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Key Words: Background: The frequency, risk factors, and outcomes for Clostridioides difficile infection (CDI) in patients
Clostridioides difficile with newly diagnosed acute leukemia (AL) admitted for induction therapy are unclear.

Leukemia Methods: We studied 509 consecutive patients with AL admitted between 2006 and 2017 and conducted a
ﬁr;scbtii(())trics prospective C difficile surveillance and ribotyping analysis in a subset of these.

Results: The incidence of CDI was 2.2/1,000 inpatient days during induction, and CDI was rare after dis-
charge. CDI was highest in patients with acute myelogenous leukemia. A hospitalization shortly before
admission and administration of a greater number of antibiotics increased the risk for CDI. No single class of
antibiotics conveyed an increased risk. All cases were successfully treated, and CDI was not associated with
an increase in length of stay, costs, or mortality. In a subgroup analysis, 16% of patients with acute myeloge-
nous leukemia and 4% with other leukemia types were colonized on admission. Colonization was associated
with a higher risk of CDI. Ribotyping of available isolates showed 27 different strain types with 014/020 and
027 being the most frequent.
Conclusions: The number of antibiotics administered are a major risk factor for CDI in patients with AL. How-
ever, CDI appears to have minimal clinical impact in this population.
© 2018 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights reserved.

Clostridioides difficile infection (CDI) is the most common cause
of antibiotic-associated diarrhea. Although CDI has been most
often attributed to acquisition in a hospital setting, community-
onset infection is increasing.! Moreover, a number of CDI cases
have no epidemiologic or molecularly confirmed links to known
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sources.” C difficile may cause large hospital outbreaks from the
emergence and dominance of certain ribotypes and hypervirulent
strains.>*>

Hospitalized patients with acute leukemia (AL) have been
reported to be at significantly increased risk for CDI,®’*® and CDI
has been associated with increased mortality, length of stay (LOS),
and cost.® Most patients with newly diagnosed AL are admitted to
the hospital and receive induction therapy. The goal is to obtain a
complete remission, in which case the patient may proceed to con-
solidation or maintenance treatment with the expectation of
improved survival and quality of life. During induction, patients
typically spend several weeks in the hospital during which time
they are severely immunosuppressed, often infected, frequently
on prolonged courses of broad-spectrum antibiotics, and housed
on units with other patients who are at risk for toxigenic C difficile
colonization or CDIL.

There are currently insufficient data on the incidence, risk factors,
and consequences of CDI for newly diagnosed patients admitted for
induction therapy. Because CDI is not a common event, prior studies
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have increased sample sizes by combining patients admitted for AL
induction and those with other hematologic malignancies,” %1112
or comingling admissions for induction with postinduction hospital-
izations for a variety of indications.®!® In contrast to patients with AL
admitted for induction, the other patients usually have relatively
short durations of neutropenia and antibiotic administration and,
thus, may not reflect the same risk of CDI. In this study, we describe a
single-center experience with a large consecutive population of
patients admitted with newly diagnosed AL. We include a prospective
study of C difficile colonization in a subgroup of these patients and
characterize the distribution of C difficile ribotypes on our unit.

METHODS
Patients and treatments

We studied 509 consecutive patients with newly diagnosed acute
myelogenous leukemia (AML), acute lymphoblastic leukemia (ALL),
biphenotypic leukemia , or chronic myelogenous leukemia in blast
phase who were admitted between October 2006 and August 2017.
Suitably fit patients who consented received induction therapy.
Patients were housed in individual rooms, most with high-efficiency
particulate air filtration and positive-pressure airflow. Hand hygiene
was required before entering the room. Patients had central venous
catheters and received prophylactic proton pump inhibitors. Patients
were not monitored for C difficile colonization, and those diagnosed
with CDI were placed into contact isolation (gloves and gowns). The
hospital diagnostic test for the presence of toxigenic C difficile in the
stool evolved over the course of the study as follows: toxins A/B by
enzyme immunoassay (bioMerieux, Cambridge, MA) prior to Novem-
ber 2010, nucleic acid amplification test for toxin A (Meridian Biosci-
ence, Cincinnati, OH) from November 2010 to January 2014, and
glutamate dehydrogenase (GDH) and toxins A/B (Alere, Waltham,
MA) with reflex to polymerase chain reaction (PCR) for toxin B
(Cepheid, Inc, Sunnyvale, CA) after January 2014. In September 2015,
a multiplex molecular panel to detect 24 gastrointestinal pathogens
including C difficile was introduced, and samples positive for C difficile
were reflexed to GDH/toxin detection in reverse of the normal algo-
rithm. Afebrile neutropenic patients received antimicrobial prophy-
laxis, usually levofloxacin, penicillin, and micafungin. Empirical
treatment for febrile neutropenia was a carbapenem, cefepime, or
piperacillin/tazobactam.

Patient data

Clinical data were acquired from our program’s Acute Leukemia
Database, laboratory data from the Intermountain Healthcare Enter-
prise Data Warehouse, and cost data from the hospital case mix data-
base. Total patient costs (direct +indirect), adjusted to 2017 dollars,
were estimated by relating total hospital costs to charge codes. Cost
data were available for over 98% of the patients, including all with
CDI. Costs for patients dying during the interval being evaluated were
included. For data on antibiotic exposure, patients were considered
to have received an antibiotic if 1 or more doses were administered
on the day under consideration, and the total number of days on each
antimicrobial was calculated. The total number of days that each spe-
cific antibiotic was administered was then acquired. Population-
based data on AL was provided by the Utah Cancer Registry.

Definitions

CDI: the presence of (1) unformed stools, (2) a positive stool test
for C difficile toxin or toxin genes, and (3) a diagnosis of CDI by the
clinical staff. Toxigenic C difficile colonization: a positive stool test not
accompanied by diarrhea or other potentially related symptoms or

signs of CDIL. Colonization on admission: C difficile colonization
detected in a first stool submitted during the first week of hospitaliza-
tion. Hospital-acquired C difficile: a negative admission stool followed
by C difficile colonization and/or CDI during hospitalization. The day
of admission was defined as hospital day 0.

Assessment for C difficile colonization

Stool samples are routinely ordered at admission and weekly
thereafter for detection of vancomycin-resistant Enterococcus. Por-
tions of these stools were saved by the nursing staff for the present
study. Human fecal samples were stored at —80°C. After thawing,
samples were inoculated onto C difficile ChromID agar plates (bio-
Mérieux, Marcy I'Etoile, France) and incubated at 35°C for 48 hour.
Grey-to-black colonies were sub-cultured on Trypticase Soy agar
with 5% Sheep Blood (Becton, Dickinson and Company, Sparks, MD)
and incubated for 48 hours under anaerobic conditions. The identity
of uncertain isolates was confirmed by matrix-assisted laser desorp-
tion ionization-time of flight. Pure isolates were frozen at —80°C. The
presence of GDH and toxins A and B were determined using C diff
Alere Quik Chek Complete (Alere North America, LLC, Orlando, FL).
The presence of toxin genes by PCR was detected using the Cepheid
Xpert C difficile PCR/EPI test (Cepheid, Sunnyvale, CA).

PCR ribotyping

C difficile ribotyping was performed based on a previously
described'* semi-automated method combining amplification of the
16S-23S intergenic spacer region with DiversiLab chip kit and soft-
ware. DNA was extracted using the UltraClean Microbial DNA Isola-
tion Kit (Qiagen, Germantown, MD), amplified using a GeneAmp PCR
System 9700 (Applied Biosystems, Foster City, CA), and loaded onto
DiversiLab DNA chips (bioMérieux, Durham, NC). Fragments were
resolved using the Agilent 2100 Bioanalyzer (Agilent, Santa Clara, CA)
and analyzed using the DiversiLab web-based software. Strains were
considered identical if they had >97% identity and no bands were
different on visual inspection of the electropherograms. Results were
compared with those of control strains obtained from American Type
Culture Collection (Manassas, VA), and through Bei Resources
(National Institute of Allergy and Infectious Diseases, National Insti-
tutes of Health, Manassas, VA).

Statistical analysis

Cumulative incidences of colonization and CDI during hospitaliza-
tion and overall survival were estimated using the Kaplan-Meier
method. For overall survival, patients were censored at last follow-up
or when they proceeded to allogeneic hematopoietic stem-cell trans-
plantation, hazard ratio (HR) (95% confidence interval [CI]) and P val-
ues for the figures were calculated using the log-rank test. For
multivariable comparison of risk factors and antibiotic administra-
tions for patients with and without CDI, Cox proportional-hazards
models incorporating all variables were used to estimate HR and 95%
Cl. Potential risk factors for CDI were identified from the literature
and included age, gender, history of diabetes, hospitalization within 2
months of admission, antibiotic administration within 3 months of
hospitalization, Karnofsky performance status, admission serum
albumin, inpatient days of severe neutropenia, number of antibiotics
administered during admission, and total days of antibiotics during
admission. Antibiotics with a frequency of administration adequate
for analysis were divided into groups as follows: cephalexin/nafcillin,
daptomycin/linezolid, vancomycin, fluoroquinolones, third- and
fourth-generation cephalosporins, carbapenems, extended-spectrum
penicillins, and antifungal agents, with the number of days each was
received recorded. Individual patient outcomes were compared using
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2-tailed Fisher’s exact or Mann-Whitney U tests. A P value of <.05
was considered statistically significant.

RESULTS

Characteristics of the 509 patients are summarized in Table 1.
Patient ages, genders, and AML predominance are as expected for
this cohort. The median follow-up for deceased patients was 3 (range
0.1-118) months and for surviving patients 11 (range 0.1-125)
months. Thirty-eight patients (7%) did not receive anti-leukemic ther-
apy, because of either age, an inadequate performance status, and/or
patient preference. Fifty-five patients (11%) died during hospitaliza-
tion at a median of hospital day 12 (range 0-65).

Frequency, recurrence, and risk factors for CDI

Thirty-one patients (6%) were diagnosed with CDI for an overall
incidence of 2.2 CDI/1,000 inpatient days. All patients were success-
fully treated, receiving a median of 18 days of oral metronidazole
and/or vancomycin. Patients were often treated until neutropenia
resolved. Four of 19 patients receiving initial metronidazole were
changed to vancomycin because of the clinical perception of metroni-
dazole failure.

Only 1 of the patients with CDI had a recorded history of prior epi-
sode (a patient with a second pre-existing hematologic malignancy),
and only 3 patients had CDI detected following discharge. Two of
these patients were undergoing hematopoietic stem-cell transplanta-
tion and 1 patient was receiving re-induction therapy for leukemic
relapse.

The cumulative incidence of CDI for the entire patient cohort is
shown in Figure 1A. This increased linearly during the first 3 weeks,
and then plateaued at the time when many patients had increasing
absolute neutrophil counts and were discontinuing broad-spectrum
antibiotics. Patients with AML were more than twice as likely as those
with other leukemic subtypes to develop CDI (P=.049; Fig 1B).

We compare some potential risk factors between patients with
and without CDI in Table 2. CDI was not associated with older age,
female gender, a lower admission serum albumin, or a history of

Table 1
Characteristics of the 509 patients admitted with newly diagnosed AL
Group, characteristic Value
Number of patients 509
Age, median (range), y 58 (18-88)
Gender
Male 286 (56%)
Female 223 (44%)
Diagnosis
AML 404 (79%)
Secondary AML 60 (12%)
ALL 93 (18%)
BPL 8(2%)
CML-BP 4(1%)
Prior hospitalization (2 mo) 157 (31%)
Prior antibiotics (3 mo) 197 (39%)
History of diabetes 82 (16%)
Received induction therapy 471 (93%)
Hospital length of stay, median (range), d 29(1-117)
Deaths in hospital 55 (11%)
Patients with CDI during hospitalization 31(6%)
CDI following hospitalization 3(0.6%)
Bacteremia during hospitalization 85 (17%)
Patients receiving HSCT 132 (26%)

AL, acute leukemia; AML, acute myelogenous leukemia; ALL, acute lymphoblastic leu-
kemia; BPL, biphenotypic leukemia; CDI, Clostridioides difficile infection; CML-BP,
chronic myelogenous leukemia in blast phase; HSCT, hematopoietic stem-cell
transplantation.

diabetes. A recent prior hospitalization and, administration of a
greater number of antibiotics, conveyed increased risk. The associa-
tion of the antimicrobial groups of agents, recorded as the number of
days administered, with CDI was investigated using a Cox multivari-
able analysis. No antibiotic grouping was found to be predictive for
CDLI. There was a trend for carbapenems to be protective (HR 0.38
[95% CI 0.13-1.1]; P=0.07). AML patients were more likely than ALL
patients to have received antibiotics during the prior 3 months (41%-
28%, P=0.02) and received a greater number of antibiotics (median 5
[range 0-9] vs median 3 [range 0-9]; P <0.0001) and more days of
antimicrobials (median 31 [range 0-118] vs 24 [0-53; P <0.0001)
during hospitalization.

CDI and patient outcomes

We investigated several outcomes for their association with CDI
(Table 3). Compared to patients without CDI, those with CDI showed
a trend towards longer LOS but no differences in incidence of bacter-
emia, median or overall survival (Fig. 1C), number of hospital deaths,
or costs.

C difficile colonization

We evaluated 100 patients without diarrhea who submitted a
stool during the first week of hospitalization (median day 2). Twelve
(6 toxigenic) of 75 (16%) patients with AML and 1 (1 toxigenic) of 25
(4%) patients with other leukemic types were colonized. The cumula-
tive rate of acquisition of toxigenic C difficile during hospitalization
for the 93 patients with toxigenic C difficile negative admission stools
is shown in Figure 1D. Colonization was detected in 7 (8%) of the
patients.

C difficile colonization and CDI

Two of the 7 (29%) patients colonized on admission with toxigenic
C difficile and 3 of the 93 (3%) not colonized were diagnosed with CDI
(Risk ratio 8.9 [95% CI 1.8-44.6%], P=0.04) during hospitalization. This
corresponds to incidences of 11.2 CDI/1,000 inpatient days and
1.1 CDI/1,000 inpatient days, respectively.

C difficile ribotypes

To estimate the number of toxigenic C difficile strain types on the
unit and their individual prevalence, we PCR-ribotyped an available C
difficile positive stool from 90 admissions (Fig. 2). Twenty-seven ribo-
types were identified. Four ribotypes made up 50% of the samples.
The most common ribotype was 014/020 followed by ribotype 027.

DISCUSSION

To our knowledge, this is the first large series of newly diagnosed
patients with AL that examines the incidence, risk factors, and conse-
quences of CDI associated with leukemic induction. Newly diagnosed
patients typically have extended hospital stays, prolonged courses of
broad-spectrum antibiotics, and an increased risk of environmental
exposures to toxigenic C difficile. These factors might be expected to
place these patients at an especially high risk. Conversely, our CDI
incidence is similar to that reported for patients hospitalized with
various hematologic malignancies,®®%'® which is increased, but not
greatly so, over general hospitalized populations.'”

A number of risk factors for CDI have been suggested in prior stud-
ies of hematologic malignancies. There has been disagreement over
the predictive value of older age and female gender.%!11213.16 we
found no association with these demographic parameters. Also, we
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Fig 1. (A) Cumulative rate of Clostridioides difficile infection (CDI) for all patients. (B) Cumulative rate of CDI for patients with acute myelogenous leukemia (AML) compared to other
types of acute leukemia. (C) Overall survivals for patients with and without CDI during admission for potential leukemic induction. (D) Cumulative rate of CDI for patients with an
admission stool sample that was negative for toxigenic C difficile testing. Hazard ratio (HR) and confidence interval (CI) were calculated using the log-rank test.

Table 2
Comparison of 31 patients with and 478 patients without CDI during hospitalization
for newly diagnosed AL

Group, characteristic Multivariable HR* Pvalue
Patient demographics
Age 1.01(0.98-1.03)' .61
Gender female 1.02 (0.51-2.1) .96
Patient history
Diabetes 1.8 (0.74-4.4) .19
Hospitalization prior 2 mo 2.6(1.2-5.8) .02
Antibiotics prior 3 mo 0.39(0.14-1.08) .07
Admission co-morbidity
Karnofsky performance Status 0.99 (0.97-1.02) .55
Admit serum albumin, g/dL 1.04 (0.53-2.0) 92
Hospital parameters
Severe neutropenia (d) 0.44(0.17-1.2) .10
Antibiotics (no.) 1.2 (1.04-1.5) .02
Antibiotics (d) 0.74 (0.65-0.84) <.01

AL, acute leukemia; HR, hazard ratio.
*All variables in Table 2 were included in the model.
(HR [95% confidence interval]).

could not confirm a correlation with admitting measures of co-mor-
bidity such as serum albumin’ or a history of diabetes.®'®

Our analysis shows that patients with AML are at higher risk for
CDI. At least in part, this relates to the greater number of antibiotics
in our AML cohort. It may be that other differences between AML and
ALL patients will be found to be important. For example, the two

groups receive distinct induction chemotherapy regimens. Whether
individual chemotherapeutic agents increase infection risk by mecha-
nisms other than myelosuppression is unclear.

Several authors have examined the relationship between various
classes of antibiotics and CDI in patients with hematologic malignan-
cies. These have identified ceftazidime,® cephalosporins,'! or carba-
penems.' To our knowledge, this study is the largest to address this
question, and we could not identify an association with any antibiotic
classes. Of additional interest was a trend for carbapenems to be pro-
tective, possibly because of their activity against C difficile.'®

Our data suggest that the number of antibiotics are a greater risk
factor than antimicrobial classes, possibly because of increased effects
on gut flora. Also, a recent prior hospitalization, which in our patients
was usually because of pre-diagnosis fever and/or infection, also seems
to increase CDI. This may be due to an increased risk of C difficile colo-
nization, as suggested by Behar et al.'” A number of our patients
received outpatient antibiotics for various local infections. However,
antibiotic exposure within 3 months of admission, which has also been
reported to increase C difficile colonization,'® did not increase CDI.

Our results show that patients admitted for induction and those
admitted post-induction for various leukemia-related indications
(median about 2 admissions/patient in our experience) are 2 distinct
risk groups for CDI. The latter typically have short admissions
(median 5 days in our experience), may or may not receive antibiotics
or chemotherapy, and rarely develop CDI. Thus, analyses that com-
bine the longer induction admissions with the shorter subsequent
ones®!? will inevitably identify longer LOS, more days of neutropenia,
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Table 3
Comparisons of outcomes between Patients with and without Clostridioides difficile
infection

Outcome CDI No CDI Pvalue
Patients (no.) 31 478 —
Lengths of stay, d 31(13-58) 29(1-117) 0.054
Bacteremia during hospitalization 4(13%) 83 (17%) 0.48
Overall survival (median), mo NR* 28.1 —
Deaths in hospital 1(3%) 54 (11%) 0.23
Costs, median (range) $x10*

Hospitalization 9.2(0.30-21) 9.3(0.08-48) 0.54

First 3 mo following admit 13.4(2.1-32) 12.3(0.2-70) 0.89

First year following admit 19.1(2.1-42) 17.6 (0.2-113) 0.74

*The median overall survival had not been reached at the time of the study.

and a greater number of antibiotic days as risk factors for CDI.
Whether these are simply markers for the longer induction hospital-
izations or directly contribute to CDI pathophysiology is less clear.
Conceivably a longer LOS may increase opportunities for C difficile
acquisition, more antimicrobials may cause greater disruption of gas-
trointestinal microbiota, and, perhaps, the immunosuppression asso-
ciated with the neutropenic period may result in decreased CDI
resistance.'® For newly diagnosed patients, who typically present
with neutropenia, begin antibiotics at admission, and develop CDI in
the midst of neutropenia and antibiotic administration, LOS, days of
antibiotics, and days of neutropenia would not emerge as risk factors.

At least 1 group has reported that blood-stream infection rates, in
this case with vancomycin-resistant Enterococcus, are increased in
patients with CDI.>® We suggest that which organism is cultured
from the blood is probably more dependent on patient colonization
status, and whether a BSI with any organism occurs relates more to
patient susceptibility factors, such as immune and mucosal compro-
mise.?! Thus, it may be more appropriate to ask if CDI increases the
overall risk for bacteremia. If so, mucosal inflammation and break
down, especially in the setting of neutropenia, could promote translo-
cation of bacteria into the blood stream, and/or CDI could be a marker
for greater microbiota disruption, which has been associated with
sepsis.?”> However, in our patient cohort, CDI, at least in the relatively
mild form experienced by our patients, did not increase the risk for
bloodstream infections.

Concerns about CDI on units caring for patients with hematologic
malignancies raise the question whether all patients should undergo
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Fig 2. Prevalence of 27 ribotypes obtained from an available stool from 90 patient
admissions between 2015 and 2017. Ribotypes preceded by “L” could not be matched
with control strains obtained from the American Type Culture Collection.

admission screening for C difficile colonization. The low rate of coloni-
zation at admission and during hospitalization combined with the
relatively benign nature of CDI in our patients suggest that routine
screening is not warranted, unless, perhaps, in the setting of an out-
break or if hypervirulent strains are suspected. If patients are
screened on admission, a negative stool suggests an increased consid-
eration of other causes of subsequent diarrhea.

There are few data on the effect of CDI on the outcomes of LOS, over-
all survival, and cost for patients with hematologic malignancies. In a
large “nationwide analysis” combining hospitalizations of patients with
acute and chronic leukemia, it was concluded that mortality, LOS, and
costs are increased with CDI.> Similar findings in patients with malig-
nancies were reported in a large regional multihospital discharge data-
base.”® In these studies, however, the patients without CDI had
significantly shorter hospitalizations (mean 5 and 10 days, respectively).
Since cost is driven primarily by LOS, and patients with unresolved co-
morbidities unrelated to CDI would tend to stay in the hospital longer,
the relation of CDI itself to these outcomes has been unclear. Our results
show that CDI itself seems to make no significant contribution to LOS,
mortality, and cost in our patient population.

We found that ribotype 014/020 was the most common on our
unit followed by 027. The predominance of 014/020 strains is consis-
tent with previous epidemiologic surveys showing predominance of
014/020 in the Western United States and 027 in all other regions of
the United States.** The clinical significance and outcomes of CDI
from ribotype 014/020 has yet to be defined. We did not observe
severe outcomes or increased mortality in our patients with 027.

A strength of our study is our large consecutive patient series.
Limitations include a retrospective single institutional study with
local practice patterns. Because of the relative homogeneity of our
patient population, we were unable to assess some important issues,
such as the association of CDI with administration of proton pump
inhibitors (received by 96% of patients) or anti-leukemic treatment
(93%). In addition, complete data on antibiotic administration prior to
hospitalization were not uniformly available, so antimicrobial expo-
sures may have been underestimated in some patients. The infre-
quent occurrence of CDI despite our large sample limited the power
of some of our statistical analyses. Last, our patient cohort was not
entirely a representative sample of all newly diagnosed patients in
Utah. Being a referred population, our patients differed in expected
ways. Comparison with data from the Utah Cancer Registry showed
that our subgroup of patients were younger (median 58 vs 64 years),
and a greater percentage received anti-leukemic therapy (median
93% vs estimated 80%).

CONCLUSIONS

CDI is relatively infrequent among newly diagnosed patients with
AL and has little, if any, effect on patient outcomes. CDI is more com-
mon in patients with AML than other types of leukemia. Risk factors
for CDI include a prior recent hospitalization and, a greater number of
antibiotics. C difficile colonization on admission seems to be more fre-
quent in patients with AML and conveys a greater risk of CDI. C diffi-
cile ribotypes 014/020 and 027 are most frequent on our unit.
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