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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), also known as coronavirus disease

(COVID-19), is a major pandemic challenging health care systems around the world. The optimal man-

agement of patients infected with COVID-19 is still unclear, although the consensus is moving toward the

need of a biphasic approach. During the first phase of the disease (from onset of the symptoms up to 7–10

days) viral-induced effects are prominent, with the opportunity to institute antiviral therapy. In the second

inflammatory phase of the disease, immunosuppressive strategies (for example with glucocorticoids or

anticytokine drugs) may be considered. This latter stage is characterized by the development of pro-

gressive lung involvement with increasing oxygen requirements and occasionally signs of the hemo-

phagocytic syndrome. The management of the disease in patients with kidney disease is even more

challenging, especially in those who are immunosuppressed or with severe comorbidities. Here we pre-

sent the therapeutic approach used in Brescia (Italy) for managing patients infected with COVID-19 who

underwent kidney transplantation and are receiving hemodialysis. Furthermore, we provide some clinical

and physiopathological background, as well as preliminary outcome data of our cohort, to better clarify the

pathogenesis of the disease and clinical management.
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undergoing dialysis and patients with renal
transplantation.

The Chinese Center for Disease Control and Pre-
vention recently published the largest COVID-19 case
series, which includes 44,672 cases. This study shows
an overall mortality rate of 2.3%. Besides age (1.3%
mortality in the 50–59 age group, 3.6% in the 60–69
age group, 8.0% in the 70–79 age group, and 14.8% in
the $80 age group), the main risk factors are the
presence of cardiovascular diseases (10.5% mortality),
diabetes (7.3% mortality), chronic respiratory diseases
(6.3% mortality), high blood pressure (6% mortality),
and cancer (5.6% mortality).1,2 In the Lombardy
1
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Table 1. Number of patients at the peak of the COVID pandemic
1st Floor

Inpatients with
COVID-19
infection
receiving
hemodialysis

17 beds

Hemodialysis
room for

inpatients with
COVID-19
infection

Hemodialysis
rooms for

inpatients who
are negative for

COVID-19

Dialysis room for
inpatients with

COVID-19 infection
or suspected cases

Inpatients with
COVID-19 who

received
transplantation

12 beds

2nd Floor

Dialysis COVID-negative nephrology ward

COVID, coronavirus disease.
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region, however, the disease seems to have much
higher mortality rates than reported in China, and this
led us to investigate factors potentially responsible for
this worse outcome.3 The comorbidities associated with
increased mortality during COVID-19 are common in
patients with chronic kidney disease (CKD) and in pa-
tients undergoing renal replacement therapy with he-
modialysis. There is a paucity of data on the risk factors
and outcome of patients with kidney disease who are
positive for COVID-19, including those receiving dial-
ysis or who underwent a kidney transplantation. These
groups of patients are unique in view of their immu-
nosuppressed status. Reports from China suggest a less
severe course of the disease in patients receiving dial-
ysis, compared with patients who underwent a kidney
transplantation, but also compared with patients
without kidney disease.

Currently, Brescia and its province are the second
largest Italian area affected after Bergamo (5317 cases as
of March 23, 2020). A working group consisting of
infective disease specialists and intensivists from
Lombardy has developed a therapeutic protocol in
patients with COVID-19 based on disease severity.4 We
have adapted this protocol to our patients receiving
dialysis and who underwent a kidney transplantation.
We also provide some logistics considerations resulting
from our direct experience in the management of pa-
tient flows during the COVID-19 pandemic, as well as
preliminary results of outcome in our population.

Logistic Considerations

Proper logistic planning is crucial in the management
of this health emergency. The management of these
patients makes it necessary to reconcile infection pro-
tocols (e.g., isolation), with needs that are intrinsic to
our specialty (e.g., the need to move patients for he-
modialysis). Our experience, although still limited,
suggests a better outcome in patients who underwent a
transplantation directly managed in a dedicated
nephrology ward compared with the patients managed
in other general COVID areas, and evaluated by the
nephrologist only in consultation.

As a referral center, our division provides care to
1200 patients who underwent a transplantation, 400
patients receiving hemodialysis, and 70 patients
receiving peritoneal dialysis. Because of the significant
size of our patient population, we reorganized our
wards to accommodate the surge of patients with
COVID-19 with kidney disease. The particular logistics
of our institution has allowed us to implement an
efficient organizational model that included the crea-
tion of a dedicated COVID unit from a female ward.

From February 27–28, 2020, we created a dedicated
COVID unit that was dialysis capable and subsequently
2
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admitted the first COVID-positive patient (who un-
derwent kidney transplantation). On February 28, we
adopted surveillance measures for outpatients under-
going hemodialysis, which were applied in a small
triage area Qin the waiting room of the dialysis center:
patients’ body temperature was checked together with
a brief anamnestic evaluation, alcohol-based hand
sanitizer was dispensed, and surgical masks were pro-
vided. If the clinical suspicion of COVID-19 emerged,
the patient was sent to perform specific testing. In case
of urgency for dialysis treatment, this was performed
in a room intended for suspected cases.

Between March 2 and 4, 2020, we admitted the
second and third positive patients to the COVID area.
As the number of patients infected with COVID-19
increased, we closed the transplant center and rear-
ranged the ward’s central spaces to create hemodialysis
rooms, intended partially for patients with SARS-CoV-2
infection and partially for patients who are negative for
SARS-CoV-2 (see Table 1).

Patient Flow

Logistical challenges and the physical structure of the
building (e.g., identifying a room dedicated for isolated
patients awaiting the reverse transcriptase-polymerase
chain reaction results, locations for donning and doff-
ing personal protective equipment, as well as for per-
forming hemodialysis outside the usual area), we were
forced to reduce the number of overall beds from 36 to
29. Because of patient turnover (intensive care unit
transfers, discharges, and deaths), these numbers
allowed us to cover our needs in terms of admissions
for patients who underwent transplantation and who
are receiving dialysis.

Up to March 22, in the nephrology unit of the
hospital of Brescia, we have managed 46 patients,
following the protocol presented in this article: 20
patients who underwent renal transplantation, 21 pa-
tients receiving hemodialysis, and 5 patients affected
by CKD or acute kidney injury on CKD. The vast ma-
jority of patients (19 of 20 patients who underwent
transplantation, 17 of 21 patients receiving hemodial-
ysis, and 4 of 5 of the patients with CKD) received
Kidney International Reports (2020) -, -–-
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antiviral therapy and hydroxychloroquine as per our
protocol. Dexamethasone and tocilizumab have been
used, respectively, in 11 and 6 of the 20 patients who
underwent transplantation, in 4 and 1 of the 21 pa-
tients receiving hemodialysis, and in 1 and none of the
patients with CKD. To date, no patients on immuno-
suppressive treatment due to primary or secondary
glomerulonephritis have been admitted or known to
have symptoms imputable to SARS-CoV-2 infection;
these patients were advised to respect social distancing
rules since the early stages of the coronavirus crisis.

Results

We now provide preliminary outcome data on the pa-
tients directly followed in our nephrology unit in
Brescia on March 22, 2020; more detailed reports will
follow. As of March 22, among our 20 patients who
underwent transplantation who were admitted, 5 pa-
tients died, 4 were admitted to the intensive care unit,
and 3 were discharged after an average of 13 days.

We admitted 21 patients with COVID-19 infection
receiving hemodialysis, including 5 patients who died
and 4 who were discharged between hospital day 7 and
17 (mean length of hospitalization 12 days). The
COVID-19 crisis has imposed rationalization of inten-
sive care unit resources, and as a result, patients
receiving hemodialysis who are often elderly and
afflicted by numerous comorbidities are often not
considered candidates who will benefit from intensive
care unit care.

A total of 5 patients with CKD were admitted, of
whom 2 have died and the other 2 have been dis-
charged after 6 and 17 days from admission.

Management Considerations

In general terms, optimal disease management is still
being debated, and the therapeutic approach still lacks
significant evidence. The indication for antiretroviral
therapy is uncertain, and to date there are no approved
drugs for the treatment of SARS-CoV-2 infection.5

Although anecdotal experience can be drawn from
the use of antiviral agents on viruses belonging to the
same family of Betacoronaviruses (SARS and Middle
East respiratory syndrome), the current COVID-19
pandemic provides the opportunity for testing thera-
pies in affected patients. To date, no clear guidelines
exist for the management of these patients.6

The pharmacological approach to treating SARS-
CoV-2 infection can be viewed as a 2-phase approach.
The first phase is associated with viral replication and
cytopathic effect, and antiviral drugs may be consid-
ered (e.g., chloroquine-hydroxychloroquine, lopinavir/
ritonavir, darunavir ritonavir, and darunavir/cobici-
stat). The second phase of the disease begins after 7 to
Kidney International Reports (2020) -, -–-
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10 days from the onset of symptoms, and is associated
with the risk of death2; this stage is characterized by
progressive lung involvement with escalating needs of
oxygen supplementation and ventilatory support,
which seems to be secondary to hyperinflammatory
and cytokine release syndromes. Immunosuppressive
and immunomodulatory drugs may be of benefit dur-
ing this phase.

Chloroquine-Hydroxychloroquine

Investigational evidence seems to support the role of
antiviral activity of chloroquine toward the SARS and
avian influenza viruses in in vitro and animal models.7,8

Clinical evidence to support their use remains limited at
this time.9 Because of similar molecular structure, a
well-known immunomodulating effect,10 and better
safety profile, hydroxychloroquine may be considered
as an option in this context,11 and of interest its use has
been found to be associated with a higher proportion of
patients showing a negative reverse transcriptase-
polymerase chain reaction from day 3 after its intro-
duction compared with untreated controls in small
series.12

Lopinavir/Ritonavir, Second-Generation Antiretroviral

Anecdotal evidence seemed to support their possible
role in COVID-19; however, a recent analysis failed in
showing benefit with lopinavir/ritonavir treatment
beyond standard care in hospitalized adult patients
with severe COVID-19,13 but these results are limited
and, in our opinion, not conclusive. For example,
baseline characteristics suggest a higher disease
severity in the treatment arm (more patients with res-
piratory rate >24/min, with days from onset to
randomization >12 and requiring oxygen) and, inter-
estingly, an associated higher viral load. Despite that,
patients treated with lopinavir/ritonavir experienced a
higher proportion of clinical improvement on day 14
(45.5% vs. 30.0%), a shorter time to clinical improve-
ment if treated within 12 days from onset (hazard ratio
1.25; 95% confidence interval: 1.77–2.05), and were
less likely to die (19.2% vs. 25.0%, not significant). In
our opinion, these data support consideration of anti-
viral therapy in subgroups of patients at high risk.

Darunavir Ritonavir and Darunavir/Cobicistat

These are potential alternatives to lopinavir/ritonavir
based on the similar mechanism of action.

Remdesivir

Remdesivir is a nucleotide analogue whose mechanism
of action consists of incorporating the drug into newly
synthesized RNA chains. It has been suggested that it
plays a role in reducing viral load and improving lung
function parameters in animal and in vitro models,14,15

acting at the stage of the post virus entry in the cells.7
3
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Azithromycin

A small study performed on patients with COVID-19
infection and treated with hydroxychloroquine
demonstrated that combination with azithromycin was
associated with a higher probability of showing a
negative reverse transcriptase-polymerase chain reac-
tion for the virus from the third day after the begin-
ning of the therapy compared with controls and with
those who received hydroxychloroquine alone.12

Corticosteroids

The use of corticosteroids would be contraindicated in
the first phase of the disease, but may play a role in the
second phase, the one characterized by potential
rapidly progressive lung involvement and secondary to
hyperinflammatory syndrome and cytokine release
syndrome. Of note, data suggest a significant impact on
the survival curves of patients with COVID-19 infec-
tion who have developed acute respiratory distress
syndrome.16

Tocilizumab

In consideration of the central role that interleukin-6,
in combination with other proinflammatory cyto-
kines, seems to have in the development of the cyto-
kine release syndrome,17 tocilizumab could play a role
in the management of selected cases in the absence of
major contraindications.

Clinical Patient Management and Monitoring

Patients with known COVID-19 infection receive a
chest X-ray at baseline and repeated when respiratory
deterioration is noted. Even patients who are afebrile
may have an abnormal chest X-ray and other clinical
signs of the hemophagocytic syndrome. These patients
tend to be hypercoagulable, and prophylactic therapy
with heparin and low-dose aspirin should be consid-
ered. During this phase, treatment with glucocorticoid
and the interleukin-6 inhibitor tocilizumab should be
considered, especially in patients with rapid clinical
deterioration evidenced by escalating oxygen re-
quirements or the need for ventilatory support. We
recommend for this subgroup of patients, close moni-
toring of arterial oxygen levels with repeat arterial
blood sampling, of the blood tests including ferritin–
coagulation–liver enzymes, and of the chest X-ray.

We have formulated a treatment protocol based on
patient characteristics, phase of illness, and disease
severity using antivirals, immunomodulators, and
immunosuppressive agents. These protocols are based
on in vitro antiviral effects and empirical observations
in other countries and are listed in the Supplementary
Material. A recent trial did not show efficacy of
lopinavir-ritonavir in severe COVID-19 infection,
although with the limitations mentioned previously; of
4
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note, data on the role of such approach on subgroups
such as patients receiving hemodialysis and who un-
derwent transplantation are still lacking. Our proposed
therapeutic management plan for patients receiving
hemodialysis and who underwent transplantation with
a SARS-CoV-2 infection can be found in the
Supplementary Appendix S1 Q. We also provide further
considerations for diagnosis and treatment of these
patients in the Supplementary Appendix S2. Q
APPENDIX

Members of The Brescia Renal COVID Task

Force

Federic Qo Alberici, Department of Medical and Surgical
Specialties, Radiological Sciences and Public Health,
University of Brescia, Brescia Italy; and Nephrology
Unit, Spedali Civili Hospital, ASST Spedali Civili di
Brescia, Brescia, Italy; Elisa Delbarba, Nephrology Unit,
Spedali Civili Hospital, ASST Spedali Civili di Brescia,
Brescia, Italy; Chiara Manenti, Nephrology Unit, Spe-
dali Civili Hospital, ASST Spedali Civili di Brescia,
Brescia, Italy; Laura Econimo, Nephrology Unit, Spe-
dali Civili Hospital, ASST Spedali Civili di Brescia,
Brescia, Italy; Francesca Valerio, Nephrology Unit,
Spedali Civili Hospital, ASST Spedali Civili di Brescia,
Brescia, Italy; Alessandra Pola, Nephrology Unit, Spe-
dali Civili Hospital, ASST Spedali Civili di Brescia,
Brescia, Italy; Camilla Maffei, Nephrology Unit, Spedali
Civili Hospital, ASST Spedali Civili di Brescia, Brescia,
Italy; Stefano Possenti, Nephrology Unit, Spedali Civili
Hospital, ASST Spedali Civili di Brescia, Brescia, Italy;
Nicole Zambetti, Nephrology Unit, Spedali Civili Hos-
pital, ASST Spedali Civili di Brescia, Brescia, Italy;
Margherita Venturini, Nephrology Unit, Spedali Civili
Hospital, ASST Spedali Civili di Brescia, Brescia, Italy;
Stefania Affatato, Nephrology Unit, Spedali Civili
Hospital, ASST Spedali Civili di Brescia, Brescia, Italy;
Paola Piarulli, Nephrology Unit, Spedali Civili Hospital,
ASST Spedali Civili di Brescia, Brescia, Italy; Mattia
Zappa, Nephrology Unit, Spedali Civili Hospital, ASST
Spedali Civili di Brescia, Brescia, Italy; Alice Guerini,
Nephrology Unit, Spedali Civili Hospital, ASST Spedali
Civili di Brescia, Brescia, Italy; Francesca Boni,
Nephrology Unit, Spedali Civili Hospital, ASST Spedali
Civili di Brescia, Brescia, Italy; Alberto Mucchetti,
Nephrology Unit, Spedali Civili Hospital, ASST Spedali
Civili di Brescia, Brescia, Italy; Elena Pezzini,
Nephrology Unit, Spedali Civili Hospital, ASST Spedali
Civili di Brescia, Brescia, Italy; Chiara Saccà,
Nephrology Unit, Spedali Civili Hospital, ASST Spedali
Civili di Brescia, Brescia, Italy; Marianna Moscato,
Nephrology Unit, Spedali Civili Hospital, ASST Spedali
Civili di Brescia, Brescia, Italy; Michela Tonoli,
Kidney International Reports (2020) -, -–-

April 2020 � 2:31 am � ce



11

9

F Alberici et al.: SARS-CoV-2 (COVID-19) in Brescia, Italy REVIEW

427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480

481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
Nephrology Unit, Spedali Civili Hospital, ASST Spedali
Civili di Brescia, Brescia, Italy; Stefano Pasquali,
Nephrology Unit, Spedali Civili Hospital, ASST Spedali
Civili di Brescia, Brescia, Italy; Fabio Viola, Nephrology
Unit, Spedali Civili Hospital, ASST Spedali Civili di
Brescia, Brescia, Italy; Simone Piva, Department of
Medical and Surgical Specialties, Radiological Sciences
and Public Health, University of Brescia, Brescia Italy;
and Intensive Care Unit, Spedali Civili Hospital, ASST
Spedali Civili di Brescia, Brescia, Italy; Nicola Latro-
nico, Department of Medical and Surgical Specialties,
Radiological Sciences and Public Health, University of
Brescia, Brescia Italy; and Intensive Care Unit, Spedali
Civili Hospital, ASST Spedali Civili di Brescia, Brescia,
Italy; Emanuele Focà, Department of Clinical and
Experimental Sciences, University of Brescia, Brescia,
Italy; and Infectious and Tropical Diseases, Spedali
Civili Hospital, ASST Spedali Civili di Brescia, Brescia,
Italy; Eugenia Quiros-Roldan, Department of Clinical
and Experimental Sciences, University of Brescia,
Brescia, Italy; and Infectious and Tropical Diseases,
Spedali Civili Hospital, ASST Spedali Civili di Brescia,
Brescia, Italy; Francesco Castelli, Department of Clinical
and Experimental Sciences, University of Brescia,
Brescia, Italy; and Infectious and Tropical Diseases,
Spedali Civili Hospital, ASST Spedali Civili di Brescia,
Brescia, Italy; Paola Gaggia, Nephrology Unit, Spedali
Civili Hospital, ASST Spedali Civili di Brescia, Brescia,
Italy; Ezio Movilli, Nephrology Unit, Spedali Civili
Hospital, ASST Spedali Civili di Brescia, Brescia, Italy;
Sergio Bove, Nephrology Unit, Montichiari Hospital,
ASST Spedali Civili di Brescia, Montichiari, Italy; Fabio
Malberti, Nephrology Unit, ASST Cremona, Cremona,
Italy; Marco Farina, Nephrology Unit, ASST Lodi, Lodi,
Italy; Martina Bracchi, Nephrology Unit, ASST Fran-
ciacorta, Chiari, Italy; Ester Maria Costantino,
Nephrology Unit, ASST del Garda, Manerbio, Italy;
Nicola Bossini, Nephrology Unit, Spedali Civili Hospi-
tal, ASST Spedali Civili di Brescia, Brescia, Italy; Mario
Gaggiotti, Nephrology Unit, Spedali Civili Hospital,
ASST Spedali Civili di Brescia, Brescia, Italy; and
Francesco Scolari, Department of Medical and Surgical
Specialties, Radiological Sciences and Public Health,
University of Brescia, Brescia Italy; and Nephrology
Unit, Spedali Civili Hospital, ASST Spedali Civili di
Brescia, Brescia, Italy.
527
528
529
530
DISCLOSURE

All the authors declared no competing interests.
531
532
533
534
SUPPLEMENTAL MATERIAL

Supplementary File (PDF)
Kidney International Reports (2020) -, -–-

REV 5.6.0 DTD � EKIR943_proof � 14
Appendix S1. Proposal for a therapeutic management plan

for patients receiving hemodialysis and who underwent

transplantation and who have a SARS-CoV-2 infection.

QAppendix S2. Further considerations for diagnosis and

treatment.
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