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Abstract
Study design A retrospective observational study.
Objective To identify the difference between patients with and without healthcare-associated infection (HAI) after spinal
cord injury (SCI), changes in the quantity of rehabilitation after HAI, and resistance to and application of empirical
antibiotics.
Setting University hospital-affiliated rehabilitation center.
Methods Altogether, 338 patients with SCI receiving inpatient rehabilitation from January 2015 to March 2018 were
categorized into two groups based on the presence or absence of HAI. Demographic and clinical characteristics, amount of
rehabilitation performance between before and after HAI, resistance to antibiotics, and empirical antibiotic change rates were
investigated.
Results In 79 patients, 117 HAI cases occurred, with an overall incidence of 34.6%. Male sex, complete SCI, and trauma
history were more frequent in the HAI group than in the non-HAI group. Length of stay (LOS) was longer at 28.9 days in the
HAI group. The incidence of lower respiratory tract infections (LRIs) and urinary tract infections (UTIs) was 5.0 and 16.9%,
respectively. The rehabilitation loss rates due to LRIs and UTIs were 40.0 and 20.2%, respectively, which were not
statistically significant. The rates of resistance to recommended empirical antibiotics for LRIs and UTIs were 26.9–57.7%
and 54.2–67.8%, respectively. The rates of empirical antibiotic changes for LRIs and UTIs were 35.3 and 43.9%,
respectively.
Conclusions HAI after SCI was more common in men, complete SCI and trauma history. LOS was prolonged in the HAI
group. A quantitative reduction of rehabilitation treatment after HAI was observed, but further research is needed for
validation.

Introduction

Spinal cord injury (SCI) can lead to complications and
failure in the internal organs below the neurological level of
injury (NLI). The atelectasis and restricted sputum expec-
toration due to respiratory failure after SCI are known
risk factors for respiratory infections [1]. Subsequently,
increased intravesical pressure and/or bladder over-
distension after SCI results in ischemia and mucosal breaks
in the bladder walls, which can lower the resistance against

urinary tract infections (UTIs) [2]. Additionally, the pres-
sure sore risk increases because of paralysis-induced com-
pression and secondary factors (e.g., urinary and fecal
incontinence); consequently, the soft tissue infection risk
increases [3].

Infection is associated with mortality in patients with
SCI; hence, infection control for these patients is important.
According to data from the National Spinal Cord Injury
Statistical Center (USA), respiratory system diseases
(21.9%) were the leading cause of death among patients
with SCI (65.4% of which were pneumonia cases), followed
by other infectious diseases (12.0%) [4]. While various
epidemiological studies have indicated the infection inci-
dence among patients with SCI [5–8], they mostly reported
infection incidence rates, Thus, an in-depth analysis of
healthcare-associated infection (HAI) in patients with SCI
during inpatient rehabilitation is lacking.
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The present study aimed to identify the difference between
patients with and without HAI after SCI at a rehabilitation
center affiliated with a tertiary university hospital, changes in
quantity of rehabilitation after HAI, and resistance to and
application of empirical antibiotics.

Materials and methods

In this study, we performed a retrospective review of
medical records. Patients with cervical and thoracic spinal
cord injuries were included. Altogether, 338 patients with
SCI receiving inpatient rehabilitation at a tertiary center
from January 2015 to March 2018 were initially enrolled.
They included patients who were transferred to a rehabili-
tation center after acute/subacute care of SCI in other
departments of either our or another hospital, and patients
who required re-hospitalization for evaluation and rehabi-
litation due to worsening neurologic/medical symptoms
or functions. Demographic and clinical characteristics,
including sex, age, height, body mass index, etiology of
injury, NLI, American Spinal Injury Association impair-
ment scale (AIS), diabetes mellitus (DM) history, hemo-
globin A1C (HbA1c) level in DM patients, injury duration,
and LOS in the department of rehabilitation medicine were
analyzed.

Patient groups

The US Centers for Disease Control and Prevention/
National Healthcare Safety Network (CDC/NHSN)
defines HAI as an infection in which all elements of a site-
specific infection criterion are first present together on or
after the third hospital day (admission day is day 1) [9].
The present study used C-reactive protein (CRP) for
objective and efficient screening of patients. After the
computerized classification of patients with a history of
CRP elevation to ≥5.0 mg/dL or CRP < 5.0 mg/dL during
hospitalization, entire medical record of each patient with
a history of CRP elevation to ≥5.0 mg/dL was reviewed
(Fig. 1). Then, if they met the CDC/NHSN definition of
HAI [9], they were classified as HAI group; otherwise,
they were classified as non-HAI group. Patients with
CRP < 5.0 mg/dL, CRP elevation to ≥5.0 mg/dL but
without an infection, and community-acquired infection
were assigned to non-HAI group (Fig. 1). These two
groups were further categorized into subacute SCI and
chronic SCI subgroups according to whether the time
interval from injury event to rehabilitation center admis-
sion or transfer was ≥1 or <1 year. Moreover, the HAI
group was further categorized into single HAI and
recurrent HAI subgroups. The recurrent HAI group
included patients without abnormalities in the routine

laboratory test results for >7 days after the laboratory
results, including CRP levels, imaging findings, and
infection symptoms, and were normalized from a previous
infection, but another infection occurred after that period.

Measurement of rehabilitation treatment loss

Inpatient rehabilitation in South Korea is generally available
from Monday to Friday, excluding Sunday and national
holidays, with a shortened schedule on Saturday. To com-
pare the amount of rehabilitation treatment between, before,
and after CRP elevation, patients in whom the first day
(D-day) of CRP elevation to ≥5.0 mg/dL was Monday,
Tuesday, or Wednesday were selected. Subsequently, the
amount of rehabilitation treatment at 2 days before and
2 days after D-day (D− 2 and D+ 2, respectively) were
compared to that at 3 days before D-day (D-3). However,
if D-day was Monday or Tuesday, rehabilitation amount
before and after D-day were compared based on the reha-
bilitation amount of the last Friday. The number of reha-
bilitation performance units per day (1 unit was equivalent
to 30 minutes of treatment) was referred to as the amount of
treatment.

Infection investigation: pathogens and antibiotic
resistance

Regarding lower respiratory tract infections (LRIs) and
UTIs, microorganisms cultured in body fluids and blood
were considered as pathogens, and frequency of these

Fig. 1 Flow diagram of patient group classification. SCI spinal cord
injury, CRP C-reactive protein, CDC/NHSH The US Centers for
Disease Control and Prevention/National Healthcare Safety Network,
CAI community-acquired infection, HO heterotopic ossification, HAI
healthcare-associated infection, URI upper respiratory infection, LRI
lower respiratory infection, UTI urinary tract infection, GII gastro-
intestinal infection, SST skin and soft tissue infection.

Healthcare-associated infection after spinal cord injury in a tertiary rehabilitation center in South. . . 249



pathogens and their resistance to antibiotics were analyzed.
Empirical antibiotics were initially used for LRIs and UTIs,
and antibiotics used after culture test were investigated to
analyze the rate of antibiotic change.

Statistical analysis

Collected data were statistically analyzed using SPSS ver-
sion 23.0 (IBM Corp., Armonk, NY, USA). To compare the
differences between two groups, χ2 test or Fisher’s exact
test was used for categorical data. Depending on data nor-
mality, t-test or Mann–Whitney U test was used to analyze
continuous data. Multiple linear regression analysis was
conducted once to analyze the relationship between LOS
(dependent variable), AIS grade (A, B, C, and D; inde-
pendent variable), and HAI status (independent variable).
Friedman test, a non-parametric test, was used to analyze
the significance of rehabilitation treatment loss after HAI.
Statistical significance was defined as p < 0.05.

Results

Of 338 patients with SCI, 259 were assigned to the non-
HAI group, including patients with community-acquired
infection (n= 19), cancer metastasis (n= 2), heterotopic
ossification (n= 1), and unknown cause (n= 1). Seventy-
nine out of 102 patients with a history of CRP elevation
to ≥5 mg/dL were assigned to the HAI group (Fig. 1).
The analysis of demographic characteristics revealed sig-
nificantly higher proportion of men in the HAI group than
in the non-HAI group (odds ratio [OR] 2.85, 95% con-
fidence interval [CI], 1.55–5.29, p= 0.001). No significant
differences in age (mean difference [MD] 2.35, 95% CI,
−1.375.77, p= 0.195), height (MD 0.01, 95% CI,
−1.323.93, p= 0.364), body mass index (MD −0.41, 95%
CI, −1.30 to 0.48, p= 0.404), DM history (OR 1.48, 95%
CI, 0.71–3.06, p= 0.292), and NLI (OR 0.82, 95% CI,
0.49–1.37, p= 0.443) were noted between the two groups.
The HAI group had a higher proportion of patients with
complete SCI (OR 4.11, 95% CI, 2.28–7.41, p < 0.001),
trauma history (OR 2.44, 95% CI, 1.38–4.33, p= 0.002),
and longer LOS (MD 2.89, 95% CI, 20.4–38.8, p < 0.001)
than the non-HAI group (Table 1). For the subacute and
chronic SCI subgroups, tendency similar to that observed in
the analysis of all patients was noted, except for age, which
was higher in the chronic HAI subgroup than in the chronic
non-HAI group (MD 7.10, 95% CI 1.78–12.26, p= 0.008)
(Table 1). Multiple linear regression analysis of the rela-
tionship between LOS, AIS grade, and infection status
revealed that when AIS D was used as the reference cate-
gory, partial regression coefficients (βi) for the presence of
infection, AIS A, AIS B, and AIS C, were 24.41 (p < 0.01),

18.37 (p < 0.01), 8.03 (p= 0.304), and 6.82 (p= 0.603),
respectively.

Among the 117 HAI cases, there were 21 (17.9%) upper
respiratory infections (URIs), 17 (14.5%) LRIs, 57 (48.7%)
UTIs, 14 (12.0%) gastrointestinal infections (GIIs), and 8
(6.8%) skin and soft tissue infections (SSTs). In 338
patients, 117 HAIs occurred, resulting in an overall inci-
dence of 34.6%. The infection incidence in 338 patients was
5.0% (n= 17) for LRIs and 16.9% (n= 57) for UTIs.

When the HAI group was subcategorized into single HAI
and recurrent HAI subgroups, no significant differences in
age (MD −1.26, 95% CI, −8.275.28, p= 0.720) and pro-
portion of complete SCI (OR 1.19, 95% CI, 0.46–3.07, p=
0.725) and DM history (OR 0.56, 95% CI, 0.14–2.27, p=
0.412) were observed between the two subgroups. Although
the recurrent HAI subgroup had a higher proportion of men
(OR 2.56, 95% CI, 0.66–10.10, p= 0.162) and shorter
injury duration (MD −9.00, 95% CI, −26.84.90, p= 0.366)
than the single HAI group, the differences were not sig-
nificant. The recurrent HAI group had a significantly longer
LOS (MD 31.5, 95% CI, 15.248.2, p < 0.001) and higher
HbA1c level (MD 0.91, 95% CI, 0.391.47, p= 0.013) than
the single HAI group (Table 2).

Within the HAI group, 41 patients showed elevated CRP
levels on Monday, Tuesday, or Wednesday. When com-
paring the amount of rehabilitation before and after HAI in
these patients, an overall decrease was up to 23% (minimum
19%, p= 0.239) was noted after HAI. In each infected
group, the decrease was up to 28% (minimum 19%, p=
0.950), 40% (minimum 20%, p= 0.734), 20% (minimum
6%, p= 0.324), 50% (minimum 21%, p= 0.758), and 17%
(minimum 6%, p= 0.340) for URI, LRI, UTI, GII, and
SST, respectively, but the difference was not significant
(Fig. 2).

Pathogens were cultured 26 times in 17 LRI cases, with
Staphylococcus aureus (23.1%), Klebsiella pneumoniae
(19.2%), Pseudomonas aeruginosa (15.4%), and Acineto-
bacter baumannii (15.4%) accounting for 73.1% of all
pathogens. Pathogens were cultured 49 times in 57 UTI
cases, with Escherichia coli (50.8%) and K. pneumoniae
(20.3%), accounting for 71.1% of all pathogens.

Regarding resistance against empirical antibiotics
recommended for LRIs as an HAI (Infectious Diseases
Society of America [IDSA]/American Thoracic Society
standard) [10], resistance rates of 57.7, 34.6, 30.8, and
26.9% were found against quinolones, antipseudomonal
penicillin (AP), fourth-generation cephalosporins, and car-
bapenem, respectively (Table 3). Regarding resistance
against empirical antibiotics recommended for UTIs as a
HAI (IDSA standard) [11], resistance rates of 67.8 and
54.2% were shown against quinolones and trimethoprim-
sulfamethoxazole (TMP/SMX), respectively, whereas a
resistance rate of 59.3% was shown against third-generation
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Table 1 Comparison of the characteristics between the non-HAI and HAI groups with SCI.

All SCI (subacute SCI/
chronic SCI)

Non-HAI (n= 259)
(178/81)

HAI (n= 79)
(57/22)

OR or MD
(95% CI)

p-value

Sex (n)

Men 155 64 2.85 (1.55–5.29) 0.001

Women 104 15 1 (ref)

Subacute

Men 114 47 2.63 (1.25–5.75) 0.009

Women 64 10 1 (ref)

Chronic

Men 41 15 3.31 (1.12–9.85) 0.025

Women 40 5 1 (ref)

Age (years) 58.6 (57.9–60.3) 61.0 (57.6–64.1) 2.35 (−1.37–5.77) 0.195

Subacute 59.9 (57.7–62.0) 60.2 (56.0–64.5) 0.32 (−4.49–4.98) 0.882

Chronic 55.8 (52.8–58.6) 62.9 (58.7–66.9) 7.10 (1.78–12.26) 0.008

Height (m) 1.65 (1.63–1.66) 1.66 (1.64–1.68) 0.01 (−1.32–3.93) 0.364

Subacute 1.64 (1.63–1.66) 1.66 (1.64–1.69) 0.02 (−0.69–4.81) 0.209

Chronic 1.65 (1.63–1.68) 1.64 (1.60–1.68) −0.01 (−5.60–4.44) 0.831

BMI (kg/m2) 24.3 (23.8–24.8) 23.9 (23.1–24.8) −0.41 (−1.30–0.48) 0.404

Subacute 24.5 (23.8–25.0) 23.8 (22.9–24.7) −0.64 (−1.68–0.44) 0.282

Chronic 24.0 (23.2–24.9) 24.2 (22.7–25.7) 0.12 (−1.79–1.84) 0.892

Diabetes mellitus (n) 28 2 1.48 (0.71–3.06) 0.292

Subacute 17 8 1.55 (0.63–3.80) 0.339

Chronic 11 4 1.41 (0.40–4.97) 0.587

HbA1c (%) 7.13 (7.00–7.32) 7.38 (6.97–7.85) 0.25 (−0.21–0.76) 0.241

Subacute 7.17 (6.91–7.41) 7.40 (6.80–8.10) 0.23 (−0.41–0.93) 0.447

Chronic 7.07 (6.82–7.33) 7.35 (6.70–8.00) 0.27 (−0.30–0.90) 0.348

NLI (n)

Cervical myelopathy 160 45 0.82 (0.49–1.37) 0.443

Thoracic myelopathy 99 34 1 (ref)

Subacute

Cervical myelopathy 108 34 0.96 (0.52–1.76) 0.890

Thoracic myelopathy 70 23 1 (ref)

Chronic

Cervical myelopathy 52 11 0.56 (0.22–1.45) 0.226

Thoracic myelopathy 29 11 1 (ref)

AIS (n)

Complete injury 32 29 4.11 (2.28–7.41) <0.001

Incomplete injury 227 50 1 (ref)

Subacute

Complete injury 18 16 3.47 (1.63–7.39) 0.001

Incomplete injury 160 41 1 (ref)

Chronic

Complete injury 14 13 6.93 (2.47–19.30) <0.001

Incomplete injury 67 9 1 (ref)

Etiology (n)

Traumatic injury 146 60 2.44 (1.38–4.33) 0.002

Non-traumatic injury 113 19 1 (ref)

Subacute
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cephalosporins, which is additionally recommended in the
Korean clinical guidelines (Table 3). As for the empirical
antibiotics for LRIs, APs (58.9%) were the most commonly
used, and the overall rate of antibiotic change after the
culture test was 35.3%. Quinolones (100%) were changed
most often (Table 3). Regarding empirical antibiotics for
UTIs, quinolones (54.3%) were the most commonly used,
and the overall rate of antibiotic change after the culture test

was 43.9%. Cephalosporins (54.5%) showed the highest
rate of empirical antibiotic change (Table 3).

Discussion

In the present study, we conducted an in-depth analysis of
HAI in patients with SCI at a rehabilitation center affiliated

Table 1 (continued)

All SCI (subacute SCI/
chronic SCI)

Non-HAI (n= 259)
(178/81)

HAI (n= 79)
(57/22)

OR or MD
(95% CI)

p-value

Traumatic injury 97 43 2.57 (1.31–5.01) 0.005

Non-traumatic injury 81 14 1 (ref)

Chronic

Traumatic injury 49 17 2.22 (0.75–6.62) 0.146

Non-traumatic injury 32 5 1 (ref)

Duration of injury (years) 1.81 (1.37–2.31) 1.73 (1.04–2.57) −0.08 (−0.90–0.88) 0.871

Subacute 0.24 (0.22–0.27) 0.24 (0.20–0.029) 0.00 (−0.05–0.05) 0.941

Chronic 5.24 (4.08–6.48) 5.59 (3.67–7.62) 0.35 (−1.94–2.72) 0.786

LOS in RM (days) 47.8 (44.3–50.7) 76.8 (68.7–86.0) 28.9 (20.4–38.8) <0.001

Subacute 54.1 (50.2–58.0) 83.4 (72.3–94.2) 29.3 (17.4–40.1) 0.001

Chronic 34.1 (29.8–38.9) 59.5 (48.1–71.4) 25.4 (13.2–37.5) <0.001

Data are presented as mean (95% CI) or as n.

HAI healthcare-associated infection, SCI spinal cord injury, OD odds ratio for dichotomous data, MD mean difference for continuous data, CI
confidence interval, BMI body mass index, HbA1c hemoglobin A1C, NLI neurological level of injury, AIS American Spinal Injury Association
impairment scale, LOS length of stay, RM department of rehabilitation medicine.

Table 2 Comparison of the
characteristics between the
single HAI and recurrent HAI
groups with SCI.

Single HAI
(n= 51)

Recurrent HAI
(n= 28)

OR or MD (95% CI) p-value

Infection events (n) 51 66

Sex (n)

Men 39 25 2.56 (0.66–10.10) 0.165

Women 12 3 1 (ref)

Age (years) 61.4 (57.1–65.3) 60.14 (54.0–65.7) −1.26 (−8.27–5.28) 0.720

NLI (n)

Cervical myelopathy 26 19 2.03 (0.77–5.33) 0.147

Thoracic myelopathy 25 9 1 (ref)

AIS (n)

Complete injury 18 11 1.19 (0.46–3.07) 0.725

Incomplete injury 33 17 1 (ref)

Diabetes mellitus (n) 9 3 0.56 (0.14–2.27) 0.412

HbA1c (%) 6.70 (6.50–6.90) 7.61 (7.14–8.12) 0.91 (0.39–1.47) 0.013

Duration of injury (months) 24.7 (12.2–40.0) 15.2 (9.3–22.8) −9.00 (−26.8–4.90) 0.366

LOS in RM (days) 65.5 (55.2–76.1) 97.1 (84.6–111.0) 31.5 (15.2–48.2) <0.001

Data are presented as mean (95% CI) or as n.

HAI healthcare-associated infection, SCI spinal cord injury, OR odds rario for dichotomous data, MD mean
difference for continuous data, CI confidencw interval, NLI neurological level of injury, AIS American
Spinal Injury Association impairment scale, HbA1c hemoglobin A1C, LOS length of stay, RM department of
rehabilitation medicine.
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to a tertiary university hospital. It can be seen that the
proportion of male sex, complete SCI, and trauma history is
higher in the HAI group than in the non-HAI group.
Moreover, LOS was longer in the HAI group. Addition-
ally, in patients with chronic SCI, the HAI group was older
than the non-HAI group. In the HAI group with a DM
history, the recurrent HAI subgroup had higher HbA1c
levels and a longer LOS than the single HAI subgroup.
The overall rate of quantity in rehabilitation treatment after
HAI was reduced by 23% (40, 20, and 50% for LRIs,
UTIs, and GIIs, respectively). The rates of resistance

against recommended empirical antibiotics for LRIs and
UTIs were 26.9–57.7% and 54.2–67.8%, respectively.
Furthermore, the average rates of empirical antibiotic
change used for LRIs and UTIs at our rehabilitation center
were 35.3 and 43.9%, respectively.

Based on previous reports that CRP is the most useful
among other parameters for indicating infection [12, 13],
the present study used CRP for objective and efficient
screening, not for diagnosis. A prior study suggested that a
CRP cut-off value of 6.0 mg/dL was the most appropriate
for diagnosing bacterial infection (sensitivity, 80.7%; spe-
cificity, 96.0%) [12]. Accordingly, before the present study,
a preliminary study was conducted in 88 patients with SCI
who received inpatient rehabilitation at our center between
January and December 2015. The entire medical chart of
each participant was reviewed, and 40 infection cases were
confirmed. When the CRP cut-off value was set to 3.5, 4.0,
4.5, 5.0, and 6.0 mg/dL, the sensitivity was 87.1, 86.5, 85.0,
85.0, and 75.0%, respectively, whereas the specificity was
90.7, 90.7, 94.9, 100.0, and 100.0%, respectively. Based on
these results, the cut-off value in the present study was set to
5.0 mg/dL.

Our results indicated that infection was more prevalent in
men and patients with complete SCI. Such findings were
consistent with those of previous studies that analyzed
factors associated with the prevalence of LRIs in patients
with acute SCI [14]. A similar tendency for infection pre-
valence in men was also reported by a study on 30,288

Fig. 2 Changes in the rehabilitation performance rate after
healthcare-associated infection. Overall overall infection, URI upper
respiratory infection, LRI lower respiratory infection, UTI urinary tract
infection, GII gastrointestinal infection, SST skin and soft tissue infection.

Table 3 Pathogen resistance to antibiotics and rate of empirical antibiotic change.

Antibiotics LRI UTI

Resistance (%) Case (n, %) Change rate (%) Resistance (%) Case (n, %) Change rate (%)

Overall 34.3 17 (100) 35.3 34.5 57 (100) 43.9

Quinolonea,b,c 57.7 2 (11.8) 100 67.8 31 (54.3) 51.6

Penicillin derivative 73.1 – – 72.4 – –

Antipseudomonal penicillina 34.6 10 (58.9) 30.0 27.1 11 (19.3) 18.2

4th generation cephalosporina 30.8 4 (23.4) 25.0 47.5 – –

3rd generation cephalosporinc 30.1 – – 59.3 11 (19.3) 54.5

Carbapenema 26.9 1 (5.9) 0 10.2 4 (7.1) 25.0

TMP/SMXb 24.4 – – 54.2 – –

Aminoglycoside 23.1 – – 15.3 – –

Tetracycline 30.8 – – 32.9 – –

Macrolide 15.4 – – 8.5 – –

Glycopeptide 0 – – 1.7 – –

Data are presented as n or as percentages.

LRI lower respiratory tract infection, UTI urinary tract infection, TMP/SMX trimethoprim-sulfamethoxazole.
aRecommended empirical antibiotics of Infectious Diseases Society of America and American Thoracic Society for healthcare-associated lower
respiratory infection.
bRecommended empirical antibiotics of Infectious Diseases Society of America for catheter-associated urinary tract infection.
cRecommended empirical antibiotics of Korean clinical practice guideline for catheter-associated urinary tract infection.
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trauma patients, and this tendency was more prominent in
patients with severe trauma than in those with mild trauma
[15]. A previous study that examined the characteristics of
SCI according to sex reported a higher percentage of AIS
A and B in men with SCI [16]. They mentioned that the
difference in injury mechanism could partially explain these
results. Although motor vehicle accidents are the most
common cause of SCI in both men and women, approxi-
mately 70% of deaths occur in men. There may be differ-
ences in the severity of motor vehicle accidents. The higher
ratio of sports-related and bicycle accidents in men than in
women is related to SCI severity [16]. DM is a known risk
factor for infection [17]. We found no significant difference
in DM prevalence and HbA1c level between the HAI and
non-HAI groups. However, in the HAI group, the HbA1c
level was significantly higher in recurrent HAI subgroup
than in the single HAI subgroup. In a previous study con-
ducted in the UK, 85312 patients’ primary care data, the
relative risk of infection was evaluated according to the
degree of DM control [18]. In this study, the optimal control
group (HbA1c 6–7%) had an incidence rate ratio of 1.41,
whereas that of the poor control group (HbA1c > 11%)
increased to 4.70. Although HbA1c level of the recurrent
HAI subgroup was 7.61 (95% CI, 7.14–8.12), the level of
blood sugar control was not very poor because the HbA1c
level was 7–8%, indicating that there was no significant
increase in the risk compared to that of the previous study,
but it was significantly higher than that of the single HAI
subgroup at 6.70 (95% CI, 6.50–6–90).

The incidence of LRIs and UTIs in the present study was
relatively lower than that reported in previous epidemiolo-
gical studies for patients with SCI (LRIs: 5.6–18.2%; UTIs:
11.8–23.1%) [5–8]. Nonetheless, this incidence was much
higher than the HAI incidence of 4.0% (LRIs: 0.98%; UTIs:
0.58%) reported by a 2015 CDC study on 12,299 general
patients [19] and the HAI incidence of 3.7% (LRIs: 0.6%;
UTIs: 1.12%) reported by a 1996 study on 15 acute hos-
pitals in Korea [20]. Studies on HAI incidence in people
with stroke showed a similar tendency for SCI, with an
incidence of 4.0–17.2 and 8.3–30.5% for LRIs and UTIs,
respectively [21, 22].

The results suggest that HAI causes an increase in
LOS, but without adequate control for confounding; thus,
further prospective studies are needed to confirm this.
However, this is consistent with the findings of previous
studies [14, 23]. Multiple linear regression analysis of
infection status, AIS, and LOS revealed that infection
status had a significant impact on prolonged LOS. The
mean LOS was prolonged by 29.3 days in the HAI group
(vs. the non-HAI group) and by 31.3 days in the recurrent
infection subgroup (vs. the single infection subgroup).
Even considering the mean antibiotic use of 13.1 days, it
can be seen that a rehabilitation period extension

occurred. In a previous study conducted in the UK, the
average LOS for SCI patients undergoing specialist
rehabilitation was 72.8 days, and the average medical cost
was 32813 pounds [24]. Referring to previous study, the
prolonged LOS of HAI group most likely accounts for the
additional medical cost of 13,206 pounds.

A quantitative reduction of rehabilitation treatment after
HAI was observed, but it was not statistically significant.
The low statistical power is suspected to be a result of the
insufficient number of patients in our study. Improving the
statistical power in this study was limited because all
applicable patients were analyzed, thus our results warrant
further investigation in a larger patient cohort. The rate of
rehabilitation treatment loss due to infection was the highest
in GIIs, but SSTs did not show a significant difference.
Because most GII cases are accompanied by diarrhea, it is
common in clinical practice for patients or caregivers to be
reluctant to undergo rehabilitation treatment because of the
aftercare for diarrhea or to discontinue rehabilitation treat-
ment to avoid dealing with diarrhea that occurs during
treatment. Clostridioides difficile infection is propagated by
contact and consequently requires isolation during rehabi-
litation treatment, which might have led to such results. In
the present study, pressure ulcer was the cause of all SSTs.
Before infection, the numbers of rehabilitation units for
participants with URIs, LRIs, UTIs, and GIIs were 6.0, 5.8,
6.0, and 6.3, respectively, whereas that for participants with
SSTs was 2.67. This is speculated to be because the change
in the treatment loss rate after infections is small, as the
patients were already receiving reduced rehabilitation
treatment before infection because of postural limitations
due to pressure ulcers.

In the US, the use of APs, fourth-generation cephalos-
porins, or quinolones + carbapenem are recommended for
LRIs, which is HAI with a low expected mortality rate [11].
However, in Europe, carbapenem, third-generation cepha-
losporins, or quinolones are recommended for such cases
[25]. However, quinolones, which showed the highest
resistance among the recommended empirical antibiotics,
were replaced in all cases when it was used at our rehabi-
litation center; thus, it would be impossible to use this
antibiotic as an empirical treatment for LRI at our center.
The United States guidelines recommend TMP/SMX and
quinolone as empirical antibiotics for UTIs [12], whereas
the Korean clinical guidelines recommend quinolone and
third-generation cephalosporin because resistance to TMP/
SMX was found to be very high in Korea through local
surveillance [26]. Thus, it would be necessary to develop
clinical guidelines that sufficiently account for the state of
local resistance to antibiotics through local surveillance for
effective empirical antibiotic administration. Nonetheless,
according to a study conducted by the World Health
Organization, only five out of 63 clinical guidelines for
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UTIs worldwide fully satisfy such criteria [27]. Accord-
ingly, the Bayesian weighted incidence syndromic anti-
biogram approach was recommended for deciding empirical
antibiotics with consideration of the pathogen emergence
and antibiotic resistance rates [28]. Therefore, if empirical
antibiotic therapy tailored to a country or institution based
on local surveillance could be applied, then rehabilitation
treatment loss and prolonged LOS could be minimized
through an effective infection treatment.

Study limitations

Owing to its retrospective nature, the present study has the
following limitations. First, the respiratory and urinary
status at infection onset could not be accurately identified;
consequently, there were limitations in the additional ana-
lysis of risk factors for infection. Moreover, because the
overall functions of all patients were not re-assessed at the
time of discharge, there were limitations in the comparison
of functional recovery at the time of discharge between the
infected and non-infected groups. However, it can be
indirectly surmised from the prolonged LOS in the infected
group that HAI is one of the factors that limited functional
recovery through rehabilitation.

This study used CRP as a tool for screening individuals
suspected of having an infection. Although CRP is not an
absolute diagnostic criterion for infection, it is a known
inflammatory factor that is typically elevated in the presence
of infection and has been reported to be highly associated
with infection severity [29, 30]. According to our pre-
liminary study of the present study, when the CRP cut-off
value was 5.0 mg/dL, the sensitivity was 85.0%. Therefore,
our HAI incidence might have been slightly underestimated,
but patients with mild infection could be excluded.

Currently, only infections in intensive care units and
surgical site infections are investigated in Korea for HAI
control; thus, there were limitations in causatively verifying
the infection control level at our center. However, our center
is affiliated to a tertiary national university hospital and is
among the largest rehabilitation centers in Korea. Chung-
nam National University Hospital has been accredited as a
tertiary hospital by the Korea Institute for Healthcare
Accreditation operated by the Ministry of Health and
Welfare (2015.02.07–2023.02.06), and our center has
received a 3-year accreditation (2017.10–2020.09) from the
Commission on Accreditation of Rehabilitation Facilities.
Therefore, our center operates an infection control system
that meets national and international standards.

The results of this study are only preliminary but could be
used to guide further studies in this area. Importantly, to
determine whether HAI causes prolonged LOS and reduced
rehabilitation, a prospective cohort study is required in which
all assumptions about the relationship among possible

confounders, mediators, and moderators are schematically
determined prior to the study and declared in a Directional
Acyclic Graph. This graph can then be used as a priori to
identify the minimum set of variables that need to be mea-
sured and adjusted for the analysis.

Conclusion

HAI was more common in men and patients with complete
SCI and trauma history. The HAI group had longer LOS than
the non-HAI group. Moreover, we observed a quantitative
reduction of rehabilitation treatment after HAI, but further
large-scale prospective research is needed to confirm our
results. Additionally, it is necessary to consider local sur-
veillance of HAI pathogen resistance and the change rate of
empirical antibiotics. Further research is required to evaluate
the effect of tailored empirical antibiotics on rehabilitation.
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