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ABSTRACT RESUMEN
Objective: Ascertain healthcare-associated infection (HAI) prevalence 
and identify risk factors associated with a higher incidence of infection 
in a Rehabilitation Ward.
Materials and Methods: Two-year retrospective cohort study con-
ducted in a post-acute Rehabilitation Ward of a tertiary-care, public, 
university-affiliated hospital. Demographic and clinical data were col-
lected from electronic medical record. The assessment of risk factors 
was done by comparison of patients with or without HAI. Univariate 
and multivariate logistic regression analysis was used to identify risk 
factors.
Results: There were 262 admissions to the Rehabilitation Ward dur-
ing the study period. One-hundred thirty-one HAIs were detected in 
95 (36.3%) of the 262 patients. The most common infections were 
urinary tract infections (87.8% of all infections). An age-sex adjusted 
multivariate logistic regression model showed that urinary catheter, 
surgery in the last 30 days and length of stay ≥ 30 days were inde-
pendent risk factors for HAI. Length of stay was associated with an 
increased odd of developing HAI (median length of 28 days for those 
without HAI, 35 days for those with only one HAI and 55 days for pa-
tients having ≥ 2 HAI). Only one patient died of infection.
Conclusions: HAI is a frequent complication in a post-acute Reha-
bilitation Ward. The logistic regression model identified patients with 
urinary catheter, surgery in the last 30 days and length of stay ≥ 30 
days as having an higher risk for HAI, thereby being the main targets 
of surveillance and adoption of preventive measures.

Keywords: Healthcare-associated infection; rehabilitation ward; risk 
factors; urinary tract infection; urinary foley catheter.

Objetivo: Determinar la prevalencia y los factores de riesgo de infec-
ción nosocomial en pacientes ingresados en una Unidad de Rehabi-
litación.
Material y Métodos: Estudio de cohorte retrospectivo de dos años 
realizado en una Unidad de Rehabilitación posaguda de un hospital 
público. La evaluación de los factores de riesgo se realizó mediante la 
comparación de pacientes con o sin infección nosocomial. Se utilizó 
un análisis de regresión logística univariado y multivariado para iden-
tificar los factores de riesgo.
Resultados: Hubo 262 ingresos a la Unidad de Rehabilitación durante 
el período de estudio. Se detectaron 131 infecciones nosocomiales 
en 95 (36,3%) de los 262 pacientes. Las infecciones más frecuen-
tes fueron las del tracto urinario (87,8%). Un modelo de regresión 
logística multivariado ajustado por edad y sexo mostró que el catéter 
urinario, la cirugía en los últimos 30 días y la duración de la estancia 
≥ 30 días fueron factores de riesgo independientes para infección 
nosocomial. La duración de la estancia se asoció con una mayor pro-
babilidad de desarrollar una infección nosocomial (duración media de 
28 días para aquellos sin infecciones, 35 días para aquellos con solo 
una infección y 55 días para pacientes con ≥ 2 infecciones). Solo un 
paciente murió de infección.
Conclusiones: La infección nosocomial es una complicación frecuen-
te en una Unidad de Rehabilitación. El modelo de regresión logística 
identificó a los pacientes con catéter urinario, cirugía en los últimos 
30 días y estadía ≥ 30 días con mayor riesgo de infección, por lo que 
son los principales objetivos de la vigilancia y adopción de medidas 
preventivas.

Palabras clave: Infección nosocomial; unidad de rehabilitación; fac-
tores de riesgo; infección del tracto urinario; catéter urinario.

INTRODUCTION

Healthcare-associated infection (HAI), also referred to as nosocomial 
infection or hospital acquired infection, is a common adverse event 
in care delivery and a major public health issue with an impact on 
morbidity, mortality, and medical costs. Reports about healthcare-as-
sociated infections (HAIs) in acute care departments are numerous, 
but there is few data regarding Rehabilitation Units.1,2 These settings 
frequently include patients with severe clinical and functional impair-
ments from trauma, neurological disorders, general deterioration 
(deconditioning) after a debilitating illness and prolonged stay in in-
tensive care units, with high comorbidity burden and needing a long-
term hospitalization with unavoidable exposure to infectious nosoco-
mial risks.1,2 A high number of patients in rehabilitation facilities are 
typically transferred from an acute care setting, where a high preva-
lence of multiple drug resistant organisms exists and so many noso-
comial microorganisms previously acquired may spread to Rehabilita-
tion Units.2 Among patients admitted to these units, those with spinal 
cord injury seem to have a significantly higher rate of HAI.3
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Studies found that HAIs prolong hospital length of stay and are as-
sociated with increase in medical costs.3 In addition, HAIs occurring 
among hospitalized patients are often serious and may be life-threat-
ening.3 In Rehabilitation Units, HAIs might have a significant impact on 
adherence to and compliance with rehabilitation program and there-
by decrease functional improvement.3,4 Thus, improving the preven-
tion and management of infections in Rehabilitation Units should be a 
goal for improving quality of healthcare. However, the prevalence and 
risk factors of HAI among inpatients admitted to Rehabilitation Units 
has not been thoroughly evaluated. 

This study aims to ascertain HAI prevalence and identify factors asso-
ciated with a higher incidence of infection in a post-acute Rehabilita-
tion Ward (RW).
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METHODS

Study setting
This study was performed at Centro Hospitalar Universitário de São 
João, a tertiary-care, public, university-affiliated hospital located in 
Porto, Portugal. The post-acute RW provides rehabilitation treatment 
to patients with traumatic or non-traumatic orthopedic or neurolog-
ical pathologies or patients with deconditioning after a debilitating 
illness. Patients are admitted to this RW from one of the following 
sources: (1) directly from the community; (2) acute wards from other 
departments of this hospital; (3) other healthcare facility. 

Study design
This was a retrospective cohort study of patients consecutively admit-
ted to the RW between October 2017 and September 2019. Data were 
collected from electronic medical record and included demograph-
ic data (age and sex), previous functional status (according to modi-
fied Rankin scale), underlying diseases, date of admission, diagnosis 
on admission to the RW, location prior to admission (home, other 
hospital, other medical or surgical department), initial hospitalization 
length of stay (acute-care hospital), length of stay on the RW, occur-
rence of prior infection in the acute-care hospital, antibiotic treatment 
at the time of admission to the RW, diagnosis and type of HAI, iso-
lated pathogens from cultures, prescribed antibiotics, use of invasive 
medical devices at admission (nasogastric feeding tube, percutane-
ous gastrostomy, peripheral or central venous catheter, urinary foley 
catheter, tracheostomy), severity of disability at the time of admission 
and discharge, measured by the modified Rankin scale (mR) and dis-
charge destination. Data were collected on forms specifically designed 
for this study. As this is a retrospective study, with data collected only 
from electronic medical record, patients’ consent was waived. This 
study was approved by the committee on research ethics at the insti-
tution in which the research was conducted. 

Patients
All patients admitted to the post-acute RW for intensive physical reha-
bilitation during the study period were included in this study. No pa-
tients were excluded. Patients with HAI were analyzed as a group and 
compared with those without HAI.

Definition of Healthcare-associated infection
HAI is, according to the World Health Organization, any infection oc-
curring during hospitalization, irrespective of the healthcare facility, 
which was not present or incubating at the time of admission.5 HAI 
can affect patients in any type of setting where they receive healthcare 
and can also appear after discharge.5 For the purpose of this study, 
the diagnosis of HAI was primarily assumed when explicitly expressed 
in patient’s electronic medical records or discharge summaries the 
diagnosis of an infection first detected 48-hours or more after admis-
sion to the RW and associated antibiotic therapy. Infections present 
or incubating at the time of admission were not included. Posterior-
ly, infections identified by patient’s electronic medical records or dis-
charge summaries were validated using the Centers for Disease Con-
trol/National Healthcare Safety Network (CDC/NHSN) surveillance 
definitions. 

Statistical analysis
SPSS statistics (version 25.0) was used for data analysis. Descriptive 
statistics are presented as mean±standard deviation or median (in-
terquartile range, IQR) for normal and non-normally distributed con-
tinuous variables, respectively. For between-group comparisons we 
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used the Student́ s T-test or Mann-Whitney U-test, according to nor-
mality of data distribution. Categorical variables were presented as 
proportions and percentages and compared using the Pearson’s chi-
square test or Fisher exact test, as appropriate. Considering the bina-
ry dependent variable (with/without HAI), we performed a univariate 
logistic regression analysis to identify potential clinical predictors of 
infection. A stepwise logistic regression was used for a multivariate 
analysis of all the potential risk factors that proved significant in uni-
variate analysis using p<0.05 as model entry criteria and p>0.10 for 
removal from multivariate model.

RESULTS

Clinical characteristics
During the 24-month study period, there were 262 admissions to the 
RW, mostly males (56.9%), with a mean age of 58.1±14.0 years. Most 
of the patients (92.7%) were previously independent in their daily 
activities (mR≤2). The most common reasons for admission were is-
chemic stroke (40.8%), hemorrhagic stroke (17.9%), spinal cord inju-
ry (13.0%), deconditioning (6.9%) and traumatic brain injury (5.3%). 
The median length of stay in the acute care hospital was 26 (15 – 44) 
days and in the RW was 30 (21 – 45) days. Most patients were trans-
ferred from the following departments: Internal Medicine (33.6%), 
Neurosurgery (21.0%), Neurology (20.2%), Orthopedic (7.2%) and 
Stroke Unit (3.8%). Seven patients were referred from the Physical 
Medicine and Rehabilitation outpatient clinic. The baseline character-
istics of the study group are summarized on table 1.

Healthcare-associated infections
One-hundred thirty-one HAIs were detected in 95 (36.3%) of the 262 
patients admitted to the RW. Seventy patients had 1 infection, seven-
teen patients had 2 infections each, six patients had 3 infections each, 
1 patient had 4 infections and one patient had 5 infections during the 
stay in the RW (table 2). 

One hundred and fifteen HAIs corresponded to urinary tract infection 
(UTI) (87.8%), eight to respiratory tract infections (6.1%), five to surgi-
cal wound infections (3.8%). There was one osteomyelitis, one pseu-
domembranous colitis and a bacteriemia.

In most UTIs (n=100, 87%), a pathogen was identified; Escherichia coli 
and Klebsiella pneumoniae were responsible for more than one-half 
of all isolated organisms. Pathogens responsible for the HAI, stratified 
by source, are shown in table 3. The microorganism responsible for 
osteomyelitis was not identified.

Predictors of Healthcare-associated infection
In univariate analysis we found that transfer from a surgical depart-
ment, surgery in the last 30 days, spinal cord injury, occurrence of 
prior HAI at an acute care setting, presence of urinary foley catheter, 
presence of peripheral venous catheter, number of medical devices ≥ 
2, presence of nasogastric tube and length of stay ≥ 30 days were all 
associated with HAI. A stepwise age-sex adjusted multivariate logistic 
regression model showed that urinary foley catheter (OR=5.4; 95% 
CI 2.2-13.4), surgery in the last 30 days (OR=2.5; 95% CI 1.1-6.1) and 
length of stay ≥ 30 days (OR=2.1; 95% CI 1.1-3.9) remained as inde-
pendent risk factors for development of HAI in the RW. Univariate and 
multivariate logistic regression models are summarized in table 4.

Tavares H, et al
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Table 1. Baseline characteristics of patients on admission to the post-acute RW

CHARACTERISTICS POPULATION STUDY (N=262)
Sex, n (%)
Female 113 (43.1%)
Male 149 (56.9%)
Age in years, mean±SD 58.1±14.0
Previous modified Rankin scale, n (%)
≤ 2 243 (92.7%)
> 2 19 (7.3%)
Provenience, n (%)
Internal Medicine Department 88 (33.6%)
Neurosurgery Department 55 (21.0%)
Neurology Department 53 (20.2%)
Orthopedic Department 19 (7.2%)
Stroke Unit 10 (3.8%)
Other Hospital Departments 28 (10.7%)
Physical and Medicine Rehabilitation outpatient clinic 7 (2.7%)
Other Healthcare Facility 2 (0.8%)
Reasons for admission, n (%)
Ischemic stroke 107 (40.8%)
Hemorrhagic stroke 47 (17.9%)
Spinal cord injury 34 (13.0%)
Deconditioning 18 (6.9%)
Traumatic Brain Injury 14 (5.3%)
Polyneuropathies 12 (4.6%)
Polytrauma 4 (1.5%)
Inferior limb fracture 4 (1.5%)
Inferior limb amputation 4 (1.5%)
Central Nervous System infection 3 (1.1%)
Other cause 15 (5.7%)
Length of stay in the acute care hospital in days, median (IQ) 26.0 (15.0-44.0)
Prior infection in the acute care hospital, n (%) 141 (53.8%)
Modified Rankin scale on admission, n (%)
≤ 2 7 (2.7%)
> 2 255 (97.3%)
Presence of medical devices on admission, n (%) 102 (38.9%)
Number of medical devices on admission, n (%)
0 160 (61.1%)
1 66 (25.2%)
≥ 2 36 (13.7%)
Medical devices on admission, n (%)
Urinary foley catheter 64 (24.4%)
Nasogastric feeding tube 24 (9.2%)
Percutaneous endoscopic gastrostomy 2 (0.8%)
Peripheral venous catheter 56 (21.4%)
Central venous catheter 3 (1.1%)
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Outcomes
In six patients who developed HAI (2.3%), the rehabilitation program 
had to be suspended due to transfer to another department; one 
of these patients died due to severe hospital acquired pneumonia 
and the other five returned to the RW after receiving adequate treat-
ment. The outcome for the remaining 261 patients was as follows: 
117 (44.8%) were discharged to home, 75 (28.7%) were discharged 
to a Rehabilitation Center or a Private Hospital to continue an inpa-
tient rehabilitation program, 61 (23.4%) were discharged to other fa-
cilities for chronic care and 8 (3.1%) were discharged to another de-
partment of the hospital for an acute problem and survived. Patients 
with at least one HAI had worse functional outcome at discharge, with 
mR >2 (87.4% vs 68.9%%, p=0,001). The stay in the RW was signifi-
cantly longer in patients with infection than in patients without infec-
tion [41.0 (28.0-57.0) vs 28.0 (16.0-37.0) days, p<0.001]. Length of 
stay was associated with an increased odd of developing HAI (medi-
an length of 28.0 (16.0-37.0) days for those without HAI, 35.0 (26.0-
53.25) days for those with only one HAI and 55.0 (46.0-70.5) days for 
patients having two or more HAI).

DISCUSSION

Our study showed that patients admitted to this post-acute RW ex-
perienced a high rate of HAI. Over one third developed at least one 
HAI, with urinary tract, respiratory tract and surgical wound infections 
being the most common HAIs in patients admitted for post-acute re-
habilitation, as described in previous studies.1,4,6,7 Longer hospitaliza-
tion, indwelling urinary catheter and prior surgery were all associated 
with increased odds for HAI.

Incidence of HAI of up to 36.2% was twice that reported by Mylotte et 
al. 2000 (16.5%), Golliot et al. 2001 (15.9%) and Tinnelli et al. 2011 
(15%).1,4,6 This difference might be due to variations in type of study 
(retrospective vs prospective) and different criteria for HAI definition.

The most common infection in this cohort, by far, was UTI, which ac-
counted for 87.8% of all HAIs identified, which is in agreement with 
previous studies in similar settings.2,4,7,8 Given the burden of UTI in 
these facilities, further critical evaluation of the impact, risk factors, 
and prevention of this problem should be a priority. 

Controlling HAIs may include three strategies: surveillance, preven-
tion and early treatment. These infections can be prevented to a large 
extent by instituting careful surveillance of bacterial infections, im-
proving hand hygiene, limiting antibiotics overuse and unnecessary 
invasive procedures.9 Defining a priori risk factors for HAI can help 
identify high-risk patients for HAI who need stricter preventive meas-
ures and active surveillance of symptoms development. We identified 
that indwelling urinary catheter, prior surgery and prolonged length 
of stay were all associated with an increased risk for HAI during the 
hospitalization at the RW. 

Recent surgery and indwelling urinary catheter are significant risk 
factors for HAI and these findings are consistent with previous stud-
ies.6,10,11 Surgery and anesthesia result in a variety of metabolic and 
endocrine responses, which result in a generalized state of immuno-
suppression in the post-operative period.12 The severity of immune 
disorders is proportional to the extent of surgical trauma and de-

pends on several factors, including the baseline condition requiring 
surgical treatment, coexisting infections, and impaired nutritional sta-
tus.13 It can take a couple of weeks for the immune system to fully re-
cover. In our study, 21.8% of rehabilitation inpatients had undergone 
surgery in the previous month and 33.7% of the patients who devel-
oped at least one infection had undergone surgery in the previous 
month.

Indwelling catheters are a well-described key source of infection in 
the general medical population.11 Patients admitted to RW due to spi-
nal cord injury, stroke and traumatic brain injury, are more likely to 
need an urinary catheter placement than other hospitalized patients; 
their high incidence of bladder dysfunction increases the likelihood of 
being catheterized.14 Also limited mobility secondary to hemiparesis, 
paraparesis or tetraparesis impairs the ability to transfer to the toilet 
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Table 2. Total number of infections per patient during
the stay in the RW

NUMBER OF INFECTIONS PER PATIENT FREQUENCY (%)

0 infections 167 (63.7%)

1 infection 70 (26.7%)

Urinary tract infection 63

Surgical wound infection 3

Respiratory tract infection 3

Bacteriemia 1

2 infections 17 (6.5%)

2 urinary tract infections 12

1 urinary tract infection + 1 respiratory tract infection 3

1 urinary tract infection + 1 surgical wound infection 1

 1 urinary tract infection + 1 osteomyelitis 1

3 infections 6 (2.3%)

 3 urinary tract infections 4

 2 urinary tract infections + 1 surgical wound infection 1

 2 urinary tract infections + 1 pseudomembranous colitis 1

4 infections 1 (0.4%)

4 urinary tract infections 1

5 infections 1 (0.4%)

3 urinary tract infections + 2 respiratory tract infections 1
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or bedside commode, increasing the likelihood of catheter placement 
for nursing convenience.14 Speech and language impairment as well 
as cognitive limitations affect the ability to communicate their need to 
urinate, which may be used as a justification for catheter placement.11 
This risk increases the longer the catheter remains in place.10,15 The 
potential consequences of catheter-associated urinary tract infection 
include pain or discomfort, physical damage to the urethra, pyelo-
nephritis, kidney failure, spread of infection to bloodstream (bacter-
iemia), increased use of antibiotics, increased hospital length of stay, 
and even patient death.16 Therefore, catheters should only be placed 
in patients who require them for monitoring of fluid status due to 
a concurrent medical condition or in those with acute bladder ob-

struction or retention.14 Other patients should be managed without 
indwelling catheters with careful attention to bladder dysfunction us-
ing other methods of bladder drainage when necessary such as in-
termittent catheterization.14 To further minimize the risk to patients 
and to prevent colonization by bacteria that might potentially be path-
ogenic, it is important to perform a correct aseptic non-touch tech-
nique for catheterization so that the key parts of the catheter are not 
contaminated.11

We found that longer duration of hospitalization on the RW was asso-
ciated with an increased incidence of HAIs. On one hand, this might 
reflect more complex clinical conditions with an increased suscepti-

Table 3. Bacteriology of the HAI, by the main sources, occurring among patients admitted to the RW

ORGANISM
NUMBER OF ISOLATES FROM INDICATED SOURCE

Urinary tract (115) Respiratory tract (8) Surgical wound (5) Bloodstream (1)

Escherichia coli 39

Klebsiella pneumoniae 23

Proteus mirabilis 10

Pseudomonas aeruginosa 11

Enterococcus faecalis 5

P. aeruginosa + K. pneumoniae 1

E. coli + K. pneumoniae 3

Morganella morganii 1

Enterobacter aerogenes 1

Citrobacter freundii 1

Enterobacter cloacae 1

Serratia mascescens 1

Streptococcus agalactiae 1

Klebsiella oxytoca 1 1

S. aureus 1 1

S. aureus + K. pneumoniae 1 1

P. aeruginosa + Morganella morganii 1

E. aerogenes + P. mirabilis 1

S. aureus + S. warneri 1

Microorganism not identified 16 4 2
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bility to infections, higher rate of manipulation of indwelling cathe-
ters. On the other hand, we cannot exclude reverse causality whereby 
increased length of stay is not the cause but the consequence of HAI. 
HAIs can affect the adherence to and ability to participate in a reha-
bilitation program and thus delay functional recovery and induce a 
prolonged length of stay to achieve the established clinical and func-
tional goals.

Finally, it should be noted that the outcome for patients with HAI in 
the present study was good. The relevant question in examining mor-
bidity from infection would be HAIs interfering with the patient´s re-
habilitation program. In 6 patients (2.3%), the rehabilitation program 
had to be suspended due to patient transfer to another department 
for specialized care of HAI. There was only one death attributable to 
HAI, probably due to higher proportion of HAI being uncomplicat-
ed UTIs with more favorable prognosis. Besides that, patients with 
at least one HAI showed worse functional outcome, as also reported 
by Myllote et al. (2001).3 Myllote et al. (2001) found that older age, 
prior hospital length of stay and occurrence of HAI were predictive 
variables of a lesser increase in Functional Independence Measure 
score between admission and discharge; of these, HAI was the only 
one having the potential to be modifiable following admission to the 
Rehabilitation Unit.3

In summary, healthcare-associated infections, especially UTI, are 
a frequent complication in a RW and seems to be associated with 
longer length of hospitalization and poorer functional outcome. Pa-
tients with urinary foley catheter, prior surgery and prolonged length 
of rehabilitation unit stay are at increased risk for infection during 
the hospitalization at the RW. The observations reported in this study 

support the need to develop specific programs for the surveillance, 
prevention and care of infections in Rehabilitation Units. However, 
this study has some limitations. This was a single-center retrospective 
study performed in a post-acute RW in a public, university-affiliated 
hospital whereby results and conclusions should not be extrapolated 
to different rehabilitation settings. 
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Table 4. Univariate and multivariate analysis of potential risk factors associated with development of HAI.

Variables OR [95% CI] Adjusted OR [95% CI]

Sex 0.82 [0.49 – 1.36] *

Age ≥ 60 years 1.37 [0.83 – 2.28] *

Transfer from a surgical department 1.73 [1.01 – 2.96] 0.87 [0.39 – 1.91]

Surgery in the last 30 days 2.89 [1.58 – 5.27] 2.54 [1.06 – 6.09]

Spinal cord injury 5.01 [2.27 – 11.09] 1.56 [0.56 – 4.34]

Prior HAI at an acute care setting 2.25 [1.33 – 3.79] 1.62 [0.86 – 3.06]

Urinary foley catheter 8.64 [4.54 – 16.43] 5.43 [2.20 – 13.42]

Peripheral venous catheter 3.03 [1.65 – 5.56] 1.50 [0.61 – 3.70]

Nasogastric tube 3.29 [1.38 – 7.85] 2.19 [0.72 – 6.65]

Number of medical devices ≥ 2 6.97 [3.11 – 15.61] 0.99 [0.24 – 4.04]

Length of stay ≥ 30 days 3.02 [1.79 – 5.11] 2.10 [1.13 – 3.89]

Legend: OR: odds ratio; 95% CI: 95% confidence intervals. *Age-sex adjusted model.
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