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The world has experienced a global medical and socioeconomic burden following the coronavirus disease 2019 (COVID-19) pandemic.
COVID-19 is a systemic disease and may affect different organs including the kidneys. Current literature contains reports on COVID-19-related
conditions such as acute kidney injury, and complications experienced by chronic kidney disease, end stage kidney disease, and kidney transplant
patients. Here, we discuss the incidence of kidney allograft rejection, immunosuppression management and rejection risk, donor-specific
antibodies and previous rejection episodes, and rejection outcomes in kidney transplant recipients with COVID-19 by reviewing current studies.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is as a viral infection
of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2).1U 1t spread very quickly around the world, causing
global medical and socioeconomic burden following its
pandemic.l! COVID-19 is a systemic disease and may affect
different organs including the kidneys.>*! Current literature
contains reports on COVID-19-related conditions such as
acute kidney injury, and complications experienced by chronic
kidney disease, end stage kidney disease, and kidney transplant
patients.”? Among the different mechanisms proposed for
the pathogenesis of COVID-19 renal involvement, acute
tubular injury as well as lymphocytic infiltration of kidney
tissue are most common.® The other suggested mechanisms
are kidney involvement through direct viral infection,
indirect injury by sepsis, hemodynamic alterations, cytokine
storm, disseminated intravascular coagulation, proximal
tubule dysfunction, hypercoagulability and terminal
complement activation causing micro-angiopathic injuries,
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rhabdomyolysis, and collapsing glomerulopathy during
COVID-19 infection.!*?!

Current studies showed that the common presentations of
COVID-19 among kidney transplant recipients (KTRs) are
cough, dyspnea, and gastrointestinal symptoms. However,
fever is the most common presentation in these patients.!!
The patient’s age—ranging from 45 to 61 years—as well as
the gender ratio were variable in different studies.” The time
interval between kidney transplantation and onset of COVID-19
presentation was also variable,?! such as a median interval
of 2 years reported by Banerjee et al.®! and about 13 years
reported by Alberici et al.l Like the variable demographics
across the studies, adjustments in baseline immunosuppression
and COVID-19 management vary widely in different studies.”
There are some in vitro evidences for efficacy of calcineurin
inhibitors (CNI) to diminish the viral growth.[¥ Mortality rate
varies between 7% in a survey performed in United States and

This is an open access journal, and articles are distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to
remix, tweak, and build upon the work non-commercially, as long as appropriate credit
is given and the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite this article: Fazeli SA, Alirezaei A, Miladipour A,
Salarabedi MM, Karimi Toudeshki K. Kidney allograft rejection and
coronavirus disease 2019 infection: A narrative review. Adv Biomed
Res 2023;12:152.

© 2023 Advanced Biomedical Research | Published by Wolters Kluwer - Medknow 1



Fazeli, et al.: Kidney Allograft Rejection and COVID-19

32% as reported in previous studies.”! Akalin et al. reported
a need for mechanical ventilation in 39% of their COVID-19
KTRs while rate of mechanical ventilation in Alberici et al.’s
study was zero.[*%) The need for renal replacement in
COVID-19-infected KTRs was as low as 5% in the study by
Alberici et al.' High rate (43%) of renal replacement therapy
had been reported by Banerjee et al.’! Therefore, given the
importance of the issue, this paper reviews studies on kidney
allograft rejection and COVID-19.

INcIDENCE OF ALLOGRAFT REJECTION

According to the literature, incidence of kidney allograft loss
due to COVID-19 infection was variable but less than 10%
in the articles published so far. The most common renal event
in the kidney transplant recipients following COVID-19
infection was acute kidney injury (AKI) ranging from 30% to
57% in different studies.” In a cohort study on 79 in-patient,
COVID-19-infected KTRs, 23% of patients developed
AKI following infection and required dialysis during the
course of the disease; among them five patients remained
dialysis-dependent and lost their kidney allograft.!'! In another
study conducted by Craig-Schapiro et al.'l on 47 KTRs
admitted with COVID-19 infection, four out of 25 patients who
developed AKI became dialysis-dependent during admission
and lost their allograft. AKI was reported to develop in 48.4%
of cases in a cohort of 250 kidney transplant recipients infected
with COVID-19. It was more common among severe and
moderate cases of COVID-19 than mild and asymptomatic
cases.!'! Twenty-four patients (9.6%) underwent dialysis
during admission, of whom 12 remained dialysis-dependent.
Authors reported that 77 patients had allograft dysfunction
before becoming infected with COVID-19.1"2 The largest study
was conducted by Caillard ef al.!"*! in which 43.6% developed
AKI, 11.1% underwent renal replacement therapy (RRT),
and 9 patients (3.2%) lost their kidney allografts in their
cohort of 279 KTRs infected by SARS-CoV-2. None of the
aforementioned articles did kidney allograft biopsy; thus the
mechanisms responsible for allograft loss was not reported.

Incidence of allograft rejection following infection with
SARS-CoV-2 in KTRs is highly variable among individual
studies, ranging from none to 27%."42 This variability in
incidence of allograft rejection could be, on one hand, due
to the short follow-up intervals in some studies and, on the
other hand, the absence of allograft biopsy findings in a bunch
of other studies indicating that some subclinical allograft
rejections may have gone unreported.

Chen et al." followed 30 COVID-19-infected KTRs for
14 days after testing positive for COVID-19 polymerase
chain reaction (PCR) test; although 77% of patients developed
AKI during the course of disease, allograft rejection was not
reported in any of them. Elec et al.'™! followed up with 42
KTRs infected with COVID-19 for a longer interval—more
than one month after a SARS-CoV-2-positive PCR test—
however they also did not report any case of allograft rejection.
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Serum positivity for anti-SARS-CoV-2 IgG was not associated
with the risk of kidney transplant rejection, according to a
study by Asti et al.l'" They screened a cohort of 201 kidney
transplant recipients for SARS-CoV-2 IgG antibody; among
those who experienced kidney transplant rejection, only two
patients were positive for SARS-CoV-2 antibody.

Another cohort of 47 kidney allograft recipients who were
hospitalized with COVID-19 did not report any case of kidney
allograft rejection in a follow-up of three months, although four
patients had known donor-specific antibodies (DSA) titers.
Similar to the previous study, the most common approach
regarding immunosuppression reduction was withdrawal of
antimetabolites.['”! Unlike the above-mentioned articles, there
are studies that found an association between COVID-19
and allograft rejection, raising concern about the correlation
between immunosuppression management during COVID-19
infection and higher risk of allograft rejection and also the
immune dysregulation caused by COVID-19 infection and its
role in triggering donor specific antibodies.? In a study by
Kates et al.,'® 318 patients were followed for 28 days after
positive PCR test, among whom seven cases of acute kidney
allograft rejection were reported that included six cases of acute
cellular rejection and only one case of acute antibody-mediated
rejection (AMR).1'81 However Pascual et al.l'! reported
a rejection rate of 8% in a cohort of 24 KTRs who were
hospitalized for COVID-19. Their immunosuppression
management was antimetabolites and CNIs holding in 96%
and 62.5% of patients, respectively. Chavarot et al.?" reported
two cases of acute kidney rejection in a cohort of 100 KTRs
hospitalized due to COVID-19 over a median follow-up of
13 days; authors did not specify the rejection mechanism.
These studies did not report data regarding allograft biopsy,
including how many individuals underwent biopsy and why
the biopsy was indicated. Thus, they do not provide a reliable
incidence of rejection in COVID-infected KTRs.

By contrast, a rejection rate of 27% was reported in 18 patients
who underwent allograft biopsy due to AKI less than one month
after SARS-CoV-2 PCR positivity. Authors concluded that
the risk of kidney allograft rejection was significantly higher
in COVID-19-infected patients than non-COVID KTRs.?!
In another case series of COVID-19 patients who underwent
kidney biopsy due to renal impairments, two of the three
patients with kidney allografts developed AMR.? In a cohort
of 42 KTRs who developed AKI following hospitalization for
COVID-19 infection, the patients were followed for a median
of'5.23 months. Eleven patients underwent allograft biopsy that
revealed four (9.5%) cases of graft rejection.!

COVID-19 INFecTioN CHARACTERISTICS AND

ALLOGRAFT REJECTION

We did not find a significant correlation between COVID-19
severity and the risk of allograft rejection, but most of patients
who experienced allograft rejection following COVID-19
infection had a severe course of the disease.’! Of note,
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the rejection was also reported in asymptomatic and mild
cases.”) Hence, although allograft rejection is more prevalent
in severely infected patients, it should also be considered in
mild cases.

In all but two studies, rejection was documented at least one
month after positive SARS-CoV-2 PCR test.*37925261 Those
include the study conducted by Chavarot et al., which reported
two cases of rejection in a follow-up period of 13 days after
positive COVID-19 test, and other cases of allograft rejection
in 15 days after COVID-19 symptom unset as reported by
Alberici et @l [689:2027]

ImMmuNOSUPPRESSION IVIANAGEMENT AND
ReJecTion Risk

Whether or not immunosuppression reduction in KTRs
following infection results in increased risk of rejection remains
a controversy. Posadas Salas et al.**! concluded that any
reduction in immunosuppression including tacrolimus trough
level <8 ng/ml and/or mycofenolate mofetil dose <1000 mg/d,
sustained for at least a month within the first year after
transplantation following a bacterial, viral, or fungal infection,
increases the risk of allograft rejection. Their cohort consisted
of 178 KTRs infected with any of the aforementioned agents.
The donor’s race, comorbidities of the participants, marginal
donor characteristics, delayed graft function, and cytolytic
induction therapy were amongst the proposed associated factors
with immunosuppression reduction.” In contrast to this,
immunosuppressant dose reduction did not cause any allograft
rejection in a follow-up period of two years following bacterial
pneumonia in 16 patients; the immunosuppressive protocol
in this study consisted of glucocorticoids, cyclosporine,
tacrolimus, mycophenolate mofetil, and sirolimus in various
combinations.?” Likewise in 20 KTRs who developed
bacterial pneumonia and underwent immunosuppressant dose
reduction, no case of allograft rejection was reported two years
afterward; the immunosuppressant regimens consisted of oral
corticosteroids, tacrolimus, cyclosporine, mycophenolate
mofetil, and sirolimus.?” This variability in results could be
attributed to the small sample size of the latter studies.

Immunosuppression reduction outcomes in COVID-19
KTRs are also variable. Chen et al.l'¥ concluded that
immunosuppression reduction does not increase the risk of
allograft rejection. They followed up on a cohort of 30 patients
for 14 days. Their immunosuppression regimen consisted
of withdrawal of antimetabolites and CNI while continuing
administration of low dose prednisone (5 mg daily); 60% of
patients also received a high dose of methylprednisolone (40—
455 mg). Another cohort of 42 SARS-CoV-2 PCR-positive
patients with the same strategy toward the immunosuppression
management did not report any case of allograft rejection
up to one month after discharge.["! Authors suggested that
COVID-19-induced lymphocytopenia may allow for the
aggressive immunosuppression reduction so-called drug
holiday period. Immunosuppression reduction consisted
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of holding the antimetabolite (mycophenolate mofetil or
mycophenolic acid) with or without adjustment of CNI.
Tacrolimus was withdrawn in patients receiving antiretrovirals
and adjusted to maintain a trough level of 4-6ng/ml in the
other patients. Steroids were either converted to intravenous
for stress dosing or kept at the maintenance dose.!'> On other
side of the coin, following the withholding of antimetabolites
and CNIs in a cohort of 42 COVID-19-infected KTRs who
developed AKI in the course of infection, four patients
developed allograft rejection in a median follow-up period
of 5.23 months. Authors concluded that the risk of allograft
rejection could be attributed to the immunosuppressant
reduction strategy.® Lower incidence of allograft rejection in
the first two studies discussed here could be due to the lower
follow-up period of these studies.

Rejection has been documented in KTRs infected with
COVID-19 without any change in their immunosuppression
management, which suggests that the infection itself—and
not the reduction in immunosuppressants—may lead to
allograft rejection. In a cohort of 18 KTRs who underwent
kidney allograft biopsy less than one month after COVID-19
infection, five cases of allograft rejection were detected.
Immunosuppressive drugs were unaltered until biopsy findings
were released.?!

It has been reported in several studies that most of the KTRs
on presentation were on maintenance immunosuppression
comprising of tacrolimus, mycophenolate mofetil, and
prednisone.3!

Donor SpeciFic AnTiBoDIES AND PREVIOUS
ReJection EPiSODES

Newly elevated titers of DSA have been associated with
increased risk of late acute AMR, chronic AMR, and transplant
glomerulopathy.F?

In a study by Bajpai et al.,”* one patient (2.4%) developed de
novo DSA in the course of COVID-19 infection. In contrast to
this, none of the 47 KTRs who had COVID-19 in the cohort of
Pampols et al.'"! developed de novo DSA up to three months
after infection.

Having a history of allograft rejection was associated with poor
renal outcomes in the reviewed studies. According to a report by
Bajpai et al.,”® out of 12 patients who had experienced kidney
allograft rejection in the past, 11 did not recover allograft
function following renal failure due to COVID-19 infection.
Having a history of allograft rejection prior to COVID-19
infection or having already elevated titers of DSA seems to be
common in those who experienced kidney allograft rejection
following COVID-19 infection. Daniel et al.*'"! reported five
cases of acute kidney allograft rejection less than one month
after infection was detected. DSA had been detected in three
patients prior to COVID-19 infection, among whom two also
had a history of allograft rejection. The other two from five
cases, did not have detectable DSA titers before until allograft
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biopsy following COVID-19 infection nor had they any history
of allograft rejection.”?!) One of the two allograft rejection cases
in a study of Akilesh e al.*? also had a history of allograft
rejection before being infected with COVID-19. Both cases
had developed de novo DSA at the time of biopsy. Abuzeineha
et al P reported a case of AMR following COVID-19 infection
who was positive for DSA before infection but had no previous
rejection episodes. Therefore, current studies show that those
with already elevated titers of DSA or a history of allograft
rejection should be considered as a high-risk group for rejection
following COVID-19 infection.

Resection QutcomEs

In the study by Daniel et al.,*!'! two patients lost their kidney
allograft function following a COVID-19-induced rejection
episode: one of them had a history of graft rejection and
was positive for DSA before COVID-19 infection. While
the allograft function improved in the follow-up period of
several patients (mean: 282 days, median: 363 days), it never
reached baseline level (i.e., before COVID-19 infection).?!
Akilesh et al.?? reported two cases of allograft rejection.
Plasma exchange plus intravenous immunoglobulin (IVIG)
and IV prednisolone followed by rituximab was administered
for the first patient; data regarding clinical outcomes
was not available.?”) Mycophenolate mofetil (MMF)
was held, rituximab dose was reduced, and low-dose
prednisone (10 mg/d) was started for the second patient. His
serum creatinine improved following treatment but it did not
reach baseline level.”” The AMR case in a study by Abuzeinah
et al.®¥ was treated with IVIG and MMF was re-administered
for his rejection episode; his serum creatinine returned to
baseline levels following treatment.

Clinical and subclinical AMR has been associated with
increased allograft failure in the long-term (five years after
biopsy findings revealed AMR).B* Thus, allograft rejection
following COVID-19 poses a risk of allograft failure in years
to come.

Allograft biopsy revealed chronic AMR 93 days after hospital
admission for COVID-19, as reported by Abuzeineh ez al.>*
The patient had a severe COVID infection and was discharged
after 16 days. During hospitalization, his serum creatinine (Cr)
increased from baseline (1.4 mg/dl) to 3.4 mg/dl following
two days of admission but started to improve from day 4
and returned to baseline on day 12 of admission. The patient
was positive for DSA prior to admission but had no previous
rejection episodes. The patient was checked for newly
elevated titer of DSA on day 14 which came to be positive at
a cytotoxic level, but it was decided to avoid allograft biopsy
due to improvement of serum Cr.?¥! Finally the patient was
discharged with serum Cr of 1.9 mg/dl. Donor-derived cell-free
DNA (dd-cfDNA) was checked for the patient at the time of
hospital discharge and was reported to be 4.3%. More than
two months after discharge, serum Cr started to rise with a
dd-cfDNA of 3.5% and presence of DSA. Accordingly, the
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patient underwent an allograft biopsy.**} Antimetabolite dose
was halved on the early days of infection and then withheld. It
is of note that the patient had forgotten his immunosuppressants
for two days before hospital admission which further
predisposed him to rejection.*

Chowdary et al B3 reported a case of suspected T cell-mediated
rejection (TCMR) in a new KTR 14 days after she was
diagnosed with COVID-19 and 22 days after transplantation.
The patient had a severe course of COVID-19 infection.
During the hospital admission, tacrolimus and mycophenolate
sodium were discontinued for 13 days. On day 13, the patient
developed AKI with her serum Cr rising from 1.5 (a week
carlier) to 3.25 mg/dl. The allograft biopsy, which was done
a day after, was consistent with TCMR. DSA was negative at
the time of biopsy. The patient was managed with pulse steroid
for her rejection, and tacrolimus and mycophenolate sodium
were started again. Allograft kidney regained its function as
the patient’s serum Cr returned to baseline four months after
discharge.

COVID-19 Vaccine EFricacy

The administration of two doses of Sinopharm® COVID-19
vaccine, based on the classic inactivated virus, with an interval
of about 28 days to 90 patients on maintenance in-center
hemodialysis showed that the rate of seroconversion was
31.1% after two doses of vaccine. Furthermore, the rate
of seroconversion was higher in those with a history of
COVID-19 than in those without a history of COVID-19.5¢
Studies show that both BNT162b2 and mRNA-1273 vaccines
induce robust titers of anti-spike IgGs that confer >94%
protection against severe COVID-19 in the general population.
But many independent studies have reported that only 4%—48%
of KTRs have detectable anti-spike IgGs after receiving
two vaccine doses.?” Also, severe cases of COVID-19 still
occur in vaccinated transplant recipients, demonstrating their
insufficient protection by the current COVID-19 vaccination
approach.B731 It has been proposed that in KTRs without
history of SARS-CoV-2 infection, the likelihood of generating
anti-spike IgGs increases if vaccination is performed
late after transplantation, may be due to lower levels of
immunosuppression. The other factors proposed for increasing
this likelihood are having high glomerular filtration rate, and
detectable circulating anti-spike IgGs after the first dose of
vaccine.’” Conversely, a lower vaccination response rate had
been shown in association with old age, diabetes, high levels
of maintenance immunosuppression, patients treated with
belatacept (a T cell co-stimulation blocker) or rituximab (used
for B cell depletion).”

In transplant recipients, maintenance immunosuppression
regimens commonly used for the prevention of graft rejection
include a CNI and an antimetabolite such as MMF, which
may lead to suboptimal response to COVID-19 mRNA
vaccines by interfering with T-cell activation along with
blocking the proliferation of activated T and B cells and
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blocking the proliferation of follicular helper CD4 + T cells,
respectively.37]

Approaches proposed to improve COVID-19 vaccine
efficacy are mentioned below and need further investigation:
modulation of immunosuppression by temporary dose
reduction, suspension of MMF, or replacement of belatacept,
increasing vaccine immunogenicity, the use of adjuvants,
intradermal injection and high antigen doses, administration
of a third dose of COVID-19 mRNA vaccine, and passive
transfer of anti-SARS-CoV-2 monoclonal antibodies.?’3%4%

Discussion

The mechanism of post-COVID-19 kidney allograft rejection
may be related to the time interval between COVID-19
infection and the development of acute AMR. The COVID-19
infection and its subsequent immunologic derangements per
se can trigger the rejection or maybe the withdrawal and
dose reduction of immunosuppressive agents are mediating
rejection.

Abuzeineh et al.P¥ reported a patient with severe COVID-19
infection with pulmonary involvement and hypoxia who
developed AMR of the kidney allograft and COVID-19
infection simultaneously. The baseline graft function prior
to infection was stable (serum creatinine 1.4-1.6 mg/dl).
He was on tacrolimus, mycophenolate, and prednisone.
Following conservative management of his initial COVID-19
symptoms, he missed his immunosuppressive medications
for two days. Subsequently, he had a history of bilateral
pulmonary involvement, elevated inflammatory markers,
raised creatinine (2.8 mg/dl), proteinuria, and hematuria at the
time of hospital admission, and he received tocilizumab during
hospitalization. His mycophenolate was discontinued. He had
a hydronephrosis and elevated tacrolimus level, resulting in
further rising of his serum creatinine. Following resolution
of COVID-19 symptoms, urinary catheterization, and dose
adjustment of tacrolimus, the serum Cr improved at discharge.
However, preexisting DSAs to HLA-DR7 and -DR53 were
elevated and some new DSAs to HLA-DQA2 and -DQB2
developed, resulting in a positive cytotoxicity crossmatch. On
day 73 post discharge, his COVID-19 PCR was persistently
positive and plasma donor-derived cell-free DNA (dd-cfDNA)
was elevated. The graft biopsy showed features of chronic active
AMR. Following treatment by intravenous immunoglobulin
and re-institution of mycophenolate, the graft function
improved.F

Anandh et al.*V reported a 56 year old male living-donor
kidney recipient who developed worsened graft function
simultaneously with COVID-19 symptoms. His baseline
creatinine was 1.2 mg/dl and increased to 5.2 mg/dl following
conservative management of the initial symptoms. The
graft biopsy was compatible with chronic active AMR. In
addition to this, acute tubular injury with extensive oxalate
crystal deposition was found which was attributed to
high-dose intravenous vitamin C that was received during
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management of COVID-19. During his course of COVID-19,
the baseline mycophenolate had been discontinued and
tacrolimus dose had been halved, which can be responsible
for the AMR. However, the timeline showed that the raised
creatinine had been found at admission which was prior to
immunosuppression withdrawal.*!! As an interesting finding,
the electron microscopy of graft biopsy revealed spherical,
spiked particles and tubulo-reticular inclusions in the
glomerular capillary endothelial cytoplasm.!*!] The timeline of
the graft dysfunction and the findings of electron microscopy
can suggest direct pathogenesis by SARS-CoV-2 through
active graft infection.

COVID-19 may be associated with diverse, aberrant,
innate, and adaptive immune response underlying various
organ involvement and probably the graft rejection. As a
feature of dysregulated immune response, elevated blood
levels of interleukin (IL)-6, IL-10, tumor necrosis factor
(TNF)-a, IL-2R, and IL-8 were found in severe COVID-19
patients.[*>* Furthermore, the T cell subsets change during
COVID-19. For example, decreased numbers of CD4*T cells
and regulatory T cells (Tregs), and impaired differentiation
of naive T cells to memory and effector counterparts had
been reported.*71 IL-6 is the key mediator that can link
COVID-19 and the graft rejection. Now, it is well-known
that elevated levels of IL-6 play a significant role in the
pathogenesis of COVID-19, and anti-IL-6 therapy such
as tocilizumab is frequently used to treat patients with the
severe disease.[**41 On the other hand, upregulation of IL-6
has been found in kidney and heart graft rejection through
perpetuation of inflammatory responses within the grafts and
resultant vasculopathy.’” Additionally, the excessive levels
of IL-6 can result in activation of proinflammatory T-helper
17 cell, inhibition of anti-inflammatory Treg, and production
of high-affinity IgG antibodies."! In fact, following viral
infections conditions such as COVID-19 , expression of HLA
molecules could be accelerated.*! Accordingly, vigorous
treatment of inflammatory conditions is highly recommended
in KTRs.

ConcLusIoN

In the setting of COVID-19 infection, hyperinflammatory
states as well as direct cytopathic effects of severe infection
may predispose one to kidney allograft rejection. Although
re-institution of full-dose immunosuppression as soon as
possible is recommended, the correct decision regarding
the regulation and administration of immunosuppressive
drugs in these patients is controversial and unclear. Future
studies should be conducted to clarify the efficacy of various
antiviral agents against development of graft rejection,
the relationship between severity of COVID-19 and the
incidence of rejection, and the timing of graft biopsy. Also,
studies on mechanism(s) through which rejection can happen
after COVID-19, as well as immunosuppressive therapy
during and subsequent to COVID-19 in transplant recipients
is urgently needed.
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Availability of data and materials: Pubmed database, ((kidney
transplant recipient[Title/Abstract]) OR (kidney allograft
recipient[Title/Abstract]) OR (kidney transplantation[Title/
Abstract]) OR (kidney allograft rejection[Title/Abstract]))
AND ((COVID-19[Title/Abstract]) OR (SARS-CoV-2[Title/
Abstract])).

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.

10.

12.

13.

14.

15.

Sharma A, Tiwari S, Deb MK, Marty JL. Severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2): A global pandemic and
treatment strategies. Int J Antimicrob Agents 2020;56:106054.

Kant S, Menez SP, Hanouneh M, Fine DM, Crews DC, Brennan DC,
et al. The COVID-19 nephrology compendium: AKI, CKD, ESKD and
transplantation. BMC Nephrol 2020;21:449.

Asgharpour M, et al. COVID-19 and kidney disease: Update
on epidemiology, clinical manifestations, pathophysiology and
management. J Coll Physicians Surg Pak 2020;30:19-25.

Guillen E, Pineiro GJ, Revuelta I, Rodriguez D, Bodro M, Moreno A,
et al. Case report of COVID-19 in a kidney transplant recipient: Does
immunosuppression alter the clinical presentation? Am J Transplant
2020;20:1875-8.

Banerjee D, Popoola J, Shah S, Ster IC, Quan V, Phanish M, et al.
COVID-19 infection in kidney transplant recipients. Kidney Int
2020;97:1076-82.

Alberici F, Delbarba E, Manenti C, Econimo L, Valerio F, Pola A,
et al. A single center observational study of the clinical characteristics
and short-term outcome of 20 kidney transplant patients admitted for
SARS-CoV2 pneumonia. Kidney Int 2020;97:1083-8.

Ma-Lauer Y, Zheng Y, Malesevi¢c M, von Brunn B, Fischer G,
von Brunn A. Influences of cyclosporin A and non-immunosuppressive
derivatives on cellular cyclophilins and viral nucleocapsid
protein during human coronavirus 229E replication. Antiviral Res
2020;173:104620.

Moore J, Middleton L, Cockwell P, Adu D, Ball S, Little MA,
et al. Calcineurin inhibitor sparing with mycophenolate in kidney
transplantation: A systematic review and meta-analysis. Transplantation
2009;87:591-605.

Akalin E, Azzi Y, Bartash R, Seethamraju H, Parides M, Hemmige V, et al.
Covid-19 and kidney transplantation. N Engl ] Med 2020;382:2475-7.
Azzi Y, Parides M, Alani O, Loarte-Campos P, Bartash R, Forest S, ez al.
COVID-19 infection in kidney transplant recipients at the epicenter of
pandemics. Kidney Int 2020;98:1559-67.

. Craig-Schapiro R, Salinas T, Lubetzky M, Abel BT, Sultan S,

Lee JR, et al. COVID-19 outcomes in patients waitlisted for kidney
transplantation and kidney transplant recipients. Am J Transplant
2021;21:1576-85.

Kute VB, Bhalla AK, Guleria S, Ray DS, Bahadur MM, Shingare A,
et al. Clinical profile and outcome of COVID-19 in 250 kidney transplant
recipients: A multicenter cohort study from India. Transplantation
2021;105:851-60.

Caillard S, Anglicheau D, Matignon M, Durrbach A, Greze C, Frimat L,
et al. An initial report from the French SOT COVID Registry suggests
high mortality due to COVID-19 in recipients of kidney transplants.
Kidney Int 2020;98:1549-58.

Chen TY, Farghaly S, Cham S, Tatem LL, Sin JH, Rauda R, et al.
COVID-19 pneumonia in kidney transplant recipients: Focus on
immunosuppression management. Transpl Infect Dis 2020;22:¢13378.
Elec AD, Oltean M, Goldis P, Cismaru C, Lupse M, Muntean A, ef al.
COVID-19 after kidney transplantation: Early outcomes and renal
function following antiviral treatment. Int J Infect Dis 2021;104:426-32.

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Asti AL, Lilleri D, Gregorini M, Zelini P, Pattonieri EF, Sepe V,
et al. Kidney transplant rejection rate in screened patients for
anti-SARS-CoV-2 antibodies, during COVID-19 pandemic in Northern
Italy. New Microbiol 2021;44:184-6.

. Anton Pampols P, Trujillo H, Melilli E, Urban B, Sandino J, Fava A,

et al. Immunosuppression minimization in kidney transplant recipients
hospitalized for COVID-19. Clin Kidney J 2021;14:1229-35.

. Kates OS, Haydel BM, Florman SS, Rana MM, Chaudhry ZS,

Ramesh MS, et al. Coronavirus disease 2019 in solid organ transplant:
A multicenter cohort study. Clin Infect Dis 2021;73:¢4090-9.

. Pascual J, Melilli E, Jiménez-Martin C, Gonzalez-Monte E, Zarraga S,

Gutiérrez-Dalmau A, et al. COVID-19-related mortality during the first
60 days after kidney transplantation. Eur Urol 2020;78:641-3.
Chavarot N, Gueguen J, Bonnet G, Jdidou M, Trimaille A, Burger C,
et al. COVID-19 severity in kidney transplant recipients is similar to
nontransplant patients with similar comorbidities. Am J Transplant
2021;21:1285-94.

Daniel E, Sekulic M, Kudose S, Kubin C, Ye X, Shayan K, et al.
Kidney allograft biopsy findings after COVID-19. Am J Transplant
2021;21:4032-42.

Akilesh S, Nast CC, Yamashita M, Henriksen K, Charu V, Troxell ML,
et al. Multicenter clinicopathologic correlation of kidney biopsies
performed in COVID-19 patients presenting with acute kidney injury or
proteinuria. Am J Kidney Dis 2021;77:82-93.el.

Bajpai D, Deb S, Bose S, Gandhi C, Modi T, Katyal A, et al. Recovery
of kidney function after AKI because of COVID-19 in kidney transplant
recipients. Transpl Int 2021;34:1074-82.

D’Orsogna L, van den Heuvel H, van Kooten C, Heidt S, Claas FHJ,
et al. Infectious pathogens may trigger specific allo-HLA reactivity via
multiple mechanisms. Immunogenetics 2017;69:631-41.

Lubetzky M, Aull MJ, Craig-Schapiro R, Lee JR, Marku-Podvorica J,
Salinas T, et al. Kidney allograft recipients, immunosuppression, and
coronavirus disease-2019: A report of consecutive cases from a New York
City transplant center. Nephrol Dial Transplant 2020;35:1250-61.

Nair V, Jandovitz N, Hirsch JS, Nair G, Abate M, Bhaskaran M,
et al. COVID-19 in kidney transplant recipients. Am J Transplant
2020;20:1819-25.

Columbia University Kidney Transplant Program. Early description of
coronavirus 2019 disease in kidney transplant recipients in New York.
J Am Soc Nephrol 2020;31:1150-6.

Posadas Salas MA, Taber D, Soliman K, Nwadike E, Srinivas T.
Phenotype of immunosuppression reduction after kidney transplantation.
Clin Transpl 2020;34:¢14047.

Shih CJ, Tarng DC, Yang WC, Yang CY. Immunosuppressant dose
reduction and long-term rejection risk in renal transplant recipients with
severe bacterial pneumonia. Singapore Med J 2014;55:372-7.

Yang CY, Shih CJ, Yang WC, Lin CC. Aggressive immunosuppressant
reduction and long-term rejection risk in renal transplant recipients with
Pneumocystis jiroveci pneumonia. Exp Clin Transplant 2012;10:344-9.
Cravedi P, Mothi SS, Azzi Y, Haverly M, Farouk SS, Pérez-Saez MJ,
et al. COVID-19 and kidney transplantation: Results from the TANGO
International Transplant Consortium. Am J Transplant 2020;20:3140-8.
Mohan S, Palanisamy A, Tsapepas D, Tanriover B, Crew RJ, Dube G,
et al. Donor-specific antibodies adversely affect kidney allograft
outcomes. J Am Soc Nephrol 2012;23:2061-71.

Abuzeineh M, Tariq A, Rosenberg A, Brennan DC. Chronic active
antibody-mediated rejection following COVID-19 infection in a kidney
transplant recipient: A case report. Transplant Proc 2021;53:1202-6.
Orandi BJ, Chow EH, Hsu A, Gupta N, Van Arendonk KJ,
Garonzik-Wang JM, et al. Quantifying renal allograft loss following
early antibody-mediated rejection. Am J Transplant 2015;15:489-98.
Chowdary P, Shetty S, Booth J, Khurram MA, Yaqoob M, Mohamed TH.
Experience of SARS-CoV-2 infection in two kidney transplant recipients
living with HIV-1 infection. Transpl Infect Dis 2021;23:e13500.
Alirezaei A, Fazeli SA, Shafiei M, Miladipour A. Efficacy of Sinopharm®
COVID-19 vaccine in hemodialysis patients: A preliminary report. Iran
J Kidney Dis 2022;16:259-65.

Caillard S, Thaunat O. COVID-19 vaccination in kidney transplant
recipients. Nat Rev Nephrology 2021;17:785-7.

Caillard S, Chavarot N, Bertrand D, Kamar N, Thaunat O, Moal V,

Advanced Biomedical Research | 2023



39.

40.

41.

42.

43.

44,

Fazeli, et al.: Kidney Allograft Rejection and COVID-19

et al. Occurrence of severe COVID-19 in vaccinated transplant patients.
Kidney Int 2021;100:477-9.

Charmetant X, Espi M, Benotmane I, Heibel F, Buron F,
Gautier-Vargas G, et al. Comparison of infected and vaccinated
transplant recipients highlights the role of Tth and neutralizing IgG in
COVID-19 protection. MedRxiv 2021.

Benotmane I, Gautier-Vargas G, Gallais F, Gantner P, Cognard N,
Olagne J, et al. Strong antibody response after a first dose of
a SARS-CoV-2 mRNA-based vaccine in kidney transplant
recipients with a previous history of COVID-19. Am J Transplant
2021;21:3808-10.

Anandh U, Gowrishankar S, Sharma A, Salama A, Dasgupta I. Kidney
transplant dysfunction in a patient with COVID —19 infection: Role
of concurrent Sars-Cov 2 nephropathy, chronic rejection and vitamin
C-mediated hyperoxalosis: Case report. BMC Nephrol 2021;22:91.

Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation
of immune response in patients with coronavirus 2019 (COVID-19) in
Wuhan, China. Clin Infect Dis 2020;71:762-8.

Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J, Smith N, et al.
Impaired type I interferon activity and inflammatory responses in severe
COVID-19 patients. Science 2020;369:718-24.

Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, et a/. Reduction and
functional exhaustion of T cells in patients with coronavirus disease

Advanced Biomedical Research| 2023

45.

46.

47.

48.

49.

50.

SI.

2019 (COVID-19). Front Immunol 2020;11:827.

Zheng M, Gao Y, Wang G, Song G, Liu S, Sun D, et al. Functional
exhaustion of antiviral lymphocytes in COVID-19 patients. Cell Mol
Immunol 2020;17:533-5.

Zeng Q, Li YZ, Huang G, Wu W, Dong SY, Xu Y. Mortality of
COVID-19 is associated with cellular immune function compared to
immune function in Chinese Han population. medRxiv 2020.
Moro-Garcia MA, Alonso-Arias R, Lopez-Larrea C. When aging
reaches CD4+T-cells: Phenotypic and functional changes. Front
Immunol 2013;4:107.

Zhang W, Zhao Y, Zhang F, Wang Q, Li T, Liu Z, et al. The use of
anti-inflammatory drugs in the treatment of people with severe
coronavirus disease 2019 (COVID-19): The Perspectives of clinical
immunologists from China. Clin Immunol 2020;214:108393.

Coomes EA, Haghbayan H. Interleukin-6 in Covid-19: A systematic
review and meta-analysis. Rev Med Virol 2020;30:1-9.

Jordan SC, Ammerman N, Choi J, Kumar S, Huang E, Toyoda M, et al.
Interleukin-6: An important mediator of allograft injury. Transplantation
2020;104:2497-506.

Jordan SC, Choi J, Kim I, Wu G, Toyoda M, Shin B, e al. Interleukin-6,
a cytokine critical to mediation of inflammation, autoimmunity and
allograft rejection: Therapeutic implications of IL-6 receptor blockade.
Transplantation 2017;101:32-44.



