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Abstract

Kidney transplant recipients are at higher risk of developing coronavirus disease 2019 (COV-
ID-19). The aim of this study was to evaluate the pattern, pharmacotherapy, drug interactions, and clini-
cal outcome of COVID-19 in kidney transplant recipients at a referral center in Iran. This retrospective,
observational study was conducted in Abu Ali Sina Organ transplantation center in Shiraz, Iran. All adult
kidney transplant patients diagnosed with COVID-19 and hospitalized for at least 48 hours were included.
Required data were collected by reviewing medical charts and health information system of patients at
hospital. Potential drug-drug interactions were identified using Lexi-Interact online as well as the Liv-
erpool interactions online website. A total of 108 patients were included. Fever, cough, and shortness of
breath were the most common clinical symptoms. About three-fourth (74%) of patients had non-severe
COVID-19. Remdesivir was the most widely used antiviral agent. mTOR inhibitors and anti-metabolites
were either dose reduced or discontinued in 100% and 80.2% of cases, respectively. Age (odds ratio [OR]
=1.06, 95% [CI] = 1.02-1.09), calcineurin inhibitor adjustment (OR = 0.26, 95% C1 = 0.09-0.75), baseline
white blood cell count (OR = 1.13, 95% CI = 1.01-1.28), baseline serum lactate dehydrogenase level (OR
=1.32, 95% Cl = 1.03-1.69), administration of tocilizumab (OR = 0.06, 95% C1 = 0.07-0.54), and the se-
verity of COVID-19 disease (OR = 0.03, 95% Cl = 0.00-0.03) had significant association with mortality.
The present investigation found that COVID-19 infection in kidney transplant patients may be severe and
require hospitalization and even, critical care.
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1. Introduction
SARS-CoV-2, the virus causing COV-
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ID-19 pandemic, was first identified in Wuhan,
China, in late 2019 (1, 2). The most common
symptoms of COVID-19 include headache,
fever, cough, shortness of breath, fatigue,
and myalgia (3). Until December 29, 2024,
there were 777,126,421 confirmed cases and
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7,079,925 deaths related to COVID-19 have
been identified worldwide. In Iran, a total of
7,627,863 cases of COVID-19 with 146,837
deaths were reported by December 29, 2024

4).

The highest morbidity and mortality
due to COVID-19 have been reported among
patients with certain underlying and chronic
illnesses such as kidney disease (5, 6). Besides
the fact that COVID-19 can affect the kidney
via different mechanisms (7), solid organ
transplant patients, including kidney trans-
plant recipients, are especially at higher risk
of serious complications from COVID-19. It
is mostly attributed to the use of immunosup-
pressive drugs, older age (> 65 years), and un-
derlying medical conditions such as diabetes,
hypertension, and ischemic heart disease (8-
10).

Although national and international
transplant societies have provided guidelines
and recommendations for the management
of COVID-19 in solid organ transplantation,
there is inadequate data on different aspects of
COVID-19 in kidney transplant patients. Par-
ticularly, most relevant studies from Iran are
case series. This study was conducted to eval-
uate COVID-19 pattern, pharmacotherapy,
drug-drug interactions, and clinical outcome
in hospitalized kidney transplant patients at a
referral transplantation hospital in Iran. These
data can enrich the database of COVID-19 in
kidney transplant patients and assist in updat-
ing national guidelines about COVID-19 in
kidney transplantation.

2. Methods

This retrospective, observational study
was conducted in Abu Ali Sina Transplanta-
tion Hospital, affiliated to Shiraz University of
Medical Sciences, Shiraz, Iran. It is one of the
largest centers for solid organ transplantation
throughout the world. During a 15-year peri-
od, 1,200 cases of kidney transplantation had
been performed in this center (11). The study
protocol was approved by the ethical commit-
tee of the Shiraz University of Medical Sci-
ences (Ethical ID: IR.SUMS.REC.1401.033).

All adult (aged >18 years) kidney

transplant patients diagnosed with COVID-19
and hospitalized for at least 48 hours from
March 2017 to November 2021 were includ-
ed. COVID-19 diagnosis was based on the
positive real-time polymerase chain reaction
(RT-PCR) SARS-CoV-2 test on nasopharyn-
geal and oropharyngeal swab samples. The
procedure of RT-PCR for COVID-19 used in
this center was described in brief previously
(12). In other words, all studied patients were
definite cases of COVID-19 that acquired the
disease before hospitalization. No specific cri-
teria were taken into account for excluding pa-
tients such as type of kidney donor (deceased
versus living), duration of transplantation, and
severity of COVID-19.

Required data were collected by re-
viewing medical charts and the health in-
formation system (HIS) of patients at hospi-
tal. These included demographic (age, sex,
weight, height), clinical factors related to kid-
ney transplantation (underlying disease, do-
nor type, duration of kidney transplantation,
immunosuppressive regimen), signs as well
as symptoms related to COVID-19, possible
immunosuppressive medications adjustment,
and anti-COVID-19 regimen, laboratory find-
ings related to COVID-19 (e.g., white blood
cell count [WBC], c-reactive protein [CRP],
lactate dehydrogenase [LDH], serum ferritin),
and clinical outcome. Indexes of clinical out-
come were length of hospital stay, length of
ICU stay (if patients need ICU admission), the
need for hemodialysis or continuous kidney
replacement therapy (CKRT), acute kidney in-
jury (AKI), allograft rejection, acute respirato-
ry distress syndrome (ARDS), and mortality.
AKI definition was based on the 2012 KIDGO
criteria (13). The diagnosis of rejection was
based on the biopsy of the transplanted kidney
tissue. The Berlin 2012 ARDS diagnostic cri-
teria was used to identify COVID-19 ARDS
(14). Glomerular filtration rate (GFR) at the
time of hospital admission was calculated by
the CKD-EPI 2009 formula (15). The sever-
ity and stage of COVID-19 were determined
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according to the definition provided by the
World Health Organization (WHO) (16).
Potential ~ drug-drug  interactions
(DDIs) between either anti-viral or anti-in-
flammatory agents used for COVID-19 and
other medications were assessed by using both
Lexi-Interact online as well as Liverpool CO-
VID-19 interactions online software. In terms
of Lexi-Interact online, only type D and type
X DDIs were considered to be eligible for re-
porting because they are more clinically rel-
evant. Mechanisms, severity, and reliability
rating of identified DDIs were also provided.

2.1. Statistical analysis

The categorical variables were report-
ed as number (percent). Normal distribution of
continuous variables was assessed by the Kol-
mogorov-Smirnov test. All continuous vari-
ables were expressed as means+standard devi-
ations (SD) or standard error (SE). We applied
Fisher Exact or Chi-Square tests to examine
the possible association of immunosuppres-
sive drug changes (dose reduction or cessa-
tion) with some indexes of clinical outcome
including dialysis, CKRT, and rejection. Lo-
gistic regression analysis with odds ratio (OR)
and 95% confidence interval (CI) was used to
assess the possible association between mor-
tality and different demographic, clinical, and
laboratory features of the study population.
All statistical analyses were conducted by the
SPSS software version 20. P-values less than
0.05 were considered to be statistically signifi-
cant.

3. Results

In this study, 108 kidney transplant re-
cipients diagnosed with COVID-19 were in-
cluded. Table 1 demonstrates the demographic,
clinical, and laboratory characteristics of the
study population. Most (67.7%) of the study
population were male. Patients were divided
into three age categories (18-39 years [young],
40-64 years [middle age], and 65 years and
older [elderly]) (17), and data demonstrated
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that most patients belonged to the middle-age
category. The most frequent underlying dis-
eases were hypertension (35.2%) and diabe-
tes mellitus (31.5%). Dyspnea (44.4%), fever
(36.1%), and cough (34.3%) were the most
common signs and symptoms at the time of
COVID-19 diagnosis. HRCT findings showed
that about one-third (35.61%) of the lung was
involved at the time of hospital admission.
About one-fourth (24%) of the patients had
blood oxygen saturation less than 90 percent.
Most of the participants (80.4%) were not in-
tubated. According to WHO criteria, about
three-fourths (74%) of patients had non-se-
vere COVID-19. The portion of patients with
shock state (systolic blood pressure less than
90 mm Hg) was only 3.7%. The D-dimer, se-
rum procalcitonin as well as IL-6 level, and
the percent of lymphocytes (to calculate the
percent of lymphopenia) were not either avail-
able or measured at all.

The most commonly used immuno-
suppressive regimen included a corticoste-
roid + a calcineurin inhibitor (cyclosporine
or tacrolimus) + an antimetabolite (azathio-
prine or mycophenolate) (83.33%) followed
by an antimetabolite + calcineurin inhibitors
(8.33%), and corticosteroids + calcineurin in-
hibitors (4.63%). Prednisolone, tacrolimus,
and mycophenolate are the most frequently
administered corticosteroid, calcineurin in-
hibitor, and antimetabolite agent, respectively.
Details of COVID-19 treatment regimens and
agents prescribed for our patients are listed
in Table 2. The least commonly used antivi-
ral drug in the studied patients was hydroxy-
chloroquine (one patient). Interferon was not
prescribed for any patient. Among anti-inflam-
matory drugs, dexamethasone was the most
commonly used one with the mean & SD daily
dose of 9.63+5.04 mg. Overall, injectable cor-
ticosteroids including dexamethasone, meth-
ylprednisolone, or hydrocortisone were pre-
scribed in most patients (90.7%) as a part of
the COVID-19 treatment regimen. In contrast,
intravenous immunoglobulin (IVIG) was not
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Table 1. Baseline demographic, clinical, and laboratory characteristics of the study population (n=108)

Gender Female (%) 35 (32.41)
Male (%) 73 (67.59)
Age (years) Mean +SD 49.57+13.96
Weight (kg) Mean £SD 69.38+13.76
BMI (kg/m2) Mean £SD 24.27+4.88
Transplantation status Kidney (%) 102 (94.44)
SPK (%) 6 (5.56)
Underling disease Hypertension (%) 38 (35.19)
Diabetes mellitus (%) 34 (31.48)
Vital signs, Mean =SD or SE Oral Temperature (°C) 36.69+0.5
Heart rate (per minute) 88.93+15.06
Number of breaths (per minute) 18.96+2.73
Systolic blood pressure (mm Hg) 126.65+24.18
Diastolic blood pressure (mm Hg) 76.61+13.45
02 saturation (percent) 89.62+12.28
Time after transplant (years) Mean +SE 6.11+0.6
Signs and symptoms Dyspnea (%) 48 (44.44)
Fever (%) 39 (36.11)
Cough (%) 37 (34.26)
Tremor (%) 19 (17.59)
Weakness (%) 17 (15.74)
Diarrhea (%) 16 (14.81)
Nausea (%) 11 (10.19)
Body pain (%) 9 (8.33)
Headache (%) 5 (4.63)
Fatigue (%) 4 (3.70)
Abdominal pain (%) 2 (1.85)
Performing HRCT N (%) 58 (53.70)
Amount of lung involvement Mean +SD 35.61+21.36
Laboratory findings, Mean +SD or SE WBC (103/ul) 6.77£0.375
Ferritin (ng/ml) 123.43+850.57
Potassium (mEq/L) 4.56+1.02
BUN (mg/dl) 39.53+25.04
ALB (g/dl) 3.70+0.62
LDH (U/L) 642.81+£62.77
CRP (mg/L) 56.56+6.79
Magnesium (mg/dL) 1.91+£0.36
Serum Creatinine (mg/dL) 2.95+2.16
FK trough level (ng/ml) 12.52+4.3
Cycl trough level (ng/dl) 104.86+27.92
Ventilation Room air (%) 43 (39.81)
Nasal mask (%) 43 (39.81)
Intubation (%) 21 (19.44)
Estimated GFR (mL/min/1.73m2) Mean = SD 41.341+26.4
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COVID-19 severity

*Based on WHO criteria

COVID-19 and Kidney Transplantation

Non-severe (%) 80 (74.07)
Severe (%) 6 (5.56)
Critical (%) 22 (20.37)

BMI: Body mass index, HRCT: High-resolution computed tomography, GFR: Glomerular filtration rate, SPK: Simultaneous kidney-pancreas,
WBC: White blood count, BUN: Blood Urea Nitrogen, ALB: Albumin, LDH: Lactate Dehydrogenase, CRP: C-Reactive Protein, FK-level:

Tacrolimus level, Cycl-level: Cyclosporine level.

.........................................................

given to any subject.

Table 3 provides possible modifica-
tions of immunosuppressive regimen of the
participants during the COVID-19. mTOR in-
hibitors and anti-metabolites were undergone
either dose reduction or discontinuation in
100% and 80.2% of cases, respectively. The
least number of dose adjustments were per-
formed on corticosteroids during COVID-19.

Clinical outcome indexes in transplant
patients are shown in Table 4. About one-third
(30.8%) of subjects needed hemodialysis at
least during the course of COVID-19 in hospi-
tal. The rate of bacterial co-infection, ARDS,
and biopsy-proven allograft rejection, as the
major causes of mortality in our study popula-
tion, were 52.8%, 18.52%, and 9.26%, respec-
tively. The incidence of AKI in the patients
during hospital stay was 47.6%. More than
three-fourths (78.7%) of patients were eventu-

----------------------------------------------------------

ally discharged from the hospital. There was
no significant association between possible
adjustments of immunosuppressive regimen
and clinical outcomes including the need for
dialysis, CKRT, and acute allograft rejection.
The results of an univariate logistic
regression analysis (Table 5) demonstrated
that age (OR = 1.055, 95% CI = 1.015-1.097;
P-value = 0.007), calcineurin inhibitor adjust-
ment (OR = 0.264, 95% Cl = 0.093-0.750;
P-value = 0.012), baseline white blood cell
count (OR = 1.134, 95% CI = 1.009-1.275;
P-value = 0.0.35), baseline serum LDH level
(OR = 1.317, 95% Cl = 1.028-1.686; P-value
= 0.029), administration of tocilizumab (OR
= 0.057, 95% Cl = 0.006-0.535; P-value =
0.012), bacterial co-infection (OR = 0.314,
95% C1 =0.113-0.873; P-value = 0.026), and
the severity of COVID-19 (OR =0.003 , 95%
Cl = 0.00-0.03; P-value < 0.001) had signifi-

Table 2. Anti-COVID-19 regimens and agents used in the study population (n =108).

Drug name Dose & duration
" Favipiravir  lIstDay: 1800 mgevery 12 hoursorally
Then up to 1 days: 800 mg every 12 hours orally
Remdesivir Ist Day: 200 mg daily intravenously
Then up to five days: 100 mg/day intravenously
Tocilizumab 8 mg / kg - 800 mg maximum intravenously
Dexamethasone 6 to 8 mg/day for 7 to 10 days intravenously
Hydroxychloroquine 1st Day: 400 mg every 12 hours orally
Since 2nd day, 200 mg every 12 hours orally
Name Number of patients (%) Average daily dose (mg/day)
Dexamethasone 70 (64.81) 9.63£5.04
Remdesivir 64 (59.26)
Methylprednisolone 21 (19.44) 213.09+176.38
Favipravir 11 (10.19)
Lopinavir/Ritonavir 8(7.41)
Hydrocortisone 7 (6.48) 167.86+£114.30
Tocilizumab 5(4.63)
Hydroxychloroquine 1(0.93)

Trends in Pharmaceutical Sciences 2025: 11(1): 1-16. 5




Tannaz Alam-Rahnama et al.

Table 3. Immunosuppressive adjustments in the study population during the course of hospital stay.

________ ImmunoSUppIessve agent v LOSSICIC CNANGE s VO i
Calcineurin inhibitors, Increase dose 7 (6.73)
n= 104 (%) Decrease dose 22 (21.15)
No Change 56 (53.85)
Discontinue 19 (18.27)
Anti-metabolites, Increase dose ---
n= 105 (%) Decrease dose 8 (7.62)
No Change 20 (19.05)
Discontinue 77 (73.33)
mTOR inhibitors, Increase dose -
n=3 (%) Decrease dose -
No Change -
Discontinue 3 (100)
Corticosteroids, Increase dose 9 (9.09)
n =99 (%) Decrease dose 20 (20.20)
No Change 70 (70.71)
Discontinue -

cant association with mortality in the study
population. In other words, having older age,
higher baseline white blood cell count as well
as serum LDH level, either severe or critical
COVID-19, bacterial co-infection, changing
calcineurin inhibitor regimen, and receiving
tocilizumab significantly increased the risk
of mortality in kidney transplant patients with
COVID-19. According to the number of inde-
pendent variables and also sample size, per-
forming multivariate logistic regression analy-

sis was not statistically feasible.

Concerning the potential DDIs identi-
fied by Lexi-Interact online software, among
16 type D DDIs, 5 patients, 3 patients, and 1
patient experienced 2, 1, and 3 interactions,
respectively. The most frequent type D DDIs
were tacrolimus + lopinavir/ritonavir (7 cases)
and dexamethasone + lopinavir/ritonavir (7
cases). The predominant mechanism of iden-
tified DDIs (93.75%) was pharmacokinetics.
The reliability rating of most DDIs (87.4%)

Table 4. Clinical outcome of the study population during the hospital stay

Duration of hospital stay (days), Mean + SE
Duration of ICU stay (days), Mean + SD
Intubation time (days), Mean £SD
Hemodialysis (%)

CKRT (%)

Bacterial co-infection (%)
ARDS (%)

AKI (%)

Allograft rejection (%)
Discharged (%)

Death (%)

----------------------------------------------------------

10.611.02
7.5142.38
6.96+1.95
33 (30.56)
6 (5.56)
57 (52.78)
5(4.63)
51 (47.22)
10 (9.26)
85 (78.70)

23(2129)

.......................................................
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Table 5. Comparison of different demographic, clinical, and laboratory variables between survived and
dead patients during hospital stay*.

Sex (%) Female 28 (25.92)
Male 57 (52.78)
Age, years (Mean + SD) 47.61 + 14.09
Body Mass Index, kg/m2 (Mean + SD) 23.14+5.46
Time after transplant, years (Mean + SE) 5.99 £ 0.65
Underlying diabetes mel- No 60 (55.56)
litus (%) Yes 25 (23.15)
Receiving favipravir (%) No 78 (72.2)
Yes 7 (6.48)
Receiving remdesivir (%) No 35(32.41)
Yes 50 (46.30)
Receiving lopinavir/ritona- No 81 (75)
vir (%) Yes 4 (3.70)
Receiving tocilizumab (%) No 84 (77.78)
Yes 1(0.92)
Receiving corticosteroids No 24 (22.22)
(%) Yes 61 (56.48)
Mechanical ventilation (%) No 84 (78.50)
Yes 0(0)
CNI change (%) Without 50 (48.08)
With 33 (31.73)
Anti-metabolite change (%) Without 19 (18.81)
With 63 (62.38)
Baseline GFR, ml/min/1.73m2 (Mean + SD) 46.34 £37.69
Baseline WBC, 103/ul (Mean + SD) 5.70 £ 4.50
Baseline Ferritin, ng/ml (Mean + SD) 1.13+0.49
Baseline LDH, U/L (Mean + SD) 5.33+2.40
Severity of COVID-19 (%) Non-severe 79 (73.15)
Sever or critical 6 (5.55)

7 (6.49) 0.82 1.12 (0.41-3.04)
16 (14.81) 1
56.83 + 10.94 0.01 1.06 (1.02-1.09)
24.66 + 6.05 0.14 1.08 (0.98-1.19)
6.52+1.47 0.71 1.02 (0.94-1.09)
14 (12.96) 0.38 1.54 (0.59-4.02)
9 (8.33) 1
19 (17.59) 0.21 0.43 (0.11-1.61)
4(3.73) 1
9 (8.33) 0.86 1.09 (0.42-2.79)
14 (12.96) 1
19 (75) 0.05 0.24 (0.05-1.02)
4 (3.70) 1
19 (17.60) 0.01 0.06 (0.01-0.54)
4 (3.70) 1
0 (0) 0.99
23 (21.30)
2 (1.87) 0.99
21 (19.63)
6 (5.77) 0.01 0.26 (0.09-0.75)
15 (14.42) 1
1 (0.99) 0.11 0.18 (0.02-1.47)
18 (17.82) 1
31.66 +24.25 0.08 0.98 (0.96-1.00)
7.80 % 6.50 0.04 1.13 (1.01-1.28)
1.61 +0.99 0.36 1.49 (0.64-3.49)
6.71+£4.73 0.03 1.32 (1.03-1.69)
1(0.93) 0.01> 0.03 (0.00-0.03)
22 (20.37) 1

*Percent values were reported through dividing the number of patients in each group by the total number of patients in the study.

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

were either good or fair (Supplementary 1).
No type X potential DDIs have been identified.
According to Liverpool COVID-19 interac-
tions online software, 80 DDIs were detected.
The three most frequent DDIs were dexameth-
asone + tacrolimus (58 cases), dexamethasone
+ cyclosporine (13 cases), and tocilizumab +
tacrolimus (3 cases). Except for hydroxychlo-
roquine + dexamethasone (1 case), all other
identified DDIs (98.75%) were classified to be
pharmacokinetics (Supplementary 2).
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4. Discussion

This paper presented the clinical as
well as laboratory characteristics, pharmaco-
therapy course, DDISs, and clinical outcome of
the kidney transplant recipients infected with
COVID-19 and hospitalized at a referral trans-
plantation hospital in Iran. The main strength
of this study is the relatively adequate sample
size compared to other studies (that are mostly
case series) and also considering the potential
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DDIs between anti-COVID-19 agents with
other drugs used in kidney transplant patients.

In our study, mTOR inhibitors (100%)
and antimetabolites (75%) were the most com-
monly modified immunosuppressive medica-
tions during the course of COVID-19 in hospi-
tal. Similarly, a study at a hospital in the north of
Iran reported that among 22 kidney transplant
recipients with COVID-19, mycophenolate
was discontinued in 21 patients and doses of
cyclosporine and tacrolimus were empirically
reduced by 20% to 100% in 17 patients (18).
In another study in solid organ transplanta-
tion at the same center in southwest of Iran,
decreasing calcineurin inhibitor dose along
with discontinuing antimetabolite, discontinu-
ation of all immunosuppressive medications,
and only the cessation of mTOR inhibitors use
were identified in 37%, 21%, and 1% of the
subjects, respectively (12). In a single center
case series study in Belgium, the protocol of
Iimmunosuppression minimization during the
course of COVID-19 in hospital included
stopping antimetabolite treatment along with
reducing the dose of tacrolimus/cyclosporine/
everolimus dose to achieve trough level tar-
gets, and continuing routine steroid dose (19).
Report from a medical center in New York in
the United States implicated that discontinu-
ing antimetabolites and tacrolimus were done
in 86% and 21% of kidney transplant recipi-
ents with COVID-19, respectively (20). Ac-
cording to Banerjee ef al. case series on 7 kid-
ney transplant patients with COVID-19, it has
been suggested that antimetabolite should be
discontinued, the prednisolone dose should be
either unchanged or increased, and tacrolimus
dose should be reduced during the course of
hospital stay. In the case of severe COVID-19
that needs ICU admission, stopping calcineu-
rin inhibitors completely while maintaining
corticosteroid therapy can be taken into ac-
count (21). The TANGO multicenter study
at 12 transplant centers (that included 144
hospitalized kidney transplant patients with
COVID-19) reported that mycophenolate

8

or everolimus was reduced or discontinued
(68%), whereas calcineurin inhibitor was dis-
continued in 23% of the study population (22).
National guideline and suggested approach
to immunosuppressive regimen of kidney
transplant recipients during COVID-19 have
been discussed elsewhere (23, 24). Overall,
the management of immunosuppressive regi-
men during the course of COVID-19 is quite
challenging and can even be deemed as a
double-edged sword. It mostly depends on the
patient’s age, time duration after transplanta-
tion, comorbidities, and most importantly, the
severity of COVID-19.

Remdesivir and hydroxychloroquine
were the most and least commonly prescribed
anti-COVID-19 agents in the current study, re-
spectively. Among anti-inflammatory agents,
corticosteroids including methylprednisolone,
dexamethasone, and hydrocortisone were giv-
en to most patients (90.7%) during the course
of COVID-19 in hospital. IVIG and interferon
alpha or beta were not given to any subjects. In
a study at north of Iran, hydroxychloroquine,
lopinavir/ritonavir, and the combination of hy-
droxychloroquine + lopinavir/ritonavir + osel-
tamivir were given to 100%, 86%, and 72.73%
of kidney transplant patients with COVID-19,
respectively. In the case of hypoxemia and a
creatinine rise, IVIG was added to treatment
(18). In a case series study on kidney trans-
plant patients with COVID-19 in Tehran, Iran
from February 20 to May 14, 2020, all patients
received IVIG and antiviral regimen, includ-
ing hydroxychloroquine and umifenovir; three
patients also took lopinavir/ritonavir (25).
According to Abolghasemi et al. descriptive,
cross-sectional study in two tertiary hospitals
in Tehran, 100% and 75% of the patients re-
ceived hydroxychloroquine and lopinavir/rito-
navir, respectively. IVIG was administered to
33% of patients with severe pneumonia and
hypoxemia (26). A more recently published
study on kidney transplant recipients from
March 2020 to May 2021 in Iran reported that
remdesivir (42%) was the most commonly
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prescribed anti-COVID-19 agent followed by
lopinavir/ritonavir (37%) and hydroxychloro-
quine (32%) (27). In sum, at the early phase of
COVID-19 pandemics, guidelines suggested
hydroxychloroquine and lopinavir/ritonavir
as the main anti COVID-19 agents; however,
newer studies based on more clinical evidence
discouraged the use of these two medications
especially in the setting of solid organ trans-
plantation. This is mostly due to numerous
drug interactions between lopinavir/ritonavir
and other immunosuppressive agents or seri-
ous adverse effects of hydroxychloroquine, es-
pecially QT prolongation. This adverse effect
that mostly occurred in combination with other
medications that may be given in patients with
COVID-19 such as levofloxacin, azithromy-
cin, ondansetron, and metoclopramide (28).
Remdesivir use has been raised tremendously
during the later phase of COVID-19 pandemic
in Iran due to its FDA approval in October
2020 and also the manufacturing and avail-
ability of several generic formulations of this
agent in the pharmaceutical market in Iran.
The definite role of IVIG in the management
of COVID-19 in both the general and specific
populations (e.g., solid organ transplantation)
is unclear and current national and interna-
tional guidelines recommend against its com-
mon use. In terms of interferons, its clinical
evidence for the management of COVID-19 is
weak. More importantly, it may increase the
risk of allograft rejection (29).

The mortality rate during hospitaliza-
tion in our study was 21%. The death in study
participants was mostly attributed to ADRS,
co-bacterial infections, and acute allograft re-
jection/AKI. Regardless of transplantation, the
mortality rate of COVID-19 significantly dif-
fers around the world, ranging from 0.3-8.4%
(3). Although most literature have suggested
that kidney transplant patients with COV-
ID-19 are at high risk of mortality, few studies
have evaluated and reported this issue so far.
The incidence of ADRS in hospitalized kidney
transplant patients with COVID-19 ranged
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from 29% to 68% (30). The rate of AKI during
the course of COVID-19 in hospital in kidney
transplant patients was reported to be 45-52%
(with the average rate of 45.7%). By consid-
ering both adult inpatients and outpatients,
the rate of AKI in kidney transplant patients
with COVID-19 was 44% (95% CI: 39-49%)
(30). The rate of AKI in our study (47.6%) is
within the above range reported in the litera-
ture. The mortality rate of COVID-19 in kid-
ney transplant recipients in three studies from
Iran varied from 27.27% to 66.67% (12, 18,
25). This rate was 14% in Belgium (19), 28%
in the United States (20), 14% in the United
Kingdom (21), 16% in Croatia (31), 28% or
45.8% in Spain (32, 33), and 9.8% or 10.1%
in first and second waves, respectively Tur-
key (34). The variation of the mortality rate
of COVID-19 in kidney transplant patients
can be largely due to the difference in the pre-
dominant strain of COVID-19, the severity of
COVID-19 disease, the status of COVID-19
vaccination, time after transplantation, and
the duration of patient follow-up. Despite the
high risk of developing severe forms of the
COVID-19 in transplant recipients, the com-
parison of clinical outcomes such as mortality
between non-solid organ transplants and solid-
organ patients including kidney has been re-
vealed non-conclusive and even contradictory
findings (35).

According to univariate regression lo-
gistic analysis, older age, dose adjustment or
discontinuation of calcineurin inhibitor, tocili-
zumab administration, high white blood cell
count at baseline, high serum LDH level at
baseline, bacterial co-infection, and severity
of COVID-19 have a significant association
with mortality. High white blood cell count or
serum LDH level at the time of diagnosis, the
necessity for changing calcineurin inhibitor
regimen or administering tocilizumab all can
be partially explained in the context of CO-
VID-19 severity, leading to death in our study
population. Risk factors of mortality were not
examined and reported in other relevant stud-
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ies from Iran. Regardless of the study popu-
lation, the association between older age and
mortality in COVID-19 has been demonstrated
in several hallmark studies worldwide. For ex-
ample, analyzing records of 17,278,392 adults
with COVID-19 implicated that older age sig-
nificantly related to mortality (36). Similarly,
the Spanish experience on COVID-19 in both
solid organ (including 423 kidneys) and he-
matopoietic stem cell transplant revealed that
the risk of death increased with age (OR for
recipients >60 years: 3.7 [95% CI: 2.5-5.5])
(33). According to the TANGO multicenter
study, older age, lymphopenia, higher LDH,
procalcitonin, and IL-6 levels and also lower
eGFR significantly associated with mortality
(22). As mentioned previously, lymphocyte
count, procalcitonin, and IL-6 levels were not
measured at the time of hospital admission in
our study. The significant association between
COVID-19 severity and mortality identified in
this study was in line with reports from other
large investigations (37, 38).

Apart from certain demographic and
paraclinical features, dose adjustment or dis-
continuation of calcineurin inhibitor associ-
ated with 74% increase in the risk of mortality
in our survey. This finding was not observed
and reported from other relevant studies in
Iran. Interestingly, at least an in vitro study
has reported the efficacy of cyclosporine A
and FK506 in inhibiting the replication of
SARS-CoV-1 and other human coronaviruses
(39). In addition, cyclosporine treatment was
associated with decreased risk of mortality in
hospitalized kidney transplant patients with
COVID-19 (relative risk = 0.08, 95% CI =
0.02-0.32) (30). Another possible justification
of our finding in this regard is that the modifi-
cation of calcineurin inhibitor, as a part of im-
munosuppressive regimen, may increase the
risk of allograft rejection. However, we found
no significant association between calcineu-
rin inhibitor modifications with other clini-
cal outcome indexes including the need for
dialysis, CKRT, and acute allograft rejection
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in our study. The pooled graft loss rate among
kidney transplant COVID-19 survivors was
reported to be 8% (95% CI: 5-15%) (30). Al-
beit, the definite role of COVID-19 per se in
allograft rejection during the course of disease
i1s a complex issue with not fully-understood
mechanisms.

Finally, the risk of mortality in tocili-
zumab recipients was 94% higher than those
who did not receive this agent during the
course of COVID-19 in hospital. Similarly,
the analysis of the Spanish registry about kid-
ney transplant patients with COVID-19 until
13 July 2020 implicated that non-survivors
were more frequently treated with tocilizumab
(32). This is in contrast to Shafiekhani et al.
study that hospital as well as ICU length of
stay and mortality were significantly lower in
recipients than non-recipients of tocilizumab
(12). The multicenter TANGO study found
that the mortality rate was comparable be-
tween recipients and non-recipients of tocili-
zumab (22). Finally, a systematic review and
regression analysis on 31 eligible articles on
kidney-transplanted patients with COVID-19
failed to show any significant association be-
tween medications used for COVID-19 (e.g.,
tocilizumab) and mortality (37). These con-
flicting findings can be justified by a number
of issues. First, the methodology and type of
studies were diverse and encompassed case
reports, case series, retrospective, and cohort
studies. Second, an increase in the risk of
bacterial infection secondary to leucopenia
caused by tocilizumab may have an individual
role. In this regard, besides leukopenia and
thrombocytopenia, concomitant bacterial or
fungal systemic infections and tuberculosis
are generally considered as contraindications
of tocilizumab use (40). Interestingly, bacte-
rial co-infection had an independent link with
mortality in our study population. Third, the
appropriate dose, frequency, and more impor-
tantly, time of tocilizumab administration (as
soon as possible after ICU admission and be-
fore intubation) along with co-administering
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corticosteroids are crucial factors for achiev-
ing optimal clinical effectiveness of this agent
in the case of severe COVID-19. Last but not
least, the follow-up period for determining
mortality was different. It is noteworthy that
major guidelines like National Institutes of
Health (NIH) and Infectious Diseases Society
of America (IDSA) either recommend or sug-
gest adding tocilizumab to the standard of care
(e.g., glucocorticoids) for certain clinical con-
ditions. These cases comprised hospitalized
adults who have progressive severe or criti-
cal COVID-19 with either rapidly increasing
oxygen needs or elevated markers of systemic
inflammation like CRP level >75 mg/L, espe-
cially within the prior 24 hours of ICU admis-
sion (41, 42).

According to Lexi-Interact online soft-
ware, the most frequently identified potential
DDI in participants were tacrolimus + lopina-
vir/ritonavir and dexamethasone + lopinavir/
ritonavir. Both of these two DDIs are pharma-
cokinetic. In terms of the former DDI, ritona-
vir (present in the Kaletra® formulation) can
reduce hepatic metabolism and also increase
tacrolimus oral absorption by the inhibition
of cytochrome P450 subtype 3A4 (CYP3A4)
and p-glycoprotein pump in the gastrointesti-
nal tract, respectively. As a result, it can sig-
nificantly increase serum level and eventually,
adverse reactions of tacrolimus such as renal
toxicity, opportunistic infections, neurotoxic-
ity (tremor, paresthesia, encephalopathy, delir-
ium, coma), hyperkalemia, QT prolongation,
hypertension, and cardiomyopathy. Therefore,
close monitoring of serum tacrolimus level
and reducing its dose or increasing the time
interval of administration, if needed, is neces-
sary. In this regard, the national guideline for
the management of COVID-19 has provided
a detailed protocol for target trough level and
required dose adjustments of tacrolimus in the
setting of co-administering lopinavir/ritonavir
or atazanavir/ritonavir for the management of
COVID-19 with different severity stages at
various time points after kidney transplanta-
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tion (43).

The DDI between dexamethasone and
lopinavir/ritonavir appears to be a two-way
interaction. In this regard, ritonavir (present
in the Kaletra® formulation) can increase
the bioavailability of dexamethasone (more
than three times) by inhibiting the activity
of CYP3A4, involved in dexamethasone me-
tabolism. On the other hand, dexamethasone
can increase the hepatic metabolism of lopi-
navir via inducing the activity of CYP3A4.
This could potentially lead to a decrease in
maximal concentration, minimum concentra-
tion, as well as the bioavailability of lopina-
vir and to some extent, also ritonavir. There-
fore, it is recommended that patients receiving
dexamethasone and Kaletra® concurrently
should be monitored for possible side effects
of corticosteroids during treatment (especial-
ly hypokalemia, prolongation of the PR and
QT segment, increased risk of bradycardia,
heart block and related arrhythmias such as
torsade de pointes). In addition, the possible
diminished antiviral activity of Kaletra® and
treatment failure should be also kept in mind.
However, co-administering dexamethasone
and lopinavir/ritonavir for the management of
COVID-19 in real clinical practice is mostly
inevitable. Moreover, as mentioned before,
the role of lopinavir/ritonavir in the treatment
regimens of COVID-19 has been considerably
waned.

4.1. Limitations

This study is conducted in one kid-
ney transplant hospital and our results may
be prone to the center bias. In particular, CO-
VID-19 treatment regimens and immuno-
suppressive modifications are mostly center-
based and depend on physician preference. We
did not consider the control group (non-kidney
transplant patients with COVID-19) to com-
pare and determine the possible risk factors of
acquiring COVID-19 in kidney transplant re-
cipients. The follow-up period of our patients
were limited to the time of hospital discharge
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or their death. Importantly, the COVID-19
vaccination status of the study population
was unclear. Therefore, the possible impact
of COVID-19 vaccinations (e.g. frequency of
administration, vaccine platform and brand
name) on the severity and mortality of the dis-
ease cannot be investigated. Finally, our ret-
rospective study methodology did not allow
us to determine the real clinical relevance and
consequence of identified DDIs.

5. Conclusion

The present investigation found that
COVID-19 infection in kidney transplant
patients may be severe and they require hos-
pitalization and even, critical care. The mor-
tality rate of COVID-19 in kidney transplant
patients is significant. Remdesivir and dexa-
methasone are the frequently used antiviral
and anti-inflammatory agents to treat COV-
ID-19, respectively. Our results indicated that
older age, high white blood cell, serum lactate
dehydrogenase levels, CNI regimen change,
the severity of COVID-19 disease, bacterial
co-infection, and the administration of tocili-
zumab were risk factors for mortality in kidney
transplantation with COVID-19. Tacrolimus
+ lopinavir/ritonavir, dexamethasone + lopi-
navir/ritonavir, dexamethasone + tacrolimus,
and dexamethasone + cyclosporine were the
most common potential DDIs in the study
population.
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