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Abstract
BACKGROUND
Solid organ transplant recipients are considered to be at high-risk of developing coronavirus disease 2019 (COVID-19)-related complications. The optimal treatment for this patient group is unknown. Consequently, the treatment of COVID-19 in kidney transplant recipients should be determined individually, considering patient age and comorbidities, as well as graft function, time of transplant, and immunosuppressive treatment. Immunosuppressive treatments may give rise to severe COVID-19. On the contrary, they may also lead to a milder and atypical presentation by diminishing the immune system overdrive.

CASE SUMMARY
A 50-year old female kidney transplant recipient presented to the transplant clinic with a progressive dry cough and fever that started three days ago. Although the COVID-19 test was found to be negative, chest computed tomography images showed consolidation typical of the disease; thus, following hospital admission, anti-bacterial and COVID-19 treatments were initiated. However, despite clinical improvement of the lung consolidation, her creatinine levels continued to increase. Ultrasound of the graft showed no pathology. The tacrolimus blood level was determined and the elevation in creatinine was found to be related to an interaction between tacrolimus and azithromycin.

CONCLUSION
During the COVID-19 pandemic, various single or combination drugs have been utilized to find an effective treatment regimen. This has increased the possibility of drug interactions. A limited number of studies published in the literature have highlighted some of these pharmacokinetic interactions. Treatments used for COVID-19 therapy; azithromycin, atazanavir, lopinavir/ritonavir, remdesivir, favipiravir, chloroquine, hydroxychloroquine, nitazoxanide, ribavirin, and tocilizumab, interact with immunosuppressive treatments, most importantly with calcineurin inhibitors. Thus, their levels should be frequently monitored to prevent toxicity.
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Core Tip: This case report is illustrative for dilemmas experienced by transplant professionals while managing kidney transplant recipients with coronavirus disease 2019 (COVID-19). By reporting this case, we intend to create awareness of drug interactions observed in renal transplant recipients with COVID-19.

INTRODUCTION
Kidney transplant recipients are considered a high-risk group for coronavirus disease 2019 (COVID-19)-related complications due to the vulnerability constituted by immunosuppressive treatments. The duration after transplant and graft function are the most crucial factors for the management of kidney transplant recipients with COVID-19[1]. A kidney transplant recipient`s risk of developing COVID-related complications should be evaluated individually considering immunosuppressive treatment and comorbidities (diabetes, hypertension, chronic kidney disease, and atherosclerotic disease)[2].
On the other hand, immunosuppressive therapy may have positive effects on the disease course in kidney transplant recipients with COVID-19 by decreasing the viral load. Several studies have demonstrated that COVID-19 viral replication depended on active immunophilin pathways. The immunosuppressive drugs tacrolimus and cyclosporine arrested coronavirus proliferation in human cells and inhibited their replication through these pathways[3,4].
In addition to classic clinical symptoms of COVID-19, renal transplant recipients may present with atypical symptoms, such as diarrhea and vomiting. This atypical presentation with a negative COVID-19 test may lower the suspicion of infection in an otherwise infected individual. Therefore, in the case of controversy, unenhanced chest scans with a low dose of IV contrast should be obtained to ensure patient safety and reduce complications.
This study demonstrates the lessons learned while managing a kidney transplant recipient infected with COVID-19 and the pharmacokinetic interactions encountered related to its treatment.

CASE PRESENTATION
Chief complaints
A 50-year old female kidney transplant recipient presented to the transplant clinic with a progressive dry cough and fever that started three days ago. 

History of present illness
She described accidentally being in contact with a symptomatic COVID-19 positive individual 7 d prior to her cough and fever. 

History of past illness
She had received a standard criteria deceased donor kidney seven years ago with anti-thymocyte globulin induction. Since then her kidney function was stable with maintenance immunosuppressants consisting of tacrolimus (1.5 mg/d), mycophenolate mofetil (720 mg/d), and prednisone (5 mg/d). 

Personal and family history
She did not smoke, consume alcohol, or have coronary artery disease. Her only comorbidity was mild hypertension treated with amlodipine (10 mg/d). Her family history was unremarkable. 

Physical examination
On examination, her temperature was 38oC, heart rate 100 bpm, respiratory rate 14 breaths/min, blood pressure 120/60 mmHg, and oxygen saturation 96%. Auscultation of the chest revealed bilateral fine crackles at the base of the lungs. 

Laboratory examinations
Her graft function was stable with a minimum elevation from her baseline creatinine of 0.9 to 1.1 mg/dL. The glomerular filtration rate was 58.5 mL/min. Complete blood count showed increased white blood cells (20800/μL) with a total lymphocyte count of 1210/μL. The hemoglobin and platelet counts were 10.6 g/dL and 177.000/μL, respectively. The remaining biochemical parameters were within normal ranges. A high level of C-reactive protein (CRP) was noted (276 mg/L). Complete urine analysis was unremarkable. Lastly, her trough tacrolimus level was 5.5 ng/mL.

Imaging examinations
Chest X-ray was normal. Although the patient did not give a history of traveling abroad or contacting COVID-19 positive individuals, a chest computed tomography (CT) scan was obtained. The scan revealed consolidation areas with air bronchograms in the left lower lobe with pneumonic infiltrations (Figure 1). A nasopharyngeal swab to test for COVID-19, influenza A/B was obtained. Additionally, blood samples for cytomegalovirus (CMV) and BK virus serology were sent to the microbiology department to diagnose opportunistic viral infections.

FINAL DIAGNOSIS
With an infectious disease specialist`s recommendations and considering the chest CT images showing consolidation typical of the disease, anti-bacterial and COVID-19 treatments were initiated. This empirical treatment consisted of piperacillin-tazobactam (4.5 g three times a day), azithromycin (500 mg load, then 250 mg/d), chloroquine (800 mg/d load, then 400 mg/d), and oseltamivir (75 mg/d). No modification of the existing maintenance immunosuppressive treatment was considered at this time (antiproliferative, calcineurin inhibitor, steroid).

TREATMENT
Upon admission to hospital, intravenous hydration was initiated to support oral hydration and maintain daily urinary output.  On the second day of admission creatinine continued to rise to 1.2 mg/dL. Ultrasound of the abdomen and transplant revealed no pathology. The COVID-19, influenza, CMV, and BK virus results were negative. Oseltamivir treatment was ceased and although the COVID-19 polymerase chain reaction (PCR) test was negative, chloroquine 400 mg/d and azithromycin 250 mg/d were continued due to the suspicious findings on chest CT and the patient’s risk group. To treat possible bacterial pneumonia, piperacillin-tazobactam (4.5 g three times a day) administration was continued for a further ten days.

OUTCOME AND FOLLOW-UP
The creatinine level continued to increase on the 6th post-admission day up to 1.4 mg/dL. One the same day tacrolimus trough level was found to be 23.58 ng/mL (Table 1). The elevation in creatinine was considered to be due to high tacrolimus blood levels. The medication list was reviewed by the transplant nephrology team for possible drug interactions. Macrolide antibiotics were thought to be the cause of this elevation. As the patient had no fever since admission and both blood cell count and CRP levels had returned to normal ranges, the macrolide antibiotic azithromycin was stopped. Subsequently, the serum tacrolimus level decreased to within the therapeutıc range (5.9 ng/mL), and creatinine levels returned to baseline. The patient was discharged on the 7th postadmission day, a follow-up appointment at the outpatient clinic one week later showed excellent graft function.

DISCUSSION
Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) causing COVID-19, which was first identified in Wuhan, China at the end of 2019, has become a worldwide pandemic. Contact history, clinical, laboratory, and imaging findings should be combined for an accurate diagnosis. Most patients with COVID-19 do not have severe respiratory problems and present with mild, flu-like symptoms. The most common symptoms recorded included fever, dry cough, myalgia, and tiredness. Among the diagnostic tests PCR, as well as, lymphopenia and bilateral ground-glass opacification on CT scan were found to be highly beneficial in the diagnosis of COVID-19[6,7].
On the other hand, COVID-19 may have a variety of presentations in renal transplant recipients. The few cases reported in the literature provide low-quality scientific evidence[1,2,8-10]. There is a lack of evidence-based effective antiviral treatment for COVID-19. While experimental pharmacological therapy with limited scientific evidence can be wise in addition to a risk-benefit calculation, pharmaceutical interactions should always be kept in mind. 
Patients of any age with a medical diagnosis of cancer, chronic kidney disease, chronic obstructive pulmonary disease, obesity, heart failure, and type 2 diabetes fall into the risk group for COVID-related complications. Additionally, elderly patients over 65 years of age are associated with higher intensive care unit (ICU) admission rates when infected with COVID-19. The 50-year-old patient described in this report only had the risk factor of receiving immunosuppressive treatment.
Patients with clinical suspicion and positive thoracic CT findings or PCR test results considered to have COVID are treated as per the recommendations of the Turkish Ministry of Health COVID treatment guidelines.  The patient described in this report had unilateral pneumonic infiltration without ground glass opacification on the CT scan. Although the PCR test result was negative, COVID-19 treatment was initiated due to the CT findings and the patient's status. As our patient was not critically ill, no modification of the immunosuppressive regimen was required.
Literature reports show the impact of uncontrolled inflammation and cytokine storm syndrome on COVID-19 related mortality[11]. As a result, new treatment methods are focused on diminishing uncontrolled inflammation and preventing excessive cytokine release such as interleukin (IL)-6, IL-1, and tumor necrosis factor (TNF) alpha. Maintenance immunosuppressive treatments may have a positive impact on disease progression by reducing viral replication, suppressing the cytokine storm, and preventing immune activation[12].  On the other hand, patients with COVID-19 presenting with critical illness constitute a different dilemma. As critical illness due to COVID-19 is a life-threatening multisystem condition that can lead to significant morbidity and mortality in renal transplant recipients, immunosuppressive therapies should be modified to avoid serious complications. These modifications should be evaluated individually as one case is not the same as another. Briefly, a targeted immunosuppression regimen should be preferred.
The targeted immunosuppression regimen should include a low-dose corticosteroid (CS) due to its anti-inflammatory effects and immunomodulatory characteristics. Additionally, inhibition of proinflammatory cytokines by steroids maintains the integrity of vascular endothelium and regulates endothelial permeability. Thus, it is common to increase the CS dose while decreasing or stopping the other immunosuppressive treatments. Antiproliferative immunosuppressant agents should be ceased during COVID-19 therapy. It is not clear whether calcineurin inhibitor (CNI) doses should be reduced or not. CNI withdrawal is recommended for patients with severe pneumonia that may need intubation[8].
During the COVID-19 pandemic, various single or combination drugs have been used in the search for an effective treatment.  The search underscores the significance of drug interactions. QT monitoring is mandatory when hydroxychloroquine and azithromycin are combined[13]. QT prolongation, mostly seen in pharmaceutical interactions, was not detected in our patient. A limited number of studies have emphasized the significance of pharmaceutical interactions between immunosuppressive treatments and COVID-19 therapy[14]. Medications used for COVID-19 therapy, including, azithromycin, atazanavir, lopinavir/ritonavir, remdesivir, favipiravir, chloroquine, hydroxychloroquine, nitazoxanide, ribavirin, and tocilizumab may interact with immunosuppressive treatments through different pathways. Mycophenolate potentially interacts with lopinavir/ritonavir.  A dose reduction and close laboratory monitoring are required when both drugs are used in combination. Sirolimus is known to increase the level of atazanavir and lopinavir/ritonavir; therefore, their combination is contradictory. Calcineurin inhibitors increase the serum levels of atazanavir, lopinavir/ritonavir, chloroquine, and hydroxychloroquine. Dose adaptation and close monitoring are recommended. Finally, CNI may slightly decrease tocilizumab levels[15]. Macrolides increase CNI levels through their interaction with the p450 enzyme. The macrolide azithromycin is well known for its minimal effect on the p450 enzyme system[16].
Our patient demonstrated elevated tacrolimus drug levels and a subsequent increase in serum creatinine, as a result of the addition of azithromycin to treat COVID-19. After the withdrawal of azithromycin, tacrolimus levels rapidly returned to target values. Target CNI values for renal transplant patients with COVID-19 should be between 4 and 6 ng/mL. As azithromycin may interact with CNI, CNI blood levels should be checked frequently when both are combined.

CONCLUSION
Kidney transplant patients are at risk of COVID-19 depending on the time of transplant, graft function, age, and comorbidities. Immunosuppression may lead to severe COVID-19 with complications. However, a decrease in viral load due to immunosuppressive treatment may lead to a milder and atypical presentation.
A reduction in immunosuppressive treatment should be considered in critically ill patients. In addition, special attention should be paid to the pharmaceutical interactions between antibiotics, antivirals, and immunosuppressants. Modification of immunosuppressive therapy in COVID-19 patients entails cessation of antiproliferative therapy. In addition to this, an increase rather than a reduction in steroid dose is necessary. Calcineurin inhibitor withdrawal may be required depending on the presentation and progression of COVID-19. If there is no need to withdraw CNI treatment, then, serum trough levels should be frequently monitored to prevent graft toxicity.
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Figure Legends
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Figure 1 Computed tomography scan of the chest, which showed consolidation areas with air bronchogram in the left lung lower lobe, and pneumonic infiltration. Coronavirus disease 2019 was not eliminated.

Table 1 Laboratory findings on admission and follow-up of the patient
	
	Admission 
	PA-day 2
	PA-day 4
	PA-day 6
	PA-day 8
	PA-day 10
	Clinic

	Urea (mg/dL)
	45
	49
	53
	59
	50
	42
	40

	Creatinine (mg/dL)
	1.1
	1.2
	1.3
	1.4
	1.2
	1.1
	0.9

	eGFR (CKD-EPI) (mL/min/1.73 m²)
	58.5
	52.7
	47.8
	43.7
	52.7
	58.5
	76.4

	Tacrolimus level (ng/mL)
	5.5
	7
	-
	23.58
	12
	6.3
	5.9


eGFR: Estimated glomerular filtration rate; PA: Post admission.
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