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Abstract

Background The best policy to follow when nursing homes are massively hit by SARS-CoV?2 is unclear.

Aim To describe COVID-19 containment in a nursing home transformed into a caring center.

Methods Physicians and nurses were recruited. The facility was reorganized and connected with the laboratory of the refer-
ence hospital. Ultrasound was used to diagnose pneumonia. Patients needing intensive care were transferred to the reference
hospital. Hydroxychloroquine/azithromycin/enoxaparin were used initially, while amiodarone/enoxaparin were used at a later
phase. Under both regimens, methylprednisolone was added for severe cases. Prophylaxis was done with hydroxychloroquine
initially and then with amiodarone. Period covered: March 22—July 31, 2020.

Results The facility was reorganized in two days. Ninety-two guests of the 121 (76%) and 25 personnel of 118 (21.1%)
became swab test positive. Seven swab test negative patients who developed symptoms were considered to have COVID-
19. Twenty-seven patients died, 23 swab test positive, 5 of whom after full recovery. Four patients needing intensive care
were transferred (3 died). Mortality, peaking in April 2020, was correlated with symptoms, comorbidities, dyspnea, fatigue,
stupor/coma, high neutrophil to lymphocyte ratio, C-reactive protein, interleukin-6, pro-calcitonin, and high oxygen need
(» £0.001 for all). Among swab-positive staff, 3 had pneumonia and recovered. Although no comparison could be made
between different treatment and prophylaxis strategies, potentially useful suggestions emerged. Mortality compared well
with that of nursing homes of the same area not transformed into care centers.

Conclusion Nursing homes massively hit by SARS-CoV-2 can become caring centers for patients not needing intensive care.
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Introduction In this observational study, we describe the spreading

of SARS-CoV-2 infection and the way it was contained in

The spreading of SARS-CoV-2 infection (COVID-19) in
long-term care facilities is receiving exceptional atten-
tion since old persons represent the greatest fraction of
those succumbing to the disease [1, 2]. Partnering with
local hospitals and public health to manage COVID-19
outbreaks in nursing homes has been advised [3], but it is
unclear how to behave in case of large outbreaks.
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a nursing home located in the Italian Alps. The infection
started in a catastrophic way and, due to the high number
of patients simultaneously affected, the decision was made
to transform the nursing home in a caring structure, trans-
ferring to the COVID Referral Center only patients need-
ing intensive care. The time covered is from March 22nd
to July 31st, 2020, the critical period being April 2020.
At the time of this study, hydroxychloroquine and
azithromycin were mainstay of treatment [4]. Initially, our
patients were treated with hydroxychloroquine, azithro-
mycin, and enoxaparin, methylprednisolone being added
to patients with severe forms of the disease. Later on,
due to the emerging evidence that this line of treatment
was ineffective, patients were treated with a combination
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of amiodarone and enoxaparin, methylprednisolone or
tocilizumab being added to severe cases. Prophylaxis of
swab-test-negative patients was also done, initially with
hydroxychloroquine and later with amiodarone.

Methylprednisolone and tocilizumab were introduced
due to the mounting evidence that unchecked inflamma-
tion is a hallmark of the disease [5]. Anticoagulation was
started since small vessel thrombosis was emerging as a
crucial component of lung damage [6].

Amiodarone, an amphiphilic cationic drug used for the
control of ventricular and supraventricular arrhythmias, was
introduced since it interferes with the processing of Ebola
Virus spike protein, inhibits in vitro SARS-CoV-1 infection
after viral entry, has antithrombotic properties and had been
used safely in patients with COVID-19 [7-10].

We describe here the transformation of the nursing
home into a caring structure, patient characteristics and
the outcome of the measures taken.

Materials and methods
Study design

In this study, we describe the spreading of SARS-CoV-2
infection and the way it was contained in a long-term care
facility located in the Italian Alps. All procedures reported
comply with the ethical standards of the relevant national
and institutional committees on human experimentation
and with the Helsinki Declaration of 1975, as revised in
2008. Informed consent was obtained for the compassion-
ate use of drugs and for the use of personal data. The study
was notified to the local Ethical Committee.

Setting

The Nursing Home “Matteo Brunetti” is located in Paluzza,
in the Carnian Alps (Italy), 65 km away from Udine Uni-
versity Hospital, assigned to the care of patients with
COVID-19.

Patients and personnel

As of March 22, 2020, the nursing home hosted 121 guests
(27 males and 94 females; median age 85 years, range
53-100 years). All of them were included in the study. The
nursing home had a staff of 118 persons for patient care,
supportive duties and administration. Two physicians were
present on call.
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Spread of infection

Owing to the spread of the pandemics, on March 5, 2020,
the nursing home was locked.

On March 22, 2020, a female guest with fever had a posi-
tive swab test. During the next days, swab tests were done
on all patients and personnel. The results were received with
delay, due to exhaustion of reagents at the referral center.
By April 4, the picture emerged that 59.8% of guests and
13.6% of personnel had SARS-CoV-2 infection (Fig. 1).
Considering that the deployment of symptomatic patients
to the COVID-19-dedicated structure would have caused an
unbearable strain, it was decided that patients were to be
cared for at the nursing home and that only those needing
intensive care were to be transferred to the COVID center of
Udine. During this initial time interval, four patients needing
intensive care were transferred to the reference center, where
three died soon after arrival.

Nursing home re-organization

Under supervision of the Regional Department of Prevention
and the Director of Clinical Infectious Diseases of Udine
University Hospital, two physicians with 3 weeks experi-
ence at the Udine COVID-19 center were recruited, together
with 10 nurses and 10 supporting personnel from the nearby
hospital of Tolmezzo. Three general practitioners guaranteed
care for swab-negative patients.

Patients were allocated to three areas, “1” for patients
with severe COVID, “2” for COVID-positive patients with
few or no symptoms, “3” for swab-negative patients. Areas
1 and 2, with 2—4 patients per room, and area “3”, with
2 patients per room, were in separate buildings and were
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Fig.1 Time course of SARS-CoV-2 RNA presence in nasal swabs,
tracheal aspirates, or gastric aspirates
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served by separate caring teams. Clean and at risk areas were
identified and the flow of personnel and materials through
the facility was defined. Areas for briefing and practice ses-
sions were identified. Donning and doffing were done at
opposite locations.

Owing to the rapid spread of infection personnel used
in all areas complete personal protection equipment (PPE)
according to the official regional rules (total body isolation
gown, double gloves, disposable footwear, face shield, FFP2
mask). PPEs were changed at entry into defined areas; gloves
were changed after individual patient visits. Personnel were
trained during practice sessions or through video recordings
available from the Regional Department of Protection.

The air recirculation system was disabled and air was
exchanged by opening the windows. Sanitation was per-
formed according to regional rules. Communication between
patients and families was assured by phone or tablet.

Two ultrasound systems (MyLab Esaote Sigma), a
blood gas analyzer and apparatuses for oxygen delivery
(both low and high flow) were obtained. Rapid transport
of blood samples was organized to the laboratory of Udine
University Hospital, so that bacterial cultures could be
performed, blood and urine variables could be measured
and quantitative PCR with reverse transcription (RT-PCR)
could be done. Aspiration of bronchial secretions under
bronchoscopic guidance was assured. The search of viral
RNA by RT-PCR was done as needed or at least weekly
in swab-negative patients. Positive patients were re-tested
until they became negative on two successive measure-
ments. Physical examination was done at least one time
a day, two times or more in patients with severe COVID-
19. Vital parameters were collected twice a day. Chest
echography was performed during the first visit and then
as needed. The reorganization of the nursing home took
two days.

The diagnosis of COVID-19 was based on RT-PCR per-
formed on throat swabs, tracheal aspirates, or gastric aspi-
rates [11]. Patients with negative swab test, but with symp-
toms were considered for the diagnosis of COVID-19 on the
basis of exposure history, clinical status (including oxygen
need: no oxygen, <6 L/min, >6 L/min [high flow oxygen]),
chest echography (normal pattern, B lines or B lines plus
consolidations) or suggestive laboratory data, like lympho-
penia, high p-dimer or high levels of Interleukin-6 (IL-6).
Disease was defined severe if ultrasound showed increasing
B lines or lung densities or if high flow oxygen was needed.
Comorbidities were categorized using the Charlson Comor-
bidity Index [12].

Personnel with infection were quarantined or referred to
the COVID center in Udine. The parish of a nearby town and
a local hotel offered help for personnel quarantine.

On May 15, 2020, due to lack of personnel, 11 swab-
positive patients and 16 swab negative, but with ultrasound

signs of possible COVID pneumonia were moved to a nurs-
ing home located in Palmanova, 90 km away. At that facility,
in addition to the testing offered at Paluzza, high resolution
computed tomography (HRCT) was available. To assure
the continuity of care, one of the caring physicians moved
to Palmanova as well. From there, after recovery, patients
came back to the Paluzza Nursing Home and reentry was
complete by June 6.

Therapy

Starting April 4, 2020, patients with COVID-19 or strongly
suspected of having COVID received a combination of
hydroxychloroquine, azithromycin, and enoxaparin. Patients
with severe disease also received methylprednisolone (Ther-
apeutic Strategy A, Table 1). Patients not improving under
this regimen and from May 6 all patients with COVID-19 or
strongly suspected of having COVID-19 received a combi-
nation of amiodarone and enoxaparin, methylprednisolone
being added for those with severe disease (Therapeutic strat-
egy B, Table 1). In one patient with diabetes difficult to con-
trol, methylprednisolone was substituted with tocilizumab
(324 mg SC once). Oxygen was administered to obtain at
least 90% spO,. Appropriate antibiotics were administered in
case of bacterial infections. Gastric protection was assured.
In patients treated with amiodarone the QT interval was
measured and plasma levels of amiodarone were measured
3 days after load. Drugs interfering with hydroxychloroquine
or amiodarone were discontinued.

Prophylaxis

During April 2020, prophylaxis was done with hydroxychlo-
roquine (200 mg 2 times a day for 5 days). From May 6th
prophylaxis was done with amiodarone (200 mg twice a day
for 10 days).

Statistical analysis

The data were expressed as median and interquartile range
(IQR) (continuous data) or number and percentage (cate-
gorical data). Continuous data were compared between two
groups with Mann—Whitney test, and categorical data using
Chi-square test or Fisher’s exact test. All tests were two-
sided and a p value less than 0.05 was considered significant.
Statistical analysis was performed using R 4.0 (R Founda-
tion for Statistical Computing, Vienna, Austria. URL https
/Iwww.R-project.org/).
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Table 1 Therapeutic strategies

Therapeutic Drug Daily dosing Duration

strategy (days)

A Hydroxychloroquine 400 mg x 2 (load), then 200 mg X2 PO 5
Azithromycin 500 mg PO 3
Enoxaparin 4000 UI SC 5
Methylprednisolone 1 mg/kg IV 5

B Amiodarone 15 mg/kg IV (load) then 400 mgx2 PO 14
Enoxaparin 100 Ul/kgx2 SC 14
Methylprednisolone 1 mg/kg IV 14

Results
The spreading of the infection

As shown in Fig. 1, within 12 days of the first case, half
of the guests and 13% among personnel became infected.
Because of this catastrophic start, the decision was made to
transform the nursing home into a caring center, transfer-
ring to the COVID Referral Center only patients needing
intensive care.

Afterwards the infection continued to spread, although
at a lower pace, both among personnel and among guests
(Fig. 1). The last positive swab test among personnel was
recorded on May 8th and among patients on June 1st, 2020.
By July 31st, 2020, on each patient a median of 5 (IQR 4-7)
swab tests were performed.

Overall, 92 guests (76%) and 25 staff members (21%)
tested positive at the RT-PCR of nasal swabs. In addition,
two patients with respiratory symptoms and ultrasound signs
of pneumonia, who remained negative after being tested,
respectively, 9 and 11 times, were shown to have interstitial
pneumonia by computed tomography and developed anti-
bodies to the SARS-CoV-2 spike protein. Thus, the total
number of patients with laboratory-proved COVID-19 was
94 (78%). Five further patients had symptoms, blood values
or chest HRCT typical of COVID-19, but remained negative
after 4-11 swab test. These patients were treated as if they
had COVID-19.

Disease manifestations

In patients with COVID-19, prevailing symptoms regarded
the respiratory system (Table 2). In some patients, how-
ever, a reduced state of alertness was the prevalent mani-
festation. Others had sepsis-like features with fever as the
main symptom. Others still manifested withdrawal as the
sole manifestation of disease. Two patients died of sudden
death. Forty-nine patients with positive swab test had no
or few symptoms. One of five patients suspected to have
COVID-19, but with negative swab test, developed ascend-
ing paralysis.

@ Springer

Patient characteristics according to swab-test results are
shown in Supplementary Table 1. A positive swab test was
more frequent in females (p =0.04), patients without gut
disease (p=0.01), and those with fever (p =0.004), fatigue
(p=0.007), decreased appetite (p =0.04), low blood lym-
phocytes (p=0.03), high plasma p-dimer (p =0.04) and
high serum LDH (p =0.002). Interestingly, cough was not
associated with the diagnosis of COVID-19 in our popula-
tion. Normal chest echography (p =0.03) was higher among
swab-positive patients.

Patient characteristics according to the presence of
symptoms are shown in Supplementary Table 2. A sympto-
matic status was more frequent in males (p=0.02), patients
with heart disease (p =0.04) and those without dementia
(p=0.0006). Symptomatic patients had increased occur-
rence of fever (p <0.0001), dyspnea (p <0.0001), fatigue
(p<0.0001), decreased appetite (p <0.001), and stupor/
coma (p=0.02). A symptomatic status was also associ-
ated with abnormal chest echography (p <0.0001), lower
SpO, (p <0.0001) and lower SpO,/FiO, ratio (p <0.0001).
Symptomatic patients had lower blood lymphocytes
(p <0.0001) and platelets (p=0.01), while higher NLR
(neutrophile to lymphocyte ratio) (p <0.0001), C-reac-
tive protein (p <0.0001), IL-6 (»p =0.01), myoglobin
(p=0.007), AST (p=0.001), ALT (p=0.04), lactate

Table 2 Prevailing clinical aspects in patients with COVID-19

Clinical aspect n (%)
Respiratory insufficiency 31 (32.9)
Withdrawal 5(5.3)
Decreased alertness 44.2)
Sepsis-like 3.1
Sudden death 2(2.1)
Minor or no symptoms** 49 (52.1)

Swab test positive or developed antibodies to SARS-CoV-2 (total
94). Not included are 5 swab-test-negative patients with suspected
COVID-19, one of which developed ascending paralysis

**Rash in one patient
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dehydrogenase (p =0.02), creatinine (p =0.03), and proc-
alcitonin (p =0.002).

Clinical outcomes

Twenty-seven patients died during the study period (Supple-
mentary Fig. 1). Comparison with historical records showed
that excess mortality centered in April 2020 (Fig. 2).

Mortality was 23/94 (24.4%) in patients with at least one
positive swab test or antibody-positive; 5 of these died up to
two months after full recovery and with at least 3 negative
swabs.

Mortality was 4/27 among patients with negative swab
(14.8%) (p=0.42).

Mortality of patients with swab test positive (Supple-
mentary Table 3) was associated with higher Charlson score
(»<0.0001), heart disease (p =0.03), dyspnea (p < 0.0001),
fatigue (p=0.0001), decreased appetite (p =0.002), stupor/
coma (p=0.0001), higher heart rate (»p=0.0001), lower
SpO, (p=0.03) and SpO,/FIO, ratio (p =0.000), higher
aPTT (p=0.04), lower PLTs (p=0.004), higher C reac-
tive protein (p <0.0001), higher IL-6 (p=0.001), higher
myoglobin (p =0.005), higher CK (p =0.02), higher AST
(p=0.03), lower lymphocyte nadir (p =0.02), higher peak
NLR (p=0.02), lower hemoglobin (p =0.02), higher proc-
alcitonin (p <0.0001). Therapy with oxygen was more fre-
quent among patients who died (p <0.0001).

Considering patients with positive swab test or who
developed antibodies to SARS-CoV-2, there was a signifi-
cant difference in mortality between those who had symp-
toms and those who had few or none (Supplementary Fig. 1,
p <0.001 by Chi-square test).
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Fig.2 Monthly mortality in the Paluzza Nursing Home from January
1,2011 to July 31, 2020

Outcome of different treatment strategies

As shown in Table 3, three seriously ill patients, receiving
supportive care before nursing home reorganization, died.

Out of the 49 patients with COVID-19, but few or no
symptoms, all treated with regimen A (without steroid) 4
died; one of sudden death around treatment completion,
three over one month after symptom resolution respectively
of acute abdomen, inhalation pneumonia, and heart failure.

Of the 30 symptomatic patients treated with regimen A,
20 survived and 10 died (one of sudden death 1 month after
complete recovery from COVID-19 symptoms). A patient
with ascending paralysis recovered completely after treat-
ment with methylprednisolone and immunoglobulins.

Of the five patients switched to regimen B after getting
worse with regimen A, 3 survived and 2 died.

Of the 11 patients treated with regimen B, 8 survived and
3 died (one of bacterial infection one month after symptom
resolution and normalization of blood values). The other two
patients who died had the longest time to death.

Serum levels of amiodarone had a median of 0.60 pmol/L
(IQR 0.47). No adverse effects were recorded.

Prophylaxis

Forty-two patients had hydroxychloroquine prophylaxis.
Of these 15 became swab test positive and 5 died. Fifteen
patients had prophylaxis with amiodarone. None of these
became swab positive.

Personnel data

Three persons developed COVID-19 pneumonia, were trans-
ferred to the referral center and recovered.

Table 3 Outcome of different treatment strategies

Treatment strategy Clinical picture Survived Died Total

Supportive Symptomatic 0 3 3%
A
No or few symptoms 45 4 49
Symptomatic 20 10 30
A then B Symptomatic 3 2 5
B Symptomatic 8 3 11
All patients 72 26 98**

A strategy: hydroxychloroquine, azithromycin, enoxaparin +methyl-
prednisolone. B strategy; amiodarone, enoxaparin + methylpredniso-
lone

*Patients who died at the study start

**QOne swab-test positive patient who died of bacterial infection is not
included
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Discussion
Nursing home re-organization

The Paluzza nursing home was the hardest hit in the Friuli
Venezia Giulia region, both for number of cases and speed
of infection spread. Since the hospitalization of sympto-
matic patients would have provoked an intolerable strain to
COVID-19 referral center, it was decided to transform the
nursing home in a care center for patients not needing inten-
sive care. To that end a staff was created de novo, resources
were stepped up and the whole structure was reorganized.

Our experience suggests that this is possible, but planners
need to consider realistically the burden of infection. Indeed,
at the peak of infection, care providers worked 7 days a
week, furthermore at a later point some patients had to be
transferred to another structure due to insufficient personnel.

A very positive aspect of the transformation of the nurs-
ing home in a care center, was that it allowed patients to
remain in a familiar context. They adjusted easily to the new
situation and, as the emergency declined, resumed rapidly
their usual demeanor [13].

Clinical aspects

Few patients had cough and several had purely neurologic
symptoms. Overall, the clinical presentation of our patients
was in agreement with the literature, with a strong relation-
ship between the risk of death and symptoms, comorbidi-
ties [1, 2, 4], low number of lymphocytes [4], high neu-
trophil to lymphocyte ratio [14, 15], increased markers of
inflammation (CRP, IL-6) [4, 16-19], altered coagulation
(low platelets, lengthened aPTT, high levels of p-dimer) [4].
Patients who died had higher levels of serum pro-calcitonin.
Wether this was due to SARS-CoV-2 or bacterial super
infection, perhaps favored by the emergence of dysfunctional
myeloid cells, remains unclear [14, 17].

Differently from other authors [20], we found no rela-
tionship between chest echography and COVID-19 status or
mortality. This may have resulted from the frequent presence
of echographic abnormalities in the elderly [21] and from the
fact that echographic scans considered for the analysis were
obtained at symptoms start. Furthermore, the categorization
used (no anomalies, B lines, lung densities) did not capture
the transition from few to many B lines or extension of den-
sities. On the whole, we endorse the use of chest echography,
especially when chest X-ray and CT are not available. Indeed
in 11 patients with symptoms and negative swab test, a diag-
nosis of pneumonia by lung ultrasound prompted isolation
days in advance of the emergence of swab test positivity.

The absence of gut diseases was associated with a
greater incidence of COVID-19. At present, the relationship
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between intestinal diseases (especially inflammatory) and
the risk of SARS-CoV-2 infection remains unclear [22].

Therapy

The entry into target cells of SARS-CoV-2 depends upon
the processing of the spike protein, that may happen by two
mechanisms. The first mechanism, acidic-pH-dependent, is
mediated by the endosomal cysteine protease cathepsin L,
is prevalent in cell types like Vero cells and is inhibited by
cationic drugs. The second mechanism, pH-independent, is
mediated by the plasma-membrane-resident serine protease
TMPRSS2, is present on cells of the respiratory epithe-
lium and is insensitive to the action of cationic drugs [20].
The selectivity of SARS-CoV-2 for respiratory epithelia is
thought to be the basis for hydroxychloroquine lack of effi-
cacy [23, 24].

Not much was known at the time of this study; however,
considering that some of our patients worsened while tak-
ing the combination hydroxychloroquine, azithromycin and
enoxaparin + methylprednisolone, we switched to amiodar-
one and enoxaparin + methylprednisolone. Amiodarone is a
cathionic drug that accumulates in the lumen of organelles
with an acidic interior and increases lumenal pH similarly to
hydroxychloroquine, a property that explains its interference
with the processing of Ebola virus spike protein [7]. Fur-
thermore, amiodarone inhibits SARS-CoV-1 infection acting
after the delivery of the viral genome into the cytoplasm of
the target cell, a property not known for hydroxychloroquine
[8]. Finally, amiodarone inhibits the expression of tissue fac-
tor by endothelial cells and has displayed antithrombotic
activity in an animal model of arterial damage [8]. Ami-
odarone dosage was chosen to reach blood concentrations
close to those active in vitro (5—10 pmolar). Knowing that
amiodarone has a narrow therapeutic window, we checked
QT interval and amiodarone serum levels.

Owing to the progressive adjustment of treatment
schemes, a comparison between therapeutic regimens A and
B cannot be made. Later evidence has shown that hydroxy-
chloroquine and tocilizumab are ineffective. The use of cor-
ticosteroids and heparin was in line with the present pro-
tocols [25-27]. The effect of amiodarone remains unclear.

It may be worth noting, however, that, as of June 30 2020
the mortality rate among our swab-positive patients com-
pared well with that of other nursing homes hit less strongly
by the pandemics and not transformed into care centers:
21/92 (22.8%, Paluzza, Udine) vs 1/4 (25.0% Gemona,
Udine), 5/21 (23.8% Lovaria, Udine), 8/27 (29.6% S. Gior-
gio di Nogaro, Udine), 20/56 (35.7% Mortegliano, Udine)
[28].
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Prophylaxis

Hydroxychloroquine prophylaxis did not inhibit SARS-
CoV-2 infection in some of our patients, confirming that
hydroxychloroquine has no efficacy for post-exposure
prophylaxis [29]. None of the patients who had amiodarone
prophylaxis developed SARS-CoV-2 infection.

Accumulating databases could clarify the question if
chronic amiodarone administration has a protective effect
towards SARS-CoV-2 infection [2].

Limitations

Main limitations of this work are the lack of a randomized
design and lack of information about the viral load. Further-
more, testing for the presence of antibodies against SARS-
CoV-2 was available for a small number of patients.

Conclusions

Nursing homes massively hit by SARS-CoV-2 can be trans-
formed into caring centers for patients not needing intensive
care. By this approach, patients remain in a familiar context
and excessive burden on hospitals can be prevented.
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