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Abstract
Here, we review the most recent findings on the effects of 
SARS-CoV-2 infection on kidney diseases, including acute 
kidney injury, and examine the potential effects of ARBs on 
the outcomes of patients with COVID-19. Lastly, we discuss 
the clinical management of COVID-19 patients with existing 
chronic renal disorders, particularly those in dialysis and with 
kidney transplants. © 2020 S. Karger AG, Basel

Introduction

Coronaviruses are a group of pathogens that co-infect 
humans and other vertebrates. These viruses affect the 
respiratory, gastrointestinal, and central nervous sys-
tems, as well as livers, of humans, livestock, birds, bats, 
mice, and many other wild animals [1]. Among this class 
of viruses are the two known zoonotic coronaviruses that 
induced Severe Acute Respiratory Syndrome (SARS) and 

Middle East Respiratory Syndrome (MERS) in 2003 and 
2012, respectively [1].

Starting in December 2019, a cluster of unexplained 
pneumonia cases was reported in the city of Wuhan, the 
capital of Hubei province in central China. In January 
2020, the pathogen causing this bilateral interstitial pneu-
monia was identified through high-throughput sequenc-
ing of the viral RNA genome. The World Health Organi-
zation (WHO) named this new virus Severe Acute Respi-
ratory Syndrome Coronavirus 2 (SARS-COV-2), which 
belongs to the β-coronavirus cluster, which also compris-
es the viruses causing SARS and MERS [2]. The conse-
quent SARS-CoV-2-related disease was defined as coro-
navirus disease 2019 (COVID-19).

According to the earliest available data, the majority of 
patients diagnosed with COVID-19 before January 1, 
2020, were linked to the Seafood Wholesale Market in 
Wuhan [3]. In the early stages, the incubation period was 
5.2 days, with the epidemic size doubling every 7.4 days 
[3], thus suggesting a high human-to-human transmis-
sion rate. The person-to-person transmission routes in-
cluded droplet inhalation transmission, direct transmis-
sion through coughing and sneezing, as well as contact 
transmission, including oral, nasal, and eye mucous 
membrane contacts.

Many of the most common symptoms are like those of 
the common seasonal flu and cold, and the WHO has de-
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scribed fever and a dry cough as the most common symp-
toms of COVID-19, affecting almost 90 and 70% of in-
fected subjects, respectively [4]. Additionally, 40% of  
COVID-19 patients suffer from fatigue and 18.6% experi-
ence dyspnoea, while nasal congestion, nausea and diar-
rhoea are seldom reported [5, 6].

Epidemiology and Natural Course of COVID-19

According to the WHO, SARS-CoV-2 infection 
reached pandemic proportions by March 15, 2020, with 
153,517 laboratory-confirmed cases of COVID-19 in 143 
different countries [7]. The majority of cases were report-
ed in China (81,048), with a gross mortality of 4% (3,204 
total deaths), although the true mortality rate may not 
have been estimated correctly [8]. Even if the Chinese 
outbreak is slowing and stabilizing, the total number of 
newly infected subjects outside of China is increasing sig-
nificantly to 72,469 confirmed cases, with global mortal-
ity related to COVID-19 reaching 3.5%, 2,531 deaths [7]. 
In particular, Europe is becoming the biggest disease out-
break after China with Italy leading the total number of 
COVID-19 cases (24,747 and 1,809 deaths), followed by 
Spain (7,844 cases), Germany (5,813 cases), and France 
(5,437 cases). Outside of Europe, Iran (13,938 cases) and 
South Korea (8,162 cases) reported the highest number of 
cases so far [7].

Despite the few epidemiological data available so far, 
early efforts have focussed on describing the clinical 
course of this disease and describing the most severe cas-
es. According to the European Centre for Disease Preven-
tion and Control (ECdC) [6], the evidence from analyses 
of cases to date is that COVID-19 infection causes mild 
disease, without pneumonia or with mild pneumonia, in 
about 80% of patients, most of whom recover spontane-
ously [6]. Conversely, 14% of infected patients experience 
a more severe form of the disease and 6% become criti-
cally ill [6]. The majority of severe cases and deaths occur 
among the elderly and those with underlying chronic 
conditions [6]. However, also younger patients can expe-
rience severe disease symptoms, requiring intensive care 
therapies. Considering that all the different age groups 
are equally susceptible to SARS-CoV-2 infections, it is of 
critical importance that also the youngest subjects, who 
may experience from milder to no symptoms, comply 
with the self-isolation procedures in order to prevent the 
virus diffusion. In this context, a recent paper estimated 
that 86% of all infections were undocumented, highlight-
ing the importance of the identification of infected people 

and the tracking of all the closest contacts to implement 
quarantine procedure and limit the spread of the virus 
[9].

Given the evolving nature of the disease outbreak, sol-
id epidemiological data on COVID-19 are still lacking. Li 
et al. [3] identified the median age of SARS-CoV-2-infect-
ed subjects as being 59 years, 56% of whom were male, 
and the average incubation period was 5.2 days. An ad-
ditional study found that the median age of death was 75 
years, with the median time from the first symptom to 
death being 14 days [10]. The median time from early 
symptoms to death in people aged 70 or older was short-
er (11.5 days) than that in people under 70 years old (20 
days), suggesting faster disease progression in the elderly 
[10].

In a small subset of subjects infected with SARS-CoV-2 
(n = 41), Huang et al. [11] confirmed male predominance 
in incidence (73%), although with a lower median age of 
49 years. They also found that 32% of COVID-19 patients 
had underlying diseases, including diabetes, hyperten-
sion, and cardiovascular disease, while the fatality rate in 
these SARS-CoV-2-infected subject was 15% [11]. These 
data were further corroborated in the largest Chinese 
study conducted so far, with over 40,000 confirmed CO-
VID-19 cases, in which the overall case fatality rate (CFR) 
was 2.3% and hypertension (CFR 6.0%), diabetes (CFR 
7.3%), cardiovascular disease (CFR 10.5%) and age >70 
(CFR 10.2%) were the most frequently reported co-mor-
bidities [5].

Although these data may provide some clues regarding 
the epidemiology of COVID-19, studies in such small lab-
oratory-confirmed cases can be misleading, as only severe 
cases may be included, possibly skewing our understand-
ing of the actual trajectory and impact of the COVID-19 
outbreak [8]. As the epidemic evolves, public health ac-
tivities and simultaneous surveillance studies will be re-
quired in order to elucidate the epidemiology of CO-
VID-19 and predict its potential clinical impact.

The Zoonotic Origin of SARS-CoV-2

In order to understand the cross-species transmission 
of the novel coronavirus, several studies have tried to 
identify possible reservoirs of SARS-CoV-2 in animals. So 
far, the intermediate hosts of SARS-CoV-2 have been elu-
sive, and potential candidates have included snakes, 
minks, and others [12]. However, Lu et al. [13] have doc-
umented that SARS-CoV-2 exhibited an 88% identity to 
two bat-derived SARS-like coronaviruses. Concomitant-
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ly, the study by Ji et al. [12] showed that SARS-CoV-2 was 
a chimaeric virus constituted by a bat coronavirus and a 
coronavirus of unknown origin. In a similar vein, Zhou 
et al. [14] reported that the sequence similarity in the 
SARS-CoV-2 virus and the coronavirus isolated from 
Rhinolophus affinis is 96%. Collectively, these data sug-
gest that bats may be the actual source of SARS-CoV-2, 
which would also be in line with previous findings that 
showed that bats host several strains of coronavirus [15].

More recently, the mystery over the animal source of 
coronavirus deepened, as an analysis of 1,000 metage-
nomic samples suggested that pangolins may be an inter-
mediate host for SARS-CoV-2 (Fig.  1). Indeed, 70% of 
pangolins are positive for the coronavirus, which shares 
a 99% sequence similarity with the strain of SARS-CoV-2 
currently infecting humans [16]. However, this result did 
not actually refer to the entire viral genome, but was re-
lated to a specific site known as the receptor-binding do-
main [16]. This finding was challenged by subsequent 
studies that showed that SARS-CoV-2 only shared be-
tween 85.5 and 92.4% of the pangolins’ coronavirus [17]. 
Furthermore, the coronavirus carried by pangolins did 

not exhibit the same structural features as SARS-CoV-2 
[18], ruling out the possibility that the recent outbreak of 
COVID-19 might come directly from pangolins.

The Pathogenic Mechanisms of SARS-CoV-2 
Infection

Although the SARS-CoV-2 animal reservoir may re-
main unknown for a long time, what we have learned so 
far is that the genomic characterisation of SARS-CoV-2 
revealed a significant phylogenetic distance from previ-
ously identified coronaviruses that caused human diseas-
es, as it shared only 79 and 50% identity with SARS-CoV 
and MERS-CoV, respectively [19, 20].

Despite these differences, several studies have report-
ed that SARS-CoV-2 exploits the same membrane-bound 
angiotensin-converting enzyme 2 (ACE2) as SARS-CoV 
to gain access to its target cells [21–23], although it has 
greater binding affinity [24]. ACE2 is a carboxypeptidase 
that preferentially removes carboxy-terminal hydropho-
bic or basic amino acids [25]. ACE2 cleaves a single resi-

Fig. 1. The zoonotic origins of coronaviruses. In nature, several 
animal species act as natural host reservoirs for viruses. Coronavi-
ruses are commonly found in different bat species. However, in-
termediate hosts are thought to be necessary for coronaviruses to 
move from the primary reservoir species into humans. Coronavi-
ruses inducing the outbreak of Severe Acute Respiratory Syn-
drome (SARS-CoV) and Middle East Respiratory Syndrome 
(MERS-CoV) were originally bat viruses that spread to an inter-
mediate animal (civet cat and camel, respectively), which then ex-

posed humans to the viruses. Genetic analysis of the coronavirus 
causing the novel COVID-19 outbreak (SARS-CoV-2) recently 
showed that their closest genetic relatives appear to be bat corona-
viruses, with the role of intermediate species possibly played by the 
pangolin, although with some conflicting results. Recent studies 
shown that some bat coronaviruses can infect human cells without 
passing through an intermediate host. Total number of COVID-19 
cases and deaths are relative to the available data on March 15, 
2020.
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due from angiotensin I (Ang I), generating Ang 1–9, and 
a single residue from angiotensin II (Ang II) to generate 
Ang 1–7, whose vasodilator, anti-proliferative, and anti-
fibrotic functional effects oppose those of the Ang II gen-
erated by angiotensin converting enzyme (ACE) [25].

A recent study showed that ACE2 is highly expressed 
in the mouth and tongue, facilitating viral entry in the 
host. In normal human lungs, ACE2 is expressed in low-
er lungs on type I and II alveolar epithelial cells. After in-
fection, SARS-CoV-2 entry starts with the binding of the 
spike glycoprotein expressed on the viral envelope to 
ACE2 on the alveolar surface. The binding of SARS-
CoV-2 to ACE2 stimulates the clathrin-dependent endo-
cytosis of the whole SARS-CoV-2 and ACE2 complex, 
inducing fusion at the cell membrane. Endosomal cell en-
try of SARS-CoV-2 is facilitated by a low pH and pH-
dependent endosomal cysteine protease cathepsins [26]. 
Once inside the cells, SARS-CoV-2 exploits the endoge-
nous transcriptional machinery of alveolar cells to repli-
cate itself and spreads through the entire lung [26]. Given 
the critical role of endosomal acidic pH for SARS-CoV-2 
processing and internalization, it has been suggested that 
the antimalarial drug chloroquine could exert a potent 
antiviral effect by virtue of its ability to increase endo-
somal pH [27]. Inside the cells, chloroquine becomes rap-
idly protonated and is concentrated in endosomes [27]. 
The positive charge of the chloroquine increases the or-
ganelle’s pH with abrogation of virus-endosome fusion, 
ultimately  inhibiting the infection [27]. In addition to 
chloroquine, hydroxychloroquine has been considered as 
a possible candidate for short-term treatment trials [27]. 
Furthermore, also amiodarone has been suggested as a 
possible inhibitor of SARS coronavirus spreading by its 
ability to interfere with the endocytic pathway [28].

When SARS-CoV-2 infects most of the ciliated cells in 
the alveoli, these cells stop carrying out their normal ac-
tivity, which consists of clearing the airways, with a con-
sequent progressive accumulation of debris and fluids in 
the lungs and acute respiratory distress syndrome 
(ARDS).

Because ACE2-binding affinity has been shown to be 
the major determinant in SARS-CoV-2 infectivity, exper-
iments at the atomic resolution level of virus-receptor in-
teraction have been carried out to identify the precise re-
ceptor-binding domain (RBD) of spike glycoprotein on 
the viral envelope that is involved in SARS-CoV-2 inter-
action with ACE2 [29]. In this study, the author found 
that the sequence of SARS-CoV-2 RBD is similar to that 
of SARS-CoV, further confirming the hypothesis that 
ACE2 is the entry receptor for SARS-CoV-2 [29]. Nota-

bly, they also found that SARS-CoV-2 RBD harbours a 
single mutation that significantly enhances its binding af-
finity to ACE2, suggesting that SARS-CoV-2 may have 
evolved with an increased capability to infect and spread 
among humans [29]. The identification of the specific 
RBD of SARS-CoV-2 might provide us with a unique op-
portunity to develop targeted therapies to halt the inter-
action between SARS-CoV-2 and ACE2, as carefully de-
scribed recently [30].

Although in its infancy, a recent study investigated the 
differences in ACE2 gene expression between individuals 
in relation to race, age, sex and smoking status, in order 
to identify possible disparities between patients that 
would result in increased COVID-19 susceptibility [31]. 
To this end, five large-scale bulk transcriptomic datasets 
of normal lung tissue and two single-cell transcriptomic 
datasets were investigated and showed that race (Asian vs. 
Caucasian), age (>60 vs. < 60) and sex (male vs. female) 
did not correlate with significant disparities in ACE2 gene 
expression [31]. However, significantly higher ACE2 
gene expression was found in former smokers’ lungs 
compared to non-smokers’ lungs, suggesting that smok-
ing may be a risk factor for COVID-19 susceptibility [31].

The Contribution of ACE2-Expressing Organs in 
SARS-CoV-2 Replication and Infectivity

In addition to the alveolar cells in the lungs, ACE2 ex-
pression has been reported in other organs, including the 
kidney, the heart and the gut [25]. Whether robust ACE2 
expression in these organs affects SARS-CoV-2 infectiv-
ity remains ill-defined. The finding that acute kidney in-
jury (AKI), cardiac damage and abdominal pain are the 
most commonly reported co-morbidities of COVID-19 
[31, 43] suggests that SARS-CoV-2 may have a tropism 
for these organs. However, whether SARS-CoV-2 replica-
tion actually occurs in these organs, possibly affecting 
their functional homeostasis and contributing to the vi-
rus spreading throughout the body, remains a matter of 
intense debate.

It has been reported that in the kidney, ACE2 is highly 
expressed in the brush border of proximal tubular cells 
and, to a lesser extent, in podocytes, but not in glomerular 
endothelial and mesangial cells [25]. In earlier studies 
during the SARS outbreak in 2003, it was found that only 
6% of SARS-CoV-infected subjects experienced AKI [32]. 
Although it was a relatively uncommon feature of the dis-
ease, AKI was identified as a fatal complication of SARS, 
given that almost 92% of SARS patients with AKI died 
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[32]. In order to evaluate whether AKI was induced by 
active SARS-CoV replication in tubular cells that express 
high levels of ACE2, Lai and colleagues [32] investigated 
the presence of SARS-CoV viral particles using electron 
transmission microscopy in renal specimens from post-
mortem SARS patients with AKI. They found that SARS-
CoV was not detectable in any of the analysed patients 
and suggested that renal impairment was likely related to 
multi-organ failure [32]. They further suggested that AKI 
in SARS patients could be the result of specific pathogen-
ic conditions, including cytokine release syndrome [33], 
rather than active viral replication in the kidney. Indeed, 
increasing viral infection in alveolar cells results in mas-
sive recruitment of immune cells, which produce large 
amount of cytokines, causing multiple-organ failure. 
That this might actually be the case in SARS-CoV infec-
tion was discovered by a subsequent study that showed 
that an interferon-gamma-related cytokine storm was in-
duced post-SARS-CoV, leading to severe organ damage 
in SARS patients [34]. This process is not new to nephrol-
ogists, as cytokine-mediated inflammatory AKI has been 
reported in several clinical conditions, such as treatment 
with immune-checkpoint inhibitors and chimaeric anti-
gen receptor (CAR) T cells in cancer patients [35], as well 
as thymoglobulin treatment in renal transplanted pa-
tients [36].

As for the novel coronavirus, a recent study reported 
that the human kidney is a specific target for SARS-CoV-2 
infection [37]. Diao and colleagues [37, 38] examined the 
viral nucleocapsid protein in situ in the kidney post-mor-
tem and found that SARS-CoV-2 antigens accumulated 
in kidney tubules, suggesting that SARS-CoV-2 infects 
the human kidney directly, inducing AKI and contribut-
ing to viral spreading in the body. The difference between 
the higher renal tropism of SARS-CoV-2 versus SARS-
CoV could be explained by the increased affinity of SARS-
CoV-2 for ACE2, allowing greater infection of the kidney, 
which may act as a viral reservoir [29].

Additional studies in small subsets of COVID-19 pa-
tients, revealed that proteinuria and haematuria are com-
mon features found in almost 40% of patients on hospital 
admission [39]. CT scan of the kidneys showed reduced 
density, suggestive of inflammation and oedema [40]. 
Furthermore, subjects infected with SARS-CoV-2 seem 
to be affected by AKI more frequently than subjects in-
fected with SARS-CoV [39]. A very recent study by Yao 
et al. [69] (published online ahead of print) confirms that 
SARS-CoV-2 infection, in addition to the lungs, damages 
vessels, kidney and other organs. Hyaline thrombi are 
found in small vessels in different organs. It would be of 

outmost importance to investigae in depth pathological 
changes in atopsy material.

Whether cytokine release syndrome is also a feature of 
SARS-CoV-2 infection leading to AKI as in SARS, is not 
known. What has been shown so far is that a specific in-
hibitor of interleukin 6 (IL-6), the major driver of cyto-
kine release syndrome, appears to be beneficial in severe 
COVID-19 cases [41]. This drug, Tocilizumab, has been 
approved by the US Food and Drug Administration 
(FDA) for the treatment of rheumatoid arthritis and is 
now under investigation in a randomized, controlled tri-
al (ChiCTR2000029765) in China, involving 188 patients 
with COVID-19 [41]. The results of this study are much 
anticipated and expected to fully clarify the therapeutic 
potential of Tocilizumab, although there are still some 
concerns regarding the cardiovascular safety and cancer 
risk associated with this drug [42].

In the heart, ACE2 localizes in cardiac endothelial 
cells, the smooth muscle cells of myocardial vessels, as 
well as in cardiac myocytes [43]. It has been reported that 
SARS-CoV viral RNA was detected in 35% of autopsied 
human heart samples from patients with SARS [44]. In 
addition, SARS-CoV was able to mediate myocardial in-
flammation and damage associated with the down-regu-
lation of the myocardial ACE2 system, which may be re-
sponsible for myocardial dysfunction and adverse cardiac 
outcomes in patients with SARS [44]. To date, no data are 
available to assess the actual role of the heart in SARS-
CoV-2 replication. However, considering that SARS-
CoV-2 uses human ACE2 more efficiently than SARS-
CoV, it is conceivable that cardiac replication of SARS-
CoV-2 may be an important determinant for COVID-19 
prognosis [45], as has been described for the kidney.

Lastly, ACE2 has been localized also in enterocytes in 
the gut, where it maintains proper cellular function 
through the regulation of inflammation [46, 47]. The 
clinical relevance of the possible replication of SARS-
CoV-2 within enterocytes was recently brought to light 
by a study that suggested that, as with other coronavirus-
es, SARS-CoV-2 may be found in faecal excretions, with 
obvious implications for human transmission [47].

The Paradoxical Effect of ACE2 Modulation in the 
Outcome of Coronavirus Infections

From what we have learned from epidemiological 
data, over two-thirds of patients who died from COV-
ID-19 had diabetes or cardiovascular disease [48]. Most 
patients affected by these diseases are treated with angio-
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tensin-receptor blockers (ARBs) as first-line therapy. 
Several studies have shown that ARBs are able to increase 
ACE2 expression in the kidney and the heart very sub-
stantially (2- to 5-fold) [49–52]. Although there is no di-
rect evidence for the lungs, it is most likely that ARBs can 
increase ACE also in alveolar cells. One might wonder 
whether the use of these drugs could predispose patients 
to increased SARS-CoV-2 infection and more severe ill-
ness [53].

The answer to this question is not as simple as it seems, 
at least based on current knowledge. Preclinical studies 
have documented that ACE2 is significantly downregu-
lated in different animal models of severe lung injury [54, 
55]. Additionally, it has been shown that the pharmaco-
logical inhibition of the Ang Type 1 receptor (AT1R) by 
losartan attenuated severe acute lung injury in mice in-
jected with the spike glycoprotein of SARS-CoV [56]. 
This counter-intuitive finding is strongly supported by a 
study in experimental models showing that ACE2 block-
ade or genetic manipulation to delete Ace2 resulted in ex-
acerbated lung damage and reduced animal survival after 
respiratory syncytial virus infection [57]. Altogether, the 
above complementary approaches suggest that ACE2 is 
protective in lung injury during coronavirus infection. 
Assuming that these circumstances are correct, how can 
we explain that ACE2 upregulation by ARBs is protective 
during SARS-CoV-2 infection?

First, SARS-CoV-2 entry into target cells is a tightly 
regulated multi-step processes, of which binding to 
ACE2 is merely the first. Indeed, TMPRSS2 is an essen-
tial serine protease required for spike glycoprotein prim-
ing after binding to ACE2 [20, 45, 46]. Increased expres-
sion of ACE2 by ARBs could induce the sequestration of 
SARS-CoV-2 on the cell membrane that, however, might 
not be paralleled by an increase in TMPRSS2, thus ulti-
mately limiting viral infection. Whether this is the case, 
the TMPRSS2 inhibitor, camostat mesylate, which has 
been approved for some forms of cancer and hepatitis, 
might be a valuable treatment option for blocking mul-
tiple SARS-CoV-2 entry routes [21]. Additionally, mem-
brane-bound ACE2 is processed by the metalloprotein-
ase ADAM17, which cleaves the ACE2 ectodomain that 
can be released in soluble form. Even though ARBs can 
increase ACE2 expression in the lungs, we do not know 
whether this also results in an increased shedding rate of 
ACE2, with a consequent increase in soluble ACE2 that 
would act as a decoy receptor that buffers circulating 
SARS-CoV-2 and limits viral entrance in target cells. 
What has been shown so far is that the administration of 
recombinant ACE2 has beneficial effects following respi-

ratory syncytial virus infection in mice [57]. Whether 
this could be a valuable tool for COVID-19 patients will 
become clear from the open label, randomized, con-
trolled, pilot clinical study (ClinicalTrials.gov Identifier: 
NCT04287686) that is ongoing to assess the specific ther-
apeutic value of recombinant human ACE2 administra-
tion in COVID-19 patients.

Second, ARBs enable the increase of available Ang II 
by competing with the same AT1R. The increased levels 
of Ang II become available substrates for ACE2. Engage-
ment of the catalytic domain of ACE2 by its substrates 
can induce a large conformational change in the three-
dimensional structure of this receptor [58]. Even though 
SARS-CoV2 spike glycoprotein recognizes a site of 
ACE2 that is different from the catalytic domain, it is 
conceivable that the increased binding of Ang II to the 
catalytic domain could induce a structural change in 
ACE2 that is unfavourable for SARS-CoV-2 binding 
and internalization. Additionally, the generation of Ang 
1-7 from Ang II by ACE2 can create a cytoprotective en-
vironment within the lungs that may counterbalance va-
soconstriction and profibrotic processes, a key protec-
tive mechanism during coronavirus infection [56], con-
sistent with the protective role of ACE2 in acute lung 
injury [59, 60].

All these scenarios tend to suggest that ACE2 in the 
lungs may play a protective role in SARS-CoV-2 infec-
tion. These considerations should limit the great concern 
thar arose among the nephrology community regarding 
whether or not discontinuing ARBs in COVID-19 pa-
tients with diabetes and hypertension. Additionally, the 
official statements by the European Society of Hyperten-
sion (ESH) and the European Society of Cardiology 
(ESC) recommend that treatment with ARBs should be 
as conservative as possible in patients at risk for COV-
ID-19 or in those already diagnosed with COVID-19 [61, 
62].

From previous studies during the Ebola outbreak in 
Sierra Leone, it has been reported that treatment with 
ARBs greatly improved the survival of approximately 100 
infected patients [63]. Additionally, ARBs also associated 
with decreased mortality in patients with pneumonia 
[60]. In this context, there is another very important, re-
cent observation that ACE2 receptor abundance decreas-
es in the elderly in all tissues, counterintuitively placing 
them at a greater risk of severe illness. According to these 
studies, large-scale, prospective studies will be required to 
evaluate whether inexpensive and widely available ARBs 
may have a therapeutic potential also in COVID-19 pa-
tients [64].
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What Should We Do for Patients with End-Stage 
Renal Disease and Transplant?

Although the available epidemiological data have con-
firmed that AKI is one of the main risk factors in the prog-
nosis of COVID-19 and diabetes as the main renal co-
morbidity, the potential impact of COVID-19 on patients 
affected by other renal conditions, such as end-stage renal 
disease and transplantation, is still not clear at this phase 
of the pandemic.

Given the high rate of SARS-CoV-2 infection in hos-
pitalized patients, COVID-19 presents particular chal-
lenges for patients on dialysis. What we know so far for 
haemodialysis patients derives from observations from a 
study that reviewed the course of the disease outbreak in 
a single haemodialysis centre in Renmin Hospital in Wu-
han University [65]. From January 14, 2020, to February 
17, 2020, there were a total of 37 cases of COVID-19 
among 230 haemodialysis patients and 4 cases in a staff of 
33. In most patients, the COVID-19 symptoms were mild, 
with no patients admitted to intensive care units. During 
the epidemic, 7 haemodialysis patients died, including 6 
with COVID-19 and 1 without COVID-19. The causes of 
death were apparently not related to pneumonia. Analy-
sis of peripheral blood samples from haemodialysis pa-
tients infected with SARS-CoV-2 showed a remarkable 
reduction in the numbers of T cells, T helper cells, killer 
T cells, and NK cells in PBMCs, as well as lower serum 
levels of inflammatory cytokines, compared to non-hae-
modialysis patients with COVID-19. Collectively, this 
study reported that haemodialysis patients with COV-
ID-19 are likely to experience mild disease that does not 
develop into full-blown pneumonia, probably due to the 
reduced function of the immune system and decreased 
cytokine storms. However, this report also suggests that 
haemodialysis patients are at high risk of being infected 
with SARS-CoV-2 and additional prevention measures 
are essential in managing the epidemic in haemodialysis 
centres.

In line with this consideration, the Centers for Disease 
Control and Prevention (CDC) have recently released 
COVID-19 interim guidance for outpatient haemodialy-
sis facilities [66]. For providers of dialysis services, the 
priority is the early recognition and isolation of individu-
als with respiratory infection, patient placement, and the 
use of personal protective equipment. Additionally, as in 
all healthcare settings, the use of N95 respirators and oth-
er respiratory protection devices during high-risk proce-
dures is the highest priority, while still protecting health-
care personnel with face masks and eye shields during 

other routine patient care activities in the setting of tem-
porary respirator shortages. More detailed guidelines for 
managing COVID-19 outbreaks in dialysis units have 
also recently been developed by the Chinese Society of 
Nephrology and the Taiwan Society of Nephrology [67].

Currently, there are no specific data on the impact of 
SARS-CoV-2 infection in patients with generalized im-
munosuppression and transplantation. For this reason, 
the proper management of patients with kidney trans-
plants diagnosed with COVID-19 is still being evaluated. 
For patients in home quarantine, therapy with Levofloxa-
cin, rather than Azithromycin, is recommended after 
careful evaluation by the physician. In this case, empirical 
reduction of cyclosporine should be performed. Adequate 
hydration and the use of paracetamol are suggested in case 
of fever. For hospitalized patients, the use of steroids is 
controversial. During the SARS-CoV infection in 2003, 
the WHO recommended avoiding the use of steroids, due 
their potential inhibition of viral clearance and prolonga-
tion of the duration of viremia. However, whether this is 
also the case for SARS-CoV-2 is currently unknown. For 
this reason, we suggest maintaining the most conservative 
measures possible regarding the use of steroids.

In some instance, it has been suggested that cyclospo-
rine, tacrolimus, everolimus, and sirolimus can be dis-
continued and replaced with the protease inhibitors 
Lopinavir/Ritonavir. This drug has been proposed as 
supportive, off-label therapy in COVID-19 patients but 
cannot be taken in combination with immunosuppres-
sants due to strong drug interactions. However, the ther-
apeutic efficacy of Lopinavir/Ritonavir has never been 
confirmed and its therapeutic potential is still under in-
vestigation in an ongoing Chinese clinical trial (ChiC-
TR2000029308). This drug is a protease inhibitor that 
specifically blocks the retroviral aspartyl protease (retro-
pepsin), an enzyme involved in peptide bond hydrolysis 
in retroviruses that is essential for processing the gag and 
gag-pol polyproteins during HIV virion maturation [68]. 
Given the high specificity of Lopinavir/Ritonavir against 
viral HIV protease, the exact mechanism through which 
these drugs may exert their protective function in CO-
VID-19 has never been reported. Given the lack of solid 
proof for the efficacy of Lopinavir/Ritonavir, we strongly 
discourage administration of Lopinavir/Ritonavir in-
stead of immunosuppressants as the limited benefit of 
this protease inhibitor is not worth the risk of allograft 
rejection.

Finally, the risk of acquiring COVID-19 from organ do-
nation is low. However, it has been shown that SARS-
CoV-2 has a high tropism for the kidney, where it has been 
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shown to replicate in almost 30% of COVID-19 patients 
[37, 38]. For this reason, screening for COVID-19 in kid-
ney donors should be an important issue. Additionally, liv-
ing donors who show symptoms or have travelled in high-
risk areas should generally be asked to postpone donation 
for 14–28 days. Information about recent travel and pos-
sible exposure should also be considered in deceased do-
nors in order to determine the safety of organ donation.
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