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Abstract

To date the severe acute respiratory syndrome coronavirus 2 (SARS- CoV-2), known as COVID-19, is for clinicians the
most difficult global therapeutic problem. In this landscape, the management of patients with chronic kidney disease, acute
kidney injury or patients undergoing immunosuppressant therapies for kidney transplant or glomerular diseases, represent
a clinical challenge for nephrologists, especially in patients with severe acute lung involvement. Therefore in this setting,
due to the lack of anti-COVID treatment schedules, tailored management is mandatory to reduce the side effects, as conse-
quence of impaired renal function and drugs interactions. We report the main treatment actually used against SARS-CoV-2,
underlining its possible use in the nephropatic patients and the central role of nephrologists to improve the clinical outcome.
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Introduction

Despite the drastic containment measures implemented in
many countries across the world, SARS-CoV-2 outbreak
(also known as COVID-19), started in the city of Wuhan
(Hubei province of China) in December 2019, is spreading
all over the world [1, 2]. In this landscape, due to the sud-
den and rapid explosion of the infection and to the lack of
new effective therapies, clinicians are investigating the effect
of drugs used for other viral diseases. Recently, Alberici
et al. reported the therapeutic management of the SARS-
CoV-2 infection in a population of renal patients in the city
of Brescia, in Italy (Brescia COVID Task Force) based on
the disease activity [3, 4].

Currently, nephrologists are using the available drugs
with particular attention to the renal impairment degree,
interactions with other medications and, regarding dialy-
sis patients, to the dialytic clearance. The novel SARS-
CoV-2 coronavirus is a RNA obligate intracellular virus
and its replication depends on synthetic processes of the
host cell. To date, none of the drugs currently used have
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shown therapeutics effects. As a rule, to be effective, selec-
tive antiviral agents should block viral entry into the cell and
should be active inside the host cell, whereas nonselective
viral inhibitors may interfere with human cell function and
promote the side effects.

The clinical onset of SARS-CoV-2 infection is variable
from mild self-limited influenza-like symptoms to severe
acute respiratory syndrome with possible association of
multi-organ failure (MOF) secondary to cytokine storm and
sometimes of haemophagocitic syndrome [3, 4]. It is note-
worthy that in renal patients, the latter conditions represent a
real challenge in terms of care and survival. The diagnosis of
COVID-19 has to be confirmed by the reverse transcription
polymerase chain reaction (RT-PCR) or gene sequencing
for respiratory tract samples or by serologic test. Moreover,
chest computed tomography (CT) represents an indispensa-
ble tool for screening and diagnosing COVID-19 patients.
CT chest imaging in the early stages, from mild to severe
cases, shows interstitial changes that developed into multi-
ple ground glass opacification with or without consolidative
abnormalities. Pleural effusions and mediastinal lymphnode
enlargement should be detected in severe cases. Findings
are often peripheral, bilateral and involving the lower lobes.
Also chest X-ray can be considered a reliable diagnostic tool,
especially in the emergency setting [2, 5-7]. Actually, the
therapeutic management of SARS-CoV-2 infection has many
fields of action. On one side to block the viral replication, on
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the other side to treat the interstitial pneumonia and MOF
which cause the most severe clinical setting. Currently, the
antiviral drugs available are: hydroxychloroquine (HCL),
chloroquine (CL), azithromycin, lopinavir/ritonavir, daru-
navir/cobicistat, remdesivir, and favipavir. The other drugs,
in particular those necessary to contrast the MOF and hae-
mophagocytic syndrome are corticosteroids and monoclonal
antibodies; also dialysis therapy with special filters should
be used. Given the lack of specific therapy about the ongo-
ing SARS-CoV-2 infection, we conducted a brief review to
summarize the mechanism of action and the potentially side
effects of the treatment currently available, focusing on the
effects of the drugs on renal disease at different stages in
terms of therapeutic management and survival.

Drugs with antiviral activity
Hydroxychloroquine and chloroquine

Hydroxychloroquine (HCL) and chloroquine (CL) are the
cornerstone therapies of sensitive falciparum malaria and
the second-line treatment of many rheumatologic diseases.
Both drugs are currently under investigation for use in the
SARS-CoV-2 outbreaks. CL and HCL were described as
potent in vitro inhibitors for other coronaviruses, including
SARS-CoV-1, so they are used in the treatment of SARS-
CoV-2 [8, 9]. It has been demonstrated that SARS-CoV-2
links the angiotensin-converting enzyme 2 expressed in the
lung. CL/HCL could also reduce the expression of sialic
acids that may be required for binding SARS-CoV-2. Moreo-
ver, CL/HCL increase endosomal pH required for virus/cell
fusion, as well as interfering with the glycosylation of cellu-
lar receptors of SARS-CoV. Finally, CL/HCL interfere with
the virion assembly through the blockage of cytokine storm
reducing the pro-inflammatory mediators production and,
consequently, the systemic inflammatory response syndrome
(SIRS). In a Chinese study [9], patients diagnosed as mild,
moderate, and severe cases of pneumonia received chloro-
quine 500 mg twice per day for 10 days, improving clinical
outcomes. Moreover, HCL plus azithromycin (AZT) are sig-
nificantly associated with SARS-CoV-2 viral load reduction
[8, 10—17] although the association leads to the more com-
mon side effect of QTc interval prolongation.

Recently, concerns have been raised about the toxicity of
CL and HCL in patients with SARS-CoV-2 infection. In a
multinational study, 96,032 COVID patients were enrolled.
A group of 14,888 treated patients (1868 received chloro-
quine, 3783 received CL plus a macrolide, 3016 received
HCL, and 6221 received HCL plus macrolide) was com-
pared with 81,144 patients in the control group. A multivari-
ate analysis showed that the treatments with HCL and Cl
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with or without a macrolide, were independently associated
with an increased risk of in-hospital mortality.

Furthermore, the HCL regimens were independently
associated with an increased risk of ventricular arrhythmia
if compared with the control group [18].

In addition, Borba et al. have compared two dosage regi-
mens of CL (450 mg two times per day on day one then
450 mg once daily for 5 days and 600 mg two times per day
for 10 days) and the study was finished early due to ventricu-
lar tachycardia and QTc prolongation especially in the high
dose arm [19]. Based on the above studies, it is crucial to
emphasize the importance of performing a tailor-made dos-
age of drugs through a continual monitoring of renal func-
tion which often worsens during SARS-CoV-2 infection,
with risk of accumulation and significant increase in toxicity.

Ideal dose and duration of SARS-CoV-2 treatment are
unknown. More data are available for HCL sulfate dose
recommended in general population than CL: 200 mg, two
times per day (BID) or three times per day (TID) for 10 days.
The adjusted doses of HCL required for renal patients are
based on the glomerular filtration rate (GFR). For GFR
between 15 and 30 ml/min the suggested dose is 200 mg/die
once a day (OD). For GFR < 15 ml/min the suggested dose is
200 mg every other day (alternate days). CL is administered
500 mg BID for 10 days. The adjusted doses of CL required
for renal patients are: if GFR < 10 ml/min, in hemodialy-
sis (HD) and peritoneal dialysis (PD) 50% of dose should
be administered. In continuous renal replacement therapy
(CRRT), no dosage adjustment is required.

Standard dose, renal dose, and side effects of HCL, CL
and of all the other drugs described below are summarized
in Table 1. Side effects are reported in Table 2.

Azithromycin

AZT is a bacteriostatic antibiotic of macrolides class
with a broad spectrum of activity against Gram-positive
and atypical bacteria. The immune-modulatory and anti-
inflammatory effects of AZT take place by the down-
regulation of the inflammatory response, the reduction in
cytokine production, and the induction of immunoglobulin
antibodies production. Moreover, AZT is active in vitro
against Zika and Ebola viruses [20, 21]. Given these prop-
erties, AZT and other macrolides have been studied for
their potential use as target therapy for viral respiratory
infections including MERS (Middle East respiratory syn-
drome) and SARS (severe acute respiratory syndrome).
In a recent publication, the authors suggested that mac-
rolide therapy had no significant association with MERS
COV RNA clearance and was not associated with a sig-
nificant change in 90-days patient mortality [22]. Further-
more, another study conducted in a small population sug-
gested that the use of HCL in combination with AZT was
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Table 1 Standard dose and renal dose at different kidney disease stage

Dosage of drugs in adult patients with renal impairment (SARS-COV-2 disease)

Drug Dose (normal CrCI>50-90 CrCl 10-50 CrCL< 10 Hemodialysis ~ CAPD CRRT
renal function)
Antimalarials
Cloroquine 500 mg po q12h 500 mg q12h 500 mg q12h Reducing dose  Reducing dose  Reducing dose  No adjustment
phosphate 50% 50% 50% required
Hydroxy- 200 mgpoq8h 200 mgq8hor CrCl 15-30: CrCl< 15: 200 mg altera- No data avail-  No data available
chloroquine or ql2h ql2h 200 mg q24h 200 mg altera-  tive days able
sulfate tive days
Antibiotics
Azithromycin ~ 250-500 mg IV/ 250-500 mg 250-500 mg 250-500 mg 250-500 mg 250-500 mg 250-500 mg
po q24h q24h q24h q24h q24h q24h q24h
Antivirals
Lopinavir/rito- 400/100 mg po  400/100 mg 400/100 mg 400/100 mg 400/100 mg 400/100 mg No adjustment
navir ql2h ql2h ql2h ql2h ql2h ql2h required
Darunavir/ 1 tab 1 tab 1 tab 1 tab 1 tab 1 tab No adjustment
cobicistat (800/150 mg) (800/150 mg) (800/150 mg) (800/150 mg) (800/150 mg)  (800/150 mg)  required
po q24h q24h q24h q24h q24h q24h
Favipavir 1600 mg po No data avail- No data avail-  No data avail-  No data avail-  No data avail-  No data available
q12h on Day able able able able able
1 followed by
600 mg q12h
Remdesivir 200 mg po 200 mg poq24h  CrCl 50-30: CrCl<30: Avoid use Avoid use Avoid use
q24h on Day on day 1 200 mg po Avoid use
1 followed by followed by q24h on Day
100 mg q24h 100 mg q24h 1 followed by
100 mg q24h

Monoclonal antibody

Tocilizumab
Eculizumab
Sarilumab

Anakinra

Corticosteroids
Desametasone

Methylpredni-
solone

8 mg/Kg ql2h

900 mg IV
every 7 days

No data avail-
able

100 mg by IV
infusion every
6 h (total of
400 mg daily)
for 15 days

1-2 mg/Kg IV/

po q24h

40-80 mg IV
q24h

No adjustment
required

No adjustment
required

No adjustment
required

No adjustment
required

1-2 mg/Kg
q24h

40-80 mg IV
q24h

No adjustment
required

No adjustment
required

No adjustment
required

No adjustment
required

1-2 mg/Kg
q24h

40-80 mg IV
q24h

No adjustment
required

No adjustment
required

No adjustment
required

No adjustment
required

1-2 mg/Kg
q24h

40-80 mg IV
q24h

No data avail-
able

No data avail-
able

No adjustment
required

No adjustment
required

20 mg q24h
for 5 days
followed by
10 mg q24h
for 5 days

No data avail-
able

No data avail-
able

No data avail-
able

No adjustment
required

No adjustment
required

No data avail-
able

No data avail-
able

No data available
No data available
No adjustment

required

No adjustment
required

No data available

No data available

CrCl creatinine clearance, CAPD continuous ambulatory peritoneal dialysis, CRRT continuous renal replacement therapy, /V intravenous, Po

oral dosage

associated with significant viral load reduction in SARS-
CoV-2 infected patients, although the risk of QT prolon-
gation induced by the association of the two drugs should
be considered. As for each treatment, the cost benefits of
the risk should be individually evaluated [10]. In April

2020, two clinical trials began to verify the efficacy of
AZT therapy in SARS-CoV-2. Currently there is no clear
evidence of the efficacy of AZT treatment in SARS-CoV-2
pneumonia [23, 24]. The WHO guidelines and Surviving
Sepsis Campaign Guidelines (March 2020) recommended
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Table 2 Side effects

Drug

Side effect

Hydroxychloroquine

Chloroquine
Azytromicin

Lopinavir/Ritonavir
Darunavir/cobicistat
Remdesivir

Favipavir
Corticosteroids

Pruritus, anorexia, nausea, abdominal pain, blurring of vision, hypotension, QT prolongation -expectially in association
with azithromycin, -hemolysis in G6PD-deficient, granulocytosis, anaphylactoid reaction, anaphylaxis, angioedema,
alopecia, exfoliative dermatitis, ototoxicity, confusion, psychosis, seizures

Retinopathy, anorexia, nausea, vomiting, headache, dizziness, blurred vision, QT prolongation
diarrhea, nausea, vomiting, severe QT prolongation, abdominal pain

Prostration, anorexia, abdominal pain, diarrhea, nausea and vomiting, paresthesia, high level of AST, ALT, CK, pan-
creatitis, QT prolongation, headache, dyslipidemia, and taste alterations

Abdominal pain, prostration, anorexia, diarrhea, nausea and vomiting, rash, urticaria, Steven—Johnson syndrome, Drug
Reaction with Eosynophilia and Systemic Symptoms, increased risk of bleeding in haemofiliac patients, reduction in
eGFR (cobicistat), headhache, increase in liver enzymes, increase in fats levels, immune reconstitution syndrome

Diarrhea, increase liver enzymes blood levels
Theratogenicity
Osteoporosis, osteonecrosis, hypertension, diabetes, fluid retention, cataracts and glaucoma, gastritits and gastric ulcera,

increase risk of superinfection, neuropsychiatric adverse effects

Monoclonal antibodies Tociluzumab: increased serious infections, reactivation of latent tuberculosis, headache, hypertension, hepatitis
Eculizumab: hypertension, tachycardia, peripheral edema, hypotension, headache insomnia, fatigue, dizziness, skin
rash, pruritus, hypokalemia, diarrhea, vomiting, nausea, abdominal pain, gastroenteritis, infection, life-threatening

neisseria meningitides

Sarilumab increased serum alanine aminotransferase, increased serum aspartate aminotransferase. Infection. Decreased

platelet count, leukopenia, neutropenia

Anakinra injection-site reaction, headache, vomiting, arthralgia, nasopharyngitis, nausea, fever, nausea, diarrhea,
eosinophilia, decreased white blood cell count, change in platelet count

empiric antimicrobial therapy only for prevention or treat-
ment of superinfections [25].

The dose recommended for patients with mild to severe
symptoms is 500 mg OD for three days. In patient with
severe CKD (GFR < 10 ml/min), dose adjustment is required
(50% of dose).

Antiviral drugs
Lopinavir/ritonavir

The co-formulation lopinavir/ritonavir is one of the main
treatment for HIV infections. Lopinavir is a HIV protease
inhibitor, whereas ritonavir inhibits the CYP3A-mediated
metabolism of lopinavir providing to increase plasma level
of lopinavir. Furthermore, lopinavir is mainly metabolized
and eliminated by the liver [26]. Many studies, carried out
during the past epidemic respiratory syndromes (SARS and
MERS), suggested a reduction in viral load, steroid usage
and, consequently, in nosocomial infections, in patients
treated with lopinavir/ritonavir, showing a clinical improve-
ment [27, 28]. A randomized clinical trial, handled by a
Chinese group, suggested that in hospitalized adult patients
with severe infection, no benefit was observed with lopina-
vir/ritonavir beyond standard care in terms of time to clini-
cal improvement, reduction of mortality and safety (side
effects and discontinuation of treatment) [29, 30]. The rec-
ommended doses of lopinavit/ritonavir are 400/100 mg BID
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for 5-10 days [31-33]. This therapeutic schemes has been
suggested in symptomatic elderly patients with underlying
diseases or patient with acute respiratory distress syndrome
(ARDS) when Remdesivir is not available (mild/high-risk
groups) starting from the early stage. Lopinavir pharmacoki-
netics have not been studied in patients with renal disease;
however, since the renal clearance of drug is negligible, a
decrease in total body clearance is not expected in patients
with renal disease. In HD, PD and CRRT, no dosage adjust-
ment is required.

Darunavir/cobicistat

Darunavir (DRV) is a HIV protease inhibitor that blocks
the cut of Gag-Pol proteins encoded by HIV in the cells
infected by the virus preventing the development of mature
infective viral particles. It was initially used in combination
with ritonavir [34] and then boosted with cobicistat [35].
Cobicistat is a booster for the improvement of pharmacoki-
netics and pharmacodynamics of DRV by cytochrome P450
(CYP3A) inhibition [36]. Darunavir/cobicistat (DRV/c) is
approved by the United States Food and Drug Administra-
tion (FDA) only for use with a boosting agent, and in combi-
nation with other anti-retrovirals, for the treatment of HIV-1
infection. Janssen Pharmaceutical Companies, a subsidiary
of Johnson&Johnson, yielded its brand DRV/c used for
HIV treatment for the use in activities research for SARS-
CoV-2 treatment. Anecdotal reports suggested that darunavir
has potential antiviral activity against SARS-CoV-2 virus.
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Janssen have found low interactions between DRV and the
active site of SARS- CoV-2 protease. Actually, the use of
DRV as treatment for SARS-CoV-2 is not supported by
in vitro or clinical studies [37, 38]. DRV/c is metabolized
by the liver. Caution, without any dose adaptation, is sug-
gested in case of slight and mild liver dysfunction, whereas
the use of DRV/c is not recommended in case of severe
liver dysfunction. Actually, the therapeutic scheme for the
treatment of SARS-CoV-2 infection is off-label. The drug
doses suggested is 800/150 mg OD for 5-7 days. DRV/c
has the same mechanism of action of lopinavir/ritonavir;
therefore, it is reasonable to consider the use of DRV/c as
an alternative treatment for SARS-CoV-2 infection disease
when lopinavir/ritonavir is not available [39]. DRV is poorly
eliminated by the kidney [40]; changing in dosage is not
requested in patient with renal disease. Instead, considering
that cobicistat should reduce the renal clearance, its use is
contraindicated in patient with GFR <70 ml/min. Finally, no
evidence or clinical study is available regarding the dialysis
clearance [35].

Remdesivir

Remdesivir (RDV) is a novel antiviral drug, recently used for
the Ebola treatment. RDV is an adenosine nucleotide analogue
with a broad spectrum of antiviral activity. It works as RNA-
dependent RNA polymerase (RpRd) inhibitor. RDV creates
a tightly bind with RpRd, showing a high level of binding
affinity comparable to these of native nucleotides. RDV inhib-
its viral replication through premature termination of RNA,
blocking the transcription and consequently the viral repli-
cation [41]. RDV has been studied in clinical trials and it is
still under investigation for the Ebola treatment in humans,
MERS, and SARS-CoV viruses [42, 43]. It is currently under
investigation for SARS-CoV-2 treatment. Indeed, clinical tri-
als are currently in progress to verify the efficacy and safety
of RDV use in hospitalized adult patients with mild or severe
SARS-CoV-2 disease [44, 45]. Successful results have been
reached in one case of SARS-CoV-2-infected patients treated
with intravenous RDV [46]. RDV is a prodrug, predominantly
metabolized by hepatic enzymes with hydrolase activity. Based
on rapid distribution, metabolism and clearance, the drug has
scarce clinically significant interactions and does not prolong
the QTc interval [47]. There are three different therapeutic
schemes proposed by the ongoing trials; all of them share the
same dosage but differ in the duration of the treatment based
on the clinical stage of the disease (mild or severe). The rec-
ommended dose of RDV is 200 mg intravenous (IV) on day 1,
100 mg IV daily for 5 up to 10 days. The use of RDV has not
been approved by FDA (Food and Drug Administration) and
EMA (European Medicines Agency) even if its compassion-
ate use is recommended in patients with severe SARS-CoV-2

infection who are not eligible for inclusion criteria in clinical
trials and in absence of alternative therapeutic options [48].

In a recent randomized, double-blinded, placebo-controlled,
multicenter trial, the efficacy of the RDV in adults hospital-
ized SARS-CoV-2 patients with pulmonary involvement has
been demonstrated. RDV has received the authorization for the
treatment of suspected or laboratory-confirmed SARS-CoV-2
adults and children hospitalized patients with severe disease
(low blood oxygen levels, needing oxygen therapy, needing
mechanical ventilation), due to shortening the time to recovery
[49]. The proposed dosage is: 200 mg as a single dose on day
1, followed by 100 mg once daily. Instead, the renal recom-
mended doses are: if €GFR > 30 ml/min no dosage adjustment
necessary, if eGFR <30 ml/min avoid use, in renal replace-
ment therapies avoid use.

Favipavir

The antiviral 6-fluoro-3-hydroxy-2-pyrazinecarboxamide
(T-705, favipiravir) Favipavir (FP) is a RNA-dependent RNA
polymerase (RdRp) inhibitor. Its use was approved only in
Japan for the treatment of influenza infection and it is distrib-
uted only upon request by the Minister of Health, Labor and
Welfare of Japan to avoid irrational prescriptions [50] In addi-
tion to its anti-influenza activity, FP blocks the replication of
other RNA viruses [51]. FP has been used for the treatment of
human infection with life-threatening Ebola virus and severe
fever with thrombocytopenia syndrome [52]. Moreover, the FP
activity against multiple RNA viruses has been demonstrated
[53]. Due to its inhibition of RNA polymerase, FP may have
potential antiviral activity on SARS-CoV-2 infection [54]. The
preliminary results of a clinical Chinese trial suggested that FP
should have stronger antiviral action than lopinavir/ritonavir
[55]. FP was approved in China for SARS-CoV-2 treatment
since February 15, 2020 [56]. Dosage and treatment duration
for SARS-CoV-2 infection are unavailable. The approved FP
dose in Japan is 1600 mg TID on day 1 followed by 600 mg
TID for 4 days. The viral replication period is 6 days or longer
for seasonal influenza. When drug administration is stopped
during the virus replication period or when resistant strains
appear, virus replication and fever relapse. Thus, 10 days
of administration should be required for severe influenza or
novel influenza [57]. However, no published clinical studies
are available about the efficacy and safety of the drug in the
treatment of SARS-CoV-2 disease.

Other therapies
Corticosteroids

Corticosteroids (CST) are immunomodulatory agents that
modulate the host response by the secretion of various
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interleukins (IL-1, IL-6, IL-8, IL-11, IL-12, IFN-y e TNF-
a) and the expression of their receptors. Some corticoster-
oids attenuate the CD28 co-stimulatory pathway through the
inhibition of naive T-cell proliferation and differentiation, a
key mechanism in the pathogenesis of ARDS in SARS-CoV-
2-associated pneumoniae. CTS have been largely used in
the treatment of past coronavirus infection (SARS, MERS).
No evidence was found on the antiviral effect of corticos-
teroids alone in resisting SARS-CoV-2 in vivo and in vitro
[58-60]. The dose of methylprednisolone varied, depending
on disease severity. Moreover, administration of CST in the
early phases of SARS-CoV-2 infection, is not recommended
due to the increasing risk of superinfection and prolonged
viral replication [61]. However, it has been demonstrated
that methylprednisolone may be beneficial for patients with
SARS-CoV-2 pneumonia who have developed ARDS on
progression [62]. The use of systemic CST in adults with
SARS-CoV-2 and ARDS mechanically ventilated has been
suggested by Guidelines on the Management of Critically
111 Adults with Coronavirus Disease 2019 (COVID-19)
of Surviving Sepsis Campaign (weak recommendation,
low-quality evidence). Systemic CST are recommended
for a short-term use (1 ~2 mg-kgx3~5 days) [25, 63]. In
patients on chronic dialysis or with renal transplant and rapid
progression of SARS-CoV-2 disease the guidelines of the
“Brescia Renal Covid Task force” indicate an initial dose
of desametasone 20 mg/die for 5 days followed by a dose of
10 mg die for 5 days [3, 4].

Monoclonal antibody

Tociluzumab. Tociluzumab (TC) is a humanized monoclo-
nal antibody (mAb) anti-human IL-6 receptor of the IgG1
subclass. TC, interrupting IL-6 pathway, seems to be highly
effective in reducing the inflammatory response through its
pro-inflammatory effects and it has been successfully used
for the treatment of rheumatologic diseases. The use of
TC for the treatment of SARS-CoV-2 infection has shown
encouraging preliminary clinical results. Nevertheless, the
right time of therapy initiation, the duration and the recom-
mended dose are not fully clear. A multicenter, randomized
controlled trial is ongoing in the investigation of the efficacy
and safety of TC in the treatment of new coronavirus pneu-
monia [64-67]. Moreover, a screening for tuberculosis and
hepatitis B infection should be done before initiating TC.
The Brescia Renal COVID Task Force [3, 4] suggested a
dose of 8 mg/Kg IV, repeatable after 12 h.

Eculizumab A multicenter trial (NCT04288713) is under-
way on Eculizumab (EZ), a humanized mAb that binds the
complement component C5, which is required for formation
of the membrane attack complex (MAC); MAC can cause
organs’ damage in other types of coronaviruses infection;
therefore, modulation of this part of the immune response
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during SARS-CoV-2 infection can be helpful. In unvacci-
nated patients against Neisseria meningitides daily antimi-
crobial prophylaxis is mandatory (ceftriaxone iv) to avoid
life-threatening infections. EZ dose recommended is 900 mg
IV every 7 days [65].

Sarilumab Sarilumab (SA) is a specific mAb for the inter-
leukin-6 (IL-6) receptor; it may potentially contrast cytokine
release syndrome in severely ill patients of COVID-19 dis-
ease [68, 69].

Anakinra. Anakinra (AnK). AnK is a recombinant human
interleukin-1 (IL-1) receptor antagonist. NCT(04324021 is a
phase 3 randomized, open-label, multicenter trial on AnK.
Dose is 100 mg every 6 h (total of 400 mg daily) for 15 days
[70].

Since the elimination through the kidney of mAb is con-
sidered not significant, in CKD patients no dosage adjust-
ment is required.

Convalescent plasma

Treatment of acute severe pneumonia with immunoglobulin
from healed patients could accelerate clinical recovery. Cur-
rently several trials are ongoing in China [71, 72].

Renal replacement therapies

In some patients with SARS-CoV-2 infection, the systemic
involvement should induce acute kidney injury (AKI) and
MOF. The cause of MOF in patients with SARS-CoV-2
pneumonia, similar to septic shock, is an uncontrolled
inflammatory state or a subsequent immune-paralysis. When
pharmacological treatment is not effective, extracorporeal
therapies offer a possibility to support different organs in a
multiple organ dysfunction [73]. The indications for extra-
corporeal therapy in patients with SARS-CoV-2 infection
and MOF include renal replacement therapy and sepsis.
AKI, in patients affected by SARS-CoV-2-related pneumo-
nia, is uncommon, but it might result from a SIRS involv-
ing combined myocardial and kidney function. In sepsis,
Ronco et al. observed the reduction of circulating levels of
cytokines using cartridges containing highly biocompatible
sorbents and microporous resins (ex. Cytosorb). The sug-
gested schemes of application is 1 unit every 12 h in the first
24 h and 1 unit per day in the following 2 days [74]. In dialy-
sis patients with chronic kidney disease (CKD), Alberici
et al. suggested expanded intermittent hemodialysis (HDx)
whit medium cut-off (MCO) membrane to increase removal
of inflammatory cytokines [3, 4].

Low molecular weight heparin

High rate of pulmonary thromboembolism due to thrombo-
philic and inflammatory state has been reported. Therefore,
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the prophylactic use of low molecular weight heparin
(LMWH) is indicated [75, 76].

Discussion

Since the SARS-CoV-2 outbreak began, last December 2019
in China, millions of people have been infected; SARS-
CoV-2 should cause a large spectrum of clinical signs and
symptoms ranging from mild to critical [1, 2]. Currently,
there are no vaccines or drugs approved for prevention and
treatment of the infection. Moreover, the kidney involvement
of the SARS-CoV-2 infection should be associated with
three different clinical settings. The first includes patients
with CKD, the second includes patients with AKI, the third
includes immunosuppressed patients such as renal graft
recipients or patients with glomerular diseases. Moreover,
it is known that kidney injury is associated with an increased
risk of death in patients with influenza A virus subtype
HINT1 and SARS [77, 78]. In addition, a recent report sug-
gested that the kidney involvement, in patients infected
by SARS-CoV-2 at admission, is associated with a higher
risk of in-hospital death [79]. AKI SARS-CoV-2 related is
probably multifactorial, including a major role of inflam-
matory cytokines. In severe cases, cytokine storm causes a
multiple organ failure syndrome, including kidney’s disease
[80]. Kidney histology was examined in an autopsy series
of 26 patients with evidence of acute tubular damage. Nine
biopsies were tested for intracellular virus and coronavi-
ruses were identified in seven [81]. To date, two cases were
reported with collapsing glomerulopathy presenting with
severe AKI and heavy proteinuria [82, 83].

Since the clinical presentation of SARS-CoV-2 infec-
tion should be misleading until the severe stages, with rapid
clinical deterioration, clinicians should pay more attention
to renal patients, carrying out early treatment and intensive
monitoring to improve the clinical outcome. Alberici et al.
[3, 4] describe the experience of the Nephrology Ward of the
University Hospital of Brescia in the northern of Italy, place
of a dramatic COVID-19 outbreak, focusing the attention
on dialysis and transplant patients. The authors suggested a
better outcome especially in the setting of the transplanted
group managed by a dedicated Nephrology Unit. Prelimi-
nary results on general population with mild symptoms sug-
gested a synergic effect of HCL in combination with AZT,
with a possible preventive effect of severe respiratory tract
infections, in order to confirm the antiviral activity showed
against SARS-CoV-1, Zika and Ebola viruses [45-48]. On
the basis of the latest toxicity warnings, when using CL and
HCT, it is crucial to adapt the dosage to the renal function
to avoid the overload and to carry out a close monitoring
of the side effects, particularly cardiological ones. During
this phase, nephrologist should consider the possibility to

combine antiviral therapy and standard drugs, although in a
recent trial, no benefit was observed with the association of
lopinavir/ritonavir treatment [29]. In severe cases of MOF
and haemophagocitic syndrome, immunosuppressive strat-
egies must be considered. The massive lung involvement
and interstitial infiltrates with respiratory failure (PaO2/
FiO < 100) is usually considered the main life-threatening
process of SARS-CoV-2 infection. Moreover, the admin-
istration of high dose of steroids in association with mono-
clonal antibody as rescue procedures was strongly suggested
[3, 4].

Unfortunately, to date, a monoclonal antibody against
SARS-CoV-2 has not been developed and TC is the most
used in ongoing studies. When SARS-CoV-2 infection
causes AKI unresponsive to pharmacological treatment,
renal replacement therapy is necessary. Moreover, in
severely ill patients with sepsis/MOF or haemophagocitic
syndrome, extracorporeal therapies with highly biocompat-
ible resins are also used and seem to have a remarkable ben-
efit in terms of hemodynamic support and organ function
rescue [73, 74]. Convalescent plasma could be a promising
approach in selected cases with severe disease [71, 72].

In renal transplant recipients and glomerulonephritis
patients affected by SARS-CoV-2 infection, it is mandatory
to verify the interactions of the drugs with immunosuppres-
sive therapies to reduce and/or avoid harmful side effects.
Notably, it has been suggested to discontinue calcineurin
inhibitors and antimetabolite in renal graft recipients, using
only low doses of CST as anti-rejection therapies [3, 4].
Pulmonary thromboembolism prophylaxis is useful in all
patients with COVID-19 infection [75, 76].

In COVID-19 pediatric kidney patient, RDV is preferred
to other agents. It is described a multisystem inflammatory
syndrome (MIC-S) that shares clinical features with Kawa-
saki disease. Children who present with clinical features of
MIS-C should be treated with steroid and if refractory, with
monoclonal antibody (Anakinra, tocilizumab) [84].

Finally, we would underline the nephrologists’ role and
its importance in the global clinical evaluation in kidney
patients suffering from COVID-19 disease. Waiting for
the availability of new drugs, nephrologists should contrib-
ute to choose the best therapy for renal patients in order to
reserve the kidney function, to consider possible interac-
tions between drugs and to avoid nephrotoxicity of com-
bined therapies. Furthermore, in unclear cases of renal func-
tion impairment, a kidney biopsy would be mandatory.

Conclusion
In conclusion, the SARS-CoV-2 outbreaks therapy rep-

resents for clinicians one of the most difficult challenge.
Within this setting, renal patients represent a population at
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high risk of morbidity and mortality, requiring a tailored
therapeutic approach. Moreover, it is well known that the
therapeutic target to treat patients with CKD, AKI, and
kidney transplant is complicated by pharmacodynamics
and pharmacokinetics aspects, drug interactions, and extra-
corporeal therapies. Thus, there are no doubts that in renal
patients, within the SARS-CoV-2 infection management, the
role of nephrologists is useful in order to draw a balance
between beneficial and potentially harmful effects of current
treatment available.
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