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Abstract

Background
The management of COVID-19 in organ transplant recipients is among the most imperative, yet less discussed, issues based on
their immunocompromised status along with their vast post-transplant medication regimens. No conclusive study has been
published to evaluate proper anti-viral and immunomodulator medications effect in treating COVID-19 patients to this date.

Method:
This retrospective study was conducted in Shiraz Transplant Hospital, Iran from March 2020 to May 2021 and included COVID-19
diagnosed patients based on SARS-CoV-2 RT-PCR positive test who had been hospitalized for at least 48 hours before enrolling in
the study. Clinical and demographic information of patients, along with their treatment course and the medication used were
evaluated and analyzed using multiple regression analysis.

Results
A total of 245 patients with a mean age of 49.59 years were included with a mortality rate of 8.16%. The administration of
Remdesivir as an anti-viral drug (P-value 0.001) and Tocilizumab as an immunomodulator drug (P-value < 0.001) could reduce
the hospitalization period in the hospital and the intensive care unit, as well as the mortality rates signi�cantly. Meanwhile, the
patients treated with Lopinavir/Ritonavir experienced a lower chance of survival (OR < 1, P-value = 0.04). No signi�cant difference
was observed between various therapeutic regimens in clinical complications such as bacterial coinfections, cardiovascular and
gastrointestinal adverse reactions, and liver or kidney dysfunctions.

Conclusion
The administration of Remdesivir as an anti-viral and Tocilizumab as an immunomodulatory drug in SOT recipients could be
promising treatments of choice to manage COVID-19.

1. Introduction
Coronavirus disease (COVID-19), which is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has been
altered to a major challenging health care system around the world since March 11, 2020, when the World Health Organization
(WHO) con�rmed COVID-19 as a pandemic. (1–5). According to WHO, up until August 12th, 2021, at least 204,644,849 cases of
COVID-19 have been reported, of which at least 4,323,139 deaths have been caused by this disease, globally (6).

Clinical presentation in the general population mostly consists of constitutional symptoms; however, some cases can present with
severe and potentially fatal conditions such as multiple organ failure, acute respiratory distress syndrome, pulmonary edema, and
pneumonia, causing diagnosis and management dilemmas. (7–13) Based on the literature, a reduction in the absolute value of
the lymphocytes was reported in most patients, indicating that the virus may mainly act on the lymphocytes, especially T-cells.
(13) Consequently, patients with impaired or suppressed T-cells' function and number may be at a higher risk of presenting the
severe form of the disease.

Regarding the impaired immune system from both underlying disease and treatment, immunocompromised patients, such as
solid-organ transplant (SOT) recipients, are at risk of more severe respiratory virus infection and higher rates of bacterial and
fungal superinfections compared with their immunocompetent counterparts. (14) A study in France reported that patients with
kidney transplants demonstrated a high risk of mortality due to COVID-19. (15) However, some studies have mentioned no
statistically signi�cant difference between the mortalities of transplant recipients and other COVID-19 patients. (16, 17) Therefore,
it is suggested that policymakers should urgently ensure the integration of such risk factors on response operations against
COVID-19.



Page 4/16

Globally, vaccination efforts are being made against COVID-19. However, the slow rate of vaccination in the developing countries
and the emergence of new variants, which could compromise vaccines’ e�cacy, and also the lower e�cacy of vaccines in the
patients who take immunosuppressive treatments, still make the progress of managing this disease ineligible; (18–22) Therefore,
it is critical to harness the experiences of managing and treatment of this disease to achieve better care for infected patients in
the future.

Meanwhile, managing transplant recipients infected with SARS-CoV-2 is of great importance, since not only the reduction or
discontinuation of immunosuppressive drugs would cause transplant rejection, but also increasing the immunosuppression rate
would result in higher disease progression and a poor prognosis in the patient. (23) This makes it clear that a balance should be
achieved in choosing immunosuppressive drugs, while also adjusting them is highly critical in transplant recipients. Keeping in
mind that after seventeen months from the announcement of the SARS-CoV-2 outbreak, various pharmacological treatments were
evaluated in this area from the early days up until now. As time passed, some of them were dismissed while several are still
clinically used. (24) The phenomenon of polypharmacy in SOT recipients along with potential drug-drug interactions of the
immunosuppressive medications with other therapeutic agents used in COVID-19 management, such as anti-viral drugs, in
addition to an unknown state of the roles of immunomodulator drugs such as corticosteroids and interleukin-6 antagonists in
COVID-19 treatment, encouraged us to evaluate and review the clinical outcomes of administrating different anti-viral and
immunomodulator drugs in hospitalized transplant patients in one of the largest transplant centers in Asia and the world.

2. Patients And Method
This retrospective study was conducted in Shiraz Transplant Center, Shiraz, Iran, a�liated to Shiraz University of Medical
Sciences, as one of the largest centers for solid organ transplantation worldwide. During the COVID-19 pandemic period, many
protocols were applied to control the rate of infection, such as reducing the number of admissions, reducing the number of
surgeries and reducing the number of transplants compared to the same as last year, which these protocols have been mention in
our previous report. (25) This study was approved by the ethics committee of Shiraz University of Medical Sciences. The study
timeline was during a period from March 2020 to May 2021 in which all transplant recipients diagnosed with COVID-19 were
enrolled based on SARS-CoV-2 positive real-time polymerase chain reaction (RT-PCR) with hospitalization for more than 48 hours.
Demographic information of the patients along with the course of disease and array of signs and symptoms, medical history,
clinical and radiographic �ndings, length of hospital stay (both in the ICU and ward), clinical outcome, and management of all
patients were extracted from the medical records of the patients and evaluated accordingly. The patient’s severity was based on
the WHO criteria for the clinical management of COVID-19 (26). Also, the patient's admission was based on the joint discretion of
an infectious specialist and transplant surgeon, for patients with moderate, or higher severity of the disease.

Patients eligible for admission were admitted in isolated wards and were visited daily by transplant and infectious disease
specialists, who modi�ed and adjusted their treatment regimens and immunosuppressive medications based on available
international guidelines and underlying disease. (23, 27–31). Also, previously, some antivirals such as Lopinavir-Ritonavir,
Hydroxychloroquine, and interferons were used to treat and manage these patients. But in time, as further studies disquali�ed
their e�cacy in COVID-19 treatment, they were replaced by other antivirals such as Remdesivir (5-day regimen). Clinical
pharmacists were responsible for dose adjustments based on liver and kidney functions and also the consideration of drug-drug
interactions.

In situations where at least 7 to 10 days had passed after the disease onset, according to the patient’s clinical status, the required
amount of oxygen receives, the extent of pulmonary involvement, and the levels of in�ammatory markers such as c-reactive
protein (CRP), interleukine-6, or ferritin, the medical team decided to start using corticosteroids (Dexamethasone (6–8 mg/day) or
Methyl Prednisolone (1mg/Kg)) or Tocilizumab (4-8mg/Kg, maximum dose: 800mg). Discontinuation, decreasing the dose, or
continuing to use an immunosuppressive regimen was based on the transplant team’s decision and the clinical status of the
patients and their disease severity.

The criterion for receiving Remdesivir in our patients included moderate to severe or critical patients, either during the �rst 14 days
of the initiation of COVID-19 related symptoms, in patients who have had symptoms for more than 14 days since the onset of
symptoms, remdesivir was started only at the discretion of the infectious disease specialist and based on whether its bene�ts
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outweighed the risk. In patients with GFR below 30ml/min, provided that the bene�t outweighs the risk, remdesivir has been used
with the same standard dose mentioned (200mg loading dose then 100 mg daily up to 5 days), since as mentioned in several
articles, remdesivir did not increase the risk of acute kidney injury (AKI) in patients with glomerular �ltration rate (GFR) below 30
ml/min. (32, 33)

Also, Tocilizumab was administered in severe to critical patients, except for patients with neutrophil count < 500 cells/µL, platelets
count < 50,000µL, active tuberculosis, concomitant bacterial or fungal systemic infections, or if Alanine transaminase (ALT) or
Aspartate transaminase (AST) were �ve times the upper limit of normal. Also, patients with clinical or laboratory signs of de�nite
or suspected systemic or local infection, and who had high procalcitonin levels (> 2 ng/mL) were omitted from receiving
tocilizumab with the opinion of an infectious disease specialist.

Statistical Analysis

Categorical variables were described as frequency rates and percentages, and continuous variables were described using mean,
median, and interquartile range (IQR) or standard deviation (SD) values. Means for continuous variables were compared using the
Mann-Whitney test. Proportions for categorical variables were compared using the χ2 test, and the Fisher exact test was used
when the data were limited. All statistical analyses were performed using SPSS (Statistical Package for the Social Sciences),
version 16.0 software (SPSS Inc). To evaluate the relationship between clinical outcomes and medications (or treatments), linear
regression, and logistic regression were used. In the univariate model, P-values were calculated and medications with a P-value of
lower than 0.25 were included in the multivariate model to determine signi�cant medications. A P-value of lower than 0.05 in the
multivariate analysis was considered signi�cant.

3. Results
A total of 245 patients with a mean age of 49.59 (SD = 14.68, range: 21–77) years were included in our study. 52.24% of the
patients were male and 47.76% were female. The mortality rate in our study was 8.16% (20 out of 245 patients). Also, 71 (52%) of
patients with a disease severity from severe to critical were receiving, while these amounts were 89 (87.25%) and 49 (81.6%) for
patients receiving Remdesivir and Tocilizumab, respectively. The interval between drug administration from the onset of
symptoms was 3.2 ± 5.1 days for remdesivir and 11.10 ± 2.90 days in the case of tocilizumab. Also, 81 patients received the
combination of Remdesivir and Tocilizumab, and 5 patients received Remdesivir with high-dose corticosteroids. Table 1 shows
the demographic data of the patients in our study.
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Table 1
Demographic and clinical features of COVID-19 transplant patients including the association between the living and deceased

groups. (N = 245)
Variable Total (%) n = 

245
Mortality (%) P-

value*
Alive n = 
225

Death n = 
20

Age group        

< 40 109 (44) 97 (43) 12 (60) 0.97

40–60 87 (36) 84 (37) 3 (15)

> 60 49 (20) 44 (20) 5 (25)

Gender        

Male 128 (52) 120 (53) 8 (40) 0.70

Female 117 (48) 105 (47) 12 (60)

Comorbid diseases        

Hypertension 97 (40) 92 (41) 9 (45) 0.17

Diabetes mellitus 25 (10) 18 (8) 7 (35) < 0.01

Ischemic heart disease 67 (27) 60 (27) 7 (35) 0.01

Encephalopathy 2 (1) 2 (1) 0 (0) 1.00

Ascites 1 (0) 1 (0) 0 (0) 1.00

Deep venous thrombosis 1 (0) 1 (0) 0 (0) 1.00

Asthma 0 (0) - - -

Chronic obstructive pulmonary disease 0 (0) - - -

Symptoms        

Dyspnea 191 (78) 181 (80) 10 (50) 0.19

Fever 166 (68) 160 (71) 6 (30) 1.00

Malaise 107 (44) 99 (44) 8 (40) 1.00

Cough 91 (37) 90 (40) 1 (5) 0.27

Vomiting 145 (59) 141 (63) 4 (20) 0.68

Headache 88 (36) 88 (39) 0 (0) 0.34

Diarrhea 190 (78) 187 (83) 3 (15) 1.00

Chest pain 36 (15) 30 (13) 6 (30) 1.00

Rhinorrhea 14 (6) 14 (6) 0 (0) 1.00

Pharyngitis 0 (0) - - -

Severity        

Moderate 178 (71.4) 174 4  

Severe 28 (11.4) 21 7 0.039

* Chi-square and Fisher exact tests
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Variable Total (%) n = 
245

Mortality (%) P-
value*

Alive n = 
225

Death n = 
20

Critical 39 (15.9) 30 9  

Transplantation Status        

Kidney transplant 143 (58) 134 (60) 9 (45) 0.44

Liver transplant 95 (39) 84 (37) 11 (55)

Simultaneous pancreas-kidney 1 (0) 1 (0) 0 (0)

Isolated bowel transplant 3 (1) 3 (1) 0 (0)

Multivisceral transplant 3 (1) 3 (1) 0 (0)

Time after transplant (months)        

1–3 69 (28) 63 (28) 6 (30) 0.021

3–6 111 (45) 110 (49) 1 (5)

6–12 35 (14) 32 (14) 3 (15)

> 12 30 (12) 20 (9) 10 (50)

Rejection        

During hospitalization after COVID-19 22 (9) 20 (9) 2 (10) 0.22

O2 Therapy        

Nasal cannula 79 (32) 70 (31) 9 (45) < 0.01

Mechanical ventilation 59 (24) 48 (21) 11 (55)

None 107 (44) 107 (48) 0 (0)

Immunosuppressive medication        

Regimens       0.29

Calcineurin inhibitors + Mycophenolate Mofetil 70 (29) 61 (27) 9 (45)

Mycophenolate Mofetil + Prednisolone 29 (12) 25 (11) 4 (20)

Calcineurin inhibitors + Prednisolone 142 (58) 136 (60) 6 (30)

mTOR inhibitors 3 (1) 2 (1) 1 (5)

Changes       0.17

No Change 101 (41) 99 (44) 2 (10)

Decreasing the dose of Calcineurin inhibitors and Discontinue
antimetabolite

90 (37) 88 (39) 2 (10)

Discontinue all immunosuppressive 51 (21) 35 (16) 16 (80)

Discontinue mTOR inhibitors 3 (1) 3 (1) 0 (0)

Treatment        

Hydroxychloroquine 79 (32) 67 (30) 12 (60) 0.33

* Chi-square and Fisher exact tests
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Variable Total (%) n = 
245

Mortality (%) P-
value*

Alive n = 
225

Death n = 
20

Lopinavir/ritonavir 90 (37) 71 (32) 19 (95) < 0.01

Corticosteroid 136 (56) 125 (56) 11 (55) 0.06

Methylprednisolone 64 (26) 61 (27) 3 (15) 0.06

Dexamethasone 72 (29) 64 (28) 8 (40) 0.66

Interferon 55 (22) 46 (20) 9 (45) 0.34

Remdesivir 102 (42) 92 (41) 10 (50) 0.02

Tocilizumab 60 (24) 53 (24) 7 (35) 0.70

* Chi-square and Fisher exact tests

The mean length of intensive care unit (ICU) stay and hospital stay were 22.13 ± 11.01 and 33.19 ± 12.00 days, respectively. To
evaluate the length of ICU and hospital stay among the patients and to make an accurate assumption, we excluded those who
passed away during the course of hospitalization. Clinical outcomes and the effects of different therapeutic regimens in the
treatment of COVID-19 in transplant patients are shown in Table 2. According to the results of this table, patients treated with
Remdesivir have spent less time in the ICU and the hospital, compared with patients who have been treated with other antivirals
(P-value = 0.03). Also, patients treated with Tocilizumab spent fewer days in the ICU and the hospital, compared with patients who
have been administered high doses of corticosteroids (P-value = 0.04), however, there was no signi�cant difference among the
need for mechanical ventilation among the two groups (P-value = 0.09). Based on multivariate regression, patients treated with
Lopinavir / Ritonavir had an average higher length of stay in the ICU by 5.3 days (Table 3).
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Table 2
Descriptive report of different treatment regimens’ effect on COVID-19 transplant patients' outcome

Drugs Length of stay; mean ± 
SEM*

O2 therapy (%) Mortality (%)

Intensive care
unit stay

Hospital Mechanical
ventilation used

Mechanical
ventilation not used

Yes No

Hydroxychloroquine No 16.22 ± 9.87 27.21 ± 
15.32

11 (19) 155 (83) 8
(40)

158
(70)

Yes 20.98 ± 10.09 30.87 ± 
15.

48 (81) 31 (17) 12
(60)

67
(30)

Interferon No 17.70 ± 15.44 26.59 ± 
13.90

49 (83) 41 (48) 11
(55)

79
(35)

Yes 22.88 ± 16.79 31.11 ± 
14.00

10 (17) 45 (52) 9
(45)

46
(20)

Lopinavir / Ritonavir No 20.19 + 16.60 24.40 ± 
14.00

15 (25) 40 (47) 1
(5)

54
(24)

Yes 27.60 ± 15.43 34.30 ± 
16.99

44 (75) 46 (53) 19
(95)

71
(32)

Remdesivir No 24.31 ± 12.41 34.45 ± 
13.76

46 (78) 97 (52) 10
(50)

133
(59)

Yes 18.91 ± 10.00 27.00 ± 
11.65

13 (22) 89 (48) 10
(50)

92
(41)

Tocilizumab No 23.30 ± 13.13 31.11 ± 
12.00

49 (82) 136 (74) 13
(65)

172
(76)

Yes 18.83 ± 10.90 28.00 ± 
14.10

11 (18) 49 (26) 7
(35)

53
(24)

Dexamethasone or No 24.33 ± 13.00 33.30 ± 
13.00

45 (76) 64 (34) 9
(45)

100
(44)

High dose
methylprednisolone

Yes 19.77 ± 12.00 29.70 ± 
11.10

14 (24) 122 (66) 11
(55)

125
(56)

*Standard error of the mean
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Table 3
Effects of different treatment options on hospital and Intensive care unit stay of patients, modeled with univariate and

multivariate linear regression
Drugs Intensive Care Unit Stay   Hospital Stay

Univariate analysis Multivariate
analysis

  Univariate analysis Multivariate
analysis

Coe�cient
(se*)

P-
value

Coe�cient
(se)

P-
value

  Coe�cient
(se)

P-
value

Coe�cient
(se)

P-
value

Hydroxychloroquine 2.456
(1.44)

0.09 1.636
(1.02)

0.12   1.55
(2.21)

0.485 ---- ----

Interferon 3.97 (2.23) 0.08 0.759
(3.05)

0.80   1.39
(3.41)

0.685 ---- ----

Lopinavir / Ritonavir 7.83
(1.229)

< 
0.001

5.309
(1.23)

< 
0.001

  3.27
(2.31)

0.161 3.44
(3.06)

0.27

Remdesivir 0.91 0.03 0.721(0.21) 0.03   -0.77
(2.14)

0.01 0.10
(2.00)

< 
0.001

High dose
methylprednisolone or
dexamethasone

0.103
(1.56)

0.94 ---- ----   1.572
(2.40)

0.514 ---- ----

Tocilizumab 0.71 0.02 0.66(0.10) < 
0.001

  0.90
(1.10)

0.04 0.22 0.04

* Standard error

Another aim of our study was the evaluation of the relationship between mortality variables and different therapeutics. To
evaluate the effect of corticosteroids versus other treatments, dexamethasone and high dose methylprednisolone (1mg/kg) were
combined as a single variable, labeled corticosteroid, and then, using multivariate logistic regression, we examined the effect of
each drug on mortality (Table 4).

 
Table 4

Multivariate logistic regression analysis regarding the use of different therapeutic regimens in COVID-19 transplant patients and
its association with mortality and need for mechanical ventilation (data are presented as odds ratio with 95% con�dence interval)

Drug Survival Mechanical ventilation

OR (95% CI) P-
value

OR (95% CI) P-
value

Interferon 0.14 (0.02 − 
1.94)

0.11 2.05 (0.33–
12.66)

0.44

Hydroxychloroquine 0.87 (0.90–
1.34)

0.49 1.19 (0.70–2.39) 0.20

Lopinavir / Ritonavir 0.14 (0.02–
0.87)

0.04 3.22 (0.64–
16.27)

0.16

Remdesivir 2.20 (0.07–
0.81)

0.02 1.70 (0.85–4.40) 0.11

Corticosteroid (Dexamethasone and High dose
methylprednisolone

0.33 (0.03–
3.42)

0.35 4.59 (0.48–
43.72)

0.19

Tocilizumab 1.10(0.05–0.92) < 
0.001

1.91 (0.07–1.10) 0.09

* Indicator of signi�cant correlation; OR = odds ratio; CI = con�dence interval
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The results of Table 4 show that patients who were treated with Lopinavir / Ritonavir had a lower chance of survival (OR < 1; P
value = 0.041) and those who were administered Remdesivir or Tocilizumab had a greater chance of survival (OR > 1; P-value < 
0.05). Also, none of the drugs had a signi�cant association with the patients' need for mechanical ventilation. As shown in Table
5, clinical complications such as bacterial superinfections, elevation in liver enzymes, GFR reduction ( 30ml/min), cardiovascular
(QTc prolongation, arrhythmia, etc.) and gastrointestinal complications (diarrhea, vomiting, etc.) between different therapeutic
regimens were not statistically signi�cant during the hospitalization period.

 
Table 5

Frequency and percentage of clinical complications among solid organ transplant recipients regarding different therapeutic
regimens during the hospitalization period.

Medications Complication

Bacterial
superinfection;
n = 58

Elevated
liver
enzymes;
n = 123

Reduced
glomerular
�ltration
rate; n = 31

Neutropenia or
thrombocytopenia;
n = 29

Cardiovascular;
n = 67

Gastrointestinal;
n = 93

Hydroxychloroquine 10 (17) 32 (26) 3 (10) 2 (7) 31 (46) 49 (53)

Interferon 11 (19) 24 (20) 2 (6) 1 (3) - 1 (1)

Lopinavir /
Ritonavir

9 (16) 41 (33) 4 (13) 2 (7) 30 (45) 22 (24)

Remdesivir 7 (12) 11 (9) 12 (39) 4 (14) - 9 (10)

Tocilizumab 6 (10) 8 (7) 6 (19) 13 (45) 2 (3) 7 (8)

Dexamethasone or
High dose
methylprednisolone

15 (26) 7 (6) 4 (13) 7 (24) 4 (6) 5 (5)

P-value 0.09 0.11 0.88 1.32 1.09 0.77

4. Discussion
Optimal management of COVID-19 in immunocompromised patients, particularly SOT recipients, poses a great challenge
regarding the risk of more severe respiratory virus infection and higher rates of bacterial and fungal superinfections compared
with their immunocompetent counterparts. The interactions between post-transplant-related medications with anti-viral drugs
have made it more di�cult to use the drugs commonly used in COVID-19 management. Moreover, clinical data regarding COVID-
19 infection and its ideal treatment in the transplant population are limited. In this study, we aimed to evaluate different anti-viral
and immunomodulatory regimens of COVID-19 treatment in transplant patients, since the declaration of the COVID-19 outbreak
until now. Regarding the anti-viral regimens in our study, Lopinavir/Ritonavir showed a lower chance of patient survival with a
higher hospitalization duration; while Remdesivir has decreased mortality rates and hospitalization periods in the hospital and
ICUs.

In the early era of the COVID-19 pandemic, Lopinavir/Ritonavir was used to be prescribed commonly in patients infected with
COVID-19, based on the results suggesting e�cacy against another coronavirus. In our study, Lopinavir/Ritonavir not only
increased the mortality rates but also notably prolonged the length of ICU stays, in which patients who took Lopinavir/Ritonavir
stayed in ICU for 5.3 more days on average. Many studies reported similar results, discouraging the use of Lopinavir / Ritonavir in
the transplant population. Circumventing the use of this drug is attributed to its adverse effects and interaction with
immunosuppressants such as Tacrolimus and other medications used in the transplant population, such as �uoroquinolones to
deal with Gram-negative infections. Furthermore, gastrointestinal upset (e.g., nausea and vomiting) is the most common adverse
effect of this drug along with QT prolongation in combination with other drugs used in the COVID-19 treatment regimen. Moreover,
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a rise in liver enzymes was also reported in some cases. Concerning the reported effects, routine administration of
Lopinavir/Ritonavir in transplant patients was discouraged.

After being approved by WHO in October 2020, Remdesivir use has been increased dramatically and multiple studies were
published indicating its role in managing COVID-19 patients in the world, while there were also some studies reporting contrary
e�cacy results. Overall, there hasn’t been a conclusive study based on Remdesivir use in SOT COVID-19 patients up until now,
while only some small or case-report studies on its e�cacy in these patients have been published so far. For example, in a study
by Duran et al, it has been suggested that early Remdesivir use in orthotopic heart transplant patients infected with SARS-CoV-2
would improve clinical outcomes in the patients. Our study con�rmed that a 5-day regimen of Remdesivir will signi�cantly
decrease the mortality rates in transplant patients. Since this drug has no potential interactions with other immunosuppressive
medications used in SOT patients' drug regimens, it seems that Remdesivir could be a promising anti-viral drug in managing
transplanted COVID-19 patients. However, to establish a more precise conclusion, the results of larger multicenter studies with
greater sample sizes should be analyzed. On the other hand, there is a concern about nephrotoxicity and elevation of hepatic
enzymes occurrences after receiving Remdesivir, which is critical in decision making for liver or kidney transplant recipients. In a
multi-center cohort study, it was reported that Remdesivir administration did not signi�cantly increase the incidence of acute
kidney injury, even in patients with GFRs lower than 30 ml/min. Additionally, in the "SIMPLE-Moderate trial" study (NCT04292730),
a clinical trial to evaluate the e�cacy and safety of a 5 or 10-day regimen of Remdesivir versus standard care, it was reported that
hepatic enzyme elevation in the Remdesivir-receiving group was not higher than the control group. Our results suggest that a
decrease in GFR or hepatic enzyme elevation is not signi�cantly different between transplant patients who were treated with
Remdesivir and patients treated with other anti-viral drugs. Similar results have also been reported in other studies performed on
transplant patients. In conclusion, it seems that Remdesivir could be considered a promising anti-viral with appropriate e�cacy
and safety in transplant patients infected with SARS-CoV-2.

One of the challenging and controversial issues in managing COVID-19 among transplant patients is the use of
immunomodulatory drugs. Pereira et al. con�rmed the positive effect of high-dose steroid therapy in the case of lung
transplantation after the �rst several days of the illness. (34) Liu et al. con�rmed the bene�cial use of corticosteroids in an
infected case of a liver transplant, but they recommended low doses of steroids. (35) Zhu et al. also believed that appropriate
doses of IV corticosteroids during a short period will not only protect the allograft from acute rejection, but also decrease the
alveolar exudation and improve systemic symptoms due to its anti-in�ammatory effects. On the other hand, several studies
discouraged widespread use of corticosteroid medications, and even advised to discontinue or reduce the dose of steroids in
transplant patients. They adduced to the potential negative effect of early corticosteroids administration in reducing pathogen
clearance, while increasing viral shedding subsequent to immune response inhibition. Observational studies showed that
corticosteroid treatment was linked to higher mortality rates and nosocomial infections for in�uenza and delayed virus clearance
for SARS-CoV and Middle East respiratory syndrome coronavirus (MERS-CoV); however, there is limited data regarding SARS-CoV-
2 (36). Also, corticosteroids have been associated with an increased risk of bacterial and fungal superinfections (37–41).

Our results showed no signi�cant improvement following the administration of high doses of corticosteroids based on the
hospitalization period and mortality rates. Nevertheless, patients treated with high doses of corticosteroids experienced more
episodes of bacterial superinfections, however not statistically signi�cant.

One of the controversial issues of immunomodulator therapy is the administration of interleukin-6, such as Tocilizumab, in
COVID-19 management. Earlier, extensive studies were conducted regarding using Tocilizumab in the management of COVID-19
patients, of which some showed promising results in decreasing mortality rates. Further, published results of several clinical trials
regarding the evaluation of the e�cacy of Tocilizumab, such as the COVINTOC study, showed that the combination of the drug
with standard care has achieved higher success in decreasing the risks of requiring mechanical ventilation or death, compared to
the combination of a placebo and standard care. The subjects were hospitalized due to COVID-19 pneumonia and did not receive
mechanical ventilation when enrolled in the study. However, the TOCIVID study showed no difference between the two groups in
the total risk of death by any cause. (42)

Various studies have been conducted regarding the e�cacy of Tocilizumab in transplant patients, each with different and
contrary results. Some have reported lower mortality rates after using a combination of Tocilizumab with Hydroxychloroquine in
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COVID-19 patients who had received a kidney transplant or had received a liver transplant and required dialysis. However,
retrospective studies have reported no signi�cant decrease in mortality risk after using this drug, while also describing it as a safe
drug to use for SOT patients.

Our results indicate that patients who were treated with Tocilizumab experienced a signi�cantly lower duration of hospitalization
duration in the hospital and ICUs and also lower mortality rates, however, without signi�cantly affecting the need for mechanical
ventilation. The risk of complication occurrences after drug administration was not higher than other therapy groups. The most
probable reason behind diverse results between these studies is the basic differences in studies design; in which some studies
were case reports, while some had a more extensive pool of patients. On the other hand, some of the studies, in the process of
analyzing mortality rates among the groups who had not been treated with Remdesivir or Tocilizumab, have matched the patients
based on critical mortality risk factors such as age, transplant type, and immunosuppressive regimen, while several considered
this factor in their clinical trial. Also, there are differences in the onset of Tocilizumab administration and its enrolling
requirements. In some studies, Tocilizumab was combined with high doses of corticosteroids and the drug administration had
been started prior to intubation, while in some studies, the therapy had been started after patient intubation. Also, while some
studies restricted mortality rates to its occurrence during hospitalization, several had followed up on the patients the mortality
rates for 30 days after dismissing dates. (43)

Our study had several limitations. The retrospective method may include the risk of having false-positive results as well as
overestimation. Due to this, it seems that designing a clinical trial to analyze the results related to the administration of anti-viral
and immunomodulator drugs in transplant patients is critical. Our study only includes the results during the hospitalization period,
and the patients haven’t been followed up after being discharged. For example, 28-day mortality and long-term complications
were not evaluated. Another limitation was that there was no control group including the non-transplant infected patients.
Therefore, the unique features of the transplant patient in terms of clinical symptoms, response to medications, and potential
adverse effects of drugs could not be measured. Also, one of the factors in�uencing the reduction of mortality throughout the
study timeline has been the more experienced medical staff in the �eld of management of patients with COVID-19, but it is
somewhat di�cult to assess the effect of this factor alone. Finally, in our study, some patients received multiple agents, and
therefore the impact of each agent is di�cult to tease out.

Conclusion
Our data shows a meaningful decrease in mortality rates and hospitalization period amongst SOT patients after the
administration of Remdesivir, as an anti-viral, and Tocilizumab, as an immunomodulator drug.
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