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ABSTRACT
Taketa T, Uchiyama Y, Sakamoto Y, Tanaka Y, Suehiro 
T, Nakagawa S, Sakata K, Domen K. Impact of a 
Nosocomial COVID-19 Outbreak on Convalescent 
Rehabilitation Outcomes of Post-Stroke Patients. Jpn 
J Compr Rehabil Sci 2024; 15: 79‒87.
Objective: This study aimed to elucidate the impact of 
a nosocomial COVID-19 outbreak on convalescent 
rehabilitation outcomes of post-stroke patients.
Methods: This retrospective  observational  study 
included post-stroke patients who were hospitalized in 
convalescent rehabilitation wards of our hospital 
during a COVID-19 outbreak between July 22, 2022 
and August 13, 2022 (outbreak group). The control 
group consisted of patients hospitalized in convalescent 
rehabilitation wards from October 1 to December 31, 
2022 (non-outbreak group). The two groups were 
compared in terms of motor Functional Independence 
Measure (FIM) effectiveness at discharge, Brunnstrom 
Recovery Stage, length of stay, and duration of 
rehabilitation therapy. Furthermore, within the 
outbreak group, outcomes were compared according 
to whether patients were infected with SARS-CoV-2. 

The impact of the outbreak on motor FIM effectiveness 
at discharge was also evaluated.
Results: There were 30 patients in the outbreak group 
(COVID-19, n = 18; close contacts, n = 12) and 33 
patients in the non-outbreak group. Motor FIM 
effectiveness at discharge was significantly lower in 
the outbreak group, but there was no significant 
difference in outcomes according to SARS-CoV-2 
infection status. After adjusting for SARS-CoV-2 
infection, the nosocomial outbreak was significantly 
associated with lower motor FIM effectiveness at 
discharge.
Conclusion: A nosocomial COVID-19 outbreak 
affected motor FIM effectiveness in convalescent 
rehabilitation for post-stroke patients, regardless of 
SARS-CoV-2 infection status.
Key words: COVID-19,  Isolation,  Nosocomial 
infection, Close contact, Motor FIM effectiveness

Introduction

  The COVID-19 pandemic, which began in late 2019 
and became a global public health issue for nearly 3 
years, has been particularly problematic in terms of 
outbreaks at care facilities and hospitals [1]. Due to the 
high contagiousness of SARS-CoV-2, nosocomial 
outbreaks have persisted even after the World Health 
Organization declared the end of the public health 
emergency in May 2023 [1]. Rehabilitation facilities, 
in particular, have a high risk for the spread of infection 
due to the close contact between healthcare staff and 
patients [2‒4].
  Many post-stroke patients in convalescent rehabili
tation wards are elderly and often have comorbidities 
such as diabetes, cardiovascular disease, or chronic 
kidney disease, placing them at high risk for severe 
illness in the event of a nosocomial COVID-19 
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outbreak [5]. However, the clinical impact of such 
outbreaks on post-stroke patients in rehabilitation 
facilities has not yet been reported.
  Previous studies on nosocomial outbreaks of infectious 
diseases other than COVID-19 have demonstrated that 
outbreaks negatively affect rehabilitation outcomes, 
resulting in extended hospital stays and reduced 
Functional Independence Measure (FIM) scores at 
discharge [3, 4]. In the event of a nosocomial COVID-19 
outbreak, the provision of appropriate rehabilitation 
therapy may be hindered by several challenges, including 
ward closures, isolation measures, restrictions on training 
spaces and content, staff shortages due to infection, and a 
decline in patient motivation for rehabilitation [3, 4]. 
These issues are expected to impact not only infected 
individuals but also close contacts and non-infected 
patients. This poses a significant challenge, especially for 
post-stroke patients in the convalescent phase, for whom 
optimizing functional recovery is crucial. To date, no 
studies have investigated the impact of COVID-19 
outbreaks on rehabilitation outcomes for infected patients 
and close contacts in rehabilitation facilities.
  The aim of this study was to examine the clinical 
characteristics of post-stroke patients during a nosocomial 
COVID-19 outbreak in convalescent rehabilitation wards 
(Kaifukuki rehabilitation wards) and to clarify the impact 
of the outbreak on the rehabilitation outcomes of both 
infected patients and close contacts.

Methods

1. Patients
  We retrospectively collected data of post-stroke 
patients hospitalized during a COVID-19 outbreak 
that occurred between July 22, 2022 and August 13, 
2022 in two convalescent rehabilitation wards of our 
hospital (one with 53 beds and the other with 50 beds, 
with only one private room in total). Patients diagnosed 
with COVID-19 were those who tested positive for 
SARS-CoV-2 by PCR testing using a nasopharyngeal 
swab. Uninfected patients who shared a room with 
COVID-19 patients were considered close contacts. 
As a control group, we selected post-stroke patients 
admitted to the same two wards between October 1, 
2022 and December 31, 2022, during which no 
COVID-19 outbreaks were observed. We excluded 
patients with an impaired understanding of instructions 
due to disorders of consciousness, severe aphasia or 
other higher brain dysfunction, or severe cognitive 
impairment (Revised Hasegawa’s Dementia Scale 
score ≤ 10 [6]), those with head trauma or subarachnoid 
hemorrhage, those with a pre-admission modified 
Rankin Scale score of ≥ 2 [7], and those who 
experienced recurrent stroke. Patients hospitalized 
during the outbreak were classified into the outbreak 
group, and those hospitalized after the end of the 
outbreak were classified into the non-outbreak group.
  The study protocol was approved by the Ethics 

Committee of our hospital (approval number 23012), 
and informed consent was obtained using an opt-out 
method.

2. �Infection Control Measures and Rehabilitation 
Treatment Before the Outbreak

  During the study period, global pandemic-related 
precautions were in place, including mandatory mask-
wearing for patients, standard infection control measures 
for staff, and restrictions on family visits, even outside the 
outbreak period. Rehabilitation therapists wore full 
personal protective equipment (PPE) during treatment 
sessions. Post-stroke patients received physical 
therapy, occupational therapy, and speech therapy for 
a total of 120 to 180 min per day. Walking training 
using parallel bars and ball exercises were conducted 
in a rehabilitation room separate from the wards, while 
activities of daily living (ADL) training was conducted 
within the wards.

3. �COVID-19 Outbreak and Infection Control 
Measures During the Outbreak

  On July 22, 2022, 3 patients in two rehabilitation 
wards were diagnosed with COVID-19. Symptomatic 
patients and close contacts underwent PCR testing 
with nasopharyngeal swabs. Over the next 8 days, 
additional cases emerged, resulting in 32 staff members 
(22 nurses and 10 therapists) testing positive for 
COVID-19. Infected patients were placed in either 
single-room isolation or cohort isolation. All ward 
staff underwent PCR testing, wore full PPE, and 
strictly adhered to hand hygiene and environmental 
disinfection protocols. Patients were released from 
isolation after testing negative by PCR between 13 and 
18 days after symptom onset. Close contacts underwent 
PCR testing the day after their initial test and on day 5, 
and were released from isolation after testing negative 
on day 14. Infected staff members stayed home for 10 
days after symptom onset, and close contacts stayed 
home for 7 days after contact, both returning to work 
after testing negative by PCR.

4. Rehabilitation Therapy During the Outbreak
  During the isolation period, occupational therapy 
and speech therapy were suspended for both infected 
patients and close contacts, and only physical therapy 
was provided. Dedicated COVID-19 physical therapists 
performed rehabilitation therapy once or twice daily 
for 20 to 60 min in the patient’s room, adjusting 
intensity based on the severity of illness and providing 
guidance on self-training. Infected patients received 
training to address respiratory symptoms, including 
positioning and exercises to improve thoracic mobility. 
After isolation was lifted, occupational and speech 
therapies were resumed, but rehabilitation therapy was 
conducted exclusively in the wards until the outbreak 
ended. After the end of the outbreak, patients resumed 
therapy in the rehabilitation room, with infection 
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control and therapy measures returning to those in 
place before the outbreak.

5. Measurements
  Patient data, including demographic (age, sex, BMI) 
and clinical (e.g. comorbidities, time from stroke onset 
to admission, length of stay) information, were extracted 
from medical records for both the outbreak and non-
outbreak groups. For infected patients, we collected 
information on clinical symptoms, severity, treatments, 
and vaccination status. The proportion of post-stroke 
patients with COVID-19 who died of COVID-19 during 
the outbreak period was calculated as the hospital-
acquired infection mortality rate due to COVID-19 
among post-stroke patients. FIM scores were assessed 
at both admission and discharge from the rehabilitation 
wards. The FIM consists of 18 items, including 13 
motor and 5 cognitive tasks, with a maximum of 91 
points for motor tasks and 35 points for cognitive tasks, 
for a total of 126 points [8]. Rehabilitation outcomes 
were evaluated using motor FIM gain (difference in 
motor FIM scores between admission and discharge) 
and total FIM gain (difference in total FIM scores) [9]. 
To account for ceiling effects in FIM gain, motor FIM 
effectiveness (motor FIM gain / [91 ‒ motor FIM score 
on admission]) and total FIM effectiveness (FIM gain / 
[126 ‒ admission total FIM score]) were calculated [9, 
10]. The Brunnstrom Recovery Stage (BRS) of the 
paralyzed side [11] and the duration of rehabilitation 
therapy (total and daily) during the convalescent 
rehabilitation ward stay were also assessed. In the 
outbreak group, the duration of rehabilitation therapy 
during and outside the isolation period was also 
evaluated. Comparisons were made between the 
outbreak and non-outbreak groups, as well as between 
infected and non-infected patients within the outbreak 
group.
  Finally, to examine whether the COVID-19 outbreak 
was associated with motor FIM effectiveness at 
discharge, while controlling for the impact of SARS-
CoV-2 infection, we conducted multiple linear 
regression analysis with age, motor and cognitive FIM 
scores at admission, stroke type (ischemic or 
hemorrhagic), and SARS-CoV-2 infection status 
during the outbreak as explanatory variables and 
motor FIM effectiveness as the dependent variable.

6. Discharge Criteria
  In Japan, post-stroke patients can stay in convalescent 
rehabilitation wards for up to 150 days, extended to 
180 days if higher brain dysfunction is present [12]. 
Discharge was determined based on functional 
improvement and the ability to manage daily life within 
these time limits. Discharge during the outbreak period 
was permitted.

7. Statistical Analysis
  Patient characteristics are reported as percentages 

for categorical data and medians (interquartile ranges) 
for continuous data. The Mann–Whitney U test or 
Fisher’s exact test was used for comparisons between 
two groups. The impact of the COVID-19 outbreak on 
motor FIM effectiveness at discharge was assessed 
using multiple linear regression analysis. Covariates 
included factors previously reported to be associated 
with motor FIM effectiveness and clinically relevant 
factors (age, admission motor and cognitive FIM 
scores, stroke type, and SARS-CoV-2 infection) 
[13‒15]. The number of covariates and their selection 
were based on sample size and multicollinearity 
considerations. Multicollinearity was considered absent 
if the variance inflation factor (VIF) was between 1 and 
10. All statistical analyses were performed using JMP 
16.0 (SAS Institute Japan, Tokyo, Japan), and statistical 
significance was set at p < 0.05.

Results

  Figure 1 shows the flow of patients in the study 
population. During the outbreak period, 83 patients 
were admitted to our hospital’s rehabilitation ward, 
including 47 post-stroke patients. Among them, 31 
were infected with COVID-19, while 16 were not 
infected. One infected patient died due to exacerbation 
of chronic heart failure triggered by COVID-19. After 
excluding 16 patients, 30 patients were classified into 
the outbreak group. All non-infected patients in the 
outbreak group were considered close contacts as they 
were housed in the same room as infected patients. 
The hospital-acquired infection mortality rate due to 
COVID-19 among post-stroke patients during the 
outbreak was approximately 3.2% (1/31 cases). Among 
the 31 infected post-stroke patients, 5 (16.1%) 
developed COVID-19-related pneumonia, with 2 of 
these patients requiring oxygen therapy. No patients 
required ventilator management. Clinical symptoms 
included fever (n = 25; 80.6%), sore throat (n = 11; 
35.4%), cough (n = 10; 32.2%), and difficulty in 
moving (n = 1; 3.2%). One infected patient (3.2%) 
was asymptomatic. The median isolation period for 
COVID-19 patients was 16 days. Remdesivir was 
administered to 25 patients (80.6%), and 6 patients 
(19.4%) were kept under observation. In the control 
group, 59 post-stroke patients were admitted during 
the corresponding period, with 26 patients excluded, 
leaving 33 patients in the non-outbreak group. There 
were no new COVID-19 infections outside of the 
outbreak period in either group.
  Table 1 presents the patient characteristics in the 
outbreak and non-outbreak groups. There were no 
significant differences in patient backgrounds between 
the two groups. Table 2 shows the discharge outcomes 
of the outbreak and non-outbreak groups. No patients 
from the outbreak group were discharged during the 
outbreak period. Although there were no significant 
differences between the two groups in motor FIM 
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scores or total FIM scores, the cognitive FIM scores 
were significantly lower in the outbreak group (p = 
0.04). Motor FIM gain and total FIM gain were also 
significantly lower in the outbreak group (both p < 
0.01). Furthermore, motor FIM effectiveness and total 
FIM effectiveness were significantly lower in the 
outbreak group (outbreak group vs. non-outbreak 
group: motor FIM effectiveness, median 0.27 vs. 0.44, 

p = 0.04; total FIM effectiveness, 0.22 vs. 0.41, p = 
0.02). There were no significant differences between 
the two groups in terms of discharge BRS or the length 
of stay in the rehabilitation ward. The total duration of 
rehabilitation therapy and daily duration were both 
significantly shorter in the outbreak group (outbreak 
group vs. non-outbreak group; median 172.2 h vs. 
253.0 h, p = 0.04; 116 min/day vs. 160 min/day, p < 

Figure 1. Study Participants in Outbreak and Non-Outbreak Groups.
Flow of patients through the study. Abbreviations: COVID-19, coronavirus disease 2019; mRS, modified Rankin 
Scale; SAH, subarachnoid hemorrhage.

Inpatients during 
COVID-19 nosocomial outbreak

n=83

Inpatients after 
the nosocomial outbreak period

n=109

Musculoskeletal disorders (n=18) 
Disuse syndrome (n=12)
Others (n=6)

Impaired consciousness (n=2)
Severe cognitive impairment (n=4) 
Profound aphasia (n=3)
SAH (n=1)
mRS ≧2 (n=6)
Death (n=1)

Post-stroke patients after 
the nosocomial outbreak period

n=59

Non-Outbreak group
n=33

Post-stroke patients 
during the nosocomial outbreak

n=47（COVID-19； n=31)

Musculoskeletal disorders (n=33)
Disuse syndrome (n=11)
Others (n=6)

Impaired consciousness (n=3)
Severe cognitive impairment (n=6) 
Profound aphasia (n =4)
Recurrence of stroke (n=2)
SAH (n=2)
mRS≧2 (n =9)

Outbreak group n=30
（COVID-19；n=18 Close Contact；n=12）

Table 1. Patient Characteristics in Outbreak and Non-Outbreak Groups.

Variables Outbreak group (n=30) Non-Outbreak group (n=33) p-value

Age, years 74.0 (70.3, 83.0) 79.0 (69.0, 86.0) 0.57
Male sex, % 53.3 48.5 0.80
Body mass index, kg/m2 21.9 (20.7, 22.6) 21.6 (20.4, 22.3) 0.31
Comorbidities, %
  Diabetes 33.3 27.3 0.78
  Hypertension 63.3 81.8 0.15
  Chronic kidney disease 16.7 27.3 0.37
  Hyperlipidemia 40.0 33.3 0.61
Infarction/Hemorrhage, % 53.3/46.7 72.7/27.3 0.13
BRS I/II/III/IV/V/VI, %
  Upper limb 3.3/23.8/10.0/16.7/30.0/16.7 9.1/24.2/6.1/9.1/42.4/9.1 0.66
  Hand/finger 10.0/11.1/16.7/20.0/30.0/13.3 15.2/12.1/3.0/18.2/39.4/12.1 0.53
  Lower limb 3.3/16.7/16.7/10.0/43.3/10.0 6.1/24.2/9.1/12.1/39.4/9.1 0.91
HDS-R 20.0 (12.5, 24.0) 19.0 (15.0, 25.5) 0.48
MMSE 21.0 (16.0, 24.0) 20.0 (14.5, 25.0) 0.97
Interval between onset and admission, days 21.5 (17.8, 43.0) 20.0 (12.0, 33.5) 0.10
FIM score at admission
  Motor score 25.0 (18.0, 42.8) 30.0 (17.5, 41.0) 0.78
  Cognition score 19.5 (13.0, 25.0) 23.0 (16.5, 26.0) 0.15
  Total score 42.5 (36.0, 67.0) 48.0 (41.0, 66.5) 0.48

Data are presented as the median (interquartile range) or as a percentage. P-values represent comparisons between 
the Outbreak and the non-Outbreak groups. Abbreviations: BRS, Brunnstrom recovery stage; FIM, Functional 
Independence Measure; HDS-R, Hasegawa Dementia Scale-Revised; MMSE, Mini-Mental State Examination.
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0.01).
  Next, we compared the outcomes of COVID-19 and 
close contact patients within the 30 cases of the 
outbreak group. The outbreak group consisted of 18 
COVID-19 patients and 12 close contacts. Table 3 
shows the patient characteristics of COVID-19 patients 
and close contacts. There were no significant differences 
in patient backgrounds between the COVID-19 patients 
and close contacts. The rehabilitation outcomes at 
discharge are shown in Table 4. There were no 
significant differences between these two groups in 
motor FIM gain, total FIM gain, motor FIM 
effectiveness, or total FIM effectiveness. During the 
isolation period, the daily duration of rehabilitation 
therapy was significantly reduced in COVID-19 
patients relative to close contacts (42.1 min/day vs. 
77.1 min/day, p < 0.01). Additionally, the daily 
duration during the total hospitalization period in the 
rehabilitation ward was decreased in COVID-19 
patients (111.0 min/day vs. 119.0 min/day, p = 0.04). 
There were no significant differences in the daily 
duration of rehabilitation therapy outside the isolation 
period or in the total duration of rehabilitation therapy.
  Table 5 shows the results of the multivariate linear 
regression analysis on motor FIM effectiveness at 
discharge in the context of the nosocomial COVID-19 
outbreak. After adjusting for age, FIM motor and FIM 
cognition scores at admission, types of stroke, and 
nosocomial SARS-CoV-2 infection, three factors were 
found to be associated with motor FIM effectiveness at 
discharge: FIM motor score (β = 0.553, p < 0.01), FIM 
cognition score at admission (β = 0.241, p = 0.011), 
and nosocomial COVID-19 outbreak (β = ‒0.275, p = 
0.019).

Discussion

  The occurrence of a nosocomial COVID-19 
outbreak in a convalescent rehabilitation ward was 
shown to result in reduced rehabilitation outcomes at 
discharge. Furthermore, the outbreak had a significant 
impact on the outcomes of post-stroke patients at 
discharge, regardless of whether they contracted SARS-
CoV-2 during the outbreak period.
  To our knowledge, this is the first study to evaluate 
the impact of a nosocomial COVID-19 outbreak on 
the rehabilitation outcomes of post-stroke patients at 
discharge from a convalescent rehabilitation ward. In 
addition, the novelty of this study lies in the fact that it 
assessed the outcomes of both infected patients and 
close contacts during the outbreak. Post-stroke patients 
were chosen as the focus of this study because rehabili
tation therapy is critical for functional improvement, 
particularly in the convalescent phase, where the 
quality of rehabilitation therapy has a significant 
impact on functional outcomes of patients. It is known 
that functional recovery after stroke typically reaches 
a plateau at 3 to 6 months after onset [16, 17], and it 
has been reported that increasing the duration of 
rehabilitation therapy improves FIM gain [18]. We 
believed that examining the impact of the nosocomial 
outbreak during this limited period would contribute 
to improving the quality of rehabilitation therapy and 
strengthening infection control measures.
  The risk of nosocomial infection in rehabilitation 
facilities had been reported even before the COVID-19 
pandemic [19, 20]. Hospital-acquired infection mortality 
due to COVID-19 and severity rates are higher than 
those of community-acquired infections [21], and the 

Table 2. Rehabilitation Outcomes at Discharge in Outbreak and Non-Outbreak Groups.

Variables Outbreak group (n=30) Non-Outbreak group (n=33) p-value

FIM score 
  Motor score   40.5 (27.0, 69.5) 61.0 (44.0, 74.5) 0.11
  Cognition score   20.5 (13.0, 26.3) 24.0 (20.5, 30.0) 0.04
  Total score   59.0 (45.8, 91.0)   84.0 (66.0, 103.0) 0.09
Motor FIM gain 14.0 (9.0, 24.0) 25.0 (15.5, 35.0) <0.01
FIM gain 16.0 (9.0, 24.0) 31.0 (19.0, 38.5) <0.01
Motor FIM effectiveness   0.27 (0.13, 0.51) 0.44 (0.32, 0.71) 0.04
FIM effectiveness   0.22 (0.11, 0.36) 0.41 (0.30, 0.63) 0.02
BRS I/II/III/IV/V/VI, %
  Upper limb 0/3.3/23.3/13.3/50.0/10.0 9.1/9.1/3.0/12.1/48.5/18.2 0.09
  Hand/finger 3.3/6.7/10.0/16.7/53.3/10.0 9.1/9.1/0/9.1/51.5/21.2 0.19
  Lower limb 0/3.3/13.3/23.3/50.0/10.0 3.0/9.1/12.1/12.1/33.3/30.3 0.17
LOS in convalescent rehabilitation ward, days 95.0 (66.0, 126.0) 95.0 (51.0, 141.0) 0.93
Total duration of rehabilitation therapy, h 172.2 (129.9, 249.5) 253.0 (142.3, 379.7) 0.04
Daily duration of rehabilitation therapy, min 116.0 (104.0, 122.0) 160.0 (152.0, 167.0) <0.01

Data are presented as the median (interquartile range). P-values represent comparisons between the Outbreak and 
the non-Outbreak groups. Statistically significant p-values (<0.05) are in bold. Abbreviations: BRS, Brunnstrom 
recovery stage; COVID-19, coronavirus disease 2019; FIM, Functional Independence Measure; LOS, length of 
stay.
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Table 3. Patient Characteristics of COVID-19 Patients and Close Contacts in the Outbreak Group.

Variables
Outbreak group (n=30)

p-value
COVID-19 (n=18) Close Contact (n=12)

Age, years 77.5 (72.0, 83.5) 72.5 (67.3, 76.3) 0.09
Male sex, % 62.5 50.0 0.77
Body mass index, kg/m2 21.5 (20.4, 22.4) 22.1 (21.5, 23.1) 0.26
Comorbidities, %
  Diabetes 38.9 25.0 0.69
  Hypertension 61.1 66.7 0.76
  Chronic kidney disease 11.1 25.0 0.59
  Hyperlipidemia 44.4 33.3 0.36
Infarction/Hemorrhage, % 66.7/33.3 33.3/66.7 0.13
BRS I/II/III/IV/V/VI, %
  Upper limb 0/22.2/5.6/27.8/27.8/16.7 8.3/25.0/16.7/0/33.3/0 0.16
  Hand/finger 11.1/5.6/16.7/27.8/27.8/11.1 8.3/16.7/16.7/8.3/33.3/16.7 0.75
  Lower limb 0/11.1/16.7/16.7/50.0/5.6 8.3/25.0/16.7/0/33.3/16.7 0.22
HDS-R 18.5 (11.0, 24.0) 21.0 (18.0, 24.0) 0.15
MMSE 19.5 (15.0, 24.0) 22.0 (18.0, 24.0) 0.33
Interval between onset and admission, days 28.5 (15.0, 64.0) 21.5 (19.0, 25.0) 0.36
FIM score at admission
  Motor score 25.5 (18.8, 40.5) 24.0 (17.3, 61.8) 0.58
  Cognition score 19.0 (13.0, 25.0) 21.5 (12.0, 24.8) 0.83
  Total score 45.5 (36.8, 61.3) 41.0 (35.0, 85.3) 0.71
COVID-19 Vaccinated within 6 months, % 88.2 88.9 0.96

Data are presented as the median (interquartile range) or as a percentage. P-values represent comparisons between 
the Outbreak and the non-Outbreak groups. Abbreviations: BRS, Brunnstrom recovery stage; FIM, Functional 
Independence Measure; HDS-R, Hasegawa Dementia Scale-Revised; MMSE, Mini-Mental State Examination.

Table 4. Rehabilitation Outcomes at Discharge of Patients with COVID-19 and Close Contacts in the Outbreak Group.

Variables
Outbreak group (n=30)

p-value
COVID-19 (n=18) Close Contact (n=12)

FIM score at discharge
  Motor score   44.5 (27.0, 61.5)   35.5 (26.5, 88.5) 0.51
  Cognition score   19.5 (13.8, 26.5)   24.0 (12.3, 26.8) 0.75
  Total score   68.0 (44.5, 86.8)     51.5 (46.3, 116.3) 0.67
Motor FIM gain 17.5 (8.0, 24.0) 12.0 (9.5, 24.5) 0.87
FIM gain 21.0 (8.5, 26.8) 12.5 (9.5, 26.0) 0.42
Motor FIM effectiveness   0.31 (0.11, 0.43)   0.17 (0.14, 0.94) 0.46
FIM effectiveness   0.26 (0.10, 0.35)   0.15 (0.11, 0.66) 0.97
BRS at discharge I/II/III/IV/V/VI, %
  Upper limb 0/0/16.7/22.2/55.6/5.6 0/8.3/33.3/0/41.7/16.7 0.10
  Hand/finger 0/11.1/5.6/16.7/61.1/5.6 8.3/0/16.7/16.7/41.7/16.7 0.29
  Lower limb 0/0/5.6/27.8/61.1/5.6 0/8.3/25.0/16.7/33.3/16.7 0.18
LOS in convalescent rehabilitation ward, days   97.5 (64.0, 142.8)   83.0 (66.3, 121.3) 0.32
Isolation period, days 16.0 (13.8, 17.3) 14.0 (14.0, 14.0) 0.02
Total duration of rehabilitation therapy, h   157.8 (133.0, 237.6) 191.0 (85.0, 301.0) 0.63
Daily duration of rehabilitation therapy, min
  Total hospitalization period 111.0 (80.0, 119.0)   119.0 (113.0, 124.0) 0.04
  During isolation period 42.1 (30.5, 53.5) 77.1 (62.9, 80.3) <0.01
  Outside isolation period   119.6 (103.0, 129.3)   129.8 (121.2, 134.8) 0.06

Data are presented as the median (interquartile range). Statistically significant p-values (<0.05) are in bold. 
Abbreviations: BRS, Brunnstrom recovery stage; COVID-19, coronavirus disease 2019; FIM, Functional 
Independence Measure; LOS, length of stay.
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hospital-acquired infection mortality rate of the 
Omicron variant, which was prevalent during the 
study period, is reported to be between 0% and 4.5% 
[21‒23], whereas the mortality rate for community-
acquired infections in Japan is < 1% [1]. In this study, 
the hospital-acquired infection mortality rate among 
post-stroke patients was approximately 3.2% (1 of 31 
cases), which is consistent with previous reports of the 
mortality rate of the Omicron variant. Furthermore, in 
this study, approximately 16.1% of the cases (5 of 31) 
were classified as moderate severity, (i.e., requiring 
oxygen therapy or developing pneumonia), which is 
higher than the proportion observed in community-
acquired moderate Omicron infections in Japan (4.0% 
to 6.0%) [1]. The U.S. Centers for Disease Control and 
Prevention (CDC) lists cerebrovascular disease as an 
underlying condition associated with severe COVID-19 
[24]. Therefore, post-stroke patients in convalescent 
rehabilitation wards should continue to be regarded as 
a high-risk group for SARS-CoV-2 infection, even 
after the end of the pandemic.
  Additionally, during the outbreak, the duration of 
rehabilitation therapy was significantly restricted, which 
is believed to have greatly impacted rehabilitation 
outcomes. Thus, it is reasonable to conclude that the 
decrease in motor FIM effectiveness at discharge in the 
outbreak group was inevitable. On the other hand, a key 
point emphasized in the results of this study is that, 
despite a significant reduction in daily rehabilitation 
hours among COVID-19 patients relative to close 
contacts, there was no significant difference in outcomes 
between them. Furthermore, after adjusting for the effect 
of SARS-CoV-2 infection, the nosocomial outbreak was 
still associated with rehabilitation outcomes at discharge. 
This suggests that the experience of the nosocomial 
outbreak during the hospitalization period, rather than the 
SARS-CoV-2 infection itself, had an impact on patients’ 
functional recovery.
  Factors contributing to the lack of significant 
differences in discharge outcomes between COVID-19 
patients and close contacts may include the effects of 
isolation, ward closures, and the impact on the training 
environment and content due to infection of medical 

staff. Luker et al. pointed out that isolation during 
COVID-19 outbreaks could lead to a shortage of 
rehabilitation resources and space, potentially restricting 
activities that promote social engagement and 
independence [25]. In this study, although COVID-19 
patients experienced significantly restricted training 
time, particularly during isolation, both COVID-19 
patients and close contacts were limited to physical 
therapy in their rooms during isolation. As a result, 
they could not participate in walking training in larger 
spaces, ADL training, or social skills training, nor 
could they engage in appropriately challenging tasks 
tailored to their individual needs. Even after isolation 
was lifted, training during the outbreak period 
remained restricted to within the ward. Reports prior 
to the COVID-19 pandemic indicated that isolation 
measures and contact precautions reduced the amount 
of time healthcare staff spent with patients [25‒28]. In 
addition, the staff shortage caused by numerous 
infections among ward personnel led to difficulties in 
nursing care and delays in rehabilitation therapy 
schedules. These factors likely had a significant impact 
on the rehabilitation outcomes of not only COVID-19 
patients but also close contacts during the post-stroke 
convalescent period.
  This study was associated with some limitations. 
First, the single-facility design and limited sample size 
may limit the generalizability of the results. Second, 
because infection prevention measures during the 
COVID-19 pandemic (e.g., isolation periods and 
rehabilitation treatment protocols) varied from facility 
to facility, it is challenging to generalize the results. 
Third, we did not investigate the psychological effects 
of the outbreak on patients and the relationship of 
those effects with outcomes. Fourth, the study period 
coincided with the global COVID-19 pandemic, during 
which factors such as delays in the certification process 
for long-term care insurance, the occurrence of 
COVID-19 outbreaks in our acute care ward, and 
delays in transfer to care facilities affected both the 
length of hospitalization and the time from onset to 
admission to the recovery phase ward. These factors 
were not examined in this study. However, the results 

Table 5. Multivariate Linear Regression Analysis of Motor FIM Effectiveness at discharge.

Variables B β 95% CI p-value
Age –0.004 –0.151 –0.0079‒0.0006 0.094
FIM motor score at admission   0.009   0.553   0.0062‒0.0126 <0.01
FIM cognition score at admission   0.008   0.241   0.0018‒0.0135 0.011
Nosocomial SARS-Cov-2 infection –0.009 –0.003   –0.072‒0.0697 0.979
Types of Stroke (Infarction; 0 Hemorrhage; 1)   0.041   0.138 –0.0110‒0.0922 0.121
Nosocomial COVID-19 outbreak –0.077 –0.275  –0.1412‒ –0.0128 0.019

R2=0.63
Statistically significant p-values (<0.05) are in bold. Abbreviations: CI, confidence interval; COVID-19, coronavirus 
disease 2019; FIM, Functional Independence Measure; SARS-Cov-2, Severe Acute Respiratory Syndrome 
Coronavirus 2.
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of this study highlight the significant impact of a 
nosocomial COVID-19 outbreak on clinical presentation 
and rehabilitation therapy for post-stroke patients in 
convalescent rehabilitation settings and underscore 
the importance of addressing these issues. Even as 
infection control measures in healthcare facilities are 
being relaxed following the end of the COVID-19 
pandemic, the impact of nosocomial outbreaks in 
inpatient rehabilitation facilities remains significant. 
Moving forward, it is essential to strengthen risk 
management during outbreaks in rehabilitation envi
ronments and implement measures to maximize 
functional recovery of patients.
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