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Ssummary

Background. Since the first months of 2020 COVID-19 patients
who were seriously ill due to the development of ARDS, required
admission to the intensive care unit to ensure potentially life-
saving mechanical ventilation and support for vital functions. To
cope with this emergency, an extremely rapid reorganization of
premises, services and staff, to dedicate an entire intensive care
unit exclusively to SARS-CoV-2 patients and increasing the num-
ber of beds was essential. The aim of the study was to evaluate the
effects of reorganization of the COVID-19 intensive care unit in
terms of nursing sensitive outcomes.

Methods. a retrospective observational study was conducted to
compare nursing sensitive outcomes between pre-COVID period
and COVID period.

Results. Falls (0.0 and 0.4%, respectively), physical restraint

Background

Coronaviruses, widely distributed among mammals
and birds, constitute a heterogeneous group of large
single-stranded RNA viruses. In some rare cases, the
subspecies Coronavirinae, consisting of alpha and beta
coronaviruses, can evolve and be transmitted from
animals to humans [1]. At the end of 2019, the world
witnessed the spread of a new coronavirus, named
SARS-CoV-2, and taxonomically classified among the
severe acute respiratory syndrome-related coronavirus
(SARS-CoV) species, subgenus Sarbecovirus, genus
betacoronavirus [2]. The novel coronavirus was initially
referred to as novel coronavirus 2019 (2019-nCoV) and
later officially renamed by the International Committee
on Taxonomy of Viruses as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). With the term
COVID-19, the disease caused by the virus has been
called. Although the first outbreaks were identified in
China in the Hubei region near the city of Wuhan [3], the
rapidity with which it spread and its severe symptoms
soon became a serious global public health threat.
There were significant outbreaks in many regions of
China, followed by a global spread in Asia, Australia
and Oceania, Africa, Europe, North America, South
America [4]. Uncertainty dominated the first months
of 2020. Information regarding its actual transmission
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(1.8 and 1.1%, respectively), and pressure ulcers (8.0 and 3.0%,
respectively) were similar in the COVID and in the pre-COVID
group. After adjusting for gender, age, BMI, and number of
comorbidities, the incidence of bloodstream infections was signif-
icantly higher in the COVID group than in the pre-COVID group.
There were no statistically significant differences in the incidence
between the two groups regarding other evaluated outcomes.
Conclusion. The selected nursing sensitive outcomes maintained
similar values in the pre-COVID and COVID patient groups.
Healthcare-related infections rate must be considered an impor-
tant alarm signal of quality of nursing care especially in condi-
tions of excessive workload, stress and the presence of less expe-
rienced staff increase.

modes and speed was lacking [5]. Only during the
following months, after the first experiences lived by the
population and health personnel from all over the world,
more information was available to describe the spectrum
of clinical diseases associated with SARS-CoV-2, and
the effectiveness of therapeutic and pharmacological
treatments [6, 7].

The first cases of COVID-19 in Italy were detected in the
third decade of February 2020, in the Lombardy region.
Compared to the situation experienced in other countries
in that period, the regions of Northern Italy were hit hard
by the pandemic. At the end of March 2020, over 40%
(42,161) of the total Italian cases (101,000) were in the
Lombardy region. These numbers continued to rise, and
by the end of June 2020 in Italy there were 237,000
positive cases and 34,400 deaths, classifying Italy as one
of the most affected areas during the initial phases of
the pandemic [8]. The first available studies from China
described the main initial symptoms, which included
fever, cough, headache, muscle pain, and fatigue. They
also reported a high incidence of severe cases with acute
respiratory distress syndrome (ARDS) (17-29%) and
critical conditions, septic shock, metabolic acidosis,
coagulopathy, and multi-organ failure (23-32%) in
hospitalized patients [9, 10]. Similar incidence rates
for critical conditions (16%) were also observed in
Lombardy and Northern Italy [6, 11].
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Following the initial scientific evidence and available
guidelines, the critical clinical cases required immediate
admission to intensive care units to receive life-saving
treatments, such as mechanical ventilation and support
for other vital functions [12].

The beds in hospitals and especially in the intensive
care units (ICUs) were all occupied in a very short
time. As in the rest of the world, also in Italy hospitals
were equipped specifically for COVID-19 patients and
the number of ICU beds was increased. The University
Hospital of Pisa (in Central Italy) reorganized its spaces,
services, staff and dedicated an entire intensive care unit
exclusively to COVID-19 patients, and increased the
number its beds to cope with the emergency caused by
the pandemic. This type of reorganization, carried out
in very little time, in the first week of February 2020,
with new additional health personnel, was implemented
to improve the quality of care for patients and the well-
being of health personnel in the workplace. Higher
numbers of beds in the COVID-19 intensive care unit,
entailed the presence of more staff. This was possible
through three main actions: (i) reduction of general
ICU beds and transfer of specialized nurses to the
COVID-19 ICU; (ii) selection of nurses with previous
experience in critical and intensive care currently
working in departments of other medical specialties
to be transferred to the COVID-19 intensive care
unit; (iii) the hiring of over 120 new nurses. Different
nursing teams were set up by balancing the different
skills of individual nurses within groups. The one-to-
one ratio of experienced nurses to novice nurses was
maintained [13]. To guide the members of each group
and promptly identify clinical, organizational or health
problems, nurse who were experts of intensive care and
educational and organizational processes were selected
and assigned to each group. This reorganization made
it possible to admit all the COVID-19 patients who
presented to the hospital. At the end of the emergency
caused by the first wave of the pandemic, the authors
decided to investigate — under the umbrella of a broader
research project [14] that included also this study —
how this rapid and thorough reorganization, together
with the hiring of new staff, could affect the quality of
the care provided. Even if numerically speaking, the
hospital managed to admit all patients presenting with
SARS-CoV-2 thanks to its reorganization, once the
healthcare emergency phase was over, the researchers
decided to investigate the effects produced by this
reorganization in terms of nursing sensitive outcomes.
In the literature there are many studies that report
outcomes sensitive to nursing, and how to measure and
interpret them [15-19].

The aim of this study was to evaluate the effects of
staff and environment reorganization of the COVID-19
intensive care unit in the context of the pandemic and of
the global health emergency in terms of nursing sensitive
outcomes.

Methods

STUDY DESIGN AND DATA SOURCES

A cohort retrospective observational study was
conducted to evaluate the effects of the reorganization of
an intensive care unit (ICU) exclusively for COVID-19
patients in terms of nursing sensitive outcomes
compared to ICU patients before the pandemic outbreak.
This study followed the STROBE guidelines for
observational studies [20]. This study was conducted in
the ICU of a Teaching Hospital in Central Italy, between
September 2019 and April 2020. The patients’ data were
collected in May 2020 through the hospital’s database
that includes data from the electronic medical records
(EMRs). This database includes all the treatments
provided by physicians, nurses, and various other health
professionals, including patients’ medical history,
diagnoses, treatments, and medications.

STUDY POPULATION

The study population included all patients admitted to
the study setting ICU in the period between September
2019 - February 2020 (pre-COVID period) and March
2020 - May 2020 (COVID period).

The index date was defined as the patient’s date of
admission to the ICU.

The follow-up period for each patient was defined as
the time between the index date and the earliest of the
following dates: date of transfer to a non-intensive ward,
date of patient’s death, or date of last data collected for
this study.

Patients who stayed in the ICU for less than one day
were excluded from the study.

MEASURES

The following patient characteristics were considered for
our data analysis: age, sex, ethnic group, (comorbidities
diagnosed before SARS-CoV-2 infection), and body
mass index (BMI). In relation to the type of ventilatory
therapy the patient was receiving, we considered:
spontaneous breathing with oxygen, non-invasive
ventilation (NIV), intubated/tracheostomized with
mechanical ventilation.

In agreement with the major studies that have developed
sets of indicators on the quality of nursing care in the
ICU [21-24], the following were measured during this
study: pressure ulcer incidence (patients who developed
a pressure ulcer during stay in the ICU), incidence of
falls (patients who fell with and without an injury during
stay in the ICU), incidence of physical restraint (patients
with physical restraint during stay in the ICU), mortality
(deaths of to those in the ICU), incidence healthcare
associated infections (HAIs) — cases presenting with
HAIs during stay in the ICU: including urinary tract
infections, bloodstream infections, local central
venous catheter (CVC) associated infections, local
peripheral venous catheter associated infections, and
gastrointestinal tract infections.
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DATA ANALYSIS

Categorical variables were summarized by frequencies
and percentages, and continuous variables by medians
and interquartile ranges. Differences in the characteristics
between the patients of the pre-COVID and COVID
period were evaluated with Fisher’s exact test and the
Kruskal-Wallis test, for categorical and continuous
variables, respectively.

Associations between the outcomes and length of stay
were assessed using Poisson regression models. To obtain
finite estimates for those outcomes that presented no
occurrences either in the pre-COVID or COVID period,
penalized Poisson regression models with Jeffreys
prior were also fitted, without and with adjustment for
age, sex, BMI, and number of comorbidities [25]. For
all the Poisson regression models, the estimates and
95% confidence intervals for the incidence rate ratios
(IRRs) of post-COVID vs COVID period were reported,
together with the corresponding Wald tests p-values. All
the statistical tests were two-sided, with a significance
level of 0.05.

Statistical analyses were performed using the statistical
software R v.4.0.0 [26]; the brglm?2 R package was used
for fitting the Poisson models.

ETHICAL ASPECTS

The research protocol was approved by the Ethics
Committee of the Teaching Hospital (Approval number
021.2020). The anonymity of the patients was ensured
by attributing an individual code.
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Results

Overall, 679 patients were observed. Of these, 7
patients were excluded from the study because they
stayed in the ICU for less than one day. The data of
a total of 672 patients were included for the analyses,
560 were admitted during the pre-COVID period and
112 during the COVID period. All the characteristics
of the sample are shown in Table 1.

Regarding the percentages of spontaneously breathing
patients, these were 40.9% (n = 229) in the pre-COVID
group, and 1.8% (n = 2) in the COVID group; patients
undergoing non-invasive ventilation (NIV) were 21.9%
(n = 123) in the pre-COVID group and 58.9% (n = 66)
in the COVID group; instead the percentages of
mechanically ventilated patients were similar between
the two groups, 37.2% (n = 208) in the pre-COVID
group and 39.3% (n = 44) in the COVID group.

The median age of the patients was 68 years
(interquartile range 56-76 years) for pre-COVID
patients and 69 years (interquartile range 57-76 years)
for COVID patients.

Compared to the pre-COVID group, the COVID group
was characterized by a higher proportion of males
(329 (58.8%) and 82 (73.2%,) respectively), lower
median BMI values (24 and 22, respectively), more
comorbidities (2-3 comorbidities, respectively 16.6 and
26.8%), of the Sequential Organ Failure Assessment
(SOFA) (1 and 2, respectively), the Simplified Acute
Physiology Score (SAPS) II (20 and 26, respectively),
and a worse Braden Scale score (16 and 14,
respectively). Length of stay in the ICU was longer in
the COVID patient group than in the pre-COVID group
(median values: 1 day and 5 days, respectively).

Tab. I. Characteristics of the patients and outcomes; overall and by period of admission.

All Pre-COVID CovID
(h=672) (N = 560) (=112 P-valuet
n (%) n (%) n (%)

Sex 0.004
Female 261 (38.8) 231 (41.2) 30 (26.8)

Male a11 (61.2) 329 (58.8) 82 (73.2)

Ethnicity 0.13
Caucasian 664 (98.8) 555 (99.1) 109 (97.3)
Non-Caucasian 8 1.2 5 (0.9 3 2.7)

BMI (kg/nm?)t 24 (21 to 26) 24 (22 to 27) 22 (21 to 26) 0.02

Weight (kg)* 85 (80 to 95) 90 (80 to 95) 80 (80to 91 0.14

Age (years)t 68 (57 to 76) 68 (56 to 76) 69 (57 to 76) 0.68

Number of comorbidities 0.02
0 192 (28.6) 159 (28.4) 33 (29.5)

1 357 (53.1) 308 (55.0) 49 (43.8)
2-3 123 (18.3) 93 (16.6) 30 (26.8)

SOFA score* 1 OtoM 1 OtoM 2 (1to5) <0.001

SAPS Il scoret 21 (19 to 23) 20 (19 to 22) 26 (21 to 35) < 0.001

Braden score’ 16 (16 to 16) 16 (16 to 16) 14 (14 to 16) <0.001

Length of stay in ICU (days)' 1 (1to2) 1 (1to2) 5 (1to15) < 0.001

* Fisher's exact test for categorical variables and Kruskal-Wallis test for continuous variables. * Median (interquartile range). * Composite event: any of falls,
physical restraint, pressure ulcers, pneumonia, bloodstream infections or gastrointestinal infections.
Pre: admission to hospital before 15t March 2020; post: admission to hospital at or after 15t March 2020.
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Tab. Il. Patients’ outcomes; overall and by period of admission.

(n f Ie|;72) P(r::CsOE:(/JI)D (r(1: 2\4I1Dz) mf';'é?z?‘ce P-value*

n (%) n (%) n (%)
Falls
No 670 (99.7) 558 (99.6) 112 (100.0) 9.21 <0.001
Yes 2 (0.3) 2 0.4) 0 (0.0
Physical restraint
No 664 (98.8) 554 (98.9) 110 (98.2) 151 0.027
Yes 8 (1.2) 6 (1.1) 2 (1.8)
Pressure ulcers
No 646 (96.1) 543 (97.0) 103 (92.0) 7.3 < 0.001
Yes 26 (3.9) 17 (3.0) 9 (8.0)
Pneumonia
No 666 (99.1) 558 (99.6) 108 (96.4) 1.4 0.018
Yes 6 (0.9 2 (0.4) 4 (3.6)
Bloodstream infections
No 667 (99.3) 560 (100.0) 107 (95.5) 5.1 0.021
Yes 5 0.7) 0 (0.0) 5 (4.5)
Gastrointestinal infections
No 671 (99.9) 559 (99.8) 112 (100.0) 7.2 0.012
Yes 1 0.1 1 0.2) 0 (0.0
Composite event?
No 632 (94.0) 537 (95.9) 95 (84.8) 57 0.003
Yes 40 (6.0) 23 (4.1) 17 (15.2)

* Fisher's exact test for categorical variables and Kruskal-Wallis test for continuous variables. * Median (interquartile range). ¥ Composite event: any of
falls, physical restraint, pressure ulcers, pneumonia, bloodstream infections or gastrointestinal infections.
Pre: admission to hospital before 1t March 2020; post: admission to hospital at or after 1t March 2020.

Tab. Ill. Incidence rate ratios in COVID vs pre-COVID patients.

Outcome Model 1" Model 2t Model 3*
IRR (95% CI) p IRR (95% CI) P IRR (95% CI) p

Falls Not applicable 0.30(0.01 t0 6.15) 0.43 0.53(0.05t0 5.72) 0.60
Physical restraint 0.49(0.10to 2.44) 0.39 0.57 (013 to 2.44) 0.45 0.72 (018 t0 2.91) 0.65
Pressure ulcers 0.78(0.35t0 1.75) 0.55 0.80(0.36t0 1.77) 0.58 0.70(0.32 t0 1.53) 0.37
Pneumonia 2.95(0.54t0 16.12) 0.21 2.66 (0.57 to 12.47) 0.22 1.30(0.34 to 5.01) 0.70
Bloodstream infections Not applicable 16.24 (0.90 to 293.71) 0.06 14.81 (1.32t0166.08) | 0.03
Gastrointestinal infections Not applicable 0.49 (0.02 t0 12.08) 0.66 0.31(0.03 t0 2.87) 0.30
Composite event® 1.09 (0.58 to 2.04) 0.78 1.10(0.59 to 2.04) 0.76 1.00 (0.53 t0 1.86) 0.99

* Unadjusted Poisson regression model. * Unadjusted penalized Poisson regression model. * Penalized Poisson regression model adjusted for sex, age,
BMI and number of comorbidities. § Composite event: any of falls, physical restraint, pressure ulcers, pneumonia, bloodstream infections or gastroin-

testinal infections.

Pre: admission to hospital before 1 March 2020; Post: admission to hospital on or after 15t March 2020; IRR: incidence rate ratio.

During ICU admission, 47 deaths occurred in the pre-
COVID group and 32 deaths in the COVID group,
respectively; the corresponding mortality rates were 6.6
(95% CI =5.0to 8.8) and 15.1 (95% CI =10.7 to 21.4)
per 1000 person-days, resulting in a COVID vs. pre-
COVID incidence rate (IRR) ratio of 2.3 (95% CI = 1.5
to 3.6, p < 0.001).

The percentages of outcomes regarding falls (0.0 and
0.4%, respectively), physical restraint (1.8 and 1.1%,
respectively), and pressure ulcers (8.0 and 3.0%,
respectively) were similar in the COVID and in the pre-
COVID group (Tab. II).

During the ICU admissions, no events were observed
for urinary tract infections, local central vascular
catheter associated infections, or local peripheral
vascular catheter associated infections. After adjusting
for gender, age, BMI, and number of comorbidities, the
incidence of bloodstream infections was significantly
higher in the COVID group than in the pre-COVID
group (IRR = 14.81, 95% CI = 1.31 -166.08, p = 0.03).
There were no statistically significant differences
in the incidence between the two groups regarding
other evaluated outcomes. No evidence of association
with the COVID group was found for all the other
outcomes (Tab. III).
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Discussion

The study compared patients admitted to the ICU
in the pre-COVID period with those in the COVID
period to evaluate the effects of staff and environment
reorganization in the ICU for COVID-19 patients
in terms of nursing sensitive outcomes. Due to the
unpredictability of the pandemic, it was not possible
to select the participants to be included in the study,
therefore the patients’ characteristics were not
homogeneous across the two groups.

The predominant number of males in our COVID group
confirmed the 3-to-1 ration between males and females
reported in the epidemiological studies conducted in
Chinese ICUs [7, 27-29]. In fact, males were not at a
greater risk of developing serious conditions females but
were 1.55 times more likely to be admitted to an ICU
than females.

VENTILATORY THERAPY

The percentage of patients undergoing NIV was
significantly higher in the COVID group confirming the
data already reported in the literature [30-32]. The use
of NIV — a potentially life-saving ventilatory treatment,
strongly recommended by the treatment guidelines in
patients withsevere conditions of respiratory insufficiency
due to COVID-19 [12] — was possible in our study
setting, thanks to the reduced risk for health workers and
the surrounding environment of being contaminated by
the aerosol evacuation systems used for the COVID-19
patients, because the premises were already previously
used as operating rooms, and offered negative-pressure
isolation of the surrounding environment with at least 12
air changes per hour [32, 33].

COMORBIDITIES

The higher number of comorbidities observed in
our COVID group is in line with those reported
in the literature. Chronic obstructive pulmonary
disease (COPD), cardiovascular disease (CVD) and
hypertension were the comorbidities mostly associated
with ICU admission. Patients affected by dyspnoea were
6.6 times more likely to be admitted to the ICU than
those without dyspnoea. Although COPD was relatively
rare, in other studies it was found to be by far the
strongest comorbidity for admission to the ICU. Patients
affected by cardiovascular diseases and hypertension
had respectively a 4.4 and 3.7-fold higher probability
of being admitted to the ICU than patients without
comorbidities [34].

MORTALITY RATES

The COVID versus pre-COVID mortality rate ratio
(Incidence of Relative Risk, IRR) of 2.3 (95% CI = 1.5
to 3.6, p < 0.001) was in line with the SOFA (1 pre-
COVID and 2 COVID respectively) and the SAPS 1I
(20 pre-COVID and 26 COVID respectively) predictive
indices, which are commonly used for classifying

COVID-19 REORGANIZATION: NURSING OUTCOMES IN ICU

disease severity, measuring risk of death, and choosing
the best treatment for ICU patients.

The mortality rates observed in the COVID group were
similar to those of the Spanish [35] and the northern
Italian [36] studies, and to the average rate reported in
the Quah review [37]. They were higher than those of
the German studies [38], and lower than the US [39, 40],
Chinese [10, 39, 40] and British [41] studies.

PRESSURE ULCERS

Although the risk index for the development of pressure
ulcers (Braden Scale) found in the COVID group was
lower (= higher risk) than in the pre-COVID group (16 in
the COVID and 14 in the pre-COVID group) and length
of stay was longer in the COVID group compared to
the pre-COVID group (1 day and 5 days, respectively),
the IRR of the COVID versus the pre-COVID group
was 0.70 (95% CI = 0.32 to 1.53 ) with no statistically
significant difference (p = 0.37).

This could be due to the frequent mobilization of
mechanically ventilated patients or patients undergoing
NIV who, for therapeutic purposes, were in supine
and prone positions with regular cycles and timings
established according to recommendations [42]. The
availability of an anti-decubitus mattress on each bed,
more attention placed on the use of anti-decubitus
materials and devices due to pronation-supination
movements, may have contributed to preventing this
phenomenon.

BLOODSTREAM INFECTIONS

The incidence of bloodstream infections was higher in
the COVID group compared to the pre-COVID group
(IRR = 14.81, 95% IC = 1.31-166.08, p = 0.03) thus
confirming the results obtained by other similar studies
both in Italy [43, 44] and in other countries [45, 46].
The risk that multidrug-resistant bacteria (MDRB) could
spread during a viral pandemic had been theoretically
studied and predicted, but no real data were available
in relation to this phenomenon because previous
pandemics had occurred before the era of antimicrobial
resistance. Experts have expressed their concerns about
the spread of MDRB during the COVID-19 pandemic,
and preliminary studies and reports indicate an increase
of such infections in COVID patients admitted to
ICUs [47].

The higher incidence of bloodstream infections could
be due to several factors related to the pandemic: the
shortage of personal protective equipment PPE [48];
excessive emotional and physical workload of health
workers in the ICU; overcrowded ICUs [49]; higher
numbers of unexperienced staff leading to poorer
adherence to preventive measures and infection control;
and excessive use of antibiotic treatments [47, 50-52].
In addition, protective equipment used by the health
workers increased the feeling of protection to and from
the patients, triggering a greater risk of contamination in
the event they did not change their protective equipment
when caring for another patient.
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LimITs

The study has some limitations, like the differences of the
patients’ characteristics between the two groups, which
was not possible to avoid due to the unpredictability of the
pandemic. In addition, no data were available regarding
observations regarding staff compliance with infection
prevention measures. These data would have enabled a
better understanding of the observed phenomenon.

conclusion

The study showed how the selected nursing sensitive
outcomes maintained similar values in the pre-COVID
and COVID patient groups. The reorganization of the
ICU for COVID-19 patients — despite it was thorough
and carried out in an extremely limited amount of time
— with additional health staffing, it responded effectively
to the health needs generated by the pandemic.

This reorganization did not affect the quality of care,
which was similar to that provided in the pre-COVID
period. Healthcare-related infections, especially
bloodstream infections, were comparable to those of
other similar studies.

This result must be considered an important alarm
signal. Conditions of excessive workload, stress and the
presence of less experienced staff increase patients’ risk
of being contaminated by multi-resistant bacteria.

Ethics approval and consent to participate
The research protocol was approved by the Ethics
Committee of Pisa Teaching Hospital (Approval number
021.2020).

Availability of data and materials

The datasets used and/or analysed during the current
study are available from the corresponding author on
reasonable request.

Competing interests

The authors of this manuscript have no competing
interests as defined by the editorial policy of Journal of
Preventive Medicine and Hygiene. They moreover have
no other interests that may have influenced the results
and discussion of this paper.

Funding

This research received no specific grant from any funding
agency in the public, commercial or non-profit sectors.

Authors’ contributions

NP: Conceptualization; NP, MP, MM: writing-
Original draft preparation; MF: Statistical analysis;
MP, FU, AB, MS: investigation; FU, MS: visualization;
AB: methodology; LB: formal analysis; FF:
supervision.

Acknowledgements

The authors thank the following nurses for their help in
collecting the data and their support in general: Salvatore
Pagliaro, Antonio Fallacara, Nunzio De Feo, Giordano
Bargagna, Maria Grazia Orsi, and Sabrina Inghirami.

References

[1] Benvenuto D, Giovanetti M, Salemi M, Prosperi M, De Flora
C, Junior Alcantara LC, Angeletti S, Ciccozzi M. The global
spread of 2019-nCoV: a molecular evolutionary analysis. Pat-
hog Glob Health 2020;114:64-7. https://doi.org/10.1080/20477
724.2020.1725339

[2] CDC. 2019 Novel Coronavirus (2019-nCoV), Wuhan, China.
2019. Available from: https://www.cdc.gov/coronavirus/2019-
nCoV/index.html

[3] Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X,
Huang B, Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D, Xu W,
Wu G, Gao GF, Tan W. A novel Coronavirus from patients with
pneumonia in China, 2019. New Engl J Med 2020;382:727-33.
https://doi.org/10.1056/NEJM0a2001017

[4] WHO. WHO Director-Generals opening remarks at the mission
briefing on COVID-19 - 26 February 2020. 2020.

[5] She J, Jiang J, Ye L, Hu L, Bai C, Song Y. 2019 novel coro-
navirus of pneumonia in Wuhan, China: emerging attack and
management strategies. Clin Transl Med 2020;9:1-7. https://doi.
org/10.1186/s40169-020-00271-z

[6] Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L,
Castelli A, Cereda D, Coluccello A, Foti G, Fumagalli R, Iotti
G, Latronico N, Lorini L, Merler S, Natalini G, Piatti A, Ranieri
MYV, Scandroglio AM, Storti E, Cecconi M, Pesenti A, Agosteo
E, Alaimo V, Albano G, Albertin A, Alborghetti A, Aldegh-
eri G, Antonini B, Barbara E, Belgiorno N, Belliato M, Benini
A, Beretta E, Bianciardi L, Bonazzi S, Borelli M, Boselli E,
Bronzini N, Capra C, Carnevale L, Casella G, Castelli G, Cat-
ena E, Cattaneo S, Chiumello D, Cirri S, Citerio G, Colombo S,
Coppini D, Corona A, Cortellazzi P, Costantini E, Covello RD,
De Filippi G, Dei Poli M, Della Mura F, Evasi G, Fernandez-
Olmos R, Forastieri Molinari A, Galletti M, Gallioli G, Gemma
M, Gnesin P, Grazioli L, Greco S, Gritti P, Grosso P, Guatteri L,
Guzzon D, Harizay F, Keim R, Landoni G, Langer T, Lombardo
A, Malara A, Malpetti E, Marino F, Marino G, Mazzoni MG,
Merli G, Micucci A, Mojoli F, Muttini S, Nailescu A, Panigada
M, Perazzo P, Perego GB, Petrucci N, Pezzi A, Protti A, Radriz-
zani D, Raimondi M, Ranucci M, Rasulo F, Riccio M, Rona
R, Roscitano C, Ruggeri P, Sala A, Sala G, Salvi L, Sebastiano
P, Severgnini P, Sforzini I, Sigurta FD, Subert M, Tagliabue P,
Troiano C, Valsecchi R, Viola U, Vitale G, Zambon M, Zoia
E. Baseline characteristics and outcomes of 1591 patients in-
fected with SARS-CoV-2 admitted to ICUs of the Lombardy
region, Italy. Jama 2020;323:1574-81. https://doi.org/10.1001/
jama.2020.5394

[71 Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang
H, Cheng Z, Xiong Y, Zhao Y, Li Y, Wang X, Peng Z. Clini-
cal characteristics of 138 hospitalized patients with 2019 nov-


https://doi.org/10.1080/20477724.2020.1725339
https://doi.org/10.1080/20477724.2020.1725339
https://www.cdc.gov/coronavirus/2019-nCoV/index.html
https://www.cdc.gov/coronavirus/2019-nCoV/index.html
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1186/s40169-020-00271-z
https://doi.org/10.1186/s40169-020-00271-z
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1001/jama.2020.5394

(8]

[9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

el Coronavirus-Infected pneumonia in Wuhan, China. Jama
2020;323:1061-9. https://doi.org/10.1001/jama.2020.1585

Italian Civil Protection Department, Morettini M, Sbrollini A,
Marcantoni I, Burattini L. COVID-19 in Italy: dataset of the
italian civil protection department. Data in Brief 2020:30. htt-
ps://doi.org/10.1016/j.dib.2020.105526

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang
J, Liu Y, Wei Y, Xia Ja, Yu T, Zhang X, Zhang L. Epidemio-
logical and clinical characteristics of 99 cases of 2019 novel
coronavirus pneumonia in Wuhan, China: a descriptive study.
Lancet  2020;395:507-13.  https://doi.org/10.1016/s0140-
6736(20)30211-7

Wang K, Zhang Z, Yu M, Tao Y, Xie M. 15-day mortality and
associated risk factors for hospitalized patients with COVID-19
in Wuhan, China: an ambispective observational cohort study.
Intens Care Med 2020;46:1472-4. https://doi.org/10.1007/
500134-020-06047-w

Distante C, Piscitelli P, Miani A. COVID-19 outbreak progres-
sion in italian regions: approaching the peak by the end of
march in Northern Italy and first week of april in southern Italy.
Int J Environ Res Public Health 2020;17:3025-34. https://doi.
org/10.3390/ijerph17093025

Alhazzani W, Mgller MH, Arabi YM, Loeb M, Gong MN, Fan
E, Oczkowski S, Levy MM, Derde L, Dzierba A, Du B, Aboodi
M, Wunsch H, Cecconi M, Koh Y, Chertow DS, Maitland K,
Alshamsi F, Belley-Cote E, Greco M, Laundy M, Morgan JS,
Kesecioglu J, McGeer A, Mermel L, Mammen MJ, Alexander
PE, Arrington A, Centofanti JE, Citerio G, Baw B, Memish
ZA, Hammond N, Hayden FG, Evans, L, Rhodes A. Surviving
Sepsis Campaign: guidelines on the management of critically
ill adults with Coronavirus Disease 2019 (COVID-19). Intens
Care Med 2020;46:854-87. https://doi.org/10.1007/s00134-
020-06022-5

Benner P. From novice to expert. Am J Nurs 1982;82:402-7.
https://www.ncbi.nlm.nih.gov/pubmed/6917683

Pagnucci N, Scateni M, De Feo N, Elisei M, Pagliaro S, Fallacara
A, Forfori F. The effects of the reorganisation of an intensive care
unit due to COVID-19 on nurses’ wellbeing: An observational
cross-sectional study. Intens Crit Care Nur 2021:67:103093-
102. https://doi.org/10.1016/j.iccn.2021.103093

Birtwistle J. Nursing sensitive outcomes: state of the science.
J Adv Nurs 2004;47:347-8. https://doi.org/10.1111/j.1365-
2648.2004.03138_3.x

Doran DM. Nursing outcomes: the state of the science. Jones &
Bartlett Learning 2010.

Hall LM, Doran D, Pink GH. Nurse staffing models, nursing
hours, and patient safety outcomes. JONA 2004;34:41-5. htt-
ps://doi.org/10.1097/00005110-200401000-00009

Heslop L, Lu S, Xu X. Nursing-sensitive indicators: a concept
analysis. J Adv Nurs 2014;70:2469-82. https://doi.org/10.1111/
jan.12503

Savitz LA JC, Bernard S. Quality indicators sensitive to nurse
staffing in acute care settings. In advances in patient safety:
from research to implementation (Volume 4: Programs, Tools,

Elm Ev, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Van-
denbroucke JP. Strengthening the reporting of observational
studies in epidemiology (STROBE) statement: guidelines for
reporting observational studies. BMJ 2007;335:806-8. https://
doi.org/10.1136/bmj.39335.541782.AD

Fernando SM, Neilipovitz D, Sarti AJ, Rosenberg E, Ishaq R,
Thornton M, Kim J. Monitoring intensive care unit performance
— impact of a novel individualised performance scorecard in
critical care medicine: a mixed-methods study protocol. BMJ
Open 2018;8¢019165-e019172. https://doi.org/10.1136/bmjo-
pen-2017-019165

Rhodes A, Moreno RP, Azoulay E, Capuzzo M, Chiche JD, Ed-
dleston J, Endacott R, Ferdinande P, Flaatten H, Guidet B, Kuh-
len R, Le6n-Gil C, Martin Delgado MC, Metnitz PG, Soares M,
Sprung CL, Timsit JF, Valentin A. Prospectively defined indica-

E389

COVID-19 REORGANIZATION: NURSING OUTCOMES IN ICU

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

(32]

(33]

[34]

[35]

(36]

tors to improve the safety and quality of care for critically ill
patients: a report from the Task Force on Safety and Quality
of the European Society of Intensive Care Medicine (ESICM).
Intens Care Med 2012;38:598-605. https://doi.org/10.1007/
s00134-011-2462-3

Salluh JIF, Soares M, Keegan MT. Understanding intensive care
unit benchmarking. Intens Care Med 2017;43:1703-7. https://
doi.org/10.1007/s00134-017-4760-x

Yang S, Huang LH, Zhao XH, Xing MY, Shao LW, Zhang MY,
Shao RY, Wei JH, Gao CH. Using the Delphi method to es-
tablish nursing-sensitive quality indicators for ICU nursing in
China. Res nurs health 2019;42:48-60. https://doi.org/10.1002/
nur.21925

Firth D. Bias reduction of maximum likelihood estimates. Biom-
etrika 1993;80:27-38. https://doi.org/10.1093/biomet/80.1.27

Team RC. R: A language and environment for statistical com-
puting. R foundation for statistical computing Vienna, Austria
2018. Available from: https://www.R-project.org/

Huang Y, Tu M, Wang S, Chen S, Zhou W, Chen D, Zhou L,
Wang M, Zhao Y, Zeng W, Huang Q, Xu Hb, Liu Z, Guo L.
Clinical characteristics of laboratory confirmed positive cases
of SARS-CoV-2 infection in Wuhan, China: A retrospective sin-
gle center analysis. Travel Med Infect Dis 2020;36:101606-9.
https://doi.org/10.1016/j.tmaid.2020.101606

Li K, Wu J, Wu F, Guo D, Chen L, Fang Z, Li C. The Clini-
cal and Chest CT features associated with severe and critical
COVID-19 Pneumonia. Invest Radiol 2020;55:327-31. https://
doi.org/10.1097/r1i.0000000000000672

LiuK-C, XuP,LvW-F, Qiu X-H, YaoJ-L, GuJ-F, Wei W. CT man-
ifestations of coronavirus disease-2019: A retrospective analysis
of 73 cases by disease severity. Eur J Radiol 2020;126:108941-
6. https://doi.org/10.1016/j.ejrad.2020.108941

Hirst JA, Grant MC, Geoghegan L, Arbyn M, Mohammed Z,
McGuinness L, Clarke EL, Wade RG. The prevalence of symp-
toms in 24,410 adults infected by the novel coronavirus (SARS-
CoV-2; COVID-19): A systematic review and meta-analysis
of 148 studies from 9 countries. Plos One 2020;15:60234765.
https://doi.org/10.1371/journal.pone.0234765

Namendys-Silva SA. Respiratory support for patients with
COVID-19 infection. Lancet Resp Med 2020;8: 30110-7. htt-
ps://doi.org/10.1016/s2213-2600(20)30110-7

Whittle JS, Pavlov I, Sacchetti AD, Atwood C, Rosenberg
MS. Respiratory support for adult patients with COVID-19.
J Am Coll Emer Physicians Open 2020;1:95-101. https://doi.
org/10.1002/emp2.12071

Adir Y, Segol O, Kompaniets D, Ziso H, Yaffe Y, Bergman I,
Hassidov E, Eden A. COVID-19: minimising risk to health-
care workers during aerosol-producing respiratory therapy us-
ing an innovative constant flow canopy. Eur Respir J2020;55:
2001017. https://doi.org/10.1183/13993003.01017-2020

Jain V, Yuan J-M. Predictive symptoms and comorbidities for
severe COVID-19 and intensive care unit admission: a system-
atic review and meta-analysis. Int J Public Health 2020;65:533-
46. https://doi.org/10.1007/s00038-020-01390-7

Barrasa H, Rello J, Tejada S, Martin A, Balziskueta G, Vinuesa
C, Fernandez-Miret B, Villagra A, Vallejo A, San Sebastidn A,
Cabaiies S, Iribarren S, Fonseca F, Maynar J. SARS-CoV-2 in
Spanish Intensive Care Units: Early experience with 15-day sur-
vival in Vitoria. Anaesth Crit Care Pain Med 2020;39:553-61.
https://doi.org/10.1016/j.accpm.2020.04.001

Grasselli G, Greco M, Zanella A, Albano G, Antonelli M, Bel-
lani G, Bonanomi E, Cabrini L, Carlesso E, Castelli G, Cattaneo
S, Cereda D, Colombo S, Coluccello A, Crescini G, Forastieri
Molinari A, Foti G, Fumagalli R, Iotti GA, Langer T, Latronico
N, Lorini FL, Mojoli F, Natalini G, Pessina CM, Ranieri VM,
Rech R, Scudeller L, Rosano A, Storti E, Thompson BT, Tirani
M, Villani PG, Pesenti A, Cecconi M, Agosteo E, Albano G,
Albertin A, Alborghetti A, Aldegheri G, Antonini B, Barbara
E, Bardelloni G, Basilico S, Belgiorno N, Bellani G, Beretta


https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1016/j.dib.2020.105526
https://doi.org/10.1016/j.dib.2020.105526
https://doi.org/10.1016/s0140-6736(20)30211-7
https://doi.org/10.1016/s0140-6736(20)30211-7
https://doi.org/10.1007/s00134-020-06047-w
https://doi.org/10.1007/s00134-020-06047-w
https://doi.org/10.3390/ijerph17093025
https://doi.org/10.3390/ijerph17093025
https://doi.org/10.1007/s00134-020-06022-5
https://doi.org/10.1007/s00134-020-06022-5
https://www.ncbi.nlm.nih.gov/pubmed/6917683
https://doi.org/10.1016/j.iccn.2021.103093
https://doi.org/10.1111/j.1365-2648.2004.03138_3.x
https://doi.org/10.1111/j.1365-2648.2004.03138_3.x
https://doi.org/10.1097/00005110-200401000-00009
https://doi.org/10.1097/00005110-200401000-00009
https://doi.org/10.1111/jan.12503
https://doi.org/10.1111/jan.12503
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1136/bmjopen-2017-019165
https://doi.org/10.1136/bmjopen-2017-019165
https://doi.org/10.1007/s00134-011-2462-3
https://doi.org/10.1007/s00134-011-2462-3
https://doi.org/10.1007/s00134-017-4760-x
https://doi.org/10.1007/s00134-017-4760-x
https://doi.org/10.1002/nur.21925
https://doi.org/10.1002/nur.21925
https://doi.org/10.1093/biomet/80.1.27
https://www.R-project.org/
https://doi.org/10.1016/j.tmaid.2020.101606
https://doi.org/10.1097/rli.0000000000000672
https://doi.org/10.1097/rli.0000000000000672
https://doi.org/10.1016/j.ejrad.2020.108941
https://doi.org/10.1371/journal.pone.0234765
https://doi.org/10.1016/s2213-2600(20)30110-7
https://doi.org/10.1016/s2213-2600(20)30110-7
https://doi.org/10.1002/emp2.12071
https://doi.org/10.1002/emp2.12071
https://doi.org/10.1183/13993003.01017-2020
https://doi.org/10.1007/s00038-020-01390-7
https://doi.org/10.1016/j.accpm.2020.04.001

[37]

[38]

(39]

[40]

[41]

[42]

N. PAGNUCCI ET AL.

E, Berselli A, Bianciardi L, Bonanomi E, Bonazzi S, Borelli
M, Bottino N, Bronzini N, Brusatori S, Cabrini L, Capra C,
Carnevale L, Castelli G, Catena E, Cattaneo S, Cecconi M, Ce-
lotti S, Cerutti S, Chiumello D, Cirri S, Citerio G, Colombo S,
Coluccello A, Coppini D, Corona A, Cortellazzi P, Costantini
E. Covello RD, Crescini G, De Filippi G, Dei Poli M, Dughi P,
Fieni F, Florio G, Forastieri Molinari A, Foti G, Fumagalli R,
Galletti M, Gallioli GA, Gay H, Gemma M, Gnesin P, Grasselli
G, Greco S, Greco M, Grosso P, Guatteri L, Guzzon D, Iotti
GA, Keim R, Langer T, Latronico N, Lombardo A, Lorini FL,
Mamprin F, Marino G, Marino F, Merli G, Micucci A, Militano
CR, Mojoli F, Monti G, Muttini S, Nadalin S, Natalini G, Per-
azzo P, Perego GB, Perotti L, Pesenti A, Pessina CM, Petrucci
N, Pezzi A, Piva, S, Portella G, Protti A, Racagni M, Radrizzani
D, Raimondi M, Ranucci M, Rech R, Riccio M, Rosano A, Rug-
geri P, Sala G, Salvi L, Sebastiano P, Severgnini P, Sigurta D,
Stocchetti N, Storti E, Subert M, Tavola M, Todaro S, Torriglia
F, Tubiolo D, Valsecchi R, Villani PG, Viola U, Vitale G, Zam-
bon M, Zanella A, Zoia E. Risk factors associated with mortal-
ity among patients with COVID-19 in Intensive Care Units in
Lombardy, Italy. JAMA Intern Med 2020;180: 1345-55. https:/
doi.org/10.1001/jamainternmed.2020.3539

Quah P, Li A, Phua J. Mortality rates of patients with COVID-19
in the intensive care unit: a systematic review of the emerging
literature. Crit Care 2020;24:285-9. https://doi.org/10.1186/
513054-020-03006-1

Rieg S, von Cube M, Kalbhenn J, Utzolino S, Pernice K, Bechet
L, Baur J, Lang CN, Wagner D, Wolkewitz M, Kern WV, Biever
P; Group CUS. COVID-19 in-hospital mortality and mode of
death in a dynamic and non-restricted tertiary care model in
Germany. Plos One 2020;15:60242127. https://doi.org/10.1371/
journal.pone.0242127

Arentz M, Yim E, Klaff L, Lokhandwala S, Riedo FX, Chong
M, Lokhandwala S, Riedo FX, Chong M, Lee M. Characteris-
tics and outcomes of 21 critically ill patients with COVID-19
in Washington State. JAMA 2020;323:1612-4. https://doi.
org/10.1001/jama.2020.4326

Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, Jerome KR,
Nalla AK, Greninger AL, Pipavath S, Wurfel MM, Evans L,
Kritek PA, West TE, Luks A, Gerbino A, Dale CR, Goldman
JD, O’Mahony S, Mikacenic C. COVID-19 in critically ill
patients in the Seattle region — case series. New Engl J] Med
2020;382:2012-22. https://doi.org/10.1056/NEJM02a2004500

Dennis JM, McGovern AP, Vollmer SJ, Mateen BA. Im-
proving survival of critical care patients with Coronavirus
disease 2019 in England: a national cohort study, march
to june 2020. Crit Care Med 2021;49:209-14. https://doi.
org/10.1101/2020.07.30.20165134

Mojoli F, Mongodi S, Orlando A, Arisi E, Pozzi M, Civardi L,
Tavazzi G, Baldanti F, Bruno R, Totti GA. Our recommendations
for acute management of COVID-19. Crit Care 2020;24:207-9.
https://doi.org/10.1186/s13054-020-02930-6

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

[52]

Bogossian EG, Taccone FS, Izzi A, Yin N, Garufi A, Hublet S,
Njimi H, Ego A, Gorham J, Byl B, Brasseur A, Hites M, Vincent
JL, Creteur J, Grimaldi D. The acquisition of multidrug-resistant
bacteria in patients admitted to COVID-19 intensive care units:
a monocentric retrospective case control study. Microorganisms
2020;8:1821. https://doi.org/10.3390/microorganisms8111821

Grasselli G, Scaravilli V, Mangioni D, Scudeller L, Alagna L,
Bartoletti M, Bellani G, Biagioni E, Bonfanti P, Bottino N,
Coloretti I, Cutuli SL, De Pascale G, Ferlicca D, Fior G, Fo-
rastieri A, Franzetti M, Greco M, Guzzardella A, Linguadoca
S, Meschiari M, Messina A, Monti G, Morelli P, Muscatello A,
Redaelli S, Stefanini F, Tonetti T, Antonelli M, Cecconi M, Foti
G, Fumagalli R, Girardis M, Ranieri M, Viale P, Raviglione M,
Pesenti A, Gori A, Bandera A. Hospital-Acquired Infections in
Critically I1l Patients With COVID-19. Chest 2021;160:454-65.
https://doi.org/10.1016/j.chest.2021.04.002

O’Toole RE. The interface between COVID-19 and bacte-
rial healthcare-associated infections. Clin Microbiol Infect
2021;27:1772-6. https://doi.org/10.1016/j.cmi.2021.06.001

Yang X, YuY, Xu J, Shu H, Xia Ja, Liu H, Wu Y, Zhang L, Yu Z,
Fang M, Yu T, Wang Y, Pan S, Zou X, Yuan S, Shang Y. Clinical
course and outcomes of critically ill patients with SARS-CoV-2
pneumonia in Wuhan, China: a single-centered, retrospective,
observational study. Lancet Resp Med 2020;8:475-81. https://
doi.org/10.1016/52213-2600(20)30079-5

Rawson TM, Moore LSP, Zhu N, Ranganathan N, Skolimowska
K, Gilchrist M, Satta G, Cooke G, Holmes A. Bacterial and fun-
gal coinfection in individuals with Coronavirus: a rapid review
to support COVID-19 antimicrobial prescribing. Clin Infect Dis
2020;71:2459-68. https://doi.org/10.1093/cid/ciaa530

Bagnasco A, Zanini M, Hayter M, Catania G, Sasso L. COVID
19 — A message from Italy to the global nursing community.
J Adv Nurs 2020;76:2212-4. https://doi.org/10.1111/jan.14407

Kaplan LJ, Kleinpell R, Maves RC, Doersam JK, Raman R, Fer-
raro DM. Critical Care Clinician Reports on Coronavirus Dis-
ease 2019: Results From a National Survey of 4,875 ICU Pro-
viders. Critl Care Expl 2020;2:e0125. https://doi.org/10.1097/
¢ce.0000000000000125

Aurilio C, Sansone P, Paladini A, Barbarisi M, Coppolino F,
Pota V, Pace MC. Multidrug Resistence Prevalence in COVID
Area. Life 2021;11:601-8. https://doi.org/10.3390/1ife11070601

Murray AK. The novel Coronavirus COVID-19 outbreak: glob-
al implications for antimicrobial resistance. Front Microbiol
2020;11:1020. https://doi.org/10.3389/fmicb.2020.01020

Nieuwlaat R, Mbuagbaw L, Mertz D, Burrows LL, Bowdish
DME, Moja L, Wright GD, Schiinemann HJ. Coronavirus dis-
ease 2019 and antimicrobial resistance: parallel and interacting
health emergencies. Clin Infect Dis 2021;7:1657-9. https://doi.
org/10.1093/cid/ciaa773

Received on April 01, 2022. Accepted on July 27, 2022.

Correspondence: Nicola Pagnucci, University of Pisa, Department of Clinical and Experimental Medicine, Via Savi 67, 56100 Pisa, Italy.

Tel.: +393472483475 - E-mail: nicola.pagnucci @for.unipi.it

How to cite this article: Pagnucci N, Fornili M, Pradal M, Uccelli F, Bovone A, Meini M, Scateni M, Baglietto L, Forfori F. Reorganization
of Intensive Care Units for the COVID-19 pandemic: effects on nursing sensitive outcomes. J Prev Med Hyg 2022;63:E383-E390. https://doi.

org/10.15167/2421-4248/jpmh2022.63.3.2557

© Copyright by Pacini Editore Srl, Pisa, Italy

This is an open access article distributed in accordance with the CC-BY-NC-ND (Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International) license.
The article can be used by giving appropriate credit and mentioning the license, but only for non-commercial purposes and only in the original version. For further infor-

mation: https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en



https://doi.org/10.1001/jamainternmed.2020.3539
https://doi.org/10.1001/jamainternmed.2020.3539
https://doi.org/10.1186/s13054-020-03006-1
https://doi.org/10.1186/s13054-020-03006-1
https://doi.org/10.1371/journal.pone.0242127
https://doi.org/10.1371/journal.pone.0242127
https://doi.org/10.1001/jama.2020.4326
https://doi.org/10.1001/jama.2020.4326
https://doi.org/10.1056/NEJMoa2004500
https://doi.org/10.1101/2020.07.30.20165134
https://doi.org/10.1101/2020.07.30.20165134
https://doi.org/10.1186/s13054-020-02930-6
https://doi.org/10.3390/microorganisms8111821
https://doi.org/10.1016/j.chest.2021.04.002
https://doi.org/10.1016/j.cmi.2021.06.001
https://doi.org/10.1016/s2213-2600(20)30079-5
https://doi.org/10.1016/s2213-2600(20)30079-5
https://doi.org/10.1093/cid/ciaa530
https://doi.org/10.1111/jan.14407
https://doi.org/10.1097/cce.0000000000000125
https://doi.org/10.1097/cce.0000000000000125
https://doi.org/10.3390/life11070601
https://doi.org/10.3389/fmicb.2020.01020
https://doi.org/10.1093/cid/ciaa773
https://doi.org/10.1093/cid/ciaa773
mailto:nicola.pagnucci@for.unipi.it
https://doi.org/10.15167/2421-4248/jpmh2022.63.2.2478
https://doi.org/10.15167/2421-4248/jpmh2022.63.2.2478
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

