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Abstract

Introduction Kidney transplant recipients and patients on the waiting list for kidney transplant who acquire SARS-CoV-2
infection are at serious risk of developing severe COVID-19, with an increased risk of mortality for the their immunosup-
pressive state; other risk factors for mortality have been identified in some comorbidities such as obesity, diabetes, asthma
and chronic lung disease.

Materials and Methods The COVID-19 pandemic has led to a sharp reduction in kidney transplants in most countries,
mainly due to the concern of patients on the waiting list for their potential increased susceptibility to acquire SARS-CoV-2
infection in healthcare facilities and for the difficulties of transplant centers to ensure full activity as hospitals have had to
focus most of their attention on COVID-19 patients. Indeed, while the infection curve continued its exponential rise, there
was a vertical decline in kidney donation/transplant activity.

Conclusion This review article focuses on the damage induced by SARS-CoV-2 infection on kidney and on the adverse effect

of this pandemic on the entire kidney transplant sector.

Keywords Kidney transplantation - Immunosuppressant - COVID-19 - SARS-CoV-2

Caterina Sagnelli, Antonello Sica and Monica Gallo: equal
contribution to the paper.

Massimiliano Creta and Armando Caloger: co-last authors.

P< Evangelista Sagnelli
evangelista.sagnelli@unicampania.it

Department of Mental Health and Public Medicine, Section
of Infectious Diseases, University of Campania “Luigi
Vanvitelli”, Largo Madonna delle Grazie n. 1, 80138 Naples,
Italy

Department of Precision Medicine, University of Campania
“Luigi Vanvitelli”, 80131 Naples, Italy

Department of Molecular Medicine and Medical
Biotechnology, University of Naples Federico II,
80131 Naples, Italy

Department of Advanced Biomedical Sciences, University
of Naples Federico II, via Pansini, 5, 80131 Naples, Italy

UOSD Centro Trapianti di rene e Chirurgia del
Retroperitoneo, AOU-University of Naples Federico II,
80131 Naples, Italy

Introduction

The Severe acute respiratory syndrome Coronavirus-2
(SARS-CoV-2) has been first identified in humans in
2019. COVID-19 is the name given to the disease associ-
ated with SARS-CoV-2 infection, characterized by high
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morbidity and mortality. A few months after its first iden-
tification SARS-CoV-2 infection quickly spread worldwide
and was declared to be a pandemic by the World Health
Organization (WHO) on March 11, 2020 [1].

SARS-CoV-2 Spike proteins bind to ACE2 receptors
on human cells, the first essential step for the subsequent
virus entry. COVID-19 affects primarily the respiratory
system with an interstitial pneumonia frequently severe
and seldom life threatening, but several other organs or
systems may be affected due to the widespread presence
of ACE2 receptors in human body. The possible effects on
some organs are summarized in Table 1.

SARS-Cov-2 trigger a systemic inflammatory syndrome
which in some cases may become serious and lead to a
multiorgan failure [10-14].

SARS-CoV-2 remain asymptomatic in 60-70% of
cases, while the remaining 30-40% became symptomatic
after an average incubation of 5-6 days, length differing
from a subject to another mainly according to age and
intensity the immune reaction. The most frequent clinical
symptoms are fever (89%), cough (68%), fatigue (35%),
sputum production (30%), shortness of breath (15%);
headaches, weakness, sore throat, and gastrointestinal dis-
orders (nausea, vomiting, diarrhea); pleural pain occur in
10-15% of cases [15-22]. Abnormalities at the computer-
ized tomography (CT) scanning are observed in 86.2% of
pneumonia cases, the more common pattern being frosted
glass opacities and an irregular bilateral shading. Labo-
ratory abnormalities include lymphocytopenia (83% of
cases), thrombocytopenia (36%) and leukopenia (34%),
increased levels of C-reactive protein, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), creati-
nine kinase (CK), urea nitrogen (BUN) and p-dimer [17].
Compared with younger subjects, those aging 60 or more
are more prone to acquire SARS-CoV-2 infection and,
once infected, more frequently show a severe course of
the illness [16, 17, 22-24]. The primary cause of COVID-
19 severity and mortality are respiratory failure (69.5%),

sepsis or multiorgan failure (28%), heart failure (14.6%)
and kidney failure (3.7%).

Of clinical relevance are the damage caused by SARS-
CoV-2 to the brain, the cardiovascular system, and the kid-
ney. The involvement of nervous system is proven either by
the frequent occurrence of cognitive impairment and lack of
attention and memory, possibly due to prolonged hypoxia,
by the high frequency of anosmia, and by some cases of
delirium or lethargy, Guillain Barré syndrome, trigeminal
neuralgia or necrotizing hemorrhagic encephalopathy [25].
The cytokine storm has been claimed as one of the causes
of the encephalic damage, but it may not be excluded that
SARS-CoV-2 may overcome the blood-brain barrier, as
already observed in patients with SARS.

A significant increase in inflammatory response may
damage the heart and blood vessels, with an increased risk
of vasculitis and myocarditis, responsible, in severe cases, of
fatal cardiac arrhythmias and damage of heart tissue which
may lead to myocardial infarction. The excessive inflamma-
tory response would induce a cascade of reactions leading to
blood clotting, with an increased risk of intravascular clots
and pulmonary embolisms [26, 27].

This review article focusses on the involvement of kid-
neys in patients with SARS-CoV-2 infection, with special
emphasis on patients undergoing chronic dialysis and on
kidney transplant recipients.

Renal involvement in SARS-CoV-2 infection

SARS-CoV-2 Spike proteins bind to ACE2 receptors on
kidney cells, which act as vectors for virus entry. The virus-
induced cytokine storm causes Acute Kidney Injury (AKI)
in nearly 4% of patients hospitalized for COVID-19, but
up to 30% in those who died. Postmortem analysis found
SARS-CoV-2 NP antigen in kidney tubules, complement
C5b-9 deposition on tubules and D68* macrophage infil-
tration in tubulointerstitial, suggesting that the virus is a
trigger for a direct cytopathic damage of kidney [28-40].

Table 1 Organs and systems involved in SARS-CoV-2 infection; damages and/or symptoms

Organ or apparatus Effect

References

Lungs Interstitial pneumonia; inflammation and infiltration of alveoli with rupture of the walls; the reductionin  [2]
oxygen exchanges induces coughing and wheezing

Liver Increased enzymes serum values due to cytokine storm [3]

Intestine Lower gastrointestinal infection with diarrhea [4]

Brain Stroke; brain inflammation with confusion and seizures [5]

Eyes Conjunctivitis [6]

Ear, nose, and throat Loss of smell and/or sense of taste, probably due to the virus rising in the nerve endings of the nose and [7]
damaging cells

Heart and blood vessels Heart infarction due to inflammatory reactions to SARS-CoV-2 infection; formation of blood clots in [8]
cardiovascular system

Kidneys AKI due to due to SARS-CoV-2 infection and/or to the cytokine storm; renal failure [9]
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Like in other organs, SARS-CoV-2 infection induces micro-
clots even in kidneys, which may result in filter clotting and
blockage of organ function. Hematuria and proteinuria are
present in most cases as markers of glomerular involvement
[30, 31, 33, 35-37].

A kidney damage may be also induced by the drugs
used to cure COVID-19. Indeed, immunosuppressive drugs
administered to control the cytokine storm may favor SARS-
CoV-2 replication. In addition, it cannot be excluded that
some nonspecific antivirals, indiscriminately used in the
hope they might act against SARS-CoV-2, are harmful to
the kidney [28-31].

The degree of renal impairment goes hand in hand with
the severity of the clinical manifestations of COVID-19 and
is more relevant both in patients admitted to intensive care
units, especially if intubated, and in elderly patients, espe-
cially if suffering from other serious comorbidities such as
diabetes, hypertension, and obesity [28, 32, 34, 40-42].

SARS-CoV-2 infection may induce kidney damage both
in transplanted and in non-transplanted patients, either with
health or damaged kidneys, including those undergoing
dialysis. Worthy of mention, renal replacement therapy is
required in about 20% of COVID-19-related severe AKI
[43-45].

Kidney disease developed during SARS-CoV-2 infection
is associated with an increased risk of mortality [41, 42]
and patients in the end-stage renal disease (ESRD) are at
an increased risk for severe COVID-19. European centers
report a mortality rate of 20-30% in COVID-19 patients
undergoing chronic dialysis [46—55], mostly related to the
direct SARS-CoV-2 invasion of kidneys followed by a strong
cytokine storm, acute respiratory distress syndrome and
hypovolemia. Similar rates are reported from same centers
in the USA [56, 57].

Several patients on dialytic treatment are old and suffer
of concomitant diseases making them extremely fragile if
affected by COVID-19 [58—61]. Therefore, great care must
be taken so that renal patients in dialytic treatment do not
become infected with SARS-CoV-2. The initial manifesta-
tions of the illness, frequently including nonspecific symp-
toms like anosmia, gastro-intestinal disorders and altered
state of consciousness, should alert the healthcare person-
nel to suspect COVID-19, which brings clinical and logisti-
cal decisions in term of patients’ treatment and isolation
and healthcare workers protection. Preventive measures to
reduce the risk of infection should include providing sepa-
rate rooms for dialyzing SARS-CoV-2 positive patients
and assigning dedicated staff members, checking patients
and healthcare personnel at their entry into the kidney unit
for body temperature, any other symptoms and molecular
nasopharyngeal swab to identify those eventually infected
with SARS-CoV-2. Furthermore, a periodic monitoring of
patients and staff with molecular nasopharyngeal swab is

required. Other preventive actions consist in suspending
from work the health personnel tested positive, isolate any
tested positive patient, distancing the patients from each
other, use of adequate protective equipment both for patients
and healthcare personnel. The risk of transmission of the
virus following these recommendations can certainly be
reduced even if not completely abolished [62].

This review focuses on kidney damage developed during
SARS-CoV-2 infection in kidney transplant recipients, con-
sidered vulnerable and at risk of serious complications due
to the immunosuppressive therapy administered to prevent
rejection [63-72].

COVID-19 in kidney transplant patients

National registries of some Nations and multicenter studies
have provided valuable information on COVID-19 epidemi-
ology in kidney transplant recipients. A 14/1000 incidence
rate of COVID-19 has been reported by a European study
conducted by the ERA-EDTA from the French and Span-
ish registry [73], a 17.7/1000 rate from the Spanish registry
[74], and a 9.5/1000 incidence from the French registry [75].
Similar incidence was reported by the kidney registry of the
Dutch-speaking Belgian Society of Nephrology (14.0/1000)
[76] and by multicenter studies analyzing kidney transplant
subjects from the USA, Italy, and Spain [77, 78], reporting
incidences 2-5 times higher in renal transplants than in sub-
ject from the general population. Of note, higher incidences
were reported by single-center analyses conducted in areas
with a high incidence of SARS-CoV-2 infection [79-81].

Renal transplant patients with COVID-19 age nearly
60, and two-third of them are males. Comorbidities reflect
patients’ age (diabetes, hypertension, cardiovascular and
pulmonary diseases) and are frequently serious being
transplanted subjects under immunosuppressive therapy to
prevent rejection [50, 62—-64, 82—-85]; this frequently leads
COVID-19 toward a severe course [85].

AKI is a common complication in transplanted patients
with COVID-19, frequently serious and associated with an
increased admission to intensive care unit (ICU) and mortal-
ity [43-45]. Aziz et al. [86] reviewed 19 articles reporting
the incidence of AKI in COVID-19 patients either kidney
transplanted or not (Table 2); compared to non-transplanted
patients, kidney transplant recipients develop AKI more fre-
quently (27.5 versus 13.3%) and more frequently required
renal replacement therapy (RRT) (15.4% versus 3.3%). A
high incidence of AKI in COVID-19 kidney transplanted
patients was also reported by Marinaki et al. [87] in a sys-
temic review on 420 patients, of whom 44% developed AKI
and 23% required RRT. A similar incidence of AKI (47%)
was reported in a multicenter study on 104 kidney transplant
patients hospitalized for COVID-19 in Spain [71].
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Table 2 Mortality in KT patients with COVID-19

Country No. of patients Male sex, number, (%) Age, median or mean (4 SD) or range Mortality rate References
France, Spain 1013 662 (65.4%) 0-64 years: 635 patients 20.2% [73]
65-74 years: 260 patients
> 75 years: 118 patients

Spain 423 277 (65.5%) 61 (52-70) 28% [74]
Spain 286 189 (66%) 60+13 19% [88]
France 279 182 (65%) 61.6 (50.8-69.0) 23% [75]
Italy 144 94 (65.3%) 62(52-69) 32% [77]
Spain 104 60 (56%) 59.7+12.48 27% [78]
France 66 37 (56%) 56.4+12.5 24% [79]
USA 54 38 (70%) 5(29-83) 13% [89]
Italy 53 42 (79%) 60 (50-67) 33% [80]
Arabia 44 29 (65.9%) 49.6 (15.3) 3.2% [90]
USA 44 22 (65%) 59 (52.5-63.8) 14% [91]
Turkey 40 20 (50%) 449+14.8 12.5% [92]
France 40 31 (77.5%) 63.8 (54.6-68.2) 22,5% [93]
USA 36 26 (72.2%) 60 (range 32-77) 28% [94]
Spain 33 57.6% 57.3+17 6% [95]
Swedish 32 19(%) 52.8 9.4% [96]
USA 18 - 552+14 39% [97]
Iran 16 12 (75%) 52.13+14.1 31.3% [98]
Spain 16 12 (75%) 73.6+4.7 50% [81]
USA 15 10 (66%) 51 (28-72) 13% [99]
Iran 12 9 (75%) 47 66.7% [100]
USA 10 6 (60%) 57 (47-67) 30% [101]
China 10 8 (80%) 44.5 (24-65) 10% [102]
Spain 8 7 (87.5%) 69.1 25% [103]
China 5 4 (80%) 45 0 [104]
UK 7 4(57.1%) 52 14.3% [105]
Italy 2 1 (50%) 75.52 0 [106]
Korea 2 2 (100%) 56.36 0 [107]
Italy 1 F 36 0 [108]
Turkey 1 F 28 0 [109]
USA 1 M 44 0 [110]
Italy 1 M 32 0 [111]
Spain 1 M 50 0 [112]
The Netherlands 1 M 35 0 [113]
Italy 1 M 58 0 [114]
China 1 M 29 0 [115]
USA 1 M 39 0 [116]
Italy 1 M 50 0 [117]
China 1 M 58 100% [118]
USA 1 M 54 0 [119]
China 1 M 48 0 [120]
China 1 M 52 0 [121]
China 1 M 49 0 [122]
Brazil 1 M 69 0 [123]
China 1 M 49 0 [124]
Italy 1 M 61 0 [125]
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The management of most kidney transplant recipients
with COVID-19 required reduction or withdrawal of antime-
tabolites and calcineurin inhibitors (CNI), and in a smaller
number of cases withdrawal of mTOR inhibitors (mTOR1)
[71, 126, 127]. In some center, immunosuppression has been
replaced with methylprednisolone [71, 126, 127].

Several studies reported a 20-30% mortality rate in kid-
ney transplant recipients hospitalized for COVID-19 [80,
128-131]. Accordingly, the French IMPORTANT study
noted that the absolute number of deaths found in April 2020
was more than twofold higher than those observed in April
2018 and in April 2019 [132].

Of note, kidney recipients from 1-year or less may have
a higher mortality rate than those transplanted from more
time [132]. COVID-19 kidney transplant recipients and
Covid-19 patients from general population share the same
risk factors for mortality, including an advanced age, frailty,
diabetes, obesity and pre-existing pulmonary or cardiovascu-
lar comorbidities [78, 130, 133—-135], but a malfunctioning
allograft is an additional risk factor for kidney transplant
recipients [130] (Table 2).

The European Renal Association COVID-19 Database,
involving 98 centers in 26 countries, mainly in Europe,
enrolled 1073 patients with COVID-19 from February to
May 2020, of whom 305 were kidney transplant and 768
dialysis patients, all with complete information on primary
outcome and 28-day mortality [130]. The 28-day probability
of death was 21.3% in kidney transplant and 25.0% in dialy-
sis group, difference not significant after adjusting for sex,
age, and frailty. Mortality was associated with an advanced
age in kidney transplant patients, and with an advanced age
and frailty in dialysis patients. Multivariate analysis iden-
tified other significant risk of death like a higher respira-
tion rate, decreased kidney function and use of prednisone
at presentation for kidney transplant patients, and obesity,
dyspnea, high body temperature, high pulse rate and elevated
liver enzymes at presentation for dialysis patients. For most
kidney transplant subjects the dosage of immunosuppressive
drugs were reduced or discontinued within the second day
of hospitalization [133].

A 33% mortality rate in kidney transplant recipients
COVID-19 was reported by an Italian study [80] and a 30%
rate by the French registry [75]. In a prospective French
cohort study, 1216 kidney transplant recipients were
enrolled, of whom 66 (5%) were diagnosed with COVID-
19. The mortality rate was 1% for all patients enrolled and
24% for the COVID-19 transplant recipients [75]. Factors
independently associated with COVID-19 were non-white
ethnicity, obesity, diabetes, asthma, and chronic pulmonary
disease.

An Italian survey and consensus on COVID-19 and kid-
ney transplantation examined 60 kidney transplant recipi-
ents tested positive for SARS-CoV-2, of whom 57 required

hospitalizations. Of the 57, 17 were hospitalized in ICU and
11 died; notably, 18 transplant professionals acquired SARS-
CoV-2 infection [136].

The TANGO international transplant consortium reported
the clinical data of 144 COVID-19 kidney transplant recipi-
ents collected in 12 centers [70]. Comorbidities were fre-
quent in this study group: hypertension in 95% of cases,
diabetes in 52%, obesity in 49%, preexisting heart diseases
in 28% and preexisting lung damage in 19%. In the attempt
to treat COVID-19, hydroxychloroquine, antibiotics, tocili-
zumab and differently each other associated antivirals were
administered; immunosuppressive maintenance regimen
included tacrolimus in 91% of cases, mycophenolate in 77%,
mTOR inhibitor in 7.5%, and steroids in 86%. AKI occurred
in 52% of patients and the mortality rate was 32% [74]. A
20.5% mortality was reported by a multicenter cohort study
in the USA on 482 COVID-19 solid organ transplant recipi-
ents collected in 50 transplantation centers, of whom 318
had received kidney or kidney/pancreas transplant [137].

Other kidney transplantation centers in New York have
reported a COVID-19 mortality rate ranging from 13%-30%
[89, 101, 138-140].

Alberici et al. [141] described the clinical events of 20
kidney transplant recipients hospitalized for COVID-19
pneumonia. X-ray examination showed bilateral infiltrates
in half patients, and unilateral changes or no infiltrates
in the other half. Immunosuppression was withdrawn at
admission in all cases, replaced by 16 mg/day methylpred-
nisolone administered together with non-specific antivirals
and hydroxychloroquine. Six patients developed AKI, one
of whom required dialysis treatment. The increase in IL-6
serum value required tocilizumab treatment in six cases.
Five kidney transplant recipients died within 15 days from
the onset of symptom.

Researchers from the Montefiore Medical Center in New
York observed 36 consecutive adult kidney transplant recipi-
ents with COVID-19. Of these 36, 94% had hypertension,
69% diabetes and 17% heart disease; viral pneumonia was
detected in 27 patients, of whom 11 received mechanical
ventilation. Six patients received renal replacement therapy
and 10 died during a 14-28-day follow-up period [128].

Crespo et al. [78] diagnosed COVID-19 in 16 of 324
(4.9%) kidney transplant recipients aged > 65 years, all but
1 with pneumonia and 33% with renal graft dysfunction.
Immunosuppressive treatment was reduced or abolished.
COVID-19 treatment included hydroxychloroquine and
azithromycin, and tocilizumab in some cases. Eight of the
16 COVID-19 kidney transplants died within an average of
3 days after admission, most of them obese, frail, and/or
with a heart disease [78].

Some clinical cases highlight particular aspects of SARS-
CoV-2 infection in kidney transplant recipients. Thammathi-
wat et al. [142] described the case of a 58-year-old patient
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who developed COVID-19 2 years after kidney transplanta-
tion on maintenance immunosuppressive therapy with tac-
rolimus, mycophenolate mofetil (MMF), and prednisolone.
COVID-19 presented with diarrhea, fever, and pneumonia
with X-ray pulmonary bilateral multifocal patchy infiltra-
tions. Darunavir/ritonavir, hydroxychloroquine, azithromy-
cin, and favipiravir were administered since hospitalization
and tacrolimus and MMF were discontinued 2 days after;
tocilizumab was administered after IL-6 serum level has sig-
nificantly raised. High-flow nasal cannula oxygen therapy
was required. This patient significantly improved by the day
10 of hospitalization. The interaction between tacrolimus
and anti-viral treatment was considered responsible of a
reversible AKI developed during the hospitalization [142].

Yamada et al. [143] reported the case of a 49-year-old
female who developed COVID-19 25 years after kidney
transplantation. This patient presented clinical features of
nephrotic syndrome. Light microscopy showed acute tubular
injury in the absence of significant glomerular lesions in
kidney biopsy, while electron microscopy showed a diffuse
minimal podocyte injury [89].

There are two case reports documenting the household
transmission of SARS-CoV-2 infection involving a kidney
transplant recipient. Chen et al. reported a family cluster of
Covid-19, father, mother, and son, of whom the father was
a kidney transplant recipient. Initial symptoms were similar
in these three patients, but the course of the disease was dif-
ferent. The father needed hospitalization in respiratory ICU,
treatment for COVID-19 and reduction/withdrawal of immu-
nosuppressive drugs, replaced by low-dose methylpredniso-
lone; his wife was admitted to the respiratory isolation ward,
and home assistance was assigned to the son. All family
members recovered [124]. Sakulkonkij et al. described a
family cluster of four COVID-19 patients occurred in Thai-
land, of whom one was a kidney transplant recipient under
immunosuppressive treatment [144]. The clinical presenta-
tion and the severity of COVID-19 were different in these
four patients, depending on the immune status of subjects.
The 38-year-old son of the female index case who under-
went living-related kidney transplantation in 2014 showed
allograft disfunction and a severe course of the illness with a
severe pneumonia and Clostrioides difficile colitis requiring
intensive treatment [144]. All patients recovered and became
PCR negative for SARS-2CoV-2, even if repeated testing
showed a prolonged positivity in the lower respiratory tract
of the kidney transplant recipient. These family clusters of
SARS-CoV-2 infection underline the importance of prevent-
ing the intra-family transmission of the virus, especially if
some cohabitants are more susceptible to infection and pre-
disposed to a severe course of COVID-19.

Of note, a recent study highlighted some differences in
the clinical presentation and outcome of COVID-19 between
patients on the waiting list for kidney transplant and kidney
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transplant recipients [145]. Despite similar demographics
and comorbidity burden, patients on the waiting list required
hospitalization more frequently (p =0.03) and were at higher
risk of mortality (p=0.02). A multivariate analysis devel-
oped in the same study identified waiting list status, age,
and male gender as independently associated with mortality
[145].

Prevention of the deleterious effects of Covid-19
on kidney transplantation process

The COVID-19 pandemic has been responsible worldwide
of a strong reduction in renal transplants [146], mostly due
to the difficulties of transplant centers to ensure full activity
since their hospitals were overrun by patient with COVID-
19 and for the fear of waitlisted patients to acquire SARS-
CoV-2 infection in healthcare structures. Consequently, to
the exponential rise of the daily number of patients with
SARS-CoV-2 infection corresponded a vertical decline in
kidney. donation/transplantation. It is appropriate to con-
sider patients waitlisted for kidney transplantation and
kidney transplant recipients among the most in need of the
anti-COVID-19 vaccination, as already established in many
countries with three or more subsequent doses of vaccine;
this will most probably lead to a consistent reduction in mor-
tality rate.

Conclusion

The spread of the COVID-19 pandemic has radically
changed the habits of people worldwide, subjected the
healthcare systems of most Nations to a strong organiza-
tional pressure and caused millions of deaths. The healthcare
operators had to face an extraordinary long-lasting emer-
gency, particularly involving the intensive care units.

The kidney transplant sector has faced numerous sig-
nificant hardships related to the COVID-19 pandemic.
Patients on the waiting list for kidney transplantation and
those already transplanted are at serious risk of contracting
SARS-CoV-2 infection due to immunosuppression devel-
oped during a long-lasting chronic kidney disease, enhanced
in kidney transplant recipients from immunosuppressive
treatment to prevent rejection. Both clinical conditions lead
to a greater sensitivity to acquire SARS-CoV-2 infection
once exposed to the virus and, for those infected, to a serious
clinical course, with an increased risk of mortality compared
to subjects with normal immune systems. Additional risks
of mortality have been identified in comorbidities which
are frequent in these patients. Therefore, patients should be
instructed by doctors and psychologists in care on how not
to become infected with SARS-CoV-2 and encouraged to
undergo anti-COVID-19 vaccination.
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Thus COVID-19 has a dramatic impact on waitlisted
patients, decreasing their opportunities for kidney transplan-
tation and posing significant mortality risk. To provide them
with the opportunity for kidney transplantation, transplant
centers should adapt their strategies to the COVID-19 emer-
gency, both by increasing safety within the hospital and by
adopting appropriate communication systems with patients.

Fortunately, the COVID-19 pandemic is in remission in
some Western countries and in China, thanks to lockdown
procedures imposed on populations in the pre-vaccination
era and the subsequent extensive use of effective anti-
COVID-19 vaccines. Nevertheless, a third wave, smaller
than the previous two, is already underway and a fourth one
has been foreseen or has just begun in some countries. This
portends a broad recovery in the activities of many kidneys
transplant centers in Western countries, whereas the problem
remains completely unsolved in developing countries, where
the scarce vaccine stocks and the large number of inhabit-
ants makes an effective resumption of renal transplantation
activity unlikely in the next 2-3 years.
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