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Carbapenemase-producing Enterobacteriaceae in an inpatient post-acute care facility:

impact on time to functional recovery

Abstract

Background. The carriage of carbapenemase-producing Enterobacteriaceae (CPE) might

lengthen the time to functional recovery (TTFR) for inpatients in post-acute care (PAC) units.
Objective. We aimed to assess the impact of CPE carriage on TTFR in a PAC facility.

Methods. This 2-year retrospective cohort study included 20 CPE-positive patients and 54
CPE-negative patients admitted to 3 PAC units (general, orthopaedic and neurologic
rehabilitation units) in a teaching hospital from January 2017 to December 2019. Potential
risk factors and demographic data were collected from patients’ medical records, the French
national hospital discharge database, and the hospital’s CPE surveillance database. Functional
recovery was defined as the median difference in functional independence measure (FIM)
between admission and discharge from each unit. Survival analysis and multiple Cox
regression models were used to predict the TTFR and identify factors associated with

functional recovery.

Results. The overall median [interquartile range] TTFR was 50 days [36—66]. Longer median
TTFR was associated with CPE carriage (63 vs 47 days in the CPE-negative group; adjusted
hazard ratio (aHR) 0.35, 95% CI 0.13-0.97) and presence of a peripheral venous catheter
(aHR 3.51, 1.45-8.46); shorter TTFR was associated with admission to an orthopaedic versus
general rehabilitation unit (aHR 3.11, 1.24-7.82).

Conclusions. CPE carriage in inpatient PAC facilities was associated with long TTFR.
Further studies are needed to explore the mechanisms involved in these adverse events and to

identify possible preventive measures.

Keywords. post-acute care, carbapenemase-producing Enterobacteriaceae, nosocomial,

functional independence measure
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FIM: Functional Independence Measure
LOS: length of stay

PAC: post-acute care

PVC: peripheral venous catheter

RU: rehabilitation unit

TTFR: time to functional recovery

Introduction

Carbapenemase-producing Enterobacteriaceae (CPE) are considered a major threat to public
health worldwide [1]. CPE infections are difficult to treat and are associated with a high
mortality rate [2]. Furthermore, CPE are able to easily spread their resistance-associated
mobile genetic elements [3]. Hence, CPE are considered priority pathogens by the World
Health Organization [4].

CPE were first identified in the early 2000s. They quickly spread around the world and have
become a serious threat in the last decade. Many clusters or outbreaks of CPE have been
reported in various hospital wards, and most outbreaks have been healthcare-related [5,6]. As
for other human Enterobacteriaceae, CPE colonize the gut, and asymptomatic carriage may
last for months or years [7]. The first guidelines on containing the dissemination of CPE were
published in the United States and in France in 2012 and 2015, respectively [8,9]. To limit the
spread of CPE in hospital wards, a patient is isolated in a single-bed room, contact precautions
are taken, and anal swab samples are cultured weekly. CPE-positive (CPE+) patients are
usually discharged to post-acute care (PAC) facilities such as rehabilitation units (RUs) and
long-term care units to facilitate their recovery from injury, illness or disease. This type of
care facility contributes to the spread of CPE in hospitals [10, 11]. Nevertheless, compliance
with infection control measures for CPE+ patients may limit their access to certain types of
physiotherapy sessions implemented outside their room, such as those requiring technical
facilities or performed in groups. Hence, a patient’s CPE+ status might lengthen the time to
functional recovery (TTFR) and thus their hospital stay. This situation should be a concern for

both patients and healthcare workers.

The objective of the present retrospective cohort study was to determine whether CPE

carriage affects the time to recovery among patients in PAC units.



Patients and methods

Hospital and setting

This retrospective cohort study was performed in 3 adult PAC units (a 21-bed general unit, an
18-bed neurological unit, and a 20-bed orthopaedic unit) at Swynghedauw Hospital, a 127-
bed PAC hospital that is part of Lille University Medical Centre (Lille, France).

The reasons for patient admission and the rehabilitation processes vary among PAC units. In
the neurological and orthopaedic RUs, patients perform at least 1 hr of active rehabilitation a
day. The neurological RU usually admits patients with a chronic neurological disease
(Parkinson’s disease, multiple sclerosis, etc.) or an acute neurological disease (spinal cord
injury, Guillain-Barré syndrome, acute neuropathy, etc.). Patients who had spine surgery and
(in rare cases) other patients are also sometimes hospitalised in this RU. Patients with stroke
or brain injury are hospitalised in a dedicated ward and were not included in the present study.
The orthopaedic RU admits patients with orthopaedic impairments (fractures, skeletal
disorders, and spine surgery) and, less frequently, patients with other diseases or disorders.
Most people admitted to the general RU are orthopaedic patients requiring non-intensive
rehabilitation (e.g., when limb load-bearing is contraindicated) or patients who had vascular
or digestive tract surgery. The unit occasionally admits patients with neurological

impairments for whom intensive rehabilitation is delayed or contraindicated.

A total of 811 patients were hospitalized for rehabilitation during the study period. The CPE
infection control measures usually included single-room isolation with strict contact
precautions, hand hygiene with hydro-alcoholic rubs, meticulous environmental disinfection,
and weekly surveillance rectal swab cultures for both CPE+ patients and CPE-negative (CPE-
) patients hospitalized in the same unit. CPE+ patients were placed in isolation throughout
their hospital stay. To check for the absence of cross-contamination, CPE- patients were

screened systematically at 1 week after a CPE+ patient had been discharged.

Participants and variables

The study period was from January 1, 2017, to December 31, 2018. All patients admitted to
one of the 3 above-mentioned PAC units were eligible for the study. For patients admitted
more than once, only the first hospital stay was analysed. All patients who were CPE+ on

admission were included. Patients lacking data on CPE status or the functional independence



measure (FIM) or who stayed in hospital for < 7 days were excluded. For each CPE+ patient,
3 CPE- patients were selected blindly and at random from the cohort, with no replacement.
All participants were followed from admission to discharge, and the end date for follow-up
was April 1, 2019. The patient was discharged when the rehabilitation programme’s
functional goal had been achieved or when the functional independence remained stable
despite rehabilitation efforts. CPE+ patients were defined as those with a positive CPE culture
from at least 2 separate rectal swabs in the 3 months before their admission. Briefly, rectal
swabs were plated on commercially available CPE-selective chromogenic agar plates; broth
enrichment was not performed. Presumptive colonies were identified by using matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry (microflex Bruker,
Wissembourg, France), and Enterobacteriaceae colonies were then assessed for the
production of the OXA-48-like, NDM, KPC and VIM carbapenemases by a multiplex lateral
flow assay (OKNV K-SeT, Coris BioConcept, Gembloux, Belgium).

The FIM is used to determine the degree of disability that patients experience and signs of
progress during rehabilitation. The FIM comprises 18 items grouped into a 13-item motor
subscale and a 5-item cognition subscale. Each item is scored on a 1-to-7 ordinal scale, so the
total score for the FIM ranges from 18 to 126 points; the higher the score, the more
independent the patient. The motor FIM subscale ranges from 13 to 91 and the cognition

subscale from 5 to 35 [12].

Functional recovery was defined on the basis of the difference between the individual FIMs
measured on admission and discharge. The median AFIM for each rehabilitation unit was
selected as a cut-off to define functional recovery. When the patient’s AFIM exceeded the
median AFIM of the unit, the patient was considered to have recovered (event=1); otherwise,
the patient was considered not to have recovered (event=0). The study’s primary outcome was
the TTFR, defined as the time between admission in the unit and the event (= time at

achievement of the AFIM of the unit).

Data for the following variables were extracted from patients’ medical records, the French
national administrative hospital discharge database (Programme de Médicalisation des
Systemes d’Information) and our hospital’s local CPE monitoring database. The information
collected included demographic data, the underlying disease or condition, body mass index,
the number of physiotherapy sessions, urinary and/or faecal incontinence, the use of

indwelling catheters (a urinary catheter, central venous catheter, or peripheral venous catheter



[PVC]), wound dressings, the Charlson comorbidity index, and motor and cognitive FIMs at

the time of admission and discharge.

A total of 25 CPE+ patients and 786 CPE- patients were admitted to the 3 units during the
study period; 75 CPE- patients were randomly selected. We excluded 20 patients (17 CPE-
and 3 CPE+) who lacked data on the FIM at discharge and 6 who had been discharged at < 7
days (Fig. 1).

Statistical methods

Continuous variables are expressed as mean (standard deviations) when the distribution was
normal or median (range or interquartile range [IQR]) otherwise. Categorical variables are
described as frequency (percentage). The characteristics of the CPE+ and CPE- groups were
compared by chi-square test or Fisher’s exact test for categorical data. For continuous
variables, Student ¢ test or the Kruskal-Wallis test was used, depending on the distribution of
the variable. We considered that the patient had recovered if the AFIM was above the median
value for the RU. Data were analysed by using the Kaplan—Meier procedure, log-rank test,
and a Cox regression model to predict the TTFR and identify predictors of functional
recovery. Variables with p<0.25 on bivariate analyses were introduced into a multivariable
Cox regression model. CPE status (+/-) was always included in the model, regardless of the
level of significance in the bivariate analysis. Adjusted hazard ratios (aHRs) and their 95%
confidence intervals (Cls) were computed, and the threshold for statistical significance was
set at p<0.05. An HR < 1 indicated longer TTFR. The proportional-hazards assumption was
checked by using graphical diagnostics and statistical tests based on the scaled Schoenfeld
residuals. All statistical analyses were performed with R.3.6 (R Foundation for Statistical
Computing, Vienna, Austria; http://www.r-project.org/). We used the Strengthening the

Reporting of Observational studies in Epidemiology criteria for reporting the results [13].

Results

Characteristics of patients

The CPE+/CPE- patient groups were similar with regard to almost all variables, including
mean Charlson comorbidity index before admission to the RU (Table 1). However, in the
CPE+ group, the median motor FIM on admission and discharge was low (0.77- and 0.70-fold
vs. the CPE- group, p = 0.025 and 0.011, respectively), median length of stay (LOS) was
longer (2.3-fold, p = 0.017) and PVC use was more frequent (2.8-fold, p=0.027).



Outcomes

The overall median (range) AFIM was 8.5 (-11 to 70) and patients in each RU had different
median AFIM values: 3 (range 0 to 70) in the neurological unit, 8.5 (-11 to 64) in the general
unit, and 12.0 (0 to 47) in the orthopaedic units (Table 2). The median [IQR] recovery rate
was 40% [20 to 63] in the CPE+ group and 52% [39 to 65] in the CPE- group (p = 0.053).

Univariate and bivariate analyses of TTFR

The median [IQR] overall TTFR was 50 days [36-66]. CPE status was significantly
associated with TTFR: 47 versus 63 days for the CPE- and CPE+ groups, respectively (Fig.
2). The use of a PVC, wound dressing, and type of RU were all associated with TTFR (p <
0.25) (Table 2). Patients with a PVC had shorter median TTFR (31 vs. 57 days without a
PVC), and most were hospitalised in the general RU unit (n=10) and the neurological RU
(n=6). Patients requiring wound dressings had shorter median TTFR (49 days) than those not
requiring wound dressings. Median TTFR was longer for patients in the general RU than the

orthopaedic and neurological RUs (63, 33 and 31 days, respectively).

Multivariate analysis of factors associated with TTFR

Multiple covariate analysis revealed TTFR significantly associated with CPE+ status, use of a
PVC and hospitalization in the orthopaedic RU (Table 3). Longer median TTFR was
associated with CPE+ versus CPE- status (aHR 0.35, 95% CI 0.13-0.97) and with than
without use of a PVC (aHR 3.51, 1.45-8.46). Likewise, shorter median TTFR was associated
with admission to the orthopaedic versus general RU (aHR 3.11, 1.24-7.82). Lastly, wound
dressing was not associated with TTFR (p= 0.117). All variables fulfilled the proportional
hazards assumption (p=0.39).

Discussion

In the present research, the CPE+ and CPE- patient groups differed significantly in terms of 4
of the 21 study variables: motor FIM on admission and discharge, LOS, and PVC use.
However, the two FIMs and LOS were used to define the outcome (functional recovery and
TTFR). Hence, the 2 groups of patients differed significantly in use of a PVC only (45% in
the CPE+ group vs 16% in the CPE- group; p= 0.027). CPE+ patients may be more likely to
have severe medical conditions requiring infusion placement than CPE- patients. To control
for this potential source of bias, we adjusted the final model for the PVC factor. Therefore, the

2 groups could be considered balanced in most of the study variables.



Our results showed CPE+ status associated with longer TTFR in an inpatient PAC facility.
For CPE+ patients, the median TTFR was 63 days (vs 47 days in CPE- patients) and thus
seemed a harmful factor for recovery and discharge. Our data agree with Colorado et al. [14],
who found that patients in contact isolation in an acute inpatient PAC facility showed reduced
FIM efficiency (defined as the change in FIM score divided by the length of stay: 1.2 vs. 2.0
for other patients; p< 0.01) and longer LOS (by 39%; p=0.017). However, given the

differences in study design and study outcomes, the comparison remains limited.

The AFIMs recorded in the RUs appeared to be low relative to the literature data.
Furthermore, the AFIM data were not normally distributed (median and mean AFIM: 8.5 and
14.5, respectively). Hence, we decided to analyse the median AFIM. Indeed, use of the
median AFIM enabled us to limit the potential effect of outliers on the measurements.
especially given the small number of patients in the CPE+ group. Therefore, the AFIM values

from various studies should be compared with caution.

Isolation is one component of stringent containment strategies that also include strict hand
hygiene, contact precautions, cleaning and disinfecting equipment and facilities, screening for
CPE carriage, active management of contacts, and antimicrobial stewardship (to avoid the
over-use of broad-spectrum antibiotics) [8,9,15]. None of these measures is compatible with
rehabilitation programmes, which usually include group-based activities and the use of shared
facilities (e.g., gyms, hydrotherapy pools and other treatment areas). Thus, CPE+ patients are
often unable to access this range of care activities, which may lead to poorer functional
outcomes and thus extend their TTFR. Other researchers have also reported a negative impact
of contact isolation on a patient’s mental well-being, satisfaction, safety, or the time spent by
healthcare workers on direct patient care, which might also lengthen the time to recovery or

lead to care failure [16, 17].

In our bivariate analysis, the median TTFR was shorter in patients with than without a PVC
(31 vs 57 days). PVCs are commonly used in medical and surgical care to administer
infusions; this increases the workload of the healthcare workers and testifies to the
continuation of acute treatment [18]. Hence, patients with a PVC are more likely to develop
medical complications and to be discharged to acute care units. Consequently, the LOS in the
RU and the TTFR would both be shorter. Nevertheless, none of these patients was discharged
to an acute unit. Also, PVCs require close monitoring of infusions and possibly lead to

adverse events including nosocomial infections. Hence, patients (particularly CPE+ carriers)



with a PVC presumably received more direct care than other patients, which might have

reduced the potential impact of isolation and shortened the TTFR.

Admission to the orthopaedic RU was associated with shorter median TTFR (33 vs 63 days
overall). On admission to the orthopaedic RU, patients had a high median [IQR] motor FIM:
71 [62-80] overall and 52 [30-68] for the CPE+ group, which indicates the presence of mild-
to-moderate motor impairment in this group. Hence, the orthopaedic patient’s health status at
the time of admission may have helped limit the impact of CPE+ carriage on the TTFR.
Sahota et al. (2019) reported greater motor FIM values on admission associated with shorter
LOS. This latter finding agrees with other literature reports in which motor FIM predicted
rehabilitation LOS after total hip arthroplasty [19, 20, 21]. Given that orthopaedic patients and
therapists identify specific motor goals on admission to a rehabilitation unit, patients who are
closer to achieving these goals would frequently require shorter LOS and thus have shorter

TTFR.

Survival analysis to model the TTFR used in this study overcomes the problem of the normal
distribution of time to dependent variables. To this end, we used the median AFIM between
admission and discharge in each rehabilitation unit as a cutoff to define patient recovery.
Indeed, the median AFIM varied among units. It was 12 (range 0—47) in the orthopaedic unit
and 3 (range 0-70) in the neurological unit, which suggests that the nature of a patient’s
disability influences the FIM gain. Hence, applying the median AFIM for the whole cohort as
a cutoff would have biased the recovery of patients in the neurological or the general RU.
Furthermore, the median AFIM would allow a clinician to pragmatically evaluate a patient’s

recovery by comparing the patient’s FIM gain to the unit’s median AFIM.

The present study has several limitations. First, the relatively small sample size might have
masked the effect of other factors on the TTFR. Indeed, the low incidence rate of CPE (3%) in
our patient cohort limited the number of CPE+ patients. Furthermore, 5 of 25 eligible patients
were excluded because FIM data were missing. Second, the study’s single-centre
observational design limits the generalizability of the results. Hence, further prospective,
multicentre studies of the impact of intestinal CPE carriage on the TTRF in PAC patients are
needed to consolidate our results. However, to the best of our knowledge, this is the first study
to investigate TTFR in patients with CPE carriage, which remains a serious issue for patients

and healthcare workers in hospitals. Thus, further investigations on this topic would increase
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knowledge of the association between CPE isolation measures and TTFR, particularly by

studying the role or the mechanism of other factors that might independently affect the TTFR.

In conclusion, our results show that CPE carriage prolonged the TTFR in patients undergoing
rehabilitation, probably owing to the restrictions typically associated with infection control
measures. Further research should focus on the mechanism leading to these poor outcomes,

including infection control strategies in PAC units.

Legends

Figure 1. Study flow chart. CPE, carbapenemase-producing Enterobacteriaceae; FIM,

functional independence measure.

Figure 2. Kaplan-Meier survival curve for recovery as a function of CPE status (CPE+).
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Table 1. Characteristics of study participants with and without carbapenemase-producing

Enterobacteriaceae (CPE).

CPE- (n=54)

CPE+ (n=20)

P value

Age, mean (SD)
Sex (M/F)
BMI, mean (SD)
Charlson comorbidity index, mean
(SD)
Source of admission, n (%)
Medical ward
Surgical ward
Home
ICU
FIM.a-motor, median (range)
FIM.a-cognitive, median (range)
FIM.a, median (range)
General unit
Orthopaedic unit
Neurological unit
Number of physiotherapy sessions,
mean (SD)
Faecal incontinence, n (%)
Urinary incontinence, n (%)
Urinary catheter, n (%)
Wound dressing, n (%)
Peripheral venous catheter, n (%)
Central venous catheter, n (%)
Hospital stay (days), median (range)
FIM.d-motor, median (range)
FIM.d-cognitive, median (range)
FIM.d at discharge, median (range)

General unit (n=36)

64.9(16)
1.2
25.2 (3.8)
39(2.4)

13 (18%)
42 (57%)
14 (19%)

5 (8%)
62.0 [13-91]
35.0 [5-35]

94.0 [18-126]

88.5 [46-126]

103.0 [70-123]

88.0 [18-125]

36.7 (44.7)

24 (32%)
24 (32%)
21 (28%)
39 (52%)
18 (24%)
4 (5%)

29 [8-226]
79.0 [13-106]
35.0 [7.0-35]
113.5 [20-126]
111.5 [58-126]

65.8 (15.5)
1.1
25.6(4)
3.9(2.3)

8 (14%)
31 (57%))
11 (20%)

4 (%)
67.0 [13-91]
35 [5-35]
97.5 [18-126]
94.0 [46-126]
105.0 [70-123]
97.0 [18-125]
34.6 (48.1)

16 (30%)
17 (31%)
13 (24%)
28 (51.9%)
9 (16%)
3 (5%)

22 [8-226]
81.0 [21-106]
35 [12-35]
114 [44-126]
113 [75-126]

62.6 (17.5)
1.5
24.1 (3.3)
3.8 (2.6)

5 (20%)
11 (55%)
3 (15%)

1 (5%)
52.0 [13-85]
35.0 [7-35]

88.5 [20-120]

83.0 [50-120]

102.0 [90—114]
55.5 [20-98]
42.4 (34.3)

8 (40.0%)
7 (35%)
8 (40%)
11 (55%)
9 (45%)
1 (5%)

52 [8-156]
57.0 [13-91]
35.0 [7-35]
111.5 [20-126]
99.0 [58-126]

0.563
0.825
0.114
0.740

0.747

0.025
0.799
0.08

0.130

0.571
0.994
0.289
0.999
0.027
1.000
0.017
0.011
0.960
0.216




Orthopaedic unit (n=15)

Neurological unit (n=23)
AFIM, median (range)

General unit (n=36)

Orthopaedic unit (n=15)

Neurological unit (n=23)

117.0 [85-124]
113.0 [20-126]
8.5 [0-70]
8.5 [0-64]
12.0 [0-47]
3.0 [0-70]

117 [85-124]  119.5 [90-124]

103.6 [44-126] 100.0 [20-126]
8.5 [2-64] 7.5 [0-70]
11.5[0-64] 5.0 [0-48]
12.0 [0-47] 12.0 [0-21]
3.0 [0-51] 23.5 [20-126]

0.821

BMI, body mass index; FIM.a, FIM on admission; FIM.d, FIM on discharge; AFIM, (FIM.d-

FIM.a); ICU, intensive care unit




Table 2. Bivariate (Log-rank) analysis of functional recovery.

Recovery (Yes) Recovery (No) p-value
n=36 n=38
Age, mean (SD) 63.8 (17.4) 65.9 (14.6) 0.586
Sex, n (%) 0.52
male 21 (58%) 20 (53%)
female 15 (42%) 18 (47%)
BMI, mean (SD) 25.1 25.2 0.870
Charlson comorbidity index, mean 0.853
(SD) 3.8(2.4) 3.9(2.3)
Number of physiotherapy sessions 6.5(3.1) 6.5 (3.8) 0.987
per week, mean (SD)
CPE status
CPE+ 8 12 0.053
CPE- 28 26
Faecal incontinence, n (%)
Yes 25 (69%) 25 (66%) 0.431
No 11 31%) 13 (34%
Urinary incontinence, n (%)
Yes 25 (69%) 25 (66%) 0.280
No 11 31%) 13 (34%
Urinary tract catheter, n (%)
Yes 9 (25%) 12 (32%) 0.290
No 27 (75%) 26 (68%)
Wound dressing, n (%)
Yes 29 (81%) 10 (26%) 0.079
No 7 (19%) 28 (74%)
Peripheral venous catheter, n (%)
Yes 9 (25%) 9 (24%) 0.053
No 27 (715%) 29 (76%)
Central venous catheter, n (%)
Yes 3 (8%) 13 %) 0.680
No 33 (92%) 37 (97%)
Hospital stay (days) 34 [8; 226] 25 [8; 156) 0.209
Rehabilitation unit
General (reference) 17 (47%) 19 (50%) 0.11
Orthopaedic 8 (22%) 7 (18%)
Neurological 11 (31%) 12 (32%)

BMI, body mass index; CPE, carbapenemase-producing Enterobacteriaceae



Table 3. Multivariate analysis of time to functional recovery in CPE+ and CPE- patients

Adjusted [95% CI] P

CPE+ patients (ref. CPE- patients) 0.35[0.13-0.97] 0.016
Peripheral venous catheter (ref. No) 3.51[1.45-8.46] 0.005
Wound dressing (ref. No) 1.97 [0.84-4.64] 0.117
Rehabilitation unit

General unit (ref.) 1

Orthopaedic unit 3.11[1.24-7.82] 0.015

Neurological unit 1.78 [0.80-3.93] 0.151

CPE, carbapenemase-producing Enterobacteriaceae; HR, hazard ratio; 95% CI, 95%
confidence interval





