

[image: image1]
The Role of HLA Antigens and Steroid Dose on the Course of COVID-19 of Patients After Kidney Transplantation












	
	ORIGINAL RESEARCH
published: 01 November 2021
doi: 10.3389/fmed.2021.730156






[image: image2]

The Role of HLA Antigens and Steroid Dose on the Course of COVID-19 of Patients After Kidney Transplantation

Ivana Dedinská1*, Petra Skálová1, Karol Graňák1, Matej Vnučák1, Tatiana Baltesová2, Zuzana Žilinská3 and Miloš Jeseňák4


1Jessenius Faculty of Medicine, Transplantation Center, University Hospital, Comenius University, Martin, Slovakia

2Transplant Department, L. Pasteur's University Hospital, Košice, Slovakia

3Department of Urology, Medical Faculty, Renal Transplantation Center, University Hospital, Comenius University, Bratislava, Slovakia

4Department of Pediatrics, Department of Pneumology and Phthisiology, Department of Clinical Immunology and Allergology, Jessenius Faculty of Medicine, University Hospital, Comenius University, Martin, Slovakia

Edited by:
Ondrej Viklicky, Institute for Clinical and Experimental Medicine (IKEM), Czechia

Reviewed by:
Ivan Zahradka, Charles University, Czechia
 Björn Tampe, University Medical Center Göttingen, Germany

*Correspondence: Ivana Dedinská, idedinska@yahoo.co.uk; ivana.dedinska@uniba.sk; orcid.org/0000-0002-8246-4268

Specialty section: This article was submitted to Nephrology, a section of the journal Frontiers in Medicine

Received: 24 June 2021
 Accepted: 17 September 2021
 Published: 01 November 2021

Citation: Dedinská I, Skálová P, Graňák K, Vnučák M, Baltesová T, Žilinská Z and Jeseňák M (2021) The Role of HLA Antigens and Steroid Dose on the Course of COVID-19 of Patients After Kidney Transplantation. Front. Med. 8:730156. doi: 10.3389/fmed.2021.730156



Background: Kidney transplant recipients appear to be at higher risk for critical COVID-19. Our analysis aimed to identify the possible risk factors for a severe course of the COVID-19 disease and to determine the influence of selected human leukocyte antigens (HLAs) on the course of the disease.

Methods: This is a retrospective, multicenter analysis that included patients that were confirmed to be severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) positive after kidney transplantation (KT). The group of patients was divided into two subgroups according to the course of the infection, as follows: non-hospitalized and hospitalized.

Results: A total of 186 patients (men, 69.4%) with confirmed SARS-CoV-2 positivity were included in the group. The following independent risk factors for the outcome of hospitalization were identified: the age at the time of infection [odds ratio (OR) = 1.19, P < 0.0001], a body mass index (BMI) >29.9 kg/m2 (OR = 7.21, P < 0.0001), <7.5-mg prednisone dose/day (OR = 2.29, P = 0.0008), and HLA-DQ2 with a protective nature (OR = 0.05, P = 0.0034).

Conclusions: Higher doses of corticosteroids (>7.5 mg/kg) in standard immunosuppressive regimes and HLA-DQ2 appear to be protective factors in our analysis.
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INTRODUCTION

The novel coronavirus, severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), was first identified toward the end of 2019 in Wuhan, in the Hubei province of China, and spread rapidly throughout the world. The clinical symptoms of the disease vary from a completely asymptomatic course through fever, cough, the development of bronchopneumonia, up to multiorgan failure (1).

Kidney transplant recipients appear to have a particularly high risk for critical COVID-19 illness due to chronic immunosuppression and coexisting conditions (2). In comparison with the general population, patients who underwent kidney transplantation (KT) from diabetes mellitus, arterial hypertension, or cardiovascular diseases suffer more often. Immunosuppressive treatment is also a precondition for the worse course of the disease, most frequently with the combination of calcineurin inhibitors (CNI), mycophenolate mofetil (MMF), and corticosteroids (2–4).

Several analyses compared the course of COVID-19 infection in patients after KT to the non-transplanted population for their similarities, with large inter-individual differences. According to data from the European Renal Association COVID-19 Database register (ERACODA), the 28-day probability of death in 1,073 patients (28% after KT and 72% in a chronic dialysis program) was 21.3% in the patients who had kidney transplants and 25% in those undergoing dialysis (5). The available data from China show the high mortality of patients with end-stage kidney disease (33%) (6), and the data from Spain and Italy have shown the 30% mortality rate of dialyzed patients (7, 8). Known publications from New York reported a 16–30% mortality rate in the group of patients after KT (2, 9, 10).

The risk factors for hospitalization or death in this population remain to be similar to the general population (11). Death is more common among elderly patients and those with pre-existing pulmonary disease (11, 12).

The treatment of COVID-19 infection in patients who had kidney transplants does not significantly differ from the treatment of the non-transplanted population; however, the question remains whether and when it is necessary to discontinue immunosuppression. There are several protocols for the immunosuppressive management of transplanted patients with COVID-19, which reflect either the clinical progress of the disease, laboratory findings, or a combination of both (13–16). The data concerning the usage of hydroxychloroquine, remdesivir, or tocilizumab in this specific group of patients are more controversial than promising (17–19). The recently published data of using bamlanivimab for patients after solid organ transplantation are promising for the treatment of patients with mild-to-moderate COVID-19 who are at high risk of progression to hospitalization (20).

The human leukocyte antigen (HLA) is a critical component of the viral antigen presentation pathway in humans, and the HLA gene locus plays a fundamental role in human adaptive immunity. The genetic variability across the HLA alleles is known to be associated with outcomes in many different diseases and could be a key determinant in the susceptibility and severity of COVID-19. The HLA type influences the T cell-mediated response to viral infections and is therefore implicated in the morbidity and mortality of a SARS-CoV-2 infection (21, 22). Several smaller studies have indicated a possible association of the HLAs of group 1 (A1 and A2) with a more severe course of infection (23–25).

Our analysis aimed to identify the risk factors for a severe course (hospitalization) of COVID-19 disease in a group of patients after KT and the risk factors for COVID-19 fatalities, with a focus on the parameters before the infection (not on the parameters worsening infection during its course). Another aim was to determine the influence of the selected HLAs on the course of the disease.



MATERIALS AND METHODS

This was a retrospective, multicenter cohort analysis that included patients with kidney transplants who had positive test results for SARS-CoV-2 monitored in the Slovak Republic (transplantation centers Martin, Košice, and Bratislava) from March 2020 to December 2020. The positivity was confirmed by a real-time polymerase chain reaction (RT-PCR) test. We recorded the age at the time of test positivity, the time (months) from KT, a diabetes mellitus and arterial hypertension case history, and the body mass index (BMI) of all the patients. We evaluated the type and doses/levels of immunosuppression [tacrolimus, MMF, mycophenolic acid (MPA), and corticosteroids], HLA (A, B, DR, and DQ), and finally, the development of post-COVID syndromes. Post-COVID syndrome has been defined as the persistence of certain clinical difficulties at least 4 weeks after the infection has passed (i.e., fatigue, shortness of breath, insomnia, memory problems, “brain fog.” heart palpitation, depression, and/or anxiety). The fatal outcome was defined as death in direct association with COVID-19, with respiratory failure confirmed by autopsy. In the patients who died, we recorded the time—the duration of illness (confirmed by positive test results) up to the time of death.

Inclusion criteria: Age >18 years, positive test results for SARS-CoV-2 by PCR

Exclusion criteria: Age <18 years, failed to follow-up, antirejection treatment in the last 6 months.

The flowchart of the study is shown in Figure 1.
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FIGURE 1. Flowchart of the study.



Immunosuppression

The maintenance immunosuppression consisted of tacrolimus and MPA (1,080-mg daily dose until the second week after transplantation, followed by a 720-mg daily dose, or adjusted individually according to the immunology risk of the patient). Furthermore, 500 mg of methylprednisolone was administered intravenously (IV) on day 0 and day 1, followed by the administration of 20 mg of prednisone until the 2nd week after transplantation, 15 mg of prednisone until the 4th week after transplantation, 10 mg of prednisone until the 12th week after transplantation, and 7.5 mg of prednisone until the 12th month after transplantation, with 5 mg of prednisone administered daily thereafter. The tacrolimus target levels were according to the protocols used in the Slovak Republic; 10–15 ng/ml 1–3 months after transplantation, followed by 5–10 ng/ml 3–6 months after transplantation, and 3–6 ng/ml for patients >6 months after transplantation.

The group of patients was divided into two subgroups according to the course of infection [based on the Centers For Disease Control (CDC) and Prevention Therapeutic Management of Adults With COVID-19 Last Updated: February 11, 2021], as follows:

• Subgroup 1: Patients not requiring hospitalization (asymptomatic, oligosymptomatic, or medium–severe course). Asymptomatic patients with maintained immunosuppression in the treatment regimen. Patients with a medium–severe course of COVID-19 had reduced immunosuppression [discontinuation of MPA or MMF, reduction of (CNI) by 50%].

• Subgroup 2: Severe course. Hospitalized patients with completely discontinued immunosuppression were administered 6 mg of dexamethasone IV for 24 h for a minimum of 10 days added to the treatment.



HLA Typing

The HLA typing of all patients was performed with PCR-based procedures using a sequence-specific primer (SSP). After the performance of the PCR, the amplified DNA fragments were size-separated using agarose gel electrophoresis and then visualized, documented, and interpreted.



Statistical Analysis

We used a certified statistical program, MedCalc version 13.1.2 (VAT registration no. BE 0809 344 640, Member of International Association of Statistical Computing, Ostend, Belgium), to perform statistical analyses. The continuous data were compared using Student's t-test, and a Wilcoxon rank-sum test was used for the analysis of the time after KT as it is non-parametric data. An χ2-test and Fisher's exact test were used for categorical variables.

Univariable and multivariable logistic regressions were used to assess the monitored parameters to predict the risk of hospitalization and death. The statistically significant parameters assessed in the univariable analysis were entered into the multivariable model adjusted for the time after KT, sex, tacrolimus level, and MMF. The cut-off level for Prednison dose used in the logistic regression models was based on the average dose of Prednison in our group of patients.

A Kaplan–Meier survival analysis was used for the comparison of the survival rates of the hospitalized and non-hospitalized patients. We considered P < 0.05 to be statistically significant.



Ethical Approval

All procedures involving human participants have been approved according to the ethical standards of the institutional research committee, including the 1964 Helsinki Declaration and its later amendments of comparable ethical standards. The informed consent of the included participants was checked and approved by the ethical committees of the University hospital and the Jessenius Faculty of Medicine, and all signed informed consents are to be archived for at least 20 years after the research was completed.

The clinical and research activities being reported are consistent with the Principles of the Declaration of Istanbul as outlined in the Declaration of Istanbul on Organ Trafficking and Transplant Tourism.




RESULTS

A total of 186 patients (men, 69.4%) with confirmed SARS-CoV-2 positivity were included in the group.

The group of patients was further divided according to the course of the disease into two subgroups. The criteria for the non-hospitalized patients were met by 147 patients. There were 39 patients who required hospitalization (subgroup 2), as displayed in Table 1.


Table 1. Basic group characteristics according to course of infection.
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At the time of the infection, all the monitored patients received prednisone as a part of their treatment; the patients in subgroup 2 received, on average, a lower dose of prednisone/day, and it was logically associated with the fact that they represented the group with the longer average duration of time after transplantation. The dosing of MPA and MMF was comparable in the monitored subgroups, as well as the average level of tacrolimus. As compared with subgroup 1, the patients in subgroup 2 had a higher age and a higher proportion of patients with diabetes mellitus. Three patients died in subgroup 1 and six patients died in subgroup 2. The post-COVID-19 difficulties of the group are shown in Table 2. Post COVID-19 syndrome was recorded more often in the hospitalized patients, with the most common symptom being fatigue.


Table 2. Post-COVID difficulties.
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We used a univariable analysis to determine the risk factors for the outcomes of hospitalization and death, as exhibited in Table 3.


Table 3. Univariable analysis (log regression).
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We identified the following risk factors for hospitalization in the monitored group: age at the time of infection, a BMI >29.9 kg/m2, diabetes mellitus, and a <7.5-mg dose of prednisone/day. On the other hand, HLA-B8 and -DQ2 appeared to be protective factors. The age at the time of infection and a <7.5-mg dose of prednisone/day were confirmed as risk factors for death. We identified the HLA-A2 and -DQ5 of the HLA antigens as risk antigens.

The application of a multivariable analysis (logistic regression) adjusted for the time after KT, sex, tacrolimus level, and MMF dose confirmed the following as independent risk factors for hospitalization: age at the time of infection, a BMI > 29.9 kg/m2, a <7.5-mg prednisone dose/day, and HLA-DQ2 with a protective nature (Table 4). The only independent risk factor for the fatal outcome was the age at the time of infection (Supplementary Table 1).


Table 4. Multivariable analysis (log regression), outcome of hospitalization (adjusted for time after KT, sex, tacrolimus level, and MMF).
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In the end, we compared the patients with a daily dose of steroids of <7.5 and >7.5 mg (Table 5). We confirmed that patients with a lower dose of steroids were significantly hospitalized more often. Seven patients died in this group in comparison with two patients in the group with a higher dose of steroids.


Table 5. Basic group characteristics according to steroid dose/day.
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We confirmed the significantly worse survival in the group of hospitalized patients, as shown in Figure 2.


[image: Figure 2]
FIGURE 2. Kaplan–Meier survival analysis (hospitalized vs. non-hospitalized patients).




DISCUSSION

Our analysis aimed to identify the risk factors for hospitalization due to COVID-19 infection in patients after KT.

Our analysis confirmed that, similar to the general population, the risk group for a severe course of COVID-19 infection and for death is the age of the patient exceeding 59 years. Our data correspond with the conclusions of the ERACODA register, in which 28-day mortality was primarily associated with advanced age in kidney transplant patients (5). An analysis by French authors comparing the course of COVID-19 infection in patients after KT with a non-transplanted group also confirmed a significantly worse course of infection in the group of transplanted patients over 60 years of age. However, compared with the general population, the transplanted patients with a severe course of infection were younger (26).

It is not surprising that a higher BMI (>29.9 kg/m2) was found to be a risk factor for hospitalization in patients with COVID-19. Obesity and diabetes mellitus were repeatedly confirmed as independent risk factors for a symptomatic course of COVID-19 in the group of patients after KT (27, 28).

The protective factor of the higher prednisone doses in the normal immunosuppression regime regarding the course of COVID-19 in the population of patients who underwent KT has not yet been described. Dexamethasone, the effect of which was confirmed in the RECOVERY study (29), is normally added to the treatment of all patients hospitalized with COVID-19. Glucocorticoids have been widely used in syndromes closely related to COVID-19 (30–34). However, the data that would support the assumption of the “preventative” effect of corticosteroids on the course of COVID-19 in patients after KT are missing. Patients after KT have generally been administered relatively low doses of prednisone in permanent immunosuppression regimes (from 20 mg in the early post-transplantation period to 2.5–5 mg/day in the late post-transplantation period).

In our group of patients, the dose of prednisone with <7.5 mg/day was a risk factor for hospitalization. The patients in subgroup 2 (those that required hospitalization) were administered with the lower average dose of prednisone (5.9 mg/day). The dosing of corticosteroids is gradually lower based on the time after transplantation; therefore, the patients with the lowest dose of corticosteroids were the patients with the longest duration of time after transplantation.

A great number of disease-protective and disease-susceptible HLA alleles have been well characterized in several viral infections (35). However, little data describe certain HLAs in relation to SARS-CoV-2. A group of Spanish authors assessed HLA class I in relation to the course of COVID-19 in the general population. In a group of 45 patients, they observed the higher values of SARS-CoV-2-binding peptides in the case of HLA-A2, but without any obvious correlation in the clinical picture (36). Another small-scale analysis performed on 62 patients described an association between HLA-A11 and higher mortality (37). In our group of patients in the univariable analysis, we recorded the occurrence of HLA-A2 as a risk factor for death; however, the multivariable analysis did not confirm this finding. On the contrary, a British analysis of 80 patients identified HLA-A2 as a possible protective factor for SARS-CoV-2 infection (38).

In our patient group, the presence of HLA-DQ2 appears to be a protective factor in the case of the need for hospitalization. The complex role of HLA-DQ2 on immune system reactivity is a matter of discussion. Certain studies support its potential in the promotion of interferon (IFN) production. However, other studies showed its negative impact on virus clearance (39). In a study conducted by Benlyamani et al. in critically ill patients, the results indicated the downregulation of HLA-DR molecules in the circulating monocytes (40). In the case of HLA-DQ, data regarding the incidence are available, but not regarding the development of the disease. Some data indicate that HLA-DQ1 can be associated with a higher incidence of COVID-19 (41). It is also important to note that, in a group of almost 2,000 patients from Italy and Spain, the correlation of HLA alleles with the incidence of COVID-19 was not proven (42).

According to the CDC, the most common post-COVID symptoms in the general population are fatigue, shortness of breath, or cognitive problems. The risk factors for post-COVID syndromes that have been identified include the need for hospitalization or being in the intensive care unit (ICU) (43–45). There were 42 patients with post-COVID-19 syndrome identified in our group of patients, and almost 50% of the patients from those who needed hospitalization developed post-COVID syndrome. The most common symptom was fatigue. At present, there is a lack of data about post-COVID syndromes in patients after KT and it needs further investigation.

The limitation of our analysis is the absence of data regarding the treatment and blood tests of patients during hospitalization because the patients were not hospitalized in one COVID center; therefore, the data about treatment would not be homogeneous. On the other hand, this analysis deals with the risk factors for hospitalization for COVID-19 before the onset of the infection. It is also the only analysis that identified certain protective/risk HLA antigens in patients after KT with COVID-19.



CONCLUSION

Patients after KT are high-risk patients for a severe course of COVID-19 infection. The obese and older patients (>59 years) can be considered as the group with the highest risks. The higher doses of corticosteroids in standard immunosuppressive regimes (>7.5 mg/kg) and HLA-DQ2 appear to be protective factors. However, these results should be supported with further data on larger samples of patients.
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