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ABSTRACT

Introduction: Multidrug-resistant organisms
(MDRO) commonly colonize the gut microbiota
of patients with Clostridioides difficile infection
(CDI). This increases the likelihood of systemic
infections with these MDROs. To help guide
MDRO screening and/or empiric antibiotic
therapy, we derived and compared predictive
indices for MDRO gut colonization in patients
with CDI.
Methods: This was a multicenter, retrospective
cohort study of adult patients with CDI from
July 2017 to April 2018. Stool samples were
screened for MDRO via growth and speciation
on selective antibiotic media and confirmed
using resistance gene polymerase chain reac-
tion. A regression-based risk score for MDRO
colonization was constructed. Predictive per-
formance via area under the receiver operating

characteristic curve (aROC) of this index was
compared with two other simplified risk strati-
fication approaches: (1) prior healthcare expo-
sure and/or high-CDI risk antibiotics; (2)
number of prior high-CDI risk antibiotics.
Results: 50 (20.8%) of 240 included patients
had MDRO colonization; 35 (14.6%) VRE, 18
(7.5%) MRSA, 2 (0.8%) CRE. Prior fluoro-
quinolone (aOR 2.404, 95% CI 1.095–5.279)
and prior vancomycin (1.996, 95% CI
1.014–3.932) were independently associated
with MDRO colonization while prior clin-
damycin (aOR 3.257, 95% CI 0.842–12.597) and
healthcare exposure (aOR 2.138, 95% CI
0.964–4.740) were retained as explanatory vari-
ables. The regression-based risk score signifi-
cantly predicted MDRO colonization (aROC
0.679, 95% CI 0.595–0.763), but was not sig-
nificantly more predictive than prior healthcare
exposure ? prior antibiotics (aROC 0.646,
95% CI 0.565–0.727) or number of prior
antibiotic exposures (aROC 0.642, 95% CI
0.554–0.730); P[ 0.05 for both comparisons.
Conclusion: A simplified approach using prior
healthcare exposure and receipt of prior
antibiotics known to increase CDI risk identi-
fied patients at risk for MDRO gut microbiome
colonization as effectively as individual patient/
antibiotic risk modeling.
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Key Summary Points

Screening a patient’s gut microbiome for
multidrug-resistant organism (MDRO)
colonization is a potentially useful
antimicrobial stewardship tool in
populations at high risk for gut-borne
MDRO infection, such as those with
hematologic malignancy, critical illness,
or Clostridioides difficile infection.

Gut MDRO screening has been historically
limited as it can be considered labor
intensive and cost-prohibitive for routine
implementation.

Selective screening approaches based on
baseline MDRO colonization risk can
improve the value of screening results and
limit unnecessary testing but few gut
MDRO colonization risk stratification
tools exist.

This analysis developed and compared gut
MDRO colonization risk stratification
approaches in a population of patients
with CDI who are at increased risk of
MDRO colonization and infection.

A simplified risk-stratification approach
based on prior healthcare exposure and
prior high-risk antibiotic use predicted gut
MDRO colonization as well as a
regression-based risk score and could be
used clinically to identify patients at low
risk of MDRO colonization in whom
screening is unnecessary.

INTRODUCTION

Antibiotic resistance due to multidrug-resistant
organisms (MDRO) is a major public health
threat [1]. Increased antibiotic resistance causes
delayed appropriate antibiotic therapy, which
increases mortality risk, prolongs hospital stay,
and increases healthcare costs in patients with
serious infections [2–4]. Despite the known

benefits of early appropriate therapy, rates of
delayed appropriate therapy are estimated to be
in excess of 30% among patients with bacterial
infections in most healthcare institutions [3].
This is likely a result of how common MDRO
infections have become, limitations of current
diagnostic methods, and how challenging pre-
scribing empiric antibiotic therapy with limited
information can be. Traditional microbiologic
tests often require 48–72 h to identify antibi-
otic-resistant infections and the resulting
delayed therapy increases mortality[3–5]. Even
rapid diagnostic tests often cannot detect resis-
tance during the first 12–24 h of infection and
in patients with sepsis, each hour matters [6].
Thus, clinicians must rely on empiric antibiotic
therapy using patient- and infection-specific
factors to select therapy while balancing the
need for early appropriate therapy with the
desire to only use broad-spectrum therapy when
necessary.

Screening for MDRO colonization is a
potentially useful antimicrobial stewardship
tool to guide initial empiric antibiotic therapy,
as it can identify patients who are at risk for
MDRO infection [7]. One screening approach
that has generated much interest is the use of
stool cultures or rectal swabs to identify MDRO
gut colonization [8]. The gastrointestinal tract
serves as a portal of entry for MDRO from the
environment, an arena for antimicrobial resis-
tance transfer and selection, and is a known
contributor to subsequent infection [9, 10].
Progression from gut colonization to clinical
infection can occur through organism translo-
cation into the bloodstream or through envi-
ronmental contamination and subsequent re-
introduction into the body [10, 11]. This asso-
ciation between gut microbiome colonization is
best established in patients with hematologic
malignancies but has also been demonstrated in
hospitalized adults, critically ill and postsurgical
patients, pediatrics, and patients with Clostrid-
ioides difficile infection (CDI) [7, 12–20]. It has
been demonstrated across many MDRO
including vancomycin-resistant enterococci
(VRE), gram negatives such as carbapenem-re-
sistant Enterobacterales (CRE) and MDR Pseu-
domonas aeruginosa, Candida spp., and
methicillin-resistant Staphylococcus aureus
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(MRSA) [14, 15, 18, 20–22]. Given the link
between gut MDRO colonization and infection,
it is not surprising that such screening has been
shown to increase appropriate empiric antibi-
otic therapy [7].

Despite promise as a tool for both infection
control and antimicrobial stewardship, gut
MDRO screening has been historically limited
as it can be considered labor intensive and cost-
prohibitive for routine implementation. Iden-
tifying patients where screening can provide
greatest benefit is a prudent approach to
assessing all patients’ MDRO risk without per-
forming costly tests in all [23]. Selective
screening approaches using baseline MDRO risk
can improve the value of screening results and
limit unnecessary testing [24]. However, data
regarding such a selective screening approach
for gut MDRO colonization are limited. Patient
risk stratification tools are needed to guide use
of gut MDRO screening. The objective of this
analysis was to develop and compare various
MDRO colonization risk stratification approa-
ches in a population of patients with CDI who
are at increased risk of MDRO colonization and
infection.

METHODS

Study Design and Population

This was a multicenter, retrospective, observa-
tional cohort study of adult patients
(age C 18 years) diagnosed with CDI from July
2017 to April 2018 at four hospitals within CHI
St. Luke’s Health in Greater Houston. Clostrid-
ioides difficile (C. difficile) infection diagnosis was
based on positive C. difficile nucleic acid ampli-
fication test or enzyme-linked immunosorbent
assay in patients with unexplained and new-
onset diarrhea defined as three or more
unformed stools in 24 h. Patients whose initial
C. difficile-positive stool sample could not be
collected from the hospital microbiologic labs
for additional testing were excluded. This study
was approved by the University of Houston
(UH) Committee for the Protection of Human
Subjects with waiver of informed consent
granted (Institutional Review Board study

00000128) and was conducted in accordance
with the principles of the Declaration of Hel-
sinki of 1964, and its later amendments.

Patient Data Elements and Collection

Eligible patients were identified for inclusion by
screening a list of patients with a positive
C. difficile nucleic acid amplification test or
enzyme-linked immunosorbent assay. Patient
data were extracted from the medical record by
trained reviewers using a structured data col-
lection form within REDCap (Research Elec-
tronic Data Capture, Vanderbilt University)
data capture tool hosted at UH [25]. Data ele-
ments included demographics, past medical
history including previous healthcare exposure,
comorbid conditions, medication administra-
tions including antibiotics in the 90 days pre-
ceding CDI diagnosis, pertinent laboratory data,
and clinical outcomes. The degree of patient
comorbidity was quantified using the Charlson
Comorbidity Index [26]. High-risk antibiotic
exposures were defined on the basis of procliv-
ity to disrupt gut microbiome and cause CDI
infection and included carbapenems, 2nd–4th-
generation cephalosporins, fluoroquinolones,
clindamycin, ampicillin/sulbactam, and
piperacillin/tazobactam. High-risk healthcare
exposures were defined as prior hospitaliza-
tion within the 90 days preceding CDI diagnosis
or admission from a nursing home. Severity of
CDI was classified in accordance with Infectious
Diseases Society of America CDI guidelines [27].

Stool Sample Collection and MDRO
Screening

Leftover stool from the initial CDI-positive stool
samples was collected and brought to a cen-
tralized research laboratory at the University of
Houston. Stool sample aliquots were then pla-
ted on antibiotic-selective media to isolate
potential VRE, CRE, or MRSA (HardyCHROM,
Hardy Diagnostics, Santa Maria CA) [28, 29].
Resulting colony growth was then counted and
speciated using the Biolog Omnilog (http://
www.biolog.com). Presence of antimicrobial
resistance in resulting colonies was confirmed
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via polymerase chain reaction (PCR) using rel-
evant gene targets including vanA for VRE,
blaKPC for CRE, and mecA for MRSA. Patients
were classified as having gut microbiome MDRO
colonization if their stool sample contained any
of these MDRO.

Data Analysis

The primary analysis focused on comparing the
predictive performance of three approaches to
stratify patients by MDRO colonization risk: (1)
logistic regression-derived risk score; (2) the
number of high-risk antibiotic exposures in the
preceding 90 days; (3) high-risk healthcare
exposure and/or any high-risk antibiotic expo-
sure in the preceding 90 days. Predictive per-
formance of each approach was quantified by
area under the receiver operating characteristics
curve (aROC) along with a 95% confidence
interval. The aROC of each risk assessment
approach was compared using the Hanley and
McNeil Method [30]. High-risk healthcare
exposure and/or any high-risk antibiotic expo-
sure in the preceding 90 days was considered
the reference category because it is the simplest
and most practical risk stratification approach.
The prevalence of MDRO colonization across
the distribution of categories of each risk strat-
ification approach was also examined using the
v2 test.

To construct the logistic regression-derived
risk score, bivariate analysis first identified
patient characteristics associated with MDRO
colonization. Categorical variables were com-
pared between those with and without MDRO
colonization using the v2 or Fisher’s exact test
and continuous variables were compared using
the Student’s t test or Mann–Whitney U test.
Characteristics associated with MDRO colo-
nization at a P value\ 0.2 in bivariate analysis
were simultaneously included as covariate in a
multivariable logistic regression model and
then removed in a backward, stepwise fashion.
Covariates were retained in the final model if
the P value for the likelihood ratio test for their
removal was\ 0.1. The number of covariates in
each candidate regression model was limited to
one covariate per 10 MDRO patients (i.e., 50

MDRO patients = 5 covariates per candidate
model). Model fit was assessed with the Hos-
mer–Lemeshow goodness-of-fit test; models
with a non-significant result were considered
adequate. Multicollinearity of candidate regres-
sion models was assessed via the variance
inflation factor, with values between 1 and 5
considered acceptable. The risk score was then
constructed by integer rounding the final
regression model b values for each risk factor
(i.e., b value of 0.75 was rounded to 1).

All statistical tests were two-sided; P val-
ues B 0.05 were considered statistically signifi-
cant. Analyses were performed using SPSS
Statistics, IBM SPSS software, version 26.0 (IBM
Corp., Armonk, NY).

RESULTS

A total of 240 patients were included. The
majority were female (53.8%) and the median
(IQR) age was 64.5 (52–75) years. Common
comorbidities were diabetes (38.8%), gastroe-
sophageal reflux disease (18.3%), cerebrovascu-
lar disease (17.5%), heart failure (17.1%),
chronic kidney disease (17.1%), and liver dis-
ease (12.1%). The median (IQR) Charlson
Comorbidity Index was 2 (1–3). The majority
had a recent high-risk healthcare exposure
(62.1%) including 10.8% who were admitted
from a nursing home and 56.7% who were
hospitalized in the 90 days preceding CDI
diagnosis. The majority of patients also received
antibiotic therapy in the 90 days preceding CDI
diagnosis (71.7%) including 60% who received
a high-CDI risk antibiotic. Fifty patients (20.8%)
had a MDRO-positive stool sample including 35
(14.6%) VRE, 18 (7.5%) MRSA, and 2 (0.8%)
CRE. The stool samples of 5 patients (2.1%)
were positive for both VRE and MRSA.

A bivariate comparison of patient character-
istics between patients with and without MDRO
colonization is displayed in Table 1. Patients
with MDRO colonization had a higher degree of
comorbidity, were more likely to have had prior
high-risk healthcare exposure, and were more
likely to have received antibiotics in the past
90 days. Results of the logistic regression model
are shown in Table 2. Prior fluoroquinolone
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(aOR 2.404, 95% CI 1.095–5.279) and prior
vancomycin (1.996, 95% CI 1.014–3.932) were
independently associated with MDRO colo-
nization while prior clindamycin (aOR 3.257,
95% CI 0.842–12.597) and healthcare exposure
(aOR 2.138, 95% CI 0.964–4.740) were retained
as explanatory variables. Each risk factor was
weighted equally in the risk score, with one
point assigned for each.

The predictive performances of the regres-
sion-derived risk score, number of high-risk
antibiotic exposures in the preceding 90 days,
and high-risk healthcare exposure and/or any
high-risk antibiotic exposure in the preceding
90 days are shown in Table 3. All three risk
stratification approaches predicted MDRO col-
onization significantly better than random
chance. Neither the regression-derived risk
score (aROC 0.679, 95% CI 0.595–0.763) nor the

Table 1 Bivariate comparisons between MDRO-positive and MDRO-negative patients

Variable Multidrug-resistant organism colonization P value

No, n = 190 Yes, n = 50

Age 64 (50.8–74) 65 (58–78) 0.331

Female sex 104 (54.7) 25 (50.0) 0.550

Charlson comorbidity index 2 (0–3) 3 (1.8–4.3) 0.014

Recent GI surgery 45 (23.7) 9 (18.0) 0.392

Chronic PPI use 75 (39.5) 27 (54.0) 0.064

Prior MDRO infection (90 days) 16 (8.4) 7 (14.3) 0.215

Prior high-risk healthcare exposure 109 (57.4) 40 (80.0) 0.003

Nursing home resident 16 (8.4) 10 (20.0) 0.019

Prior hospitalization (90 days) 104 (54.7) 32 (64.0) 0.240

Hospital-onset CDI 79 (41.6) 27 (54.0) 0.116

Intensive care unit 36 (18.9) 16 (32.0) 0.046

Prior antibiotics (90 days) 130 (68.4) 42 (84.0) 0.030

High-CDI risk antibioticsa 106 (55.8) 38 (76.0) 0.009

Vancomycinb 60 (31.6) 27 (54.0) 0.003

Clindamycinb 5 (2.6) 5 (10.0) 0.020

2nd–4th-generation cephalosporinb 62 (32.6) 24 (48.0) 0.044

Piperacillin–tazobactam 26 (13.7) 7 (14.0) 0.954

Carbapenem 34 (17.9) 12 (24.0) 0.329

Fluoroquinoloneb 23 (12.1) 14 (28.0) 0.006

Metronidazoleb 33 (17.4) 12 (24.0) 0.285

GI, gastrointestinal; PPI, proton pump inhibitor; CDI, Clostridioides difficile infection
aCarbapenem, 2nd–4th-generation cephalosporin, fluoroquinolone, clindamycin, ampicillin/sulbactam,
piperacillin/tazobactam
bIntravenous or oral
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number of high-CDI risk antibiotics in the past
90 days (aROC 0.642, 95% CI 0.554–0.730) was
significantly more predictive than high-risk
healthcare exposure and/or any high-risk
antibiotic exposure in the preceding 90 days
(aROC 0.646, 95% CI 0.565–0.727); P[0.05 for
both comparisons.

The prevalence of MDRO colonization across
the distribution of categories of each risk strat-
ification approach is displayed in Fig. 1. As the
regression-derived risk score (Fig. 1a) and num-
ber of high-CDI risk antibiotic exposures
increased (Fig. 1b), so did the MDRO

colonization prevalence. Having a high-risk
healthcare exposure or a prior high-CDI risk
antibiotic exposure increased MDRO prevalence
but the prevalence was highest among patients
with both a high-risk healthcare exposure and a
prior high-CDI risk antibiotic exposure (Fig. 1c).
The regression-derived risk score was able to
identify those with the highest MDRO colo-
nization prevalence, with 68.6% of patients
with a score of 3 or 4 having MDRO coloniza-
tion. In contrast, the simple approach using
high-risk healthcare exposure and/or any high-
risk antibiotic exposure in the preceding
90 days identified patients with the lowest
MDRO risk. Among patients with neither a
high-risk healthcare exposure nor a prior high-
CDI risk antibiotic exposure, MDRO prevalence
was 7.4%.

DISCUSSION

This study sought to compare three potential
approaches to risk-stratify patients with CDI on
the basis of their risk of having MDRO gut
microbiome colonization. An individual patient
risk score was constructed via logistic regression
which was able to significantly predict MDRO
colonization compared to random chance.
However, this risk score incorporating specific
high-risk antibiotics and high-risk healthcare
exposure had similar performance characteris-
tics compared to more two simplified

Table 2 Multivariable logistic regression for characteristics independently associated with MDRO colonization

Risk factor Odds ratio (95% CI) Adjusted odds ratioa

(95% CI)
P value Risk score

points

Prior fluoroquinolonea 2.824 (1.326–6.012) 2.404 (1.095–5.279) 0.877 1

Prior vancomycina 2.543 (1.348–4.798) 1.996 (1.014–3.932) 0.691 1

Prior high-risk healthcare exposure 2.972 (1.404–6.294) 2.138 (0.964–4.740) 0.760 1

Prior clindamycina 4.111 (1.141–14.811) 3.257 (0.842–12.597) 1.281 1

Prior 3rd/4th-generation

cephalosporina
1.906 (1.013–3.586) – – –

CI confidence interval
aIntravenous or oral

Table 3 Comparative predictive performance of various
risk stratification approaches for MDRO colonization

Risk factor aROC (95% CI) P value

Prior high-risk

healthcare

exposure ? prior

high-CDI risk

antibiotic(s)

0.646 (0.565–0.727) Reference

Number of prior high-

risk CDI antibiotics

0.642 (0.554–0.730) [ 0.05

Regression-derived risk

score

0.679 (0.595–0.763) [ 0.05

aROC, area under the receiver operating characteristic
curve; CDI, Clostridioides difficile infection
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approaches: (1) the number of high-risk antibi-
otics in the past 90 days or (2) whether a patient
had a high-risk healthcare exposure and/or
high-risk antibiotic exposure. Determining
whether a patient had either a high-risk health
exposure (nursing home or recent hospitaliza-
tion), was exposed to a high-CDI risk antibiotic
in the preceding 90 days (antibiotics linked to
CDI), or both was the simplest and most prac-
tical approach we evaluated. Despite the relative

simplicity compared to the more complicated
risk scoring approaches, it was able to identify
both high- and low-MDRO risk patients just as
well.

The ability of the simplified risk stratification
approach based on healthcare exposure and
prior high-risk antibiotic exposure to predict
MDRO colonization is not surprising. These two
factors are the most consistently reported risk
factors for MDRO colonization in patients with

Fig. 1 MDRO prevalence by risk stratification categories
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and without CDI infection [31–34]. This makes
biologic sense as exposure to antibiotics known
to disrupt the gut microbiome can create an
environment ripe for colonization by more
resistant pathogens and exposure to high-risk
healthcare settings brings patients into contact
with these resistant organisms [9, 10].

Although the performance characteristics of
these risk stratification approaches only
demonstrated fair discrimination, they may still
provide some value to guide diagnostic tests.
Because patients without a high-risk healthcare
exposure who did not have a recent high-risk
antibiotic exposure appeared to be at low risk of
MDRO colonization (\10%), it may be reason-
able to forgo MDRO screening in those patients.
Empiric antibiotic therapy can still be guided on
the basis of patient clinical characteristics and
infection type, but the low MDRO colonization
prevalence in this group suggests MDRO
screening may not be necessary, as it is likely to
be a negative result. Empiric antibiotic is cur-
rently routinely selected without knowledge of
gut microbiome MDRO colonization so this is
not a departure from standard of care. In con-
trast, patients with prior healthcare exposure,
prior antibiotic exposure, or both are at seem-
ingly higher risk of MDRO colonization. In
these patients, MDRO screening has two
potential benefits. First, a negative MDRO
screening test may allow clinicians to prescribe
more narrow-spectrum antibiotic therapy in
low acuity, low mortality risk infections when
they may ordinarily be compelled to provide
broad spectrum therapy based on the patient’s
history of healthcare exposure and/or antibi-
otics. Second, a positive test for VRE or CRE may
allow clinicians to cover these MDRO which are
not typically covered with empiric antibiotic
regimens. Antibiotic coverage can then be de-
escalated if these MDRO are not the ultimate
cause of the patient’s suspected infection while
the early, appropriate therapy can reduce mor-
tality risk in the patients who are infected with
these colonizing MDRO [35, 36].

There are a number of considerations when
interpreting theses analyses. The results were
derived from a population of patients with CDI
from a single health system and as such, it is
unclear if they are generalizable to other

populations of interest. The fact that all patients
were diagnosed with CDI indicates they likely
all had significant disruptions to their gut
microbiome which likely differs from more
general patient populations. Despite this, pub-
lished literature strongly suggests that prior
healthcare exposure and prior antibiotic expo-
sure drive MDRO colonization, so it is reason-
able that these risk stratifications would also
predict MDRO colonization in other patient
groups. In addition, this analysis focused on
three specific MDRO: VRE, MRSA, and CRE. The
results are most applicable to VRE considering
the majority of MDRO-positive patients had
VRE and only two patients had CRE. It is
unclear whether the results would be similar
had other common enteric MDRO been exam-
ined such as extended spectrum beta-lactamase
(ESBL)-producing Enterobacterales. Because we
did not test for this MDRO, it is possible that
some of the patients classified as MDRO nega-
tive actually did have MDRO colonization.
Because ESBL colonization has also been linked
to healthcare exposure and prior antibiotic
exposure, it is likely that including ESBL would
have strengthened the ability to accurately risk-
stratify patients and it is possible that the more
complex regression-based approach would have
performed better.

In addition, the exact CDI diagnostic
method was not recorded for each patient. It is
possible that some of the included patients did
not have a stool toxin test during CDI diagnosis,
as recommended in the most current Infectious
Diseases Society of America (IDSA) and Society
for Healthcare Epidemiology of America (SHEA)
guidelines [27]. As such, it is possible that some
of the included patients did not have true CDI.
However, because all patients were required to
have unexplained and new-onset diarrhea
defined as three or more unformed stools in
24 h to be included, the number of patients in
this study without true infection is likely very
small. Because this study focused on the asso-
ciation between antibiotic and healthcare
exposure and MDRO colonization, potential
inclusion of a small number patients who were
only colonized with C. difficile rather than
infected should not have a major impact on
findings. Finally, this was a convenience sample
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of modest size and no formal sample size cal-
culations were done. Although no statistically
significant difference in predictive performance
between risk stratification approaches was
noted in the analysis, the regression-based risk
score aROC was numerically greater than the
other approaches. It is possible that a larger
sample size may have revealed a statistically
significant effect.

CONCLUSIONS

A simplified approach using prior healthcare
exposure and receipt of prior high-risk antibi-
otics identified patients with CDI at risk for
MDRO gut microbiome colonization as effec-
tively as individual patient/antibiotic risk
modeling. Further validation of these results
and an evaluation of their potential clinical
application on MDRO screening and empiric
antibiotic prescribing is required. Notably,
evaluating such risk stratification approaches in
patients without CDI will be important before
clinical application. However, this analysis
serves as a proof of concept in a population of
patients with high MDRO colonization risk due
to their clear microbiome disruption as evi-
denced by concurrent CDI.
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