environment may remain highly contaminated with bacterial spores until terminal
cleaning can be performed, further increasing the risk of transmission if contact precautions are
ceased prematurely (Bowling, 2018). The current recommendations from the Society for
Healthcare Epidemiology indicate that contact precautions should be used in patients with CDI for

at least 48 hours after the resolution of diarrhea, but that the use of contact precautions should be
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extended for the duration of hospitalization if a facility is experiencing elevated rates of CDI
(Banach et al., 2018). Some facilities may choose to continue isolation for the duration of stay
regardless of infection rates (Curry et al., 2013).

Additional prevention measures aim to reduce the risk of illness if transmission does occur,
such as minimizing exposure to high-risk antibiotics and emphasizing the importance of

antimicrobial stewardship (Bowling, 2018).

1.2.3 NHSN Reporting Standards and Definitions

The CDC’s National Healthcare Safety Network (NHSN) is a healthcare-associated
infection tracking system, widely implemented across the United States. NHSN provides facilities
with data collection and reporting capabilities to allow for the identification of infection prevention
problems, benchmark progress, and comply with reporting mandates, with the ultimate goal of
reducing and eliminating hospital-associated infections (CDC, 2023b). Reporting to NHSN is
required for hospitals to maintain funding and receive reimbursements from the Centers for
Medicare and Medicaid Services. As part of the NHSN data collection standards, they provide
facilities with definitions of infections to facilitate accurate reporting.

According to NHSN diagnostic criteria, a C. difficile infection is defined by a positive test
for toxin-producing C. difficile on an unformed stool sample or the patient must have evidence of
pseudomembranous colitis on gross anatomic or histopathologic exam (CDC, 2023a).

An infection is reportable as a hospital-associated infection if the date of sample collection
is on or after the third calendar day of hospitalization, where admission is calendar day one (CDC,
2024). The date of infection is the day that a stool sample was collected for testing. The inpatient
location where the patient was assigned when the positive sample was collected is considered the

9



location of attribution. If the patient is transferred on that same day, the location of attribution is
the first location of the patient on that day. If the patient is retested and tests positive again within

14 days, the second positive test will not be reported as an HAI

1.3 Patient Risk Factors for Hospital-associated Clostridioides difficile Infection

Several risk factors are associated with increased risk of HA-CDI. Prolonged or repeat
hospitalization can significantly increase the risk of CDI (Smits et al., 2016). Additionally, several
medications, treatments, comorbidities, and personal factors have been associated with increased

risk of CDI or undesirable outcomes of infection.

1.3.1 Antibiotics

The use of antibiotics, particularly in the 60 days preceding infection, is considered to be
the most significant risk factor for CDI when hospitalized (Bowling, 2018). The greatest risk is
associated with penicillins, third- and fourth-generation cephalosporins, fluoroquinolones, and
clindamycin, however, most antibiotics carry some degree of risk (Mada & Alam, 2023).
Additional factors that increase the risk of CDI associated with antibiotic use is the number of
antibiotics administered, dose, and duration of therapy (Smits et al., 2016). The disruptive effect
of antibiotics on the intestinal microbiome can persist for weeks or months following treatment,
leaving patients susceptible to infection. Antibiotic use is a prevalent risk factor, particularly in the
hospitalized population, with approximately 65 percent of patients in acute care settings receiving

antibiotic therapy (Goodman et al., 2020).
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1.3.2 Proton Pump Inhibitors

Proton pump inhibitor (PPI) medications are widely accessible over-the-counter and
frequently prescribed to reduce the production of gastric acid to treat peptic ulcer disease or
gastroesophageal reflux (Smits et al., 2016). Gastric acid inhibits the germination of C. difficile
spores in the gastrointestinal tract and serves as a protective mechanism for patients who have
ingested spores (Patil & Blankenship, 2013). The use of PPI medications has been commonly
associated with CDI and, although the exact role of PPI treatment in CDI is not well understood,
it is thought that the use of acid reducing drugs may limit the protective nature of gastric acid. A
meta-analysis found that the use of PPI medications doubled the risk of infection (Deshpande et

al., 2012).

1.3.3 Opioids

Opioid medications are known to have a significant impact on the gastrointestinal system
such as reduced motility and decreased intestinal secretions, often resulting in constipation and
other unfavorable symptoms (Mora et al.,, 2012). In the setting of reduced motility, the
gastrointestinal environment becomes increasingly favorable for bacterial growth. A study by
Mora et al found that, in patients who were also receiving broad-spectrum antibiotics, patients with
moderate and high usage of opioids developed CDI at significantly higher rates than patients with
low or no opioid use. Additionally, there is evidence that reduced bowel motility caused by opioids
may reduce the effectiveness of CDI treatment. Patients receiving opioids during CDI treatment
are at a significantly increased risk of experiencing a relapse with the same organism, likely due

to delayed bowel movements and ineffective elimination of the infection (Marsh et al., 2020).
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1.3.4 Antidepressants

New, limited data indicates that certain antidepressant medications may increase the risk
for CDI. A 2009 study aiming to examine the association between PPI and CDI incidentally found
a significant association between antidepressant exposure and CDI (Dalton et al., 2009). However,
at the time, it was believed that this association was likely related to the poor attention to self-care
that is found in patients with psychiatric illnesses and not a result of the medications themselves.
A recent publication aiming to directly assess the association between antidepressants and HA-
CDI found that the risk of HA-CDI is significantly higher in patients who take certain

antidepressants, specifically trazadone, nortriptyline, and mirtazapine (Boustany et al., 2023).

1.3.5 Nasogastric Tubes and Enteral Nutrition

Enteral tube feeding is frequently used in patients with a contraindication for oral intake
and has been associated with an increased risk of CDI, with one meta-analysis reporting a 1.81-
fold increased risk of C. difficile-associated diarrhea in patients who had a nasogastric tube inserted
for enteral feeding or treatment of an intestinal obstruction (Wijarnpreecha et al., 2018). Although
not clear, the association between nasogastric tubes, enteral nutrition, and CDI could be explained
by several factors, including introduction of C. difficile spores during insertion or manipulation of
enteric tubes, potentially contaminated formula and instruments, and the disruptive nature of
formula used for enteric feeding, which lacks dietary fiber and contributes to lower acidity of the
colonic fluid, which may be associated with increased survival and toxin production of C. difficile

(O’Keefe, 2010; Wijarnpreecha et al., 2018). Additionally, patients requiring enteral nutrition are
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typically very ill, at high risk for complications, and more often on antibiotic therapy, further

increasing their risk of CDI (O’Keefe, 2010).

1.3.6 Age and Long-Term Care

Older individuals, particularly those 65 and older, are at an increased risk for HA-CDI. It
is estimated that two-thirds of all HA-CDI cases occur in patients age 65 years or older (CDC,
2013). The risk of CDI in the elderly is driven by several factors including the prevalence of
admission to long-term care facilities, severity of underlying illness and comorbidities,
immunosenescence and immunosuppression, other medications, and prior hospitalization
(Asempa & Nicolau, 2017).

Residents of long-term care facilities are at a particularly elevated risk for CDI due to
frequent antibiotic exposure, vulnerability due to age and general health, congregate living
conditions conducive to the spread of infection, and high rates of C. difficile colonization among
long-term care facility residents (Jump & Donskey, 2015). Additionally, transmission may occur
between long-term care facilities and hospitals via patients who are infected in the hospital and
transitioned to long-term care, or patients who are infected in long-term care and then hospitalized,

posing a risk of transmission in both types of facilities.

1.3.7 Comorbidities

Certain medical conditions are associated with an increased risk of CDI or poor outcomes,
such as diabetes, chronic kidney disease, immunodeficiency, malignancy, as well as inflammatory

bowel and other gastrointestinal diseases (Gupta et al., 2021; Leffler & Lamont, 2015). Increased
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risk related to these conditions may be related to the condition itself, required treatments, or

increased exposure to hospitals and healthcare environments.

1.4 Public Health Significance

CDI is one of the most commonly reported hospital-associated infections in the United
States. The prevention and control of CDI in the hospital setting is vital to limiting the spread of
C. difficile in hospitals and in the community, improving patient safety and quality of care, and
reducing the incidence of hospital-associated infections. Hospitals play a central role in our
communities and preventing the spread of C. difficile in every facility is vital to the ongoing health
and safety of hospitalized patients, long-term care facility residents, and the community. Using
facility-specific findings related to HA-CDI patient characteristics, risk-factors, and hospital-based
transmission will guide targeted interventions and aid in the development of effective prevention

Initiatives.

1.5 Aim of Study

This study aims to: 1) Characterize and describe the patients diagnosed with HA-CDI to
identify trends, exposures, and risk factors among these patients. 2) Analyze the movement of
patients with HA-CDI, before and after infection, to determine if shared environments or exposure
to other infected patients may have contributed to transmission in the hospital setting, via a bed

and contact tracing investigation
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2.0 Methods

This project was approved by the Institutional Review Board of the University of
Pittsburgh Medical Center as a Quality Improvement Project (ID number: 4576) on November 3,

2023. This study does not include or release patient identifiers or confidential health information.

2.1 Study Site Characteristics and Inclusion Criteria

This study took place at a mid-sized, urban, acute care, teaching hospital. While primarily
focused on gynecologic and obstetric services, this hospital provides full inpatient and outpatient
services to men and women, including an emergency room and 14-bed intensive care unit.

Patients included in the study population were all inpatients at the acute care hospital of
study that were diagnosed with CDI and reported as a hospital-associated infection from June 2022

through August 2023. No patients with HA-CDI were excluded.

2.2 Data Collection

Patient clinical data was collected via review of Electronic Health Records. Each patient
was deidentified to conceal protected health information and identifiers were stored separately
from clinical data. Data collected includes demographics, admissions information, symptoms, C.
difficile test results and orders, medications and treatments, comorbidities, infection with other

MDROs or previous CDI, and room locations during hospitalization and previous admissions.
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2.3 Data Analysis

2.3.1 Age-Comorbidity Score

In order to compare patients based on their overall health at the time of hospitalization and
infection, the Charlson Comorbidity Index was used to quantify patient health and risk of mortality
(Charlson et al., 1987). The Charlson Comorbidity Index provides a set of comorbid conditions
for which there is an increased risk of associated mortality. Each condition is assigned a weighted
score from one to six based on mortality risk and severity. Scores are also assigned for patient age,
adding one point for every decade over the age of 40 (Charlson et al., 1987, 1994). Total age-
comorbidity scores for each patient are used to estimated relative risk of mortality and ten-year
survival. The estimated relative risk of death for each one-point increase in age-comorbidity score
is 1.45 (99% CI: 1.25 — 1.68). As such, patients with an age-comorbidity score of zero have a 1.00
estimated relative risk of death, correlating to a predicted ten-year survival of 99 percent, while
patients with a score of five have a 6.38 (99% CI: 3.07 — 13.24) estimated relative risk of death,
correlating to a predicted ten-year survival rate of 21 percent. Scores greater than five were
associated with low rates of long-term survival. A full list of conditions included in the calculation
of age-comorbidity score for this study are available in Appendix A, Table 14.

Using the dataset calculator published in 2022 by Prommik et al, ICD-10 codes of patient
problems and diagnoses addressed during hospitalization, as well as relevant medical history or
conditions noted in clinical charting, were used to calculate each patients’ age-comorbidity score

(Charlson et al., 1987, 1994; Prommik et al., 2022).
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2.3.2 Facility-Wide HA-CDI

Age-comorbidity score was used to stratify and compare frequency of patient exposure to
risk factors and symptoms. Comparisons were also made based on age, toxin positivity, and
exposures to certain risk factors or treatments. In order to determine the significance of
relationships between variables, when appropriate, the Chi-Square Test of Independence was used,
in which a p-value less than 0.05 signified significance. Results of Chi-Squared Tests are only
included if the finding was statistically significant.

Due to variation between number of patients, infections, and admissions, some variables

are assessed with different sample sizes. Variables and their sample size are displayed in Table 2.

Table 2. Sample Size by Variable.

Sample Size Variable
n =48 Patient Based Variables
Age
Sex
Race
Ethnicity
Comorbidities and Age-Comorbidity Score

n=49 Admission/Hospitalization Based Variables
Route of admission
Living arrangement before hospitalization
Inpatient Medications
Home Medications

50 Infection Based Variables
Test Results
Symptoms
Medication or risk-factor exposure preceding infection/positive test

=]
Il
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2.3.3 Bed and Contact Tracing

Data used in the bed tracing analysis was collected from electronic health records to track
patient movement throughout the facility, before and after infection, to determine if shared rooms
or environments may have contributed to infection. Patient room numbers and units were
deidentified. Units are identified by M, and A through F. Room locations from previous
hospitalizations at the facility of study, within three months from time of admission, were also
included to determine if exposure may have occurred during a previous admission. Tracing data
included inpatient rooms only, and did not include operating rooms, procedure rooms, triage, or
rooms within the emergency department.

Consistent with the findings and methods of Walker et al (Walker et al., 2012), possible
exposures were identified when two HA-CDI patients were both housed on the same unit, and the
first case of HA-CDI was identified before the second case. In order to determine plausible sources
of transmission, a maximum infectious period of eight weeks from date of infection and a
maximum incubation period of 12 weeks from earliest known, possible exposure was used.
Potential exposures that occurred outside of these windows were considered not to be plausible.
Punitive incubation periods for each patient’s exposure(s) were calculated from earliest possible
date of exposure to patient date of infection.

Exposures were classified into two groups: direct and indirect. Direct exposures are those
in which both patients were on the unit at the same time. Indirect exposures are those in which the
first HA-CDI patient had left the unit before the second patient arrived but was still a plausible
source of transmission.

In order to determine the most plausible exposure for each patient, preference was given to

exposures with the shortest exposing patient infectious period, assuming that patients are more
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infectious earlier in the course of illness. If a patient had more than one exposure with the same
infectious period, preference was given to exposures closer in proximity based on room location
at time of exposure.

For patients with more than one infection during the period of study, only their first
infection was included in analysis for their own potential exposures. All infections and room

locations, for all infections, are included as potential sources of exposure for other patients.
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3.0 Results

A total of 50 HA-CDIs affected 48 patients during 49 hospitalizations. Two patients
experienced recurrent infections within the study period. One patient had a primary and recurrent
infection during the same hospitalization, while the other patient had a primary infection and
recurrent infection during two separate hospitalizations. During the period of study, an average of
three (SD: 2) infections occurred per month, ranging from one to seven (Figure 1). On average,
reported date of infection occurred on hospitalization day eight (SD: 8.1, Median: 5), ranging from

days two to 50.
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Figure 1. HA-CDI Incidence by Month.
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3.1 Facility-Wide HA-CDI

3.1.1 Patient Demographics, Admission, and Comorbidities

The average age of HA-CDI patients was 64, ranging from 29 to 85 years (SD: 14.3). The
majority of patients were white, female, and non-Hispanic or Latino (Table 3).

Most patients had been living at home before admission, with less than a quarter of patients
living in a long-term care facility or having lived in a long-term care facility at any point in the
previous thirty days. Patients were primarily admitted through the emergency department or
transferred from an outside hospital. Eight patients were hospitalized as a direct, planned
admission, primarily for surgery or gynecologic oncology care. Three patients were internal
transfer admissions, as they were discharged from an acute care unit and directly admitted into the
transitional care unit or vice versa, within the facility of study (Table 4).

A substantial number of patients had a recent hospitalization preceding infection. Of 49
total admissions during which HA-CDI was identified, 38 (77.6%) of those were preceded by at
least one night’s stay at the facility of study or an outside hospital in the three months before
admission. Overall, 40 (81.6%) admissions were preceded by recent hospitalization or long-term

care admission.
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Table 3. Patient Demographics.

Age at Admission Count (n =48) %
20-29 1 2.1
30-39 4 8.3
40-49 0 0.0
50-59 6 12.5
60-69 18 37.5
70-79 15 31.3
80+ 4 8.3

Sex
Male 4 8.3
Female 44 91.7

Race
White 38 79.2
Black or African American 6 12.5
Asian 1 2.1
Other 1 2.1
Not Specified 2 4.2

Ethnicity
Non-Hispanic/Latino 42 87.5
Not Specified 5 10.4
Declined 1 2.1

Table 4. Patient Admissions.

Living arrangement before hospitalization Count (n =49) %
Home 41 83.7
Long-term care (in last 30 days) 8 16.3

Route of Admission
Emergency Department 19 38.8
Transfer from outside hospital 19 38.8
Direct/Planned 8 16.3
Internal Transfer, Acute care to/from 3 6.1

Transitional Care Unit

Based on past medical history, admission data, and problems addressed during
hospitalization, patients were assessed for various comorbidities, including advanced age,
according to the Charlson Comorbidity Index (Charlson et al., 1987). The most common

comorbidities across all HA-CDI patients were rheumatic or connective tissue diseases, chronic
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pulmonary diseases, metastatic solid tumors, and congestive heart failure (Table 5). HA-CDI
patients, on average, had notably high age-comorbidity index scores, indicating high risk of all-
cause mortality. The average age-comorbidity score for these patients was six, ranging from zero

to 17 (SD: 3.7) (Table 6).

Table 5. Charlson Comorbidity Index - Frequency of Patient Comorbidities.

Disease / Condition Count (n =48) %
Myocardial Infarction 8 16.7
Congestive Heart Failure 10 20.8
Peripheral Vascular Disease 5 10.4
Cerebrovascular Conditions 9 18.8
Dementia 1 2.1
Chronic Pulmonary Diseases 14 29.2
Rheumatic / Connective Tissue Diseases 21 43.8
Peptic Ulcer Disease 4 8.3
Mild Liver Disease 5 10.4
Diabetes without complications 5 10.4
Diabetes with complications 4 8.3
Hemi- or Paraplegia 5 10.4
Moderate/Severe Renal Disease 4 8.3
Any Malignancy 6 12.5
Moderate Severe Liver Disease 0 0.0
Metastatic Solid Tumor 10 20.8
AIDS 0 0.0

*Patients may have multiple comorbid conditions.
Table 6. Frequency of Age-Comorbidity Scores Among HA-CDI Patients.

Charlson Age-Comorbidity Index Score Count (n =48) %
0 3 6.3
1-2 5 10.4
3-4 9 18.8
5-6 10 20.8
7-8 9 18.8
>8 12 25.0
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3.1.2 CDI Testing Results and Symptoms

Across 50 confirmed HA-CDI cases, 25 were PCR and toxin positive, and 25 were PCR
positive and toxin negative. Forty-six (92.0%) had a record of three or more unformed stools in 24
hours, noted either in clinical charting or C. difficile test order. Thirty (60.0%) patients presented
with elevated WBC counts and eight (16.0%) patients presented with fever within 24 hours of
diarrhea onset and subsequent testing. Six (12.0%) patients presented with elevated WBC count in
combination with fever, while 18 (36.0%) patients presented with neither.

Record of three or more unformed stools and fever in combination with elevated WBC
were slightly higher in patients who tested positive for C. difficile toxin. Rates of elevated WBC
was slightly higher in those who tested toxin-negative. Prevalence of fever alone, and no fever or
elevated WBC were the same between both patient groups (Table 7). Differences in symptoms

between toxin-negative and toxin-positive patients were not found to be statistically significant.

Table 7. Symptom Prevalence Between CDI Test Result Groups.

Symptom PCR +/ Toxin - PCR +/ Toxin +
Count (n=25) %  Count (n=25) %
Record of 3+ unformed stools in 24hrs 21 84.0 25 100.0
Elevated WBC only (> 10K within 24hrs of positive test) 13 52.0 11 440
Fever only (>38 °C within 24hrs of positive test) 1 40 1 4.0
Elevated WBC and fever 2 8.0 4 16.0
No elevated WBC or fever 9 36.0 9 360

Patients with low age-comorbidity scores had higher rates of toxin positivity when
compared to patients with higher scores, although differences in toxin positivity between groups
was not found to be statistically significant (Table 8). Patients with lower scores were also more

likely to present with fever. Patients with higher age-comorbidity scores were more likely to have
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to have been tested without clear record of three or more unformed stools in 24 hours. Rates of
elevated WBC counts were similar between groups, but slightly higher in those with high age-
comorbidity scores (Table 9). Differences in test results, symptoms and clinical presentation

between age-comorbidity score groups were found not to be statistically significant.

Table 8. CDI Test Results Between Age-Comorbidity Score Groups.

Charleson Age-Comorbidity PCR +/ Toxin - PCR +/Toxin +

Score Count % Count %
0 1 333 2 66.7
1-2 1 20.0 4 80.0
3-4 4 40.0 6 60.0
5-6 6 60.0 4 40.0
7-8 7 70.0 3 30.0
>8 6 50.0 6 50.0

Table 9. Symptoms Between Age-Comorbidity Score Groups.

Charleson Age-Comorbidity Record of 3+ unformed stools in 24hrs
Score Count %
0 3 100.0
1-2 5 100.0
3-4 10 100.0
5-6 10 100.0
7-8 8 80.0
>8 10 83.3

Elevated WBC (> 10K within 24hrs of positive test)

Count %
0 2 66.7
1-2 3 60.0
3-4 5 50.0
5-6 9 90.0
7-8 5 50.0
>8 6 50.0

Fever (>38 °C within 24hrs of positive test)
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Count %

0 2 66.7
1-2 1 20.0
3-4 2 20.0
5-6 1 10.0
7-8 0 0.0
>8 2 16.7

3.1.3 Medications and Treatments

Antibiotics were the most frequently prescribed inpatient medication preceding HA-CDI
in the study population. Thirty-six patients (75.0%) received antibiotics during their hospitalization
before their date of infection. One patient with two hospitalizations during the period of study
received antibiotics during their first hospitalization but not the second. One patient with two
infections during the same hospitalization received antibiotics preceding the first and second
infection. On average, among patients who received antibiotic treatment, two different antibiotics
were prescribed over the course of hospitalization before infection, ranging from one to five. The
most frequently prescribed antibiotics across all hospitalizations were piperacillin-tazobactam,

ceftriaxone, and vancomycin (Table 10).

Table 10. Frequency of Inpatient Antibiotic Use Across All Hospitalizations, Preceding HA-CDI Diagnosis.

Antibiotic Count (N=49) %
Penicillins
Amoxicillin-Clavulanate 4 8.2
Ampicillin-Sulbactam 5 10.2
Piperacillin-Tazobactam 20 40.8
Cephalosporins
Cefazolin (I generation) 3 6.1
Cefoxitin (2" generation) 5 10.2
Cefuroxime (2™ generation) 5 10.2
Ceftriaxone (3 generation) 10 20.4
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Cefepime (4" generation) 5 10.2

Fluoroquinolones
Levofloxacin 1 2.0
Other Antibiotics
Clindamycin 1 2.0
Vancomycin 10 20.4
Metronidazole 4 8.2
Azithromycin 3 6.1
Meropenem 3 6.1
Linezolid 1 2.0
Daptomycin 1 2.0

Patients had additional exposure to antibiotics outside of their inpatient stay at the facility
of study. Antibiotics were the most reported home medication, medication received at an outside
hospital prior to patient transport, or medication given at a recent prior hospitalization. Twenty-
five (51.0%) patients were taking home antibiotic treatment or were recently exposed to inpatient
antibiotics prior to their hospitalization in which they acquired a CDI. The antibiotics that patients
were most frequently exposed to prior to hospitalization were piperacillin-tazobactam (18.4%),
vancomycin (14.3%), and ceftriaxone (12.0%).

Overall, of the 50 HA-CDI cases, 44 (88%) infections were preceded by the use of any
antibiotic and 39 were preceded by the use of an antibiotic that is considered high-risk for CDI.
HA-CDI patients were most frequently exposed to penicillins or penicillins and cephalosporins
before their infection (Table 11). Eleven infections were not preceded by the use of high-risk
antibiotics. Of those, five were preceded by exposure to first- and second- generation
cephalosporins but no other antibiotics and six did not have exposure to antibiotics of any class.
Rates of high-risk antibiotic exposure (80% versus 76%) and exposure to any antibiotics (88%

versus 88%) were nearly identical between toxin-positive and toxin-negative patients.
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Table 11. High-Risk Antibiotic Exposure Preceding HA-CDI.

Antibiotic Count (n = 50) %
Cephalosporins only (3" & 4" Gen.) 5 10.0
Fluoroquinolones only 2 4.0
Penicillins only 20 40.0
Clindamycin only 1 2.0
Cephalosporins (3¢ & 4" Gen.) & Penicillins 9 18.0
Cephalosporins (3¢ & 4" Gen.) & Clindamycin 1 2.0
Cephalosporins (3" & 4" Gen.) & Fluoroquinolones 1 2.0
No high-risk antibiotics 11 22.0

Additional inpatient medications of interest included certain antidepressants, opioids, and
proton pump inhibitors. Eight admissions of infection (16.3%) included antidepressant
medications mirtazapine or trazadone, 30 admissions (61.2%) included opioid medications, and
31 admissions (63.3%) included proton pump inhibitors. One patient received all these
medications twice, across two hospitalizations and preceding two infections.

For all infections, between inpatient and home medications, nine (18.0%) infections had
recent or current exposure to antidepressants mirtazapine or trazadone, 35 (70.0%) infections had
recent exposure to opioids, and 36 (72.0%) had exposure to proton pump inhibitors.

Fourteen patients (29.2%) had a nasogastric or orogastric tube inserted before their date of
primary infection, with an average of 4.7 days (SD: 3.5) between tube insert and date of infection,
ranging from one to 11 days. Notably, 71.4 percent of patients who had enteric tubing inserted
before their primary infection tested toxin-positive. In this case, there was a significant relationship
between these variables; those with recent enteric tube insertion preceding primary infection were
more likely to test toxin-positive than those without an enteric tube (X?(1, N=48) = 4.378, p =
0.036). All tubes were inserted at the facility of study except for one, which was inserted at an

outside hospital prior to patient transport.
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3.1.4 Age as a Risk Factor for HA-CDI

There were significant differences between the clinical presentation and medical history of
HA-CDI patients above and below 65 years of age (Table 12). Half of all HA-CDI cases occurred
in patients aged 65 or older. Patients younger than 65 were more likely to present with fever and
had higher rates of toxin positivity. They were also more likely to have a recent nasogastric or
orogastric tube insertion, receive tube feeding, and have recent exposure to high-risk antibiotics,
antibiotics of any class, antidepressants, and opioids. Patients over the age of 65 were more likely
to have recent admission to long-term care facilities but had equal or lower rates of exposure to

other risk factors when compared to younger patients. None of these differences were found to be

statistically significant.

Table 12. Symptoms and Risk Factor Exposure by Age.

Symptom, Test Result, or Risk Factor Age <65 Age 65+
Exposure
Count (n=25) %  Count (n=25) %
Elevated WBC (> 10K within 24hrs of positive test) 15 60.0 15 60.0
Fever (>38 °C within 24hrs of positive test) g8 320 0 0.0
PCR +/ Toxin + 14 56.0 11 44.0
NGT inserted before infection 9 36.0 5 200
High-risk antibiotics 21 84.0 18 72.0
Any antibiotics 23 920 21  84.0
Antidepressants 5 200 4 16.0
Opioids 20 80.0 15 60.0
Proton pump inhibitors 18 72.0 18 72.0
History of long-term care 2 8.0 6 *25.0
Recent hospitalization 19 76.0 19 *79.2

Note: (*) n=24 due to one patient who had two infections during one admission.
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3.1.5 Additional Demographic Factors and HA-CDI

The patient population was comprised of 44 (91.7%) females and four (8.3%) males. Of
the two recurrent infections during the study period, one occurred in a female patient during one
admission, and one occurred in a male patient during two separate admissions.

Although male patients were slightly older on average (69 [SD: 9.0] vs. 64 [SD: 12.1]),
average age-comorbidity score was slightly higher among female patients than male patients (6.1
[SD: 3.8] vs. 5.3 [SD: 2.6]), however, both were within one standard deviation. Female patients
had slightly higher rates of toxin positivity, elevated WBC, and fever, as well as recent long-term
care admission, insertion of enteric tubes, testing without a clear record of 3 or more unformed
stools, and laxatives when tested. Male patients had higher rates of exposure to all medications
studied, including antibiotics, antidepressants, opioids, and proton pump inhibitors.

The overwhelming majority of HA-CDI patients were White, with a total of 38 White
patients, six Black or African American patients, one Asian patient, and three patients with an
unspecified race. Rates of risk-factors, exposures, symptoms, and toxin positivity were not notably
different between racial groups. Average age-comorbidity score was significantly higher among
Black patients than White patients (8.3 [SD: 4.8] vs. 5.8 [SD: 3.3]), however, this difference is
primarily attributed to one Black patient with a severely high age-comorbidity score of 17. When
that outlier was removed, the average age-comorbidity score among Black patients was 6.6 (SD:
2.7), much closer to that of White patients and the overall HA-CDI patient population. All patients
identified as non-Hispanic or Latino, except for six who were not specified or declined. Due to the
low number of male patients or patients who identified as a racial or ethnic minority, statistical

analysis yielded invalid results.
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3.1.6 Previous CDI and MDROs

Ten patients were identified as having a current or previous infection with a multi-drug
resistant organism in addition to C. difficile. These infections were diagnosed during
hospitalization, or the patient was under transmission-based precautions based on a previous
diagnosis. MDROs identified include MRS A, drug-resistant Klebsiella, ESBL-producing bacteria,
VRE, and drug-resistant Acinetobacter. Of these patients, half tested toxin-positive.

One patient had been previously hospitalized with a CDI nearly a decade before admission
during the period of study. This patient (age-comorbidity score: 5) experienced a second infection
nearly a week into their admission, following inpatient exposure to several high-risk antibiotics
and other medications.

Two patients had a primary and recurrent CDI within the period of study. One patient (age-
comorbidity score: 8) had a recurrent infection 38 days after their primary infection during the
same hospitalization. The patient was treated after diagnosis of their primary infection with
incomplete resolution of symptoms, leading to retesting and, ultimately, a second positive test. A
second patient (age-comorbidity score: 3) had a recurrent infection 44 days after their primary
infection during a second hospitalization. During and after the first hospitalization, the patient was
taking a high-risk antibiotic, as well as several other medications associated with an increased risk

of CDL

3.1.7 Review of Adherence to Testing Protocol

Of the 50 C. difficile tests ordered, 29 (58.0%) included responses to a clinical decision

support prompt. This prompt asks providers to confirm the presence of three or more unformed
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stools without the use of bowel preps, laxatives, or tube feeds, along with one additional indication
for testing such as elevated WBC count, abdominal pain, fever, immunosuppression, history of
CDI, or exposure to antibiotics within 60 days. Although the clinical decision support prompt is
supposed to appear for all providers ordering a test for C. difficile, it is unclear if the question was
prompted for all ordering individuals or if the prompt was bypassed.

Four (8.0%) patients had no clear record of three or more unformed stools in 24 hours,
either in C. difficile testing orders or in clinical notes. Of those, three had explicit record of fewer
than three unformed stools in clinical notes and one had no explicit record in clinical notes and no
indication in C. difficile testing order. None of these patients’ testing orders included a response to
the clinical decision support prompt.

Twenty-three (46.0%) patients were prescribed laxatives, either PRN or scheduled, on the
day before and day of C. difficile test collection. Only 13 (56.5%) of these patients’ testing orders
included a response to the clinical decision support prompt. Of those patients receiving laxatives,
ten (43.5%) tested toxin positive and 13 (56.5%) tested positive via PCR only.

Of the 14 patients who had a nasogastric tube inserted before their date of infection, five
(35.7%) were receiving tube feeds on the day of or day before sample collection. Of those, three
(60.0%) tested toxin positive.

For seven (14.0%) patients, there was a delay in testing which may have contributed to the
infection being reported as an HAI. In three cases, diarrhea was reported on admission, C. difficile
testing was noted and bowel movements continued through day two, but collection of a sample for
testing was delayed until day three or later. In two cases, diarrhea was noted on admission and day
two, testing for C. difficile was noted midday on day two, but a sample was not collected until day

three. Two patients developed diarrhea late on day two and a sample was not collected until day
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three. Five (71.4%) of these patients’ testing orders included a response to the clinical decision

support prompt.

3.2 Bed and Contact Tracing

HA-CDI cases were attributed to seven units on, M and A through F, on four floors. The
greatest number of infections occurred on unit F, a surgical oncology unit. The fewest number of

infections occurred on unit M, a maternity unit (Figure 2).
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Figure 2. Infections by Location of Attribution by Month.
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Days between infections varied widely. Facility-wide, HA-CDI infections occurred an
average of 8.9 days apart, ranging from zero to 25 days (SD: 6.6). On unit M, which had two
attributed HA-CDI cases, infections occurred 226 days apart. Unit A had only one attributed HA-
CDI case and days between infections could not be calculated. Days between infections for units

B through F are displayed in Table 13.

Table 13. Days Between Infections by Location of Attribution.

Days Between Infections

Unit Average Median Range
B 45.0 15.0 11-109
C 54.1 50.0 1-95
D 46.9 37.0 3-192
E 28.3 28.5 13-43
F 26.7 22.0 487

Of the 48 primary HA-CDI cases that occurred during the period of study, 40 (83.3%) had
at least one plausible direct or indirect exposure preceding their first positive test. Two recurrent
infections during the period of study have been excluded. Three of the eight patients with no
plausible exposure were the first three HA-CDI identified in the period of study, for which there
was no or limited data available for potential exposures.

There was a total of 23 plausible, direct exposures. Seventeen patients had at least one
direct exposure, five of which had multiple direct exposures. Thirteen direct exposures occurred
during the admission in which the exposed patient was diagnosed with CDI. Eleven direct
exposures occurred during a previous admission.

Indirect exposures, up to eight weeks after the exposing patients date of infection, occurred
often. There was a total of 105 plausible, indirect exposures of 36 patients identified. Twenty-six

indirect exposures of 15 patients occurred within two weeks of the exposing patient’s date of
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infection. An additional 21 patients had at least one indirect exposure up to the maximum
infectious period of the exposing patient.

Each patient’s most plausible exposure was established into an infection network. The
network revealed six clusters of transmission, displayed in Figure 3. In an effort to connect as
many clusters as possible, additional plausible exposures were explored beyond the most plausible
exposure allowing for the identification of two separate transmission pathways over the period of
study, Cluster A and Cluster B. No plausible connections were identified between the two
pathways. A cluster map of all plausible exposures is available in Appendix A, Figure 5. The
results of bed and contact tracing may not indicate true transmission pathways and require further

genomic study to determine the relatedness of cases.
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Figure 3. Most Plausible Exposures and Transmission Pathways.
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Note. Arrows point from the exposing patient to the exposed patient. The proximity of circles does
not represent the proximity of patient location or a measure of time.

Incubation periods were calculated for all most plausible exposures. Incubation periods for
direct exposures ranged from one to 82 days (median, 5; average, 19.1; SD, 25.1). Incubation
periods for indirect exposures ranged from one to 50 days (median 5; average 7.7; SD, 10.2). All
but eight (20%) most plausible exposures occurred on the same unit that was identified as the
exposed patient’s location of attribution. Ten (25%) most plausible exposures occurred in directly
neighboring rooms, with the exposing patient housed across the hall or next door to the exposed
patient.

Nine rooms were implicated as the location of attribution for more than one patient. Eight
rooms had two infections, while one room had three infections accounting for ten potential
exposures related to occupation of a contaminated room. However, only one potential exposure
was deemed plausible. All other exposures occurred beyond the maximum eight-week infectious
period and all patients had at least one other plausible exposure. Although these exposures were
not deemed plausible by measure of patient infectious period, five exposures occurred within the
maximum C. difficile spore environmental survival period of five months from exposing patient
discharge. This indicates that infection due to environmental contamination from the previous
patient was possible in these cases. Across all plausible exposures, only three indirect exposures
occurred in the same room, however, in two of those cases, the room where the patient was exposed
was not the same room that was implicated as that patient’s location of attribution.

CDI patients moved rooms often during the period of study. Across 49 admissions where
a patient was identified with HA-CDI, sixteen (32.7%) patients were transferred at some point

following their positive test. Thirteen patients were transferred once, two were transferred twice,
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and one was transferred three times, for a total of twenty transfers. Sixteen transfers were to a
different unit and four transfers were to a different room on the same unit. Figure 4 shows HA-
CDI patient movement between units following CDI diagnosis. Medical necessity was obvious for
many of the unit transfers, as thirteen (81.3%) unit transfers occurred between the ICU and other
medical units, while room transfers less often had clear necessity. Appendix A, Figure 6 shows a
full timeline of all HA-CDI patient room locations, before and after date of infection, across the

15-month study period.

Location of (+) test Transfer Transfer Discharge

AL A A

Figure 4. Patient Transfers Following CDI Diagnosis.

Note. This figure is not time-bound and shows all HA-CDI patient transfers that occurred during
the period of study, after diagnosis with CDI.

Regardless of medical necessity, CDI patients who were transferred after diagnosis

frequently exposed patients on more than one unit. Of the thirteen patients who were transferred
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to a different unit following their date of infection, eleven (84.6%) were identified as a plausible
exposure to at least one patient on at least one unit outside of the unit on which they were diagnosed
with CDI. Three patients who only had a room transfer and were not transferred to other units were
not identified as exposing patients.

Eight patients had no identified exposures during the period of study, three of whom were
the first three CDI patients identified during the period of study, and therefore had limited exposure
data. Of the remaining five patients, three had an indirect exposure to another HA-CDI patient
beyond the plausible infectious period, but within the maximum spore environmental survival
period. Two patients had no exposures at any time. The two patients with no identified exposure

at the facility of study had been recently hospitalized at another facility.
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4.0 Discussion

Risk factors for C. difficile are well described in the literature, including patient age, history
of contact with the medical system, as well as several medications, treatments, and conditions.
However, characterization of C. difficile in a specific medical facility may provide valuable
insights to increase the accuracy and effectiveness of interventions to prevent infection.

In this study, half of all HA-CDI patients were age 65 or older, with an average patient age
of 64. The proportion of patients older than 65 is lower than that typically reported, as two-thirds
of all reported HA-CDI cases and upwards of 80 percent of all CDI cases occur in people aged 65
and older (Asempa & Nicolau, 2017; CDC, 2013). It is unknown whether this difference reflects
the overall patient population at this facility, but this may indicate an increased risk of HA-CDI in
younger individuals in this facility.

Although patients were younger than expected, age-comorbidity index scores were
unexpectedly high, with an average age-comorbidity index of six. When compared to one study of
182 patients, analyzing comorbidities among those with recurrent CDI, the patient population of
this study had a 36.5 percent higher mean age-comorbidity index score, despite similar average
age and the presumption that those with recurrent CDI may have significant comorbidities beyond
those found in patients with only a primary infection (Berenson et al., 2023). Compared to a second
study of 200 HA-CDI patients, aimed at describing incidence and outcomes of HA-CDI at a major
healthcare center in the US, the patient population of this study had a 5.1 percent higher mean age-
comorbidity score, also with a similar average patient age (Karaoui et al., 2020). These differences

may reflect high rates of comorbidities among HA-CDI patients overall, even when compared to
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those with recurrent CDI, but may also reflect notably high rates of comorbidities among HA-CDI
patients in this facility.

The high number of infections in female patients and differences between male and female
HA-CDI patients, especially increased rates of toxin positivity, elevated WBC, fever, recent long-
term care admission, and enteric tube insertion, may be explained by the types of inpatient care
provided at this facility. The unit most impacted by HA-CDI at this facility, unit F, is a surgical
oncology unit which primarily provides gynecologic oncology services to female patients. All
patients in this study with malignancy as a contributing factor to their age-comorbidity score were
female. Chemotherapy and other immunosuppressive treatments for cancer are a known risk-factor
for CDI (Neemann & Freifeld, 2017). Additionally, oncology patients often have several other risk
factors for CDI, including frequent or prolonged hospitalization, antibiotic exposure, advanced
age, and use of feeding tubes.

The most frequent risk-factor exposure among HA-CDI patients was antibiotics, with 75
percent of patients receiving inpatient antibiotics during admission, preceding infection. Overall,
88 percent of patients were exposed to high-risk antibiotics, penicillins, third- and fourth-
generation cephalosporins, fluoroquinolones, and clindamycin, and 78 percent were exposed to
any antibiotic, as a reported home medication or inpatient, preceding their infection. While these
levels of overall antibiotic exposure do not differ notably from what is reported in the literature
among HA-CDI patients, antimicrobial stewardship remains to be a powerful tool in the prevention
and control of C. difficile in the hospital setting (Brown et al., 2015; Pakyz et al., 2014).
Interestingly, in a multi-level study analyzing patient- and facility-specific risk factors for HA-
CDI, one of the most prominent antibiotics preceding infection was piperacillin-tazobactam

(Pakyz et al., 2014). This antibiotic was noted as the most frequently prescribed inpatient antibiotic
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in this study, with 40.8 percent (n=49) of patients receiving the antibiotic during their admission,
preceding infection. Piperacillin-tazobactam, a penicillin and beta-lactamase inhibitor
combination, is associated with a significant reduction in the diversity of the gut microbiome,
which can leave patients at significant risk of CDI and other intestinal bacterial infections (Peto et
al., 2024; Smits et al., 2016).

Delays in CDI testing may have contributed to inflated rates of HA-CDI in this facility. In
this study, up to 14 percent of reported HA-CDI cases may have been avoidable with prompt and
timely testing. In these cases, diarrhea was reported before day three of admission, when CDI
becomes reportable as a hospital-associated infection, but testing was not completed until the
infection was reportable (CDC, 2024). Although sample collection may have been difficult given
the variability in timing of bowel movements, availability of nursing staff for collection, or
diarrhea that began late on day two, many infections reported at HA-CDI were likely community-
associated CDI that was identified and diagnosed late. In patients with contraindications for
testing, such as fewer than three bouts of diarrhea in 24 hours, consistent use of the clinical decision
support prompt should be considered to guide appropriate testing practices and reduce unnecessary
testing.

Additionally, laxatives were frequently prescribed to patients who were subsequently
tested for C. difficile, with 46 percent of patients having an open prescription for at least one
laxative within the 24 hours preceding sample collection. C. difficile testing in patients taking
laxatives is common in many facilities, with some studies suggesting that as few as 9.8 percent
and as many as 44 percent of patients tested for CDI having received laxatives within the 24 hours
before sample collection (Bilinskaya et al., 2018; Carter & Malani, 2019). Testing patients for CDI

when there is another potential cause for diarrhea increases the risk of identifying patients
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colonized with C. difficile as true infections, leading to unnecessary antibiotic treatment and
increased reporting of hospital-associated infections to regulatory bodies (Carter & Malani, 2019;
Polage et al., 2015). Of the patients who received laxatives, 43.5 percent tested positive for toxin,
compared to patients who did not receive laxatives, of which 55.6 percent tested positive for toxin.
Although this difference was not found to be statistically significant, it may still be an indicator of
the identification of patients who are colonized with C. difficile and experiencing laxative-related
diarrhea.

Testing negative for C. difficile toxin but positive by PCR is considered by some to indicate
colonization with the bacteria and not true infection. This aligns with reported findings in the
literature that toxin-positive patients are more likely to have unfavorable symptoms, such as fever
and elevated WBC (Polage et al., 2015). Overall, in this study sample, half of HA-CDI patients
were toxin positive, but symptom trends among those toxin-positive and -negative were not
consistent. While those who tested toxin-positive were more likely to have record of three or more
unformed stools, potentially indicating more severe diarrhea in these patients, as well as fever in
combination with elevated WBC, those who tested toxin-negative had slightly higher rates of
elevated WBC alone. Both groups had the same rate of fever alone and no fever or elevated WBC.
However, these differences were not statistically significant. Exposure to antibiotics, which have
been associated with increased risk of toxin-positivity, did not appear to increase the risk of toxin
positivity in this study. Interestingly, those with lower age-comorbidity scores had higher rates of
toxin positivity when compared to their counterparts with higher age-comorbidity scores, once
again indicating that the at-risk population for HA-CDI in this facility may be younger and
healthier than expected based on risk-factors reported in the literature. Of note, nasogastric tube

insertion was found to be associated with a significantly increased risk of toxin positivity (X?(1,
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N=48)=4.378, p=0.036), which may indicate higher rates of true infection in these patients. High
rates of toxin-positivity in these patients may be related to comorbidities and other treatments, or
be an indicator of infection related to enteric tube insertion or manipulation.

The bed and contact tracing analysis revealed high rates of potential transmission between
HA-CDI patients in this facility. In this study, 83.3 percent of patients had a plausible exposure to
an infected patient preceding their CDI diagnosis. While genomic data is not available to validate
epidemiologic findings, there is evidence of unit-based transmission based on punitive direct and
indirect exposures alone. Although shared rooms were not necessarily implicated as a source of
transmission in this study, several rooms were identified as the location of attribution for more
than one patient. One room housed three HA-CDI patients at their time of diagnosis and preceding
their infection. The second patient was admitted 52 days after the discharge of the first patient, and
the third patient was admitted 136 days after the discharge of the second patient. Although these
exposures occurred weeks or months apart, they both are within the maximum environmental
survival period of C. difficile spores and may suggest lapses in terminal cleaning between patients,
however, other routes of exposure are more likely (Srinivasa et al., 2019). Nearly all identified
plausible exposures occurred in patients in directly neighboring or nearby rooms. The proximity
of most exposures and cases on units may indicate lapses in hand hygiene, transmission-based
precautions, and cleaning of equipment, floors, and shared spaces. These findings highlight the
need for continued staff education on prevention and control measures and their importance for
patient safety.

Additionally, bed and contact tracing revealed two clusters of transmission with seemingly
no connection. While there were no connections between the clusters based on unit-based

exposure, several patients in each cluster were hospitalized at the same time or shortly after the
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discharge of at least one HA-CDI patient on the other cluster, who was housed on a different unit.
This may indicate transmission between units by the movement of staff and equipment,
unrecognized exposure in other treatment areas, or potential transmission from an unidentified or
asymptomatic patient with CDI (Curry et al., 2013). Although transmission between units beyond
patient transfers could not be assessed, it is possible that transmission occurred both between and

within units.

4.1 Limitations

Several limitations were identified throughout this study. Firstly, as a descriptive study
with no control group, there were limitations on data analysis. Comparisons were not able to be
made against the general patient population at the facility of study and could only be made against
findings reported in the literature. Therefore, it was not possible to determine if common
characteristics or risk factors identified in HA-CDI patients differed significantly from patients at
the facility of study that did not have HA-CDI. Additionally, this was a single center study with a
small sample size, increasing the risk that any findings occurred by chance and are not significant.

This study was retrospective and relied on clinical chart review, making it highly reliant
on thorough clinical chart reporting by clinical staff and accurate data collection. Although every
effort was taken to ensure thorough data collection, there is an increased likelihood that at least
some findings are related to inaccurate or incomplete clinical charting, or inaccurate data
collection, and not due to true clinical or epidemiological findings.

Bed and contact tracing was limited by several unique factors. Firstly, although records of

patient movement within the facility was readily available and accurate, it was not possible to

44



assess the movement of healthcare staff or equipment between patient rooms. This limited the
scope of exposure assessment related to contaminated hands, equipment, or the environment
beyond individual rooms, all of which are a known source of C. difficile spore contamination and
transmission (Martin et al., 2016; Srinivasa et al., 2019). Secondly, data was not available for
exposures that may have occurred at an outside facility or during an admission prior to the period
of study. Thirdly, identification of plausible exposures through epidemiologic tracing does not
necessarily indicate true exposure or transmission. Without the use of genomic data to assess the
relatedness of infections, this study is unable to further validate or quantify nosocomial
transmission (Garcia-Fernandez et al., 2019).

Overall, medical necessity of testing, treatments, or other clinical decisions could not be
assessed. Clinical charting offers limited information related to specific medical decisions
involved in each patient’s care, especially exposure to risk factors, C. difficile testing, or other
variables studied. Identification of areas for potential quality improvement related to HA-CDI in
this study do not necessarily indicate lapses in judgement, lack of adherence to or knowledge of

protocol, or reduced care quality.

4.2 Future Directions

Further studies are required to validate the findings of this study, especially to assess these
findings in comparison to the greater patient population or community-acquired CDI patients in
this facility. Comparison against a control group is vital to assess if the patient characteristics, risk
factors, and exposures identified among HA-CDI patients in this study are significant. The most

significant finding in this study, the association between enteric tube insertion and toxin positivity,
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requires further study to determine causality. Additionally, genomic analysis of C. difficile bacteria
isolated from each HA-CDI patient is valuable to determining the genetic relatedness of each
infection, and verifying if punitive, plausible transmissions identified in this study are true
transmissions. Finally, the findings from this and future studies may aid in the development of
infection prevention and antimicrobial stewardship measures or criteria to identify patients who
may be at an increased risk for HA-CDI to limit further exposure to medications or treatments that

may further increase the risk of CDI.
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5.0 Conclusions

This study identified several patient- and facility-specific factors that may have contributed
to HA-CDI cases, as well as several findings that diverge from that presented in the literature. On
average, HA-CDI patients were found to be younger and with more severe comorbidities than
expected. The HA-CDI patient population at this facility had a lower proportion of patients over
the age of 65 than is reported by the CDC and a higher average age-comorbidity score than that
reported in studies of HA-CDI and recurrent CDI patients (Berenson et al., 2023; CDC, 2013;
Karaoui et al., 2020). Patients had notable exposure to antibiotics preceding infection, particularly
piperacillin-tazobactam. Findings highlighted a significant association between enteric tube
insertion and toxin positivity, which may be indicative of other comorbidities and risk-factors in
these patients or lapses in adherence to infection prevention protocol during tube insertion and
manipulation, and requires further investigation (O’Keefe, 2010; Wijarnpreecha et al., 2018).
Overwhelmingly, HA-CDI patients were female. It is unknown if demographic differences
represent the general patient population of this facility, or if high infection rates in female patients
represents increased risk among the oncology patient population.

In addition to patient-specific findings, there were several identified avenues for quality
improvement and infection prevention. Firstly, to reduce the number of HA-CDI cases that may
have been more appropriately classified as community-acquired, it is important to continue to
encourage testing as soon as possible in the first two days of admission, particularly when a patient
reports diarrhea on admission. Secondly, to guarantee the appropriateness of testing at the onset of
diarrhea, ensure that samples are not collected when other diarrhea inducing medications or
conditions are present, particularly laxative medications, or that the impact of diarrhea inducing
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medications are adequately assessed before testing is ordered. Additionally, ensuring that all tests
are accompanied by a response to the clinical decision support prompt may improve testing
appropriateness. Finally, due to findings that indicate probable facility-based transmission without
the indication of shared rooms as a source, the infection prevention team should continue to
advocate for and empower health care workers and staff to perform adequate hand hygiene, adhere
to transmission-based precautions, and clean shared equipment between uses.

The implications of this study primarily include recommendations for interventions that
may reduce the incidence of HA-CDI in this facility by identifying at-risk patients, recognizing
medications and treatments which may increase risk of infection, improving testing protocol
adherence and timely testing, and preventing transmission of C. difficile in the facility. Developing
targeted interventions using facility-specific data may increase the effectiveness of prevention and

control initiatives to aid in the reduction of HA-CDI.
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Appendix A

Table 14. Age-Comorbidity Index Qualifying Conditions and Score.

Charleson Comorbidity
Index Comorbid Condition

Qualifying Diagnoses or Conditions

1 POINT

Myocardial Infarction

e History of one or more MI(s)

Congestive Heart Failure

e Any heart failure
e Exertional or paroxysmal nocturnal dyspnea

Peripheral Vascular Disease

e Peripheral vascular disease

e Peripheral Artery disease

¢ Intermittent claudication or those who had a bypass for arterial
insufficiency

e Gangrene

e Acute arterial insufficiency

e Untreated thoracic or abdominal aneurysm (6 cm or more)

Cerebrovascular Disease

e History of a cerebrovascular accident with minor or no residua and
transient ischemic attacks

e Transient Ischemic attack (TIA) & stroke

e Aneurysms

e Arteriovenous malformations (AVM)

o Arteriovenous fistula (AVF)

e Cerebral cavernous malformations (CCM)

¢ Carotid-Cavernous Fistula

e Carotid Stenosis

Dementia

e Chronic cognitive deficits

Chronic Pulmonary Disease

e COPD
e Chronic bronchitis
e Chronic Hypercarbic Respiratory Failure

Rheumatic or Connective
Tissue Diseases

Those identified in the study
population

e Systemic lupus erythematous

e Fibromyalgia

e Polymyositis

e Mixed connective tissue disease
e Polymyalgia rheumatica

e Rheumatoid arthritis

e Ehlers Danlos Syndrome

e Multiple Sclerosis

Peptic Ulcer Disease

e Required treatment for ulcer disease, including those who have bled
from ulcers

Mild Liver Disease e Cirrhosis without portal hypertension or chronic hepatitis
e Untreated hepatitis w/o cirrhosis
Diabetes e Treated with insulin or oral hypoglycemics, but not diet alone

Diet Controlled = 0 Points
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2 POINTS
Hemi- or Paraplegia e Dense hemiplegia or paraplegia, whether it occurred as a result of a
cerebrovascular accident or other condition
e One sided weakness post CVA

Moderate or Severe Renal e Dialysis
Disease e History of kidney transplant
e Uremia

e Moderate: Serum creatinine >3 mg%
Transient/acute increases in creatinine not counted
Uncontrolled Diabetes e Diabetes with Organ Damage

e Retinopathy, neuropathy, or nephropathy
o Kidney failure or dialysis

Any Malignant Tumor e Non-metastatic cancers

Leukemia e Acute and chronic myelogenous leukemia
e Acute and chronic lymphocytic leukemia
e Polycythemia vera

Lymphoma e Hodgkin’s

e Lymphosarcoma

e Waldenstrom’s macroglobulinemia

e Myeloma
e Other lymphomas
3 POINTS
Moderate or Severe Liver e Cirrhosis
Disease e Portal hypertension

e History of variceal bleeding
e Moderate: cirrhosis with portal hypertension, but without bleeding

6 POINTS
Metastatic Solid Tumor ¢ Designated stage 4 or explicitly stated metastases of solid tumor to
other organ(s)
AIDS o AIDS diagnosis

Note. Adapted from A new method of classifying prognostic comorbidity in longitudinal studies:
Development and validation. Charlson et al., 1987.
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Figure 5. Exposure Network of All Plausible Exposures.

51



Jun-22 Jul-22  Aug-22 Sept-22  Oct-22 Nov-22 Dec-22  Jan-23  Feb-23 Mar-23  Apr-23  May-23  Jun-23 Jul-23 Aug-23
“—

=

Figure 6. Timeline and Locations of All HA-CDI Cases.

Note. This timeline displays HA-CDI patient hospitalizations over time and throughout the facility of study. Colored space indicates
that a room was occupied by a HA-CDI patient during that time during their admission of infection. Green indicates room occupation
prior to date of infection. Red indicates room occupation on or after date of infection. Dark red indicates room occupation by the same
patient during the same hospitalization after a second positive test. Specific dates and room locations have been removed. Deidentified
units are labelled, and rooms locations occur in sequential order, although not every room location in the facility is included.
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