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OBJECTIVE To assess whether receipt of antibiotics by prior hospital bed occupants is
associated with increased risk for CDI in subsequent patients who occupy the same bed.

DESIGN, SETTING, AND PARTICIPANTS This is a retrospective cohort study of adult patients
hospitalized in any 1 of 4 facilities between 2010 and 2015. Patients were excluded if they had
recent CDI, developed CDI within 48 hours of admission, had inadequate follow-up time, or if
their prior bed occupant was in the bed for less than 24 hours.

MAIN OUTCOMES AND MEASURES The primary exposure was receipt of non-CDI antibiotics by
the prior bed occupant and the primary outcome was incident CDI in the subsequent patient
to occupy the same bed. Incident CDI was defined as a positive result from a stool polymerase
chain reaction for the C difficile toxin B gene followed by treatment for CDI. Demographics,
comorbidities, laboratory data, and medication exposures are reported.

RESULTS Among 100 615 pairs of patients who sequentially occupied a given hospital bed,
there were 576 pairs (0.57%) in which subsequent patients developed CDI. Receipt of

antibiotics in prior patients was significantly associated with incident CDI in subsequent
patients (log-rank P < .01). This relationship remained unchanged after adjusting for factors
known to influence risk for CDI including receipt of antibiotics by the subsequent patient
(adjusted hazard ratio [aHR], 1.22; 95% Cl, 1.02-1.45) and also after excluding 1497 patient
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pairs among whom the prior patients developed CDI (aHR, 1.20; 95% Cl, 1.01-1.43). Aside
from antibiotics, no other factors related to the prior bed occupants were associated with

increased risk for CDI in subsequent patients.

CONCLUSIONS AND RELEVANCE Receipt of antibiotics by prior bed occupants was associated
with increased risk for CDI in subsequent patients. Antibiotics can directly affect risk for CDI in

patients who do not themselves receive antibiotics.
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lostridium difficile infection (CDI) is the most common
cause of diarrhea in the hospital and is responsible for
an estimated 27 000 deaths annually in the United
States.! Clostridium difficile infection occurs when there is a
susceptible host and sufficient exposure to the organism. Many
factors may increase host susceptibility to CDI, but the most
crucial host-related risk factor is exposure to antibiotics.?
Antibiotics are a risk factor for CDI not only when they are as-
sessed at the level of the individual patient but also when they
are assessed at the level of the hospital ward,?* the level of the
institution,” and the regional level.®
Exposure to C difficile is common in the hospital because
C difficile spores are capable of persisting in the environment
for months.” High counts of C difficile spores can be detected
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in the stool of infected or colonized individuals, and C diffi-
cile can be readily cultured from the beds, bed rails, floors,
and walls ef-hespital-reems where prier-eeetpants have had
CDI.%° When individuals enter a new environment, they
rapidly acquire C difficile as well as the other microorgan-
isms that are present.!® When one hospital roommate has
CDI, patients who share that room are at increased risk for
CDI.! Furthermore, when the previous occupant of a given
hospital room has CDI, the subsequent patient in that room
is at increased risk for CDI.

It is uncertain how antibiotics or other CDI risk factors
might act on one patient to increase risk for CDI in a subse-
quent patient who shares the same hospital environment. We
examined whether receipt of antibiotics by prior occupants of
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a given hospital bed was associated with increased risk for CDI
in subsequent patients in the same bed.

Methods

Population

This was aretrospective cohort study in 4 affiliated but geographi-
cally distinct hospitals in the New York City metropolitan area.
Adults at least 18 years old admitted from 2010 to 2015 were con-
sidered for the study if they spent at least 48 hours in their first
bed following hospital admission. For patients with multiple ad-
missions, the first admission was analyzed. Electronic time
stamps were used to identify sequential patients who occupied
a given hospital bed in either a single-occupancy or multiple-
occupancy hospital room. We required that the prior patient spent
atleast 24 hours in the bed and left the bed less than 1 week be-
fore the next patient’s admission. These requirements were based
on the assumption that there would be minimal potential expo-
sure to C difficile spores if beds were occupied very briefly or were
vacant for long periods before the arrival of subsequent patients.
Subsequent patients with a known diagnosis of CDI within the
90 days preceding room admission were excluded to focus on
incident rather than recurrent CDI. Subsequent patients were also
excluded if they tested positive for CDI within the first 48 hours
after admission. Flow into the study is shown in eFigure 1in the
Supplement. The study protocol was approved by the institu-
tional review boards of Columbia University Medical Center and
Weill-Cornell Medical Center.

Clostridium difficile Infection

Clostridium difficile infection was defined as a positive result
from a polymerase chain reaction (PCR) test for the C difficile
toxin B gene from an unformed stool followed by receipt of ap-
propriate anti-CDI antibiotics. We selected 2010 for the start
of the study because it represents the earliest time when all
participating institutions uniformly used the stool PCR test for
the diagnosis of CDI. For the duration of the study, the envi-
ronmental policies related to CDI at the participating institu-
tions met or exceeded current guidelines from the Society for
Healthcare Epidemiology of America and the Infectious Dis-
eases Society of America.! These policies are summarized in
eTable 1in the Supplement.

Primary Exposure

The primary exposure was receipt of antibiotics by the prior bed
occupant during the relevant hospitalization, prior to dis-
charge from the shared bed. Receipt of antibiotics was as-
sessed using data from a computerized clinician order entry sys-
tem. To ensure that antibiotics did not function as a surrogate
for suspected but undiagnosed CDI, patients were not classi-
fied as having received antibiotics if the only antibiotics they
received were those specifically used for treatment of CDI (ie,
metronidazole or oral vancomycin). The antibiotic classes
included in the study are listed in eTable 2 in the Supplement.
Antibiotic exposure was classified categorically as present vs
absent because the best evidence suggests that even a single
dose of antibiotics affects risk for CDI for up to 90 days.*1®
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Key Points

Question s the receipt of antibiotics by prior hospital bed
occupants associated with risk for Clostridium difficile infection
(CDI) in subsequent patients who occupy the same bed?

Findings In this cohort study, receipt of antibiotics by prior
patients was associated with a 22% relative increase in risk for CDI
in subsequent patients who occupied the same bed. Aside from
antibiotics, no other factors related to the prior bed occupants
were associated with increased risk for CDI in subsequent patients.

Meaning Antibiotics given to one patient may alter the local
microenvironment to influence a different patient’s risk for CDI.

Importance Antibiotics are the crucial risk factor for CDI, but it is
unknown how one hospitalized patient’s receipt of antibiotics may
affect risk for CDI for a different patient within the same
environment.

Covariates

Automated queries were used to retrieve demographic infor-
mation, laboratory values at the time of room admission, co-
morbidities using claims data (to compute the Charlson
Comorbidity Index),'”!® duration of hospital stay, the presence
or absence of contemporaneous cases of hospital-onset CDI (to
capture the concept of C difficile colonization pressure),> ward
type (classified as cardiac, medical, surgical, neurological, or in-
tensive care unit), and treatments received during hospitaliza-
tion including receipt of antibiotics, hemodialysis, acid sup-
pression medications (proton pump inhibitors or histamine-2
receptor antagonists), and immunosuppressive medications (in-
cluding systemic steroids at a minimum dose of 5 mg of pred-
nisone or equivalent, calcineurin inhibitors, antimetabolites,
anti-tumor necrosis factor agents, and mycophenolate).

Statistical Approach

For continuous variables, means were computed if data were nor-
mally distributed, or medians and interquartile ranges if data
were skewed. Differences in medians were compared using the
Hodges-Lehmann estimate. Categorical variables were compared
using the x2 test or Fisher exact test when 5 or fewer events were
expected in any category. The multivariable analysis was con-
structed using a Cox proportional hazards model with patients
followed from the time of room admission until discharge,
death, CDI, or for a maximum of 14 days. We selected 14 days as
a cutoffbecause (1) this represents the period of maximum CDI
risk following antibiotics,'® (2) most patients who develop
new CDI colonization do so within the first 14 days following
hospitalization,® and (3) the prior bed occupant’s contribution
to the microbial milieu of a given hospital room is likely to be-
come diluted with the passage of time. The proportional hazards
assumption was verified by visual inspection of time-to-event
data and by testing for a nonzero slope in the Schoenfeld
residuals.?° To build the final model, variables were tested step-
wise and included if they had a significant independent relation-
ship with CDI or if they altered the B-coefficient representing the
previous patient’s receipt of antibiotics by at least 10%. All analy-
ses were performed using Stata statistical software (version 12;
StataCorp) at the a = .05 level of significance.
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Table 1. Characteristics of Subsequent Patients Who Did and Did Not Develop Clostridium difficile Infection (CDI)?

Patient
Developed CDI Did Not Develop CDI Estimates, OR

Characteristic (n=576) (n=100039) (95% CI)®
Male sex 279 (48) 49192 (49) 0.97 (0.82 to 1.14)
Age,y

<55 142 (25) 34183 (34) 1 [Reference]

55-70 175 (31) 29116 (29) 1.45 (1.16 to 1.81)

>70 259 (45) 36740 (37) 1.70 (1.38 t0 2.08)
Race/ethnicity

White 240 (42) 39316 (39) 1 [Reference]

Black 47 (8.2) 10208 (10) 0.75 (0.55 to 1.03)

Hispanic 119 (21) 22790 (23) 0.86 (0.69 to 1.07)

Other/unknown 170 (30) 27725 (28) 1.00 (0.82 to 1.22)
Ward type

Medical 193 (34) 40830 (41) 1 [Reference]

Cardiac 72 (13) 15308 (15) 1.00 (0.76 to 1.31)

Intensive care unit 178 (31) 12109 (12) 3.11 (2.53 to 3.82)

Surgical 100 (17) 21788 (22) 0.97 (0.76 to 1.24)

Neurological 33(5.7) 10004 (10) 0.70 (0.48 to 1.01)
Charlson Comorbidity Index, median (IQR) 2 (0to3) 1(0to2) 0(0to1)

Laboratory values at the time of room admission, median (IQR)
Serum creatinine level, mg/dL 1.0 (0.8 to 1.7)
3.2 (2.7 t03.7)

10.6 (7.3 to 14.5)

0.9 (0.7 to 1.2)
3.9 (3.3 t0 4.5)
8.6 (6.3t0 11.7)

0.1 (0.1t00.2)
-0.6 (-0.7 to -0.1)
1.7 (1.3 to 2.1)

Serum albumin level, g/dL
White blood cell count, cells x10°/L

Length of stay, median (IQR), d 17 (11 to 26) 6 (4 to 10) 10 (9to 11)
Treatments and medications received prior to the diagnosis of CDI
Antibiotics 386 (67) 27045 (27) 5.48 (4.61 t0 6.53)
Hemodialysis 75 (13) 2434 (2.4) 6.00 (4.69 to 7.68)
Acid suppression medications 441 (77) 45949 (46) 3.85 (3.17 to 4.66)
Immunosuppressants 178 (31) 13750 (14) 2.81 (2.35 to 3.35)
Contemporaneous CDI® 159 (28) 8372 (8.4) 4.17 (3.47 t0 5.02)

Abbreviations: IQR, interquartile range; OR, odds ratio.

Sl conversion factors: To convert creatinine to micromoles per liter, multiply by
88.4; to convert albumin to grams per liter, multiply by 10.

2 Data are given as No. (%) except where noted.

b Confidence estimates are for ORs for categorical variables and for the

difference of medians for continuous variables (median for those with CDI vs
median for those without CDI).

€ Contemporaneous CDI approximates C difficile colonization pressure and

represents the presence or absence of another case of hospital-onset CDI on
the ward during each patient’s at-risk period.

Sensitivity Analyses

To test whether the relationship between the prior patient’s re-
ceipt of antibiotics and CDI in the subsequent patient was me-
diated by CDIin the prior patient, a restriction analysis was per-
formed excluding patient pairs in which the prior patient in the
bed had known CDI. Previous studies have suggested a seasonal
pattern to CDIin the United States, with a rise in cases during the
winter months presumably due to increased prescription of
antibiotics.!®?! To test the effect of season on the model, quar-
terly periods were generated corresponding to the seasons as
follows: winter (December-February), spring (March-May), sum-
mer (June-August), and fall (September-November). To further
explore the effect of ward type within our final model, stratified
analyses and testing for interactions were performed.

. |
Results

Patient Characteristics
Data for a total of 100 615 pairs of patients sequentially admit-
ted to a given hospital bed were analyzed, including 576 subse-
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quent patients who developed CDI within 2 to 14 days after ar-
riving at their bed. There was no evidence of CDI outbreaks or
of'a change in the incidence rate of CDI during the course of the
study (eFigure 2 in the Supplement). The median duration of bed
occupancy for the prior bed occupant was 3.0 days (interquar-
tilerange [IQR], 1.9-5.4). There was a median duration of 10 hours
(IQR, 4-29) during which the bed was vacant between patients.
When the subsequent patient developed CDI, the median time
from bed admission to CDI was 6.4 days (IQR, 4.0-9.5).

Baseline Risk Factors

The characteristics of subsequent patients appear in Table 1,
and the characteristics of prior bed occupants appear in Table 2.
Subsequent patients with incident CDI were more likely to have
traditional CDI risk factors including older age, increased cre-
atinine, decreased albumin, and receipt of antibiotics. Com-
pared with subsequent patients without incident CDI, subse-
quent patients with incident CDI were more likely to have
traditional CDI risk factors including older age, increased cre-
atinine level, decreased albumin level, receipt of antibiotics,
and contemporaneous patients on their wards with CDI. They
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Table 2. Characteristics of the Prior Bed Occupants, Organized According to Whether or Not the Subsequent
Patient Developed Clostridium difficile Infection (CDI)?

Subsequent Patient

Characteristic of the Developed CDI Did Not Develop CDI Estimates,
Prior Bed Occupant (n=576) (n=100039) OR (95% CI)®
Male sex 293 (51) 49 494 (49) 1.06 (0.90 to 1.25
Age, y
<55 161 (28) 32922 (33) 1 [Reference]
55-70 178 (31) 29648 (30) 1.23 (0.99 to 1.50)
>70 237 (41) 37469 (37) 1.29 (1.06 to 1.58)
Race/ethnicity
White 247 (43) 38605 (39) 1 [Reference]
Black 66 (11) 10513 (11) 0.98 (0.75 to 1.29)
Hispanic 135 (23) 24709 (25) 0.85 (0.69 to 1.05)
Other/unknown 128 (22) 26212 (26) 0.76 (0.62 to 0.95)
Charlson Comorbidity Index, 1(0-3) 1(0-2) 0 (0to 0)
median (IQR)
Laboratory values at the time
of room admission, median (IQR)
Serum creatinine level, mg/dL 1.0 (0.8-1.3) 0.9 (0.7-1.3) 0.0 (0.0t0 0.1) Abbreviation: IQR, interquartile
Serum albumin level, g/dL 3.5 (2.9-4.3) 3.8 (3.2-4.5) -0.2 (-0.3 to -0.1) range.
White blood cell count, cells x10%/L 8.9 (6.5-12.4) 83(6.3-11.5)  05(0.2t00.9) Sl conversion factors: To convert
creatinine to micromoles per liter,
Treatments and medications received multiply by 88.4: to convert albumin
Antibiotics 353 (61) 48720 (49) 1.67 (1.41 to 1.97) to grams per liter, multiply by 10.
Hemodialysis 41 (7.1) 3960 (4.0) 1.86 (1.35 to 2.56) @ Data are given as No. (%) except
Acid suppression medications 368 (64) 54959 (55) 1.45(1.22t0 1.72) where noted.
Immunosuppressants 172 (29) 21718 (22) 1.54 (1.28 to 1.84) " Confidence estimates are for odds

ratios for categorical variables and
DI for the difference of medians for

Within 90 d before room admission 1(0.17) 146 (0.15) 1.19 (0.17 to 8.52) continuous variables (median for

11 (1.90) 1339 (1.30) 1.44 (0.79 to 2.61) those with CDI vs median for those

During room admission without CDI).

Figure 1. Kaplan-Meier Plot Showing Survival Free From Clostridium difficile Infection (CDI) Through 14 Days,
Stratified According to the Antibiotics Received by the Prior Bed Occupant

1.00
0.99+
IS No antibiotics in the prior
= bed occupant
a
g 0.98- ™7~ Antibiotics in the prior
= bed occupant
a
o
0.97
Logrank P<.01
0.96 T T 1
0 2 7 14
Days After Room Admission
No. at risk
No antibiotics 51542 18664 7070
Antibiotics 49073 17674 6426

portional hazards model, receipt of antibiotics was the only
characteristic related to prior patients that was associated
with increased risk for CDI in subsequent patients (Table 3).

were also more likely to have prior bed occupants with simi-
lar traditional CDI risk factors.

E4

Multivariable Analysis

The cumulative incidence of CDI in subsequent patients was
0.72% when prior bed occupants received antibiotics com-
pared with 0.43% when prior bed occupants did not receive
antibiotics (log-rank P < .01) (Figure 1). In the final Cox pro-

JAMA Internal Medicine Published online October 10, 2016

The most important risk factors for CDI were all related to
the subsequent patient: receipt of antibiotics, the presence
of a contemporaneous patient with CDI on the ward, receipt
of acid suppression medications, and hospitalization in
the ICU.
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Table 3. Final Cox Proportional Hazards Model of Risk Factors for Clostridium difficile Infection (CDI)

Hazard Ratio (95% Cl)

Patients With CDI/

Risk Factors Total Exposed (%) Full Model Final Model
Prior Bed Occupant Risk Factors
Age,y

<55 161 of 33 083 (0.5) 1 [Reference] NA

55-70 178 of 29 826 (0.6) 1.11 (0.89-1.37) NA

>70 237 of 37 706 (0.6) 1.17 (0.95-1.43) NA
Antibiotics 3530f49073 (0.7) 1.21 (1.01-1.46) 1.22 (1.02-1.45)
Acid suppression medications 368 of 55327 (0.7) 0.95 (0.79-1.14) NA
Immunosuppressants 172 of 21 890 (0.8) 0.95 (0.79-1.15) NA
Serum

Creatinine level® NA 0.96 (0.91-1.01) NA

Albumin level® NA 1.05 (0.94-1.18) NA

Patient Risk Factors
Age, y
<55
55-70
>70
Antibiotics
Acid suppression medications
Immunosuppressants
Serum
Creatinine level®
Albumin level®
Contemporaneous CDI¢
Common risk factors
Ward type
Medical
Cardiac
Intensive care unit
Surgical
Neurological

142 of 34 325 (0.4)
175 of 29 291 (0.6)
259 of 36 999 (0.7)
386 0f 27 431 (1.4)
441 of 46 390 (1.0)
178 0of 13928 (1.3)

NA
NA
159 of 8531 (1.9)

193 of 41 023 (0.5)
72 of 15 380 (0.5)
178 of 12 287 (1.4)
100 of 21 888 (0.5)
330f 10037 (0.3)

1 [Reference]

1.12 (0.89-1.39)
1.38 (1.12-1.71)
4.21 (3.53-5.03)
2.15 (1.76-2.62)
1.52 (1.26-1.84)

1.07 (1.04-1.11)
1.29 (1.16-1.44)
4.00 (3.32-4.83)

1 [Reference]

1.06 (0.80-1.41)
1.96 (1.58-2.44)
1.25(0.98-1.61)
1.14 (0.78-1.65)

1 [Reference]

1.12 (0.90-1.40)
1.40 (1.14-1.73)
4.20 (3.52-5.02)
2.14 (1.75-2.61)
1.50 (1.25-1.81)

1.07 (1.03-1.11)
1.29 (1.16-1.44)
3.99 (3.31-4.81)

1 [Reference]

1.08 (0.82-1.43)
1.94 (1.57-2.40)
1.23 (0.95-1.56)
1.13(0.78-1.64)

Original Investigation Research

Abbreviation: NA, not applicable.

@ Per mg/dL increase in serum
creatinine level.

®Per mg/dL decrease in serum
albumin level.

€ Contemporaneous CDI
approximates C difficile colonization
pressure and represents the
presence or absence of another
case of hospital-onset CDI on the
ward during each patient’s at-risk

Sensitivity Analyses

The relationship between receipt of antibiotics by prior pa-
tients and risk for CDI in subsequent patients remained un-
changed when the analysis was restricted by excluding 1497
patient pairs in which the prior patient had recent CDI (ad-
justed hazard ratio [aHR], 1.20; 95% CI, 1.01-1.43). When sea-
son was tested in the final model, there was a significant in-
crease in risk for CDI during the summer compared with the
winter months (aHR, 1.38; 95% CI, 1.09-1.74), although this did
not alter the relationship between prior patients’ receipt of an-
tibiotics and risk for CDIin subsequent patients (aHR, 1.20; 95%
CI, 1.01-1.43). We observed that an intensive care unit (ICU) lo-
cation was a significant independent risk factor for CDI. Strati-
fying by ICU vs non-ICU locations, the association between
prior patients’ receipt of antibiotics and risk for CDI in subse-
quent patients was stronger in the ICU (aHR, 1.58; 95% CI, 1.05-
2.36) compared with non-ICU locations (aHR, 1.17; 95% CI,
0.96-1.43), although this interaction was not statistically
significant (P = .19).

|
Discussion

In pairs of patients sequentially admitted to a given hospital
bed, receipt of antibiotics by prior bed occupants was associ-

jamainternalmedicine.com

period.

ated with increased risk for CDI in subsequent patients. This
association was modest in strength but remained statistically
significant after adjusting for potential confounders such as
patient comorbidities, CDI colonization pressure, ward type,
and the subsequent patient’s exposure to antibiotics. This as-
sociation was independent of the prior bed occupant’s CDI sta-
tus, and persisted through multiple sensitivity analyses. We
examined several traditional risk factors for CDI in the prior
patient, including antibiotics, hemodialysis, acid suppres-
sion medications, and immunosuppressants. Of these risk fac-
tors, only receipt of antibiotics by prior bed occupants was as-
sociated with increased risk for CDI in subsequent patients.
These findings are summarized graphically in Figure 2.
Antibiotics have long been established as the crucial risk
factor for CDI. Previous studies have shown that use of anti-
biotics has an impact on individual risk for CDI when use of
antibioticsis evaluated at the ward level, or even at the broader
level of the hospital or the regional network.>%-22 Our study
may be the most direct example to date of the potential effect
of antibiotics in patients who do not themselves receive the
antibiotics. In patients colonized by C difficile, antibiotics may
promote C difficile proliferation and the number of C difficile
spores that are shed into the local environment.?? In turn, this
may resultin a higher environmental burden of C difficile and
greater risk for acquisition and infection in future patients who
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Figure 2. Schematic Depicting Risk Factors Significantly Associated With Increased Risk

for Clostridium difficile Infection (CDI)

Antibiotics

Prior bed
occupant

Subsequent
patient

Age>70y

eeeeee I—. H

Acid suppression ‘

Immunosuppressants ‘

LCTERsEd CrEatiellevel ‘ Multiple risk factors were identified

related to the subsequent patient
but, of all the potential risk factors
‘ examined that were related to the
prior bed occupant, only antibiotics
were associated with increased risk
‘ for CDI in subsequent patients.
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share the same environment. Alternatively, antibiotics may
affect the gastrointestinal microbiome more globally to de-
crease bacterial species that are protective against C difficile
or toincrease bacterial species that facilitate C difficile.>* Sub-
sequent patient-to-patient transmission of these bacterial spe-
cies may then drive risk for CDI in future patients. The spe-
cific mechanisms underlying the herd effects of antibiotics may
be a fruitful area for future research.

Several studies have examined how individual patient-to-
patient networks affect risk for CDI. In patients who are co-
housed, a roommate with CDI is a risk factor for incident
CDI.°1-2° Physical proximity to a patient with known CDI also
seems to be a risk factor.26-2” Shaughnessy et al'? studied ICU
admissions and found a 3-fold increase in risk for CDI when
the prior room occupant had CDI. Studies focused on the ac-
quisition of multidrug-resistant organisms have reached simi-

lar_conclusions.?®3° More generally, the CDI status of prior
room occupants can be considered as a component of the colo-
nization pressure related to C difficile. The concept of coloni-
zation pressure—essentially the number of patients nearby who
already have the infection—is well established for carriage of
methicillin-resistant Staphylococcus aureus and vancomycin-
resistant Enterococcus and also for CDI.>-*! Our study results
extend the findings of these previous studies by demonstrat-
ing that the CDI risk profile of the prior bed occupant (ie,
whether or not that patient received antibiotics) is likely to be
a part of C difficile colonization pressure.

During the period of our study, all participating institu-
tions had policies that met or exceeded current environmen-
tal cleaning protocols for CDI. However, the presence of a policy
does not necessarily mean that the policy is being effectively
implemented.322 Clostridium difficile spores are hardy, are not
killed by gastric acid, and are ubiquitous in the hospital envi-
ronment and easily cultured from patient beds and other
locations.®* As the burden of C difficile spores increases, it is
likely to be increasingly difficult to prevent the spread of spores
to patients by hospital personnel or by other vectors.?>® Many
institutions, including the institutions that participated in this
study, currently target the rooms of patients with CDI for ad-
ditional cleaning measures, such as UV radiation.?® Our study
provides further, albeit indirect, evidence of the importance
of colonized patients in the nosocomial transmission of
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C difficile.*°-*' Overall rates of CDI may be improved by focus-
ing cleaning protocols on the rooms of patients who have risk
factors for CDI (eg, receipt of antibiotics) rather than focusing
exclusively on patients with known CDI. In this study, CDI in
prior bed occupants was not a risk factor for CDI in subse-
quent patients. This may indicate that the beds and rooms of
patients with known CDI are cleaned more effectively than
other beds and rooms.

This study was observational and, as with all observa-
tional studies, the potential for confounding should be care-
fully assessed. Selective housing of patients—that is, the
housing of the sickest patients in certain rooms—must be
considered as a source for residual confounding. Because
baseline severity of illness is an important risk factor for CDI,
selective housing of patients could cause bias away from the
null. Several pieces of evidence argue against this as an
explanation for our results. First, adjusting for patient
comorbidities did not significantly alter the relationship
between the antibiotics received by prior bed occupants and
subsequent patients’ risk for CDI. Second, if the sickest
patients were housed in certain rooms one would expect to
see an association between traditional risk factors for CDI
(eg, serum creatinine or albumin levels) in the prior patient
and the subsequent patient’s risk for CDI. However, aside
from antibiotics, no other factors related to the prior patient
were associated with CDI in the subsequent patient in our
final model. Finally, the strength of association increased
when we examined only patients housed in the ICU, where
patients are likely to be more homogeneous and preferential
admission of sicker patients to certain rooms is unlikely.

There are additional limitations to this study. It was con-
ducted in a single health care system and may not be gener-
alizable to other institutions. The study was also conducted
in a nonoutbreak setting, and the relationship between anti-
biotics and CDI may fundamentally differ during an out-
break. Because we analyzed data that were previously col-
lected, we were not able to directly assess the mechanism by
which C difficile may be transmitted from prior bed occu-
pants to subsequent patients. We were not able to demon-
strate a dose-response effect. Last, the observed effect size was
small. Although this translates into a modest absolute risk as-
sociated with antibiotics in the prior bed occupant, it remains
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Receipt of Antibiotics by Prior Bed Occupants and Clostridium difficile Risk

important because use of antibiotics in the hospital is so com-
mon. Our results show that antibiotics can potentially cause
harm to patients who do not themselves receive the antibiot-
ics and thus emphasize the value of antibiotic stewardship.

Original Investigation Research

This finding remained true after excluding patient pairs in
which the prior bed occupant had known CDI. The increase in
risk was small but is of potential importance given the fre-
quency of use of antibiotics in the hospital. These data imply

that patient-to-patient transmission of C difficile or other bac-
teria that mediate susceptibility to CDI takes place in the non-

Conclusions

In this large cohort study, receipt of antibiotics by prior occu-
pants of a given hospital bed was associated with increased risk
for CDI in subsequent patients hospitalized in the same bed.

ARTICLE INFORMATION
Accepted for Publication: August 18, 2016.

Published Online: October 10, 2016.
doi:10.1001/jamainternmed.2016.6193

Author Contributions: Dr Freedberg had full
access to all the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.

Study concept and design: Freedberg, Cohen,
Abrams, Larson.

Acquisition, analysis, or interpretation of data:
Freedberg, Salmasian, Abrams, Larson.

Drafting of the manuscript: Freedberg, Salmasian.
Critical revision of the manuscript for important
intellectual content: All authors.

Statistical analysis: Freedberg.

Obtained funding: Freedberg, Larson.
Administrative, technical, or material support:
Freedberg, Larson.

Study supervision: Abrams, Larson.

Conflict of Interest Disclosures: None reported.

Funding/Support: Dr Freedberg was supported by
a Research Scholar Award from the American
Gastroenterological Association (AGA) and by the
National Center for Advancing Translational
Sciences, National Institutes of Health (NIH), (KL2
TROOO0O08]1, formerly KL2 RR0O24157).

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Disclaimer: The views expressed in this article
represent those of the authors and do not
necessarily represent the views of the AGA or the
NIH.

Additional Contributions: We thank Jianhua Li,
MD, MS, and Barbara G. Ross, RN, for programming
assistance and data collection (affiliations:
Department of Medicine, Columbia University
Medical Center and Department of Epidemiology,
New York-Presbyterian Hospital). Neither Jianhua
Li nor Barbara Ross received any specific
compensation for contributions to this article.

REFERENCES

1. Lessa FC, Mu 'Y, Bamberg WM, et al. Burden of
Clostridium difficile infection in the United States.
N EnglJ Med. 2015;372(9):825-834.

2. Dubberke ER, Reske KA, Yan Y, Olsen MA,
McDonald LC, Fraser VJ. Clostridium
difficile-associated disease in a setting of

jamainternalmedicine.com

outbreak setting and in the face of a multifaceted effort seek-
ing to prevent health care-associated CDI. More generally, these

endemicity: identification of novel risk factors. Clin
Infect Dis. 2007;45(12):1543-1549.

3. Dubberke ER, Reske KA, Olsen MA, et al.
Evaluation of Clostridium difficile-associated disease
pressure as a risk factor for C difficile-associated
disease. Arch Intern Med. 2007;167(10):1092-1097.

4. Brown K, Valenta K, Fisman D, Simor A,
Daneman N. Hospital ward antibiotic prescribing
and the risks of Clostridium difficile infection. JAMA
Intern Med. 2015;175(4):626-633.

5. Miller AC, Polgreen LA, Cavanaugh JE, Polgreen
PM. Hospital Clostridium difficile infection (CDI)
incidence as a risk factor for hospital-associated
CDI. Am J Infect Control. 2016;44(7):825-829.

6. Brown KA, Jones M, Daneman N, et al.
Importation, antibiotics, and Clostridium difficile
infection in veteran long-term care: a multilevel
case-control study. Ann Intern Med. 2016;164(12):
787-794.

7. Fekety R, Kim KH, Brown D, Batts DH, Cudmore
M, Silva J Jr. Epidemiology of antibiotic-associated
colitis: isolation of Clostridium difficile from the
hospital environment. Am J Med. 1981;70(4):906-
908.

8. Gerding DN, Muto CA, Owens RC Jr. Measures to
control and prevent Clostridium difficile infection.
Clin Infect Dis. 2008;46(suppl 1):543-549.

9. McFarland LV, Mulligan ME, Kwok RY, Stamm
WE. Nosocomial acquisition of Clostridium difficile
infection. N Engl J Med. 1989;320(4):204-210.

10. Lax S, Smith DP, Hampton-Marcell J, et al.
Longitudinal analysis of microbial interaction
between humans and the indoor environment.
Science. 2014;345(6200):1048-1052.

1. Echaiz JF, Veras L, Zervos M, Dubberke E,
Johnson L. Hospital roommates and development
of health care-onset Clostridium difficile infection.
Am J Infect Control. 2014;42(10):1109-1111.

12. Shaughnessy MK, Micielli RL, DePestel DD, et al.
Evaluation of hospital room assignment and
acquisition of Clostridium difficile infection. Infect
Control Hosp Epidemiol. 2011;32(3):201-206.

13. Dubberke ER, Carling P, CarricoR, et al.
Strategies to prevent Clostridium difficile infections
in acute care hospitals: 2014 update. Infect Control
Hosp Epidemiol. 2014;35(suppl 2):548-S65.

14. Dial S, Kezouh A, Dascal A, Barkun A, SuissaS.
Patterns of antibiotic use and risk of hospital

admission because of Clostridium difficile infection.
CMAJ.2008;179(8):767-772.

15. Hensgens MP, Goorhuis A, Dekkers OM, Kuijper
EJ. Time interval of increased risk for Clostridium

data support the hypothesis that antibiotics given to one pa-

tient may alter the local microenvironment to influence a
different patient’s risk for CDI.

difficile infection after exposure to antibiotics.
J Antimicrob Chemother. 2012;67(3):742-748.

16. Rashid MU, Zaura E, Buijs MJ, et al. Determining
the long-term effect of antibiotic administration on
the human normal intestinal microbiota using
culture and pyrosequencing methods. Clin Infect Dis.
2015;60(suppl 2):577-584.

17. Charlson ME, Pompei P, Ales KL, MacKenzie CR.
A new method of classifying prognostic
comorbidity in longitudinal studies: development
and validation. J Chronic Dis. 1987,40(5):373-383.

18. Deyo RA, Cherkin DC, Ciol MA. Adapting a
clinical comorbidity index for use with ICD-9-CM
administrative databases. J Clin Epidemiol. 1992;45
(6):613-619.

19. Brown KA, Fisman DN, Moineddin R, Daneman
N. The magnitude and duration of Clostridium
difficile infection risk associated with antibiotic
therapy: a hospital cohort study. PLoS One. 20149
(8):€105454.

20. Grambsch PM, Therneau TM. Proportional
hazards tests and diagnostics based on weighted
residuals. Biometrika. 1994;81:515-526. doi:10.1093
/biomet/81.3.515

21. Polgreen PM, Yang M, Bohnett LC, Cavanaugh
JE. A time-series analysis of clostridium difficile and
its seasonal association with influenza. Infect
Control Hosp Epidemiol. 2010;31(4):382-387.

22. Simmering JE, Polgreen LA, Campbell DR,
Cavanaugh JE, Polgreen PM. Hospital transfer
network structure as a risk factor for Clostridium
difficile infection. Infect Control Hosp Epidemiol.
2015;36(9):1031-1037.

23. Vincent C, Manges AR. Antimicrobial use,
human gut microbiota and Clostridium difficile
colonization and infection. Antibiotics (Basel). 2015;
4(3):230-253.

24. Sullivan A, Edlund C, Nord CE. Effect of
antimicrobial agents on the ecological balance of
human microflora. Lancet Infect Dis. 2001;1(2):101-
114.

25. Hamel M, Zoutman D, O'Callaghan C. Exposure
to hospital roommates as a risk factor for health
care-associated infection. Am J Infect Control. 2010;
38(3):173-181.

26. Chang VT, Nelson K. The role of physical
proximity in nosocomial diarrhea. Clin Infect Dis.
2000:;31(3):717-722.

27. King MF, Noakes CJ, Sleigh PA. Modeling
environmental contamination in hospital single-
and four-bed rooms. Indoor Air. 2015;25(6):694-707.

JAMA Internal Medicine Published online October 10, 2016

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a Imperial College London User on 10/15/2016

E7


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.6193&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.6193
http://www.ncbi.nlm.nih.gov/pubmed/25714160
http://www.ncbi.nlm.nih.gov/pubmed/18190314
http://www.ncbi.nlm.nih.gov/pubmed/18190314
http://www.ncbi.nlm.nih.gov/pubmed/17533213
http://www.ncbi.nlm.nih.gov/pubmed/25705994
http://www.ncbi.nlm.nih.gov/pubmed/25705994
http://www.ncbi.nlm.nih.gov/pubmed/26944007
http://www.ncbi.nlm.nih.gov/pubmed/27088642
http://www.ncbi.nlm.nih.gov/pubmed/27088642
http://www.ncbi.nlm.nih.gov/pubmed/7211925
http://www.ncbi.nlm.nih.gov/pubmed/7211925
http://www.ncbi.nlm.nih.gov/pubmed/18177221
http://www.ncbi.nlm.nih.gov/pubmed/2911306
http://www.ncbi.nlm.nih.gov/pubmed/25170151
http://www.ncbi.nlm.nih.gov/pubmed/25278404
http://www.ncbi.nlm.nih.gov/pubmed/21460503
http://www.ncbi.nlm.nih.gov/pubmed/21460503
http://www.ncbi.nlm.nih.gov/pubmed/25376069
http://www.ncbi.nlm.nih.gov/pubmed/25376069
http://www.ncbi.nlm.nih.gov/pubmed/18838451
http://www.ncbi.nlm.nih.gov/pubmed/22146873
http://www.ncbi.nlm.nih.gov/pubmed/25922405
http://www.ncbi.nlm.nih.gov/pubmed/25922405
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.ncbi.nlm.nih.gov/pubmed/1607900
http://www.ncbi.nlm.nih.gov/pubmed/1607900
http://www.ncbi.nlm.nih.gov/pubmed/25157757
http://www.ncbi.nlm.nih.gov/pubmed/25157757
http://dx.doi.org/10.1093/biomet/81.3.515
http://dx.doi.org/10.1093/biomet/81.3.515
http://www.ncbi.nlm.nih.gov/pubmed/20175682
http://www.ncbi.nlm.nih.gov/pubmed/20175682
http://www.ncbi.nlm.nih.gov/pubmed/26072907
http://www.ncbi.nlm.nih.gov/pubmed/26072907
http://www.ncbi.nlm.nih.gov/pubmed/27025623
http://www.ncbi.nlm.nih.gov/pubmed/27025623
http://www.ncbi.nlm.nih.gov/pubmed/11871461
http://www.ncbi.nlm.nih.gov/pubmed/11871461
http://www.ncbi.nlm.nih.gov/pubmed/20022405
http://www.ncbi.nlm.nih.gov/pubmed/20022405
http://www.ncbi.nlm.nih.gov/pubmed/11017821
http://www.ncbi.nlm.nih.gov/pubmed/11017821
http://www.ncbi.nlm.nih.gov/pubmed/25614923
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.6193
iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Underline


E8

Receipt of Antibiotics by Prior Bed Occupants and Clostridium difficile Risk

Research Original Investigation

28. HuangsSS, Datta R, Platt R. Risk of acquiring
antibiotic-resistant bacteria from prior room

occupants. Arch Intern Med. 2006;166(18):1945-1951.

29. Bracco D, Dubois MJ, Bouali R, Eggimann P.
Single rooms may help to prevent nosocomial
bloodstream infection and cross-transmission of
methicillin-resistant Staphylococcus aureus in
intensive care units. Intensive Care Med. 2007;33
(5):836-840.

30. Tornieporth NG, Roberts RB, John J, Hafner A,
Riley LW. Risk factors associated with
vancomycin-resistant Enterococcus faecium
infection or colonization in 145 matched case
patients and control patients. Clin Infect Dis. 1996;
23(4):767-772.

31. Lawrence SJ, Puzniak LA, Shadel BN, Gillespie
KN, Kollef MH, Mundy LM. Clostridium difficile in
the intensive care unit: epidemiology, costs, and

colonization pressure. Infect Control Hosp Epidemiol.

2007;28(2):123-130.

32. Carling PC, Parry MM, Rupp ME, Po JL, Dick B,
Von Beheren S; Healthcare Environmental Hygiene
Study Group. Improving cleaning of the
environment surrounding patients in 36 acute care
hospitals. Infect Control Hosp Epidemiol. 2008;29
(11):1035-1041.

33. Goodman ER, Platt R, Bass R, Onderdonk AB,
Yokoe DS, Huang SS. Impact of an environmental
cleaning intervention on the presence of
methicillin-resistant Staphylococcus aureus and
vancomycin-resistant enterococci on surfaces in
intensive care unit rooms. Infect Control Hosp
Epidemiol. 2008;29(7):593-599.

34. Kim KH, Fekety R, Batts DH, et al. Isolation of
Clostridium difficile from the environment and
contacts of patients with antibiotic-associated
colitis. J Infect Dis. 1981;143(1):42-50.

35. Samore MH, Venkataraman L, DeGirolami PC,
Arbeit RD, Karchmer AW. Clinical and molecular
epidemiology of sporadic and clustered cases of
nosocomial Clostridium difficile diarrhea. Am J Med.
1996;100(1):32-40.

36. SasaharaT, Ae R, Watanabe M, et al.
Contamination of healthcare workers' hands with
bacterial spores. J Infect Chemother. 2016;22(8):
521-525.

37. Guerrero DM, Nerandzic MM, Jury LA, Jinno S,
Chang S, Donskey CJ. Acquisition of spores on
gloved hands after contact with the skin of patients
with Clostridium difficile infection and with

JAMA Internal Medicine Published online October 10, 2016

environmental surfaces in their rooms. Am J Infect
Control. 2012;40(6):556-558.

38. Landelle C, Verachten M, Legrand P, Girou E,
Barbut F, Brun-Buisson C. Contamination of
healthcare workers" hands with Clostridium difficile
spores after caring for patients with C difficile
infection. Infect Control Hosp Epidemiol. 2014;35(1):
10-15.

39. Nerandzic MM, Cadnum JL, Pultz MJ, Donskey
CJ. Evaluation of an automated ultraviolet radiation
device for decontamination of Clostridium difficile
and other healthcare-associated pathogens in
hospital rooms. BMC Infect Dis. 2010;10:197.

40. LongtinY, Paquet-Bolduc B, Gilca R, et al.
Effect of detecting and isolating Clostridium difficile
carriers at hospital admission on the incidence of
Cdifficile infections: a quasi-experimental
controlled study. JAMA Intern Med. 2016;176(6):
796-804.

41. Clabots CR, Johnson S, Olson MM, Peterson LR,
Gerding DN. Acquisition of Clostridium difficile by
hospitalized patients: evidence for colonized new
admissions as a source of infection. J Infect Dis.
1992;166(3):561-567.

jamainternalmedicine.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a Imperial College London User on 10/15/2016


http://www.ncbi.nlm.nih.gov/pubmed/17030826
http://www.ncbi.nlm.nih.gov/pubmed/17347828
http://www.ncbi.nlm.nih.gov/pubmed/17347828
http://www.ncbi.nlm.nih.gov/pubmed/8909842
http://www.ncbi.nlm.nih.gov/pubmed/8909842
http://www.ncbi.nlm.nih.gov/pubmed/17265392
http://www.ncbi.nlm.nih.gov/pubmed/17265392
http://www.ncbi.nlm.nih.gov/pubmed/18851687
http://www.ncbi.nlm.nih.gov/pubmed/18851687
http://www.ncbi.nlm.nih.gov/pubmed/18624666
http://www.ncbi.nlm.nih.gov/pubmed/18624666
http://www.ncbi.nlm.nih.gov/pubmed/7217711
http://www.ncbi.nlm.nih.gov/pubmed/8579084
http://www.ncbi.nlm.nih.gov/pubmed/8579084
http://www.ncbi.nlm.nih.gov/pubmed/27236515
http://www.ncbi.nlm.nih.gov/pubmed/27236515
http://www.ncbi.nlm.nih.gov/pubmed/21982209
http://www.ncbi.nlm.nih.gov/pubmed/21982209
http://www.ncbi.nlm.nih.gov/pubmed/24334792
http://www.ncbi.nlm.nih.gov/pubmed/24334792
http://www.ncbi.nlm.nih.gov/pubmed/20615229
http://www.ncbi.nlm.nih.gov/pubmed/27111806
http://www.ncbi.nlm.nih.gov/pubmed/27111806
http://www.ncbi.nlm.nih.gov/pubmed/1323621
http://www.ncbi.nlm.nih.gov/pubmed/1323621
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.6193

