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A B S T R A C T

Objective: Hospital-acquired infections (HAIs) are frequent complications among acute patients hospitalized in
neurological units, especially among those hospitalized for stroke. This study aimed to investigate if enhanced
hygienic measures, including the systematic use of personal protective equipment (PPE), determined a decrease
in HAI during the recent COVID-19 outbreak in “COVID-free” neurological units.
Methods: Patients hospitalized in neurology and stroke units of Policlinico Umberto I Hospital in Rome from
March 8, 2020 and discharged prior to May 31, 2020 were included in the study and compared with patients
hospitalized during the same period in 2019.
Results: A total of 319 patients were included in the study (n= 103 in 2020, n= 216 in 2019). Among patients
hospitalized in 2019, the incidence of HAIs was 31.5% (95% confidence interval (CI): 0.25–0.38), compared
with 23.3% (95% CI: 0.15–0.32) in 2020 (p = 0.12). Multivariable logistic regression showed that hospitali-
zation during 2020 was independently associated with a lower risk of HAIs (odds ratio: 0.34, 95% CI:0.16–0.71,
p = 0.004). Poisson regression models showed that hospitalization during 2020 was also independently asso-
ciated with both a lower number of HAIs (relative risk [RR]: 0.56, 95% CI:0.38–0.81, p = 0.01) and a lower
number of prescribed antibiotics per patient (RR: 0.66, 95% CI: 0.49–0.87, p = 0.02).
Conclusion: Our study design provides evidence regarding the impact of stricter hygienic measures, such as
increased PPE use, on HAIs. Larger studies are needed to support the extension of preventive measures even after
the COVID-19 outbreak in order to limit the occurrence of HAIs.

1. Introduction

The first autochthonous severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) infection-associated syndrome (COVID-19) in
Italy was diagnosed in the second half of February and the infection
rapidly spread across the country during the subsequent weeks [1,2].
During this COVID-19 pandemic, an extraordinary increase in the use of
personal protective equipment (PPE) was implemented for both
healthcare workers and patients [3,4]. Moreover, greater attention was
given to personal hygienic precautions, such as hand washing and
medical equipment disinfection [5]. Both PPE and hand hygiene are

considered powerful preventive measures against hospital-acquired
infections (HAIs) [6,7]. HAIs represent a frequent and serious compli-
cation among hospitalized patients, which can result in increased
morbidity and mortality rates and costs [8]. Despite some contrasting
results, HAIs represent a particularly frequent complication among
hospitalized neurological patients, especially among those suffering
from stroke or other conditions burdened by disability and dysphagia
[9]. Recent European reports have depicted a challenging situation in
Italy in terms of HAI-related deaths and antimicrobial resistance
[10,11].

With this background, we aimed to analyze the incidence of HAIs
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among patients hospitalized in neurological units during the COVID-19
outbreak in Italy as compared with the same period of the previous
year.

2. Methods

The study was conducted according to STROBE guidelines as a
retrospective case-control study and approved by the local Ethics
committee. Data from patients hospitalized in the neurology and stroke
units of Policlinico Umberto I Hospital in Rome fromMarch 8, 2020 and
discharged prior to May 31, 2020 were retrospectively reviewed (study
group) and compared with hospitalized patients during the same period
in 2019 (control group). The neurology and stroke divisions, which
usually include a total of 42 beds, were considered “COVID-free” from
the beginning of the pandemic and the number of beds was limited to
23. The following hygienic measures were adopted in our units during
the COVID-19 outbreak: All patients wore a surgical mask during the
hospital staying; healthcare workers systematically used protective face
masks (FFP2 or surgical depending on whether the contact with pa-
tients was either direct or indirect), as well as disposable coats, gloves
and safety goggles for eye protection; a distance of at least 1.5 m be-
tween hospital beds was also guaranteed. The study included patients
who came to neurological units directly from the emergency room (ER).
In order to ensure the homogeneity of the study setting and avoid
possible confounding factors, patients transferred to our unit from
wards other than the ER were excluded from the study. This study
design gave us the opportunity to evaluate the impact of increased PPE
use without the confounding effect of SARS-CoV-2 co-infection.

We collected demographic data, information on medical co-
morbidities, length and reason of hospitalization, number of invasive
devices (urinary catheter, peripheral venous line, central venous line,
nasogastric tubes, etc.), occurrence and number of HAIs, and the
number of prescribed antibiotics. Antibiotic prophylaxis was never used
in any patient during both years, and no antibiotic was prescribed be-
fore the occurrence of a HAI. HAIs were defined as infections occurring
after at least 48 h of hospitalization [12]. We also included aspiration
pneumonias occurring after this time point so as to encompass the
whole spectrum of infections that may complicate neurological unit
hospitalization.

The primary outcome of our study was to assess possible differences
in HAIs and antibiotic prescriptions between study group patients
hospitalized during the COVID-19 outbreak and control group patients
hospitalized during the same period in 2019.

2.1. Statistical analysis

Descriptive statistic methods and data visualization were used to
assess data distribution. Comparisons across means were performed
with independent sample t-test in cases of normal distribution, whereas
the Mann-Whitney U test was used in cases of non-normal distribution.
Comparisons across proportions were performed with Fisher's exact
test.

A multivariable logistic regression model (M0) was elaborated to
evaluate the effect of hospitalization in 2020 on the presence of HAIs.
The model was corrected for the number of invasive devices and
medical comorbidities, age, sex, and diagnosis of ischemic/hemor-
rhagic stroke. The variable “number of comorbidities” was obtained by
the sum of the medical comorbidities (i.e diabetes, arterial hyperten-
sion, history of previous cancer, obesity, history of previous stroke,
chronic kidney failure, chronic obstructive pulmonary disease, periph-
eral arterial disease and neurodegenerative diseases) reported during
patients' previous medical history. This choice allowed us to reduce the
number of covariates included in the model and to obtain an event per
variable (EPV) of 15.

Due to a Poisson distribution of the dependent variable, Poisson
generalized linear models were elaborated to assess the effect of

hospitalization in 2020 on the number of infections (M1) and anti-
biotics (M2) per patient. M1 and M2 were corrected for the same
covariates as M0. Analyses were performed and figures generated using
R 3.5.1 (R Project for Statistical Computing, Vienna, Austria).

3. Results

A total of 319 patients were included in the study according to study
criteria. This figure included 216 control group patients hospitalized in
2019 and 103 study group patients hospitalized in 2020, representing a
52.3% decrease in the hospitalization rate in our units in 2020. Clinical
and demographic data of the study and control groups are reported in
Table 1. Ischemic stroke was the most frequent cause of hospitalization,
accounting for 89 patients in 2019 and 41 in 2020, whereas hemor-
rhagic stroke was diagnosed in 25 and 7 subjects in 2019 and 2020,
respectively. The causes of hospitalization in study and control patients
are detailed in Fig. 1. Among patients with neurodegenerative diseases,

Table 1
Demographic and clinical characteristics stratified by year of hospitalization.

2019 N = 216
pts.

2020 N = 103
pts

p value

Age, n, mean (SD) 65.1 (18.8) 65.4 (17.7) 0.9
Female sex, n, % 110 (50.9) 40 (38.8) 0.04*
Arterial hypertension, n, % 133 (61.6) 62 (60.2) 0.8
Diabetes, n, % 35 (16.3) 24 (23.3) 0.13
Cardiopathy, n, % 61 (28.2) 32 (31.1) 0.6
COPD, n, % 16 (7.4) 8 (7.8) 0.9
History of cancer, n, % 26 (12) 15 (14.6) 0.5
Obesity, n, % 7 (3.2) 7 (6.8) 0.1
Neurodegenerative disease, n, % 23 (10.6) 16 (15.5) 0.2
Chronic kidney failure, n, % 9 (4.2) 6 (5.8) 0.5
Peripheral arterial disease, n, % 12 (5.6) 16 (15.5) 0.003*
History of previous stroke, n, % 22 (10.2) 12 (11.9) 0.6
History of MS or autoimmune

disease, n, %
9 (4.2) 6 (5.9) 0.5

Number of comorbidities, n, mean
(SD)

1.6 (1.3) 1.9 (1.5) 0.06

Length of hospitalization, n (SD) 14.2 (14.3) 11.4 (8.4) 0.2
Number of invasive devices, n,

mean (SD)
1.5 (0.7) 1.7 (0.6) 0.002*

Central venous catheters, n, % 20 (9.3) 10 (9.7) 0.9
Number of antibiotics, n, mean (SD) 0.75 (1.5) 0.63 (1.3) 0.039*
Subjects admitted for stroke, n, % 114 (52.8) 48 (46.6) 0.3

Abbreviations: COPD = chronic obstructive pulmonary disease; MS = multiple
sclerosis; SD = standard deviation. * p value less than 0.05.

Fig. 1. Discharge diagnoses stratified by year of hospitalization.
Discharge diagnoses expressed as percentages. Patients hospitalized during
2019 are in blue while those hospitalized during 2020 are in red. Abbreviations:
FND = functional neurological disorders; TIA = transient ischemic attack.
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the most frequent was Alzheimer's disease, observed in 9 subjects
during 2019 and in 6 during 2020, followed by Parkinson's Disease,
accounting for 8 and 3 patients in 2019 and 2020, respectively.

The overall number of HAIs considering both the years was 92
(28.8% of the patients). Among control patients, HAI incidence was
31.5% (95% confidence interval (CI): 0.25–0.38), as compared with
23.3% (95% CI: 0.15–0.32) in study patients (Fisher's exact test,
p = 0.12). The number of HAIs per patient was 0,44 (95% CI:
0.34–0.55) among control patients, as compared with 0,26 (95% CI:
0.15–0.37) in study patients (p = 0.02).

According to M0, hospitalization in 2020 was independently asso-
ciated with a decreased incidence of HAIs (odds ratio: 0.34, 95% CI:
0.16–0.71, p = 0.004) (Fig. 2).

Hospitalization in 2020 was also associated with a significant

reduction in the number of HAIs per patient (M1: relative risk (RR):
0.56, 95% CI: 0.38–0.81, p < 0.01) (Fig. 2) and a significant reduction
in the number of antibiotics per patient (M2: RR: 0.66, 95% CI:
0.49–0.87, p = 0.02) (Fig. 2).

4. Discussion

In our single-center case-control study, we found that the patients
hospitalized between March 8–May 31, 2020 had a reduced likelihood
of HAIs as compared with patients hospitalized during the same period
in 2019. We also found a reduced number of antibiotic prescriptions per
patient during the COVID-19 outbreak as compared with the same
period in 2019. The documented reduced HAI risk could be related to
increased hygienic measures and widespread use of PPE due to the

Fig. 2. Forest plot of regression analyses.
Forest plot of multivariable regression analyses. All independent variables in the models are represented. The upper panel shows the multivariable logistic regression
model (M0) and relative factors associated with the absence/presence of hospital-acquired infections (HAIs). The X-axis represents the relative odds ratio (OR) and
95% confidence interval (CI) of each covariate. P values are reported on the right. The middle panel shows the multivariable Poisson regression model with the
number of infections per patient as the outcome (M1). For each variable, the relative risk (RR) and 95% CI are reported and P values are shown on the right. The
lower panel shows the multivariable Poisson regression model with the number of antibiotics administered per patient as the outcome (M2). For each variable, the RR
and 95% CI are reported and P values are shown on the right.
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concurrent COVID-19 outbreak. Besides, the 1.5-m distance between
hospital beds might have contributed as well. To the best of our
knowledge, this is the first study reporting a possible association be-
tween reduced HAIs and stricter hygienic measures, including the use of
PPE, among healthcare workers during the COVID-19 pandemic.

As regards the overall rate of HAIs in our cohort, we found a high
incidence of infections as compared to literature [10]. This finding may
be due to the high prevalence of stroke patients, who are known to be at
high risk of HAIs [9,13], and to the frequent use of invasive devices
(e.g. urinary and central catheters, nasogastric tubes, etc.) in these
subjects, which is also associated with a higher HAI risk [11,14]. As
expected, we also found that the use of invasive devices, a stroke di-
agnosis, and the length of hospitalization were significantly associated
with an increased HAI risk, as previously reported by other authors
[9,15].

In conclusion, our study found decreased HAI occurrence in patients
hospitalized in our neurological unit during the COVID-19 outbreak
with respect to the previous year, in spite of comparable clinical se-
verity. Considering the possible association between reduced HAI risk
and adherence to stricter hygienic measures, our data further highlights
the great impact of precautionary measures, including the use of PPE,
on hospitalized patients' care and management. These findings appear
particularly relevant when considering the potential burden of HAIs on
the Italian healthcare system in terms of both mortality and public
spending.

5. Limitations

The main limitations of our study are the relatively small number of
patients and the single-center retrospective design. Larger studies are
needed to confirm our findings and to support the extension of pre-
ventive measures even after the SARS-CoV-2 outbreak in order to limit
the occurrence of HAIs among hospitalized patients.
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