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Abstract 

Introduction: On February 19, 2020, the first confirmed case of Coronavirus disease 2019, known as COVID-19, was identified in Iran. 
The disease spread rapidly throughout the country. Some of the cases were asymptomatic, some had mild to severe symptoms, and some 
of them died. Transplant patients are highly at risk due to long-term immunosuppressive therapy, and precise treatment approaches are 
needed to not only cure the disease but also protect graft function.   
Case Presentation: This study reports two kidney transplant patients with COVID-19 pneumonia, both of whom showed respiratory and 
gastrointestinal symptoms. High cyclosporine and tacrolimus trough levels were observed despite initial dose reduction. After a 
treatment program containing reduced immunosuppressant dose and the addition of pulsatile hydrocortisone, these patients recovered 
effectively. We also discuss the importance of drug-drug interactions related to COVID-19 treatment protocol medications, especially with 
immunosuppressants in these patients. 
Conclusion: In conclusion, frequent monitoring of the trough levels of calcineurin and mammalian target of rapamycin inhibitors during 
hospitalization is recommended. It helps to determine the ideal treatment and prevent serious clinical toxicity.   
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1. Introduction 

As of March 11, 2020, coronavirus disease 2019 
(COVID-19) was declared a global pandemic; 
subsequently, countries have been carrying the heavy 
burden of the COVID-19 outbreak. Kidney transplant 
patients are at high risk due to their 
immunosuppressive regimens. Treatment and 
prognosis of COVID-19 in transplant patients may 
differ from others due to long-term transplant-
related immunosuppression (1). For all we know, the 
first report of COVID‐19 in kidney transplant 
recipients was a 52‐year‐old male from Wuhan with 
similar clinical characteristics to those of non-
transplant COVID-19 patients; he improved 13 days 
after hospital admission (2).  

Previous studies recommended that immunosup-
pression might weaken the “immune system 
overdrive”, underlie the development of acute 
respiratory distress syndrome, and lead to mortality 
(3). These patients receive many medications either 
for immunosuppression or for the treatment of the 
underlying disease; therefore, they are usually 
struggling with polypharmacy and drug interactions. 
Calcineurin inhibitors (CNIs) have the most potential 
to be affected by drug-drug interactions (DDIs) and 
have a narrow therapeutic window (4).  

The COVID-19 treatment protocols include antiviral 
drugs causing many DDIs, especially pharmacokinetics 
in nature. Inhibition of the cytochrome P450 enzyme 

system leading to a surge in serum concentrations of 
CNIs may increase the risk of side effects, including 
neurotoxicity and nephrotoxicity (5). Examination of 
COVID-19 patients on antivirals can help us study the 
effect of lopinovir/ritonivir, which was previously 
mainly used in AIDS patients, in a wider aspect. 
Moreover, it helps us study the effects of drug 
interaction on the therapeutic effects and changes in 
the levels of CNIs and mammalian target of 
rapamycin (m-TOR) inhibitors. As the literature on 
kidney transplant cases infected with COVID-19 is 
limited, we believe that sharing the experiences of 
these patients from Iran may be of interest to 
healthcare providers all over the world. 
 

2. Case Presentation 

2.1. Case 1 
M was a 53-year-old man who underwent kidney 

transplantation 15 years ago. Triple maintenance 
immunosuppressive therapy was administrated to 
him with oral cyclosporine (75 mg twice daily), 
mycophenolate mofetil (1000 mg twice daily), and 
prednisolone (5 mg daily) until last year. From a year 
ago he ceased using prednisolone and did not visit a 
physician again. In his last visit, his serum creatinine 
(Cr) was 2.1 mg/dL and cyclosporine levels were in 
therapeutic ranges. 

On March 17, 2020, the patient was transferred 
from another hospital to Razi Educational Remedial 
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and Research Center, a governmental referral teaching 
hospital affiliated with Guilan University of Medical 
Sciences, Rasht, Iran. He had been taking oseltamivir 
(75 mg every other day) and lopinavir/ritonavir (400 
mg/100 mg twice daily) from seven and four days 
before his admission, respectively. At the time of 
admission, his immunosuppressive therapy was 
adjusted, cyclosporine was changed to 25 mg twice 
daily, and mycophenolate mofetil was discontinued. 

His initial symptoms, recorded in a monitoring 
sheet, were shortness of breath, dry coughs, fever, 
diarrhea, and agitation. Physical examination on 
admission revealed a body temperature of 36.9 °C 
and oxygen saturation of 92% with the oxygen mask. 
His laboratory results and radiological features on 
admission were as follows: white blood cell (WBC) 
count on peripheral blood: 5.6×109/L (lymphocyte: 
10%), Cr level: 4.2 mg/dL; C-reactive protein (CRP): 
2+, LDH: 1625 U/L, alanine aminotransferase (ALT): 
47 U/L, and aspartate aminotransferase (AST): 61 
U/L. Chest computed tomography (CT) showed 
ground-glass opacity with multifocal and bilateral 
consolidation, linear opacity bronchiectasis, and a CT 
score of 20. Nasopharyngeal swab sample for reverse 
real-time polymerase chain reaction (PCR) for SARS-
CoV-2 was negative. However, based on laboratory 
and clinical characteristics, the patient was diagnosed 
with COVID-19 pneumonia. 

The patient received treatment based on the 
national protocol at that time which included 
lopinavir/ritonavir (400 mg/100 mg twice daily) along 
with hydroxychloroquine (400 mg stat). In addition, 
meropenem 500 mg twice daily and vancomycin 1000 
mg stat, 500 mg every 48 h were administrated. 
Moreover, according to recommendations (6), 
cyclosporine was reduced to 50 mg twice a day, 
mycophenolate mofetil was ceased, and hydrocortisone 
(50mg thrice daily) was also initiated (Figure 1).  

On day four, dry coughs worsened, and sodium 
and potassium levels dropped to 131 mEq/L and 3.2 
mEq/L, respectively. Hence, dextromethorphan 15 
mg thrice daily and vancomycin 500 mg were 
commenced. The day after, metronidazole 500 mg 
thrice daily was started due to diarrhea. On day 
seven, intravenous immunoglobulin was added to his 
drug regimen. Proceeding to day 10, the cyclosporine 
level (C0) was 414.1 ng/dL; therefore, the 

cyclosporine dose was reduced to 25 mg twice a day 
and corticosteroid therapy was changed to 
prednisolone (5 mg twice daily).  

In the following days, he showed general 
improvement with the following results: oxygen 
saturation: 97% (room air), Cr: 2.3 mg/dL, C0: 29.9 
ng/dL, ALT: 22 U/L, and AST: 25 U/L. On day 27, 
immunosuppressive therapy was restarted and three 
days later, he was discharged from the hospital. His 
immunosuppressive regimen included prednisolone 
(5 mg twice daily), cyclosporine (50 mg twice daily), 
and mycophenolate mofetil (1000 mg twice daily).  

A week later, in his follow-up in the office of the 
physician, he was in good condition without any 
respiratory symptoms. His C0 was 64.9 ng/dL and the 
other laboratory findings were as follows: Cr: 3.2 
mg/dL, blood urea nitrogen: 54 mg/dL, and WBC 
count: 11×109/L (lymphocyte: 26%). 

2.2. Case 2 
A was a 44-year-old man who underwent kidney 

transplantation in 2011 with a baseline Cr of 1.3 
mg/dL and was admitted on March 14, 2020. His 
initial symptoms were dry coughs, fever, and 
diarrhea. Physical examination on admission 
revealed a body temperature of 37 °C and oxygen 
saturation of 96% (ambient air). His chest CT results 
showed multifocal and bilateral consolidation, 
bronchiectasis, and a CT score of 16.  
The baseline regimen included sirolimus (1 mg twice 
daily), prednisolone (5 mg daily), and mycophenolate 
sodium (720 mg twice daily). His treatment included 
lopinavir/ritonavir (400 mg/100 mg twice daily), 
along with hydroxychloroquine (400 mg stat) and 
oseltamivir (75mg twice daily). For adjustments to 
immunosuppressive therapy, sirolimus was reduced to 
1 mg daily, mycophenolate sodium was discontinued, 
and hydrocortisone (50 mg thrice daily) was also 
initiated (Figure 2). Nasopharyngeal swab for PCR for 
SARS‐CoV‐2 was negative based on laboratory and 
clinical characteristics. He was discharged with the 
diagnosis of COVID-19 and home isolation was 
prescribed for him. Moreover, he continued 
hydroxychloroquine and oseltamivir, discontinued 
lopinavir/ritonavir, and started immunosuppressive 
therapy with pre-illness dosage the day after. 

After three days, the patient returned with 

Day
Home

Pirouz 
Hospital

Razi Hospital Discharge Follow-up

-1 1-3 4-7 8 9-15 16 17 18-19 20 21 22-27 28 29-33 34-35 36 37 +7
scontinuedDi

C 
(C0) 
Cr

150 mg/d 50 mg/d 100 mg/d 50 mg/d 100 mg/d
414.1 ng/dL 29.9 ng/dL 64.9 ng/dL

2.1 mg/dL 4.2 mg/dL 3.2 mg/dL 2.3 mg/dL 3.2 mg/dL
2000 mg/d Hold 2000 mg/d

150 mg/d scontinuedDi
10 mg/day

 C (C0): Cyclosporine trough concentration, Cr: Serum creatinine

 Figure 1. Treatment and immunosuppressive dose adjustment for (M) according to the day of illness 
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Day 
Home Razi Hospital Home Razi Hospital Discharge Follow-up 

-1 1-3 4-5 6 7-10 11 12-19 20 21-24 25 26-30 31 32 +7 

      scontinuedDi 

 2 mg/d 1 mg/d 
2 

mg/d 
1 mg/d scontinuedDi 

 1440 mg/d Hold 
1440 
mg/d 

Hold 1440 mg/d 

  2 mg/d Hold 2 mg/d 

T (C0)  
30 

ng/dL 
2.9 ng/dL 8 ng/dL 

Cr 1.3 mg/dL 3.29 mg/dL 3 mg/dL 5 mg/dL 2.45 mg/dL 1.1 mg/dL 1.3 mg/dL 
  150 mg/d  150 mg/d scontinuedDi 
 5 mg/day Hold                10 mg/day 

T (C0): Tacrolimus trough concentration, Cr: Serum creatinine 
 

Lopinavir/ritonavir Cyclosporine Prednisolone Hydrocortisone Sirolimus Tacrolimus 
Mycophenolate mofetil/ 

Mycophenolic acid 
 

Figure 2. Treatment and immunosuppressive dose adjustment for (A) according to the day of illness 

 
shortness of breath, dry coughs, myalgia, and severe 
diarrhea. The blood workup were as follows: WBC 
count: 8.8×109/L (lymphocyte: 13%), Cr level: 3 
mg/dL, CRP: 3+, alkaline phosphatase: 133 IU/L, ALT: 
75 U/L, and AST: 87 U/L. Hydroxychloroquine (400 
mg stat), lopinavir/ritonavir (400 mg/100 mg twice 
daily), and meropenem 1000 mg twice daily were 
started. On day 19, based on recommendations and 
due to m-TOR inhibitors potentials for leukopenia, 
thrombocytopenia, and pneumonitis (7), sirolimus 
was replaced by tacrolimus (1 mg twice daily).  

In the following days, shortness of breath 
worsened and oxygen saturation dropped to 88% in 
ambient air; therefore, metronidazole (500 mg thrice 
daily) and levofloxacin (500 mg daily) were started. 
On day 20, tacrolimus level was above 30 ng/dL; 
hence, tacrolimus usage was ceased and restarted 
again after six days. On day 25, the patient presented 
a general improvement, including a significant 
decrease in cough and shortness of breath with an 
oxygen saturation level of 94% (room air), Cr of 1.1 
mg/dL, tacrolimus level of 2.9 ng/dL, ALT of 17 U/L, 
and AST of 39 U/L. A week later, He was discharged 
and tacrolimus (1 mg twice daily), mycophenolate 
sodium (360 mg twice daily), and prednisolone (5 mg 
twice daily) were prescribed for him. In the follow-
up, tacrolimus level was 8 ng/dL, and he was in good 
health at home. 

 

3. Discussion 

As a result of immunosuppression in kidney 
transplant patients, the clinical manifestations, 
treatment, and prognosis of COVID-19 pneumonia in 
them may vary from other patients. Nevertheless, the 
available data on COVID-19 in these patients is not 
sufficient.  

In a case report, Meziyerh S et al. reported a 
35‐year‐old kidney transplant man who had severe 
COVID‐19 pneumonia with initial symptoms of fever, 
cough, malaise, muscle pain, and headache. His 
maintenance therapy included everolimus (3 mg 
twice daily) and prednisolone (7.5 mg daily). His 
baseline Cr level was around 1.8 mg/dL, and 

everolimus trough concentrations were within the 
range of 3‐8 µg/L. Symptoms worsened over time; 
accordingly, Cr raised to 3.6 mg/dL, and a 
nasopharyngeal swab for SARS‐CoV‐2 was positive. 
Therefore, antiviral therapy with chloroquine (600 
mg stat and 300 mg twice daily afterward) and 
lopinavir/ritonavir (400/100 mg twice daily) was 
started and everolimus was reduced to 2 mg twice 
daily.  

After two days, the everolimus trough level was 
31.1 µg/L; hence, everolimus was discontinued. 
However, two days after the discontinuation, the 
everolimus trough level was 14.4 µg/L. Therefore, 
lopinavir/ritonavir and chloroquine were discon-
tinued as well. Four days later, the everolimus level 
was below the detection limit, and cyclosporine was 
started for immunosuppression (8). This team 
preferred cyclosporine over everolimus due to its 
potential in vitro antiviral effect against 
coronaviruses, patient clinical condition, and adverse 
effects of everolimus, like mucosal ulcers and 
interstitial lung disease. 

In another study, Bartiromo M et al. reported a 
36-year-old female kidney transplant patient 
diagnosed with COVID-19 pneumonia with initial 
symptoms of fatigue, dry cough, and coryza. In her 
last visit, her Cr and tacrolimus trough levels were  
1.5 mg/dL and 8.8 ng/mL, respectively, with 
maintenance therapy including tacrolimus (5 mg 
twice daily) and methylprednisolone (4 mg daily).  On 
admission, her Cr level was 2.29 mg/dL, and antiviral 
therapy was started with lopinavir/ritonavir  
(400 mg/100 mg twice daily) along with 
hydroxychloroquine (200 mg twice daily). 

Adjustments were as follows: tacrolimus and 
methylprednisolone were reduced to 3 mg twice 
daily and 6.5 mg daily, respectively. Two days later, 
due to drug intolerance, darunavir/cobicistat (800 
mg/150 mg) were replaced by lopinavir/ritonavir. 
On day three, the tacrolimus trough level was 90.5 
ng/mL; therefore, both antiviral therapy and 
tacrolimus were discontinued. Daily monitoring of 
tacrolimus trough levels showed a gradual reduction 
on days 4 to 9 (81.5, 74.5, 72.4, 33.8, 18.8 ng/mL in 
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that order). She was discharged on day nine, and 
tacrolimus trough levels on days 16, and 23 were 19, 
and 15 ng/mL, respectively, while Cr on day 23 was 
1.75 mg/dL.  

In the aforementioned study, the team focused on 
the reduction of immunosuppressant use and 
maintenance of the low dose of methylprednisolone. 
In this method, the anti-infection immunity was 
restored in patients, and the anti-inflammatory and 
graft-protective effects of steroids led to clinical 
improvement (9). They also found extremely high 
tacrolimus level (10-fold the baseline through level) 
even after reduction to 3/5 background dose, which 
is probably due to the co-administration of 
lopinavir/ritonavir. In the present study, we also 
reduced the dosage of cyclosporine and sirolimus, 
withdrew mycophenolate sodium or mycophenolate 
mofetil, and used appropriate doses of pulsatile 
intravenous corticosteroids. It should be kept in mind 
that the usage of excessive doses of steroids for long 
durations may deteriorate recovery and lead to other 
side effects (10).  

Protease inhibitors are known to inhibit the 
cytochrome 3A enzyme system that is responsible for 
the metabolism of immunosuppressive drugs, such as 
tacrolimus, sirolimus, and cyclosporine (11). In the 
first visit of A, he was in good condition and was 
discharged to continue his treatment at home, and 
sirolimus was not changed to tacrolimus at that time. 
His exacerbated pneumonia and return to the 
hospital could confirm the m-TOR inhibitor potential 
for pneumonitis (12).  

Given that m-TOR inhibitors may increase 
mucosal susceptibility more precisely, as evidenced 
by adverse events, such as mucosal ulcers, 
leukopenia, thrombocytopenia, and pneumonitis, we 
decided to use tacrolimus instead of sirolimus. Two 
weeks after the discontinuation of lopinavir/ 
ritonavir, the tacrolimus level was about four-fold 
above the therapeutic ranges. Our result is 
inconsistent with that of a study performed by Jain 
AB et al., according to which the patients may not 
need a further tacrolimus dose for up to three weeks 
after the start of lopinavir/ritonavir (13). With our 
estimations according to recommendations, our 
patient may need 0.5-1 mg tacrolimus per week while 
he was on lopinavir/ritonavir (14). 

When M was in the hospital and took cyclosporine 
(100 mg daily), lopinavir/ritonavir (400 mg/100 mg 
twice daily), and hydroxychloroquine (400 mg), his 
cyclosporine level was about six times higher than 
when he was discharged and took 100 mg 
cyclosporine daily at home. The difference between 
the multiplication of cyclosporine concentration in 
this study and the one conducted by Vogel M et al. 
may be due to the co-administration of 
hydroxychloroquine (15). He took only 400 mg; 
however, its long half‐life leads to interaction even 
weeks after withdrawal (16). With regard to 

recommendations, our patient might have needed 
cyclosporine (25 mg every two days) while he was on 
lopinavir/ritonavir and hydroxychloroquine (14).  

Acute kidney injury (AKI) was observed in both 
patients during hospitalization. The risk of AKI 
increases with the concurrent use of CNIs as the basis 
of immunosuppression in kidney transplant 
recipients, especially those with high serum levels 
resulting from interaction with protease inhibitors 
(4). However, AKI is a common complication of 
COVID-19 (17) in patients who use CNIs. According to 
the findings of a recent study, lopinavir/ritonavir 
treatment had no benefit over standard care and even 
had more adverse effects (18).  

We recommend discontinuation of m-TOR 
inhibitors as soon as possible and the addition of 
pulsatile corticosteroids. Furthermore, in the case of 
co-administration of CNIs or m-TOR inhibitors with 
strong CYP3A inhibitors, such as antivirals, close 
monitoring of blood concentrations, clinical status, and 
signs of drug toxicity are recommended. For additional 
reference throughout the COVID‐19 pandemic, a 
summary of drug interactions with COVID‐19 
therapies is presented by the University of Liverpool 
(http://www.covid19‐druginteractions.org/). 

This study highlighted the importance of DDIs in 
kidney transplant patients with COVID-19. It is 
difficult to generalize the results to the whole 
transplant population; nevertheless, the findings of 
this and other reports can be used as guides for the 
management of such patients. In conclusion, a 
decrease in immunosuppressant dose should be 
measured in critically ill patients. Furthermore, 
special consideration is needed for the 
pharmaceutical interactions between antivirals,  
and immunesuppressants. In addition, frequent 
monitoring of CNI and m-TOR inhibitors levels 
during hospitalization is recommended to help 
determine ideal treatment and prevent serious 
clinical toxicity.  
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