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Abstract

Introduction: The purpose of this study was to determine the predictive and prognos-

tic factors for COVID-19 infection and its relationship with human leukocyte antigen

(HLA) in kidney transplant recipients.

Material and method: Three hundred fifty kidney transplant recipients were included

in the study. Recipientswere divided into two groups: COVID-19(+) (n= 100) and con-

trol (n = 250). The relationships between HLA frequencies, COVID-19 infection, and

prognostic factors (age, donor type, immunosuppression protocol, etc.) were then eval-

uated. Logistic regression analysis, heatmap, and decision tree methods were used to

determinepredictive andprognostic factors. The studywasperformed retrospectively.

Results: Advanced age and deceased transplantation emerged as predictive of SARS-

CoV-2 infection, while the presence of HLA-A*11, the HLA match ratio, and high-

dose tacrolimus were identified as prognostic factors in kidney transplant recipients.

HLA-A10, HLA-B*13, HLA-B22, and HLA-B*55 were shown to be associated with

SARS-CoV-2 infection at univariate analysis, and HLA-B*57, HLA-DRB1*11, and HLA-

DRB1*13 at logistic regression analysis.

Conclusion: HLA-A10, HLA-B*13, HLA-B*55, HLA-B*57, HLA-DRB1*11, and HLA-

DRB1*13were identified for the first time in the literature associatedwith SARS-CoV-

2 infection in kidney transplant recipients.
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1 INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by the RNA virus

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2),

has recently resulted in a global pandemic.1 SARS-CoV-2 spreads

rapidly, endangering both global health and the world economy, and

© 2021 JohnWiley & Sons A/S. Published by JohnWiley & Sons Ltd.

is one of the leading international causes of death. Diagnosing pos-

itive cases, providing emergency care for individuals affected by

COVID-19, and preventing further infection in the population are

essential. It is therefore of the utmost importance to identify the

genetic, epigenetic, and environmental factors that lead to suscepti-

bility to COVID-19.2 We report susceptibility to COVID-19 among
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kidney transplant recipients based on genetic, clinical, and demo-

graphic factors.

The continuing COVID-19 pandemic has had a significant impact on

solid organ transplantation (SOT) worldwide and has become a threat

to the lives of SOT recipients, as to other members of the community.3

Since emerging as a specialty field in the 1980s, SOT has progressed

rapidly due to advances in surgical techniques, immunosuppression,

and genetics. The number of transplant operations performed and

the number of SOT transplant recipients in society have therefore

both increased.4,5 As the number of cases increases, the probability of

encountering the SARS-CoV-2 virus also rises. Organ transplant recip-

ients are thought to bemore susceptible to COVID-19 infection due to

the immunosuppressivemedications they use. Thismakes it evenmore

important to investigate the genetic and environmental factors that

predispose to COVID-19 infection. One of the most important issues

requiring investigation is human leukocyte antigens (HLAs), which are

necessary for the immune system to distinguish between self and non-

self (foreign) cells, andwhich are associatedwith family and population

studies, transplantation, infectious diseases, autoimmunediseases, and

many types of cancer.6

The first study of the relationship between SARS and HLA was per-

formed in 2003.7 HLA-B*46:01 was found to be related to SARS dis-

ease. With the emergence of the SARS-CoV-2 virus, studies investi-

gating the relationship between viral infection and HLA have acquired

renewed importance.8–10 Although common, possibly related HLAs

have been described in studies from several countries, regional differ-

ences have also been observed.11–13 Due to the regional variation in

the frequency of HLA types, studies investigating HLAs and their rela-

tionship with COVID-19 in different regions are essential.

The investigation of susceptibility factors for SARS-CoV-2 infec-

tion in organ transplant recipients is critical since these have to use

immunosuppression agents throughout their lives. The relationship

betweenCOVID-19 andHLAs, which play a critical role in the immuno-

logical response against RNA viruses as well as in SOTs (especially kid-

ney transplants), has previously been investigated.14 The aim of the

present study was to investigate the HLA type of the renal transplant

recipient, donor-recipient tissue compatibility, and the effects of these

genetic factors on COVID-19.

2 MATERIALS AND METHODS

2.1 Sample size

In the study, clinical significance was accepted when the difference

between the incidence of certain HLAs in kidney transplant recipients

with and without COVID-19 diagnosis was at least 10%. Under these

conditions (p1 = 0.15; p2 = 0.05), assuming 80% power, .05 margin of

error and allocation ratio (N2 /N1) ratio is 2.5, theminimumnumber of

samples to be included in the study according to the two-ratio differ-

ence test is group 1 (COVID-19(+)) for n= 90 and for group 2 (COVID-

19(-)) n = 224. The sample number estimation of the study was made

by using G*Power 3.1.9.2 program.15

One hundred kidney transplant recipients with COVID-19 diagno-

sis and 250 kidney transplant recipients without COVID-19 diagnosis

were included in the study in order to obtain the minimum number of

volunteers against the loss in follow-up and the possibility of not hav-

ing access to patient data. Despite this, the data of all patients included

in the project were accessed; has been included in the analysis.

2.2 Subjects

One hundred kidney transplant recipients diagnosed with COVID-19

by means of PCR tests and presenting to our center between April

2020 and February 2021 were included in the study. Patients who

underwent kidney transplantation in our center, all immunological

tests including HLA Ags were performed in our center, the diagno-

sis and treatment process of COVID-19 was performed in our hospi-

tal, all infections, except for COVID-19 infection, were excluded at the

time of diagnosis, no active rejection attack, and all data were reliably

accessed was included in the study. In addition, we included 250 kid-

ney transplant recipients with these characteristics and similar demo-

graphic characteristics, who applied to our center during the same

period, as a control group. This study was approved by the local Clin-

ical Research Ethics Committee (28.04.2021/KAEK-219). The study

was conducted in our center’s HLA Tissue Typing Laboratory, which

is accredited by the Turkish Ministry of Health. External quality con-

trol tests of theEuropean Immunogenetics Federation (EFI) and theUK

National External Quality Assessment Service (NEQAS) are routinely

applied in our laboratory.

2.3 Molecular analysis of HLA class I and class II
alleles

Genomic DNA of healthy controls and patients infected with SARS-

CoV-2 were isolated from 200 ul peripheral blood samples using a

Bio-robotEZ1advancedXLmagnetic bead-basedworkstation (Qiagen,

Germany). HLA-A, HLA-B, andHLA-DRB1 genotypingwere performed

on all subjects by the low-resolution polymerase chain reaction with

sequence-specific oligonucleotide probe (PCR-eRES,SSO) hybridiza-

tion method using Luminex technology (IMMUCOR-Lifecodes, Geor-

gia).

2.4 Serological typing of HLA class I and class II
alleles

Whole bloodwas collected on citrate phosphate dextrose, and lympho-

cytes were isolated by centrifugation on Ficoll-Hypaque. The isolated

cells were counted and adjusted to 3× 106 cells/mL. Serological typing

was performed on lymphocyte suspensions using the microlymphocy-

totoxicity technique (standard NIH) and local set of sera. Data for two

HLA alleles were analyzed as serological typing, HLA-A10 and HLA-

B22.
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2.5 Statistical analysis

Descriptive statistics are presented as frequency, percentage, mean,

standard deviation, median, minimum, maximum, 25%-75% percentile

(Q1-Q3), or IQRvalues.Normality assumptionswere checkedbyexam-

ining the histogram, q-q plots, skewness, and kurtosis values with the

ShapiroWilk test.

The independent two-sample t test was used to analyze the differ-

ence in numerical data between the two groups when the data con-

formed to normal distribution, and theMann-Whitney U test was used

when the data were not normally distributed.

The Pearson Chi-Square test was used to evaluate relationships

between categorical data when the expected value was less than 5 and

the ratio of cells was less than 20%, while Fisher’s exact test was used

when the ratio of cells exceeded 20%. Bonferroni correction wasmade

in pairwise comparisons for the results found to be significant in the

multiway tables.

Variables with a p value less than 0.20 (using the Chi-square test

with categorical variables and the Mann-Whitney U test with contin-

uous variables) were included in the binary logistic regression analy-

sis to identify risk factors for COVID-19(+). Covariates p < 0.5 were

selected from those that were statistically in the logistic regression

analysis. Variance inflation factors (VIFs) were employed to provide a

standardizedmulticollinearitymeasure for estimating the risk of bias in

multivariate models.16 Independent variables were analyzed for mul-

ticollinearity (VIF > 3), and since the VIF value exceeded 3 when the

TOTAL MATCH variable was included in the model, this variable was

excluded from the binary logistic regression model. In addition, the

TYPE OF DONOR variable was excluded from the model since it is

a highly dominant variable in predicting COVID-19(+) and affects all

other parameters. p values less than 0.05 were considered statistically

significant.

2.6 Data visualization

In addition to the classical statistical analyses, we applied nonlinear

techniques to cluster, classify, and visualize data to provide insights.

We used heatmap and rpart decision tree libraries from the R pack-

age [R Core Team (2017)]. CART (Classification and Regression Trees)

algorithm is a powerful supervised learning tool to split data attributes

into sub-groups based on an error measure such as sum of squared

errors. R implementation of this algorithm RPART (Recursive Partition-

ing And Regression Trees) is used to produce visually meaningful tree

plots. The resulting decision trees can be manipulated by three param-

eters in the rpart function namely cp (complexity parameter),minbucket

(minimum number samples in leaves), and minsplit (minimum number

of observations in a node to be split).We used only the statistically sig-

nificant variables from the univariate analysis in forming the heatmap

and the decision tree. For the heatmap, we first formed a variable-to-

variable similarity matrix for the selected variables. We then counted

the number of COVID-19(+) patients that are similar (in the same cat-

egory) for each variable pair in the matrix and divided the count by

the total COVID-19(+). This made sure that the minimum value in the

matrix is 0 and the maximum is 1. Finally, we used the heatmap (with

dendogram clustering) function on the similarity matrix, with a five-

color scale (white, grey, pink, red, andmagenta), each color showing 0–

20%, 20–40%, 40–60%, 60–80%, and 80–100% similarity respectively,

among all COVID-19(+) patients in terms of pairs of variables in the

similarity matrix. Naturally, all the elements in the diagonal of the simi-

larity matrix aremagenta (100%).

3 RESULTS

3.1 Patient management

According to the Clinical Progression Scale published by the World

Health Organization COVID-19 working group in August 2020, the

clinical manifestation of COVID-19 infection is examined under five

headings17: uninfected, ambulatory mild disease, hospitalized with

moderate disease, hospitalized with severe disease, and dead. Accord-

ing to this report, patients with a score of 4 or 5 should be hospitalized.

A score of 4 is given if the patient needs supportive treatment without

oxygen therapy, and a score of 5 if the patient also needs oxygen ther-

apy. Scores of 6 or more mean that the patient requires intubation and

mechanical ventilation, and treatment must be continued under inten-

sive care conditions.

It was determined that 25 patients (25%) were hospitalized and

two of these patients were taken to the intensive care unit. Anti-

proliferative (MMF, CellCept) drugs were discontinued in COVID-

19(+) kidney transplant recipients. Maintenance immunosuppression

treatment was continued with 5 mg prednisolone and tacrolimus.

Tacrolimuswas also discontinued in twopatientswhoneeded intensive

care, while the steroid dosewas increased to 20mg. Patient loss due to

COVID-19 infection was not observed.

3.2 Demographics, clinical characteristics, and
statistical results

Presence of SARS-CoV-2 infection, etiology of end-stage renal dis-

ease, postoperative periods after transplantation, drugs used in

the transplant process, and blood tacrolimus levels are shown in

Table 1. The COVID-19(+) patients (median age: 49.5; IQR:37.5-

58) were statistically significantly older than the control group

(median age: 40; IQR:31-56) (p = 0.007 No statistically significant

difference was found between the gender distributions of COVID-

19(+) and COVID-19(-) patients, median post-op times after kidney

transplantation, or renal failure etiologies (p = 0.548, p = 0.934,

p = 0.425). When examined in terms of donor type, the deceased

donor rate was 21% in patients with COVID-19 infection com-

pared to 5.6% in those without COVID-19 infection, the differ-

ence being statistically significant (p < 0.001). When these two

groups (living or deceased donor) were compared in terms of

the study data, a statistically significant difference was observed
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between age and HLA matches (Supplementary Information 1).

No statistically significant difference was observed in parameters

other than these criteria.

No statistically significant difference was found between the distri-

butions of treatments used byCOVID-19(+) andCOVID-19(-) patients

during the transplant process, rates of rejection attacks, or blood

tacrolimus levels. When examined in terms of rejection types, 86.66%

of rejections in the COVID-19(+) group appeared as T-cell mediated

rejection. Similarly, it was observed that 86.79%of the rejections in the

COVID-19(+) group were T-cell mediated rejection, and there was no

statistical significance between the groups. There is no significant dif-

ference between the two groups in the other two rejection types (AMR

and mix type). While AMR and mixed type rejection rates were simi-

lar in the COVID-19(+) group (6.60%); and the AMR rate was 7.54%

and the mixed type rejection rate was 5.66% in the control group.

The blood tacrolimus level (ng/mL) of the hospitalization (+) patients

(median: 7.70; IQR: 6.3-10.0) was statistically significantly higher than

that in the hospitalization (-) group (median:6.2; IQR:4.8-7.5) (p=0.01).

A significant difference was observed between the distributions of

donor type (p=0.033). No statistically significant differencewas found

between the other parameters of the hospitalization groups.

Kidney transplant recipients were compared according to eachHLA

type in terms of presence of COVID-19 and hospitalization (Table 2).

A statistically significant relationship was found between COVID-

19 status and HLA-A10 (p = 0.007), HLA-B*13 (p = 0.006), HLA-

B22 (p = 0.023), and HLA-B*55 (p = 0.042). However, the pres-

ence of the HLA-B*13 allele increased the probability of occurrence

of COVID-19 infection 2.63-fold (95% CI 1.289-5.369). The pres-

ence of the HLA-B*55 allele increased the probability of COVID-

19 occurrence 2.94-fold (95% CI 1.050-8.203). The only significant

allele in terms of hospitalization was HLA-A*11 (p = 0.030), the

presence of which increased the probability of hospitalization 3.38-

fold (95% CI 1.197-9.553). No statistical significance was observed

between whether these alleles were homozygous or heterozygous

(Supplementary Information 2).

A comparison of patientswith orwithout SARS-CoV-2 infection and

those who were hospitalized or not hospitalized in terms of HLA-A,

HLA-B, HLA-DRB1, and total match values are shown in Table 3. A sta-

tistically significant relationship was found between HLA match and

presence of COVID-19 infection for all HLAs (p < 0.001). In pairwise

comparisons using the Bonferroni correction, the mismatch rate for

all alleles was higher among the COVID-19 patients than in the con-

trol group, while the match ratio to one allele was higher in the con-

trol group than in the COVID-19 patients. No difference in the pro-

portions of patients with two alleles matched was observed between

the COVID-19 and control groups. When examining how many of the

six alleles had a match, full-mismatch and 1/6 match were higher in

the COVID-19(+) group, while 3/6 match was higher in the control

group. In addition, 2/6, 4/6, 5/6, and 6/6 matches exhibited no differ-

ence between the two groups. No statistically significant relationship

was determined between compliance variables and hospitalization for

all HLAs.

3.3 Logistic regression model

Multivariate analysis was applied using logistic regression after adjust-

ing for age and blood tacrolimus levels in order to examine which

HLA alleles are associated with COVID-19(+) (Table 4). The analysis

showed that presence of the HLA-B*57 allele was independently cor-

related with COVID-19(+) and a 3.58-fold increase in the probability

of COVID-19(+) (OR = 3.58, 95%CI = 1.10–11.64, p = 0.031). HLA-

DRB1*11was also shown to be independently associatedwithCOVID-

19(+) (OR = .60, 95%CI = .37–.97, p = 0.042) and a 40% decrease

in the probability of COVID-19(+). HLA-DRB1*13 also emerged as

independently associated with COVID-19(+) (OR = .43, 95%CI= .19–

.90, p = 0.033) and a 57% decrease in the probability of COVID-

19(+). A one HLA-A allele match compared to N/A match resulted

in a 60% decrease in the probability of COVID-19(+) (OR = .40,

95%CI = .24–.66, p < 0.001). Two HLA-A allele matches compared to

N/A match resulted in a 61% decrease in the probability of COVID-

19(+) (OR = .39, 95%CI = .18–.83, p = 0.015). A one HLA-B allele

match compared to N/A match produced a 77% decrease in the prob-

ability of COVID-19(+) (OR = .23, 95%CI = .14–.37, p < 0.001). Two

HLA-B allele matches compared to N/A match resulted in a 69%

decrease in the probability of Covid-19(+) (OR = .31, 95%CI = .14–

.65, p= 0.002). A one HLA-DRB1 allele match compared to N/Amatch

caused an 80% decrease in the probability of COVID-19(+) (OR = .20,

95%CI = .11–.37, p < 0.001). A two HLA-DRB1 allele match com-

pared to N/A match resulted in a 72% decrease in the probability of

COVID-19(+) (OR = .28, 95%CI = .13–.59, p = 0.001). The covari-

ates of age and blood tacrolimus levels were not independently asso-

ciatedwith COVID-19(+). However, blood tacrolimus level, HLA-B*13,

HLA-B*18, and HLA-B*35 were insignificant. HLA-B*44, HLA-B*55,

and HLA-DRB1*15 were not independently associated risk factors for

COVID-19(+).

3.4 Similarity heatmap

The heatmap in Figure 1 shows that the HLA-A match and HLA-B

match rates are 60–80% similar in COVID-19(+) patients. The simi-

larity rate in terms of whether HLA-DRB1*11 is found with the HLA-

A10 allele is 80–100%. In addition, the attribute with the highest sim-

ilarity to other attributes is HLA-DRB1*11. HLA-DRB1*11 has a simi-

larity ratio of 60–80%with the parameters HLA-DRB1*15, HLA-B*13,

HLA-DRB1*13, HLA-B*57, and HLA-B22. In the heatmap, COVID-19

Disease Status, Age, Blood Tacrolimus Level, Type of Donor, HLA-

A10,HLA-B*13,HLA-B22,HLA-B*55,HLA-B*57,HLA-DRB1*11,HLA-

DRB1*13, HLA-DRB1*15 have two categories, HLA-A MATCH, HLA-

B MATCH, HLA-DRB1 MATCH variables have three categories, and

TOTAL HLA MATCH has a total of seven categories. It is also worth

noting that the similarity rate between two binary categories will be

high when both categories have few positive occurrences because the

absence of both attributes amount to similarity. This caveat must be

consideredwhile using similarity measures with categoric data.
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TABLE 3 Comparison of HLAmatch rates between the COVID-19 patient group and the control group in kidney transplant recipients

COVID19DISEASE STATUS HOSPITALIZATION STATUS FORCOVID19(+)

COVID19+

(n= 100)

CONTROL

(n= 250)

Statistical

analysis

HOSPITALIZATION

(+) (n= 25)

HOSPITALIZATION

(-) (n= 75)

Statistical

analysis

n % n % p n % n % p

HLA-AMatch n/a (Mismatch) 30 30 (β) 26 10.4 (ɑ) <0.001a 11 44 19 25,3 0.085a

One AlleleMatch 55 55 (β) 178 71.2 (ɑ) 13 52 42 56

TwoAlleleMatch 15 15 (ɑ) 46 18.4 (ɑ) 1 4 14 18,7

HLA-BMatch n/a (Mismatch) 39 39 (β) 26 10.4 (ɑ) <0.001a 10 40 29 38,7 0.684a

One AlleleMatch 48 48 (β) 179 71.6 (ɑ) 13 52 35 46,7

Two AlleleMatch 13 13 (ɑ) 45 18.0 (ɑ) 2 8 11 14,7

HLA-DRB1Match n/a (Mismatch) 24 24 (β) 13 5.2 (ɑ) <0.001a 5 20 19 25,3 0.342a

One AlleleMatch 56 56 (β) 185 74.0 (ɑ) 17 68 39 52

TwoAlleleMatch 20 20 (ɑ) 52 20.8 (ɑ) 3 12 17 22,7

TotalMatch n/a (Mismatch) 9 9 (β) 0 0 (ɑ) <0.001a 2 8 7 9,3 0.889b

1/6Match 18 18 (β) 3 1.2 (ɑ) 6 24 12 16

2/6Match 22 22 (ɑ) 49 19.6 (ɑ) 6 24 16 21,3

3/6Match 33 33 (β) 127 50.8 (ɑ) 9 36 24 32

4/6Match 8 8 (ɑ) 36 14.4 (ɑ) 1 4 7 9,3

5/6Match 1 1 (ɑ) 8 3.2 (ɑ) 0 0 1 1,3

6/6Match 9 9 (ɑ) 27 10.8 (ɑ) 1 4 8 10,7

a. Pearson Chi-Square Test; b. Fisher’s Exact Test.

TABLE 4 Adjusted logistic regressionmodel for COVID-19 infection

COVID19DISEASE STATUS

COVID19(+) Control Statistical Analysis

n n OR (Univariable) OR (Multivariable)

AGE – – – 1.01 (.99-1.02, p= 0.238)

BLOODTACROLIMUS LEVEL – – – 1.05 (1.00-1.11, p= 0.067)

HLA-B*13 16 16 2.63 (1.29-5.37, p= 0.006) 2.15 (.92-4.94, p= 0.074)

HLA-B*18 8 36 .54 (.25-1.18, p= 0.115) .45 (.18-1.01, p= 0.068)

HLA-B*35 30 105 .66 (.43-1.04, p= 0.069) .61 (.35-1.02, p= 0.067)

HLA-B*44 10 41 .59 (.29-1.20, p= 0.141) .61 (.26-1.35, p= 0.248)

HLA-B*55 8 7 2.94 (1.05-8.20, p= 0.042) 1.59 (.46-5.52, p= 0.462)

HLA-B*57 7 7 2.55 (.88-7.38, p= 0.130) 3.58 (1.10-11.64, p= 0.031)

HLA-DRB1*11 37 121 .71 (.47-1.07, p= 0.103) .60 (.37-.97, p= 0.042)

HLA-DRB1*13 12 48 .60 (.31-1.16, p= 0.124) .43 (.19-.90, p= 0.033)

HLA-DRB1*15 24 41 1.53 (.89-2.60, p= 0.118) 1.40 (.74-2.60, p= 0.295)

HLA-AMatch n/a (Mismatch) 30 26

One AlleleMatch 55 178 .27 (.17-.41, p< 0.001) .40 (.24-.66, p< 0.001)

Two AlleleMatch 15 46 .28 (.16-.49, p< 0.001) .39 (.18-.83, p= 0.015)

HLA-BMatch n/a (Mismatch) 39 26

One AlleleMatch 48 179 .18 (.12-.27, p< 0.001) .23 (.14-.37, p< 0.001)

Two AlleleMatch 13 45 .19 (.11-.33, p< 0.001) .31 (.14-.65, p= 0.002)

HLA-DRB1Match n/a (Mismatch) 24 13

One AlleleMatch 56 185 .16 (.10-.27, p< 0.001) .20 (.11-.37, p< 0.001)

Two AlleleMatch 20 52 .21 (.11-.38, p< 0.001) .28 (.13-.59, p= 0.001)
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F IGURE 1 Heatmap of the variable similarity matrix of COVID-19
patients with statistically significant variables from the univariate
analysis

3.5 Decision tree

In the decision tree, the incidence of COVID-19 disease is higher

in four out of 11 terminal nodes compared to the control group

(Figure 2). In cases where the HLA match is not 2/6 or more, the

number of individuals with COVID-19(+) is 27, while the number

of COVID-19(-) individuals is only three. In cases where the HLA

match is 2/6 and over, all deceased donor recipients over the age

of 44 appear to be infected with COVID-19. Only 16 out of 126

living recipients aged under 39 were infected with SARS-CoV-2. In

terms of living donor recipients older than 51, having a match for

HLA-DRB1 reduces the incidence of COVID-19 (58/9). The deci-

sion tree we display presents only the main features of the tree.

As can be seen in Figure 2, features such as HLA-B*57, HLA-A10,

HLA-B*11, HLA-DRB1*13 do not appear in the tree. Trees can be

enlarged by changing the parameters of rpart function to have a more

detailed tree with many more nodes and leafs, but this would make

the interpretation cumbersome. Still the rpart function may not show

all the variables in the data, depending on the significance of each

split.

4 DISCUSSION

Our study aimed to investigate the relationship between HLA geno-

typing and COVID-19 infection in kidney transplant recipients. In

addition to HLA, the relationship between COVID-19 and parame-

ters such as age, gender, etiology of CKD, donor type, rejection, and

drugs were also investigated. Our study includes one of the most

F IGURE 2 Decision tree with statistically significant variables
from the univariate analysis (Data in nodes; the number above indicates
whether the majority of COVID-19(+) or COVID-19(-) is in that node (1 or
0). Middle right number shows the number of COVID-19(+) volunteers in
that group. Middle left number shows the number of COVID-19(-)
volunteers in that group. The number below shows the percentage of
individuals in that group in the entire sample.)

comprehensive kidney transplant series on COVID-19 disease in the

literature.18

A statistically significant difference was observed in this study

between the patient and control groups HLA-match rates. In terms of

the HLA-A match, the one allele match rate was higher among living

donor recipients than in the deceased group. In contrast, more than

50% of deceased donor recipients had 2/6 or less of the total match

rate (Supplementary Information 1). In addition, cold-ischemia time

and other immunological factors which were not evaluated within the

scope of this study should also be investigated.

As expected, the mean age of the COVID-19(+) patient group was

higher than that of the control group, consistent with the previous

literature.8,19 However, in contrast to previous studies, the donor type

was statistically significant in terms of COVID-19 infection in the

present study.20 In seeking to explain this based on the data obtained,

the mean ages of the living and deceased donor groups were signifi-

cantly different (Supplementary Information 1).

A statistical relationship was observed between the rate of COVID-

19-related hospitalization and the type of donor. In addition, blood

tacrolimus levels also exhibited a statistically significant relationship

with hospitalization. A high blood tacrolimus level increases the recip-

ient’s likelihood of hospitalization. Tacrolimus use has been associated

with better survival in SARS-CoV-2-dependent infections in the liter-

ature and seems to have positive effects on the morbidity caused by a
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cytokine storm.21 Only two of our patients had severe COVID-19 dis-

ease, the other cases being mild to moderate. The difference between

the literature and the findings of the present study could be due to

the clinical stage difference. Tacrolimus may adversely affect mild and

moderate COVID-19 disease due to its effects on the immune system,

while exerting a positive effect in severe COVID-19 disease through its

inhibition of the cytokine storm.

Univariate analysis revealed higher HLA-A10, HLA-B*13, HLA-B22,

and HLA-B*55 allele frequencies in patients infected with COVID-19

compared to the control group. HLA-A10 is a group named after sero-

logical typing. HLA-A10 is divided into five subgroups according to its

new genotype nomenclature HLA-A*25, HLA-A*26, HLA-A*34, HLA-

A*43, and HLA-A*66.22 The previous study already showed that the

frequency of the HLA-A*25 allele, which is one of the subgroups of

HLA-A10, showed a positive log-linear correlation with the COVID-19

incidence rate.9 On the other hand, the HLA-A10 group is no longer

defined since this was a method previously used in our serological

typing laboratory. Due to the age of this method, the average age of

the recipients using it is high, considering the time elapsed. The high

average age of the recipients may have contributed to the statistical

significance of this subgroup. In addition, the frequency of HLA-A10

detection has decreased because the HLA-A10 subgroup has not been

detected recently. The statistical significance is likely to be high due

to the lack of frequency in the control group. Also, in the literature, a

study describing the SARS-CoV-2 peptide presentation by A*26:01, a

subgroup of the HLA-A10 serological group.23

To the best of our knowledge, similarly to the HLA-A10 subgroup,

the HLA-B22 subgroup is obtained by serological typing. The HLA-

B22 serological subgroup includes theHLA-B*54, HLA-B*55, andHLA-

B*56 genotypes. A study from China reported that the frequency of

the HLA-B22 serological group was statistically significantly associ-

ated with COVID-19 infection.24 Consistent with that research, the

results of the present study also showed that HLA-B22 is associated

with COVID-19. In addition, the frequency of the HLA-B*55 genotypic

subgroupwas found to be related to COVID-19 in the present study.

HLA compatibility is analyzed in the decision-making phase of

kidney transplants. The relationship between HLA compliance and

COVID-19 infection was evaluated within the scope of the project.

After the analysis, the mismatch in the HLA-A groups provides sta-

tistically significant sensitivity to COVID-19 infection. This signifi-

cance is also valid for HLA-B and HLA-DRB1. However, matching one

allele in the HLA-A, HLA-B, or HLA-DRB1 groups has been observed

to significantly reduce the incidence of COVID-19 disease. This find-

ing is reported for the first time in the present study. The presence

of a HLA-match could be considered to positively affect the immune

system in terms of COVID-19 disease, with the possibility of devel-

oping anti-HLA against another HLA subgroup. Leith et al. demon-

strated that the allele-specific anti-HLA antibody neutralizes the HIV-

1 virus in vitro.25 Another study showed virus neutralization of anti-

HLA antibodies.26 Anti-HLA antibodies were likely to effectively neu-

tralize the SARS-CoV-2 virus, another cause of viral infection, as with

theHIV-1 virus. In addition,CXCL9, CXCL10, andCCL8 genes have been

reported to exhibit high expression in mismatched mixed lymphocyte

cultures.27 The same gene and gene products (chemokines) are also

involved in COVID-19 disease, suggesting the possibility of common

molecular pathways between HLA-mismatches and SARS-CoV-2 virus

infection.28 Finally, studies have shown that multiple-dose influenza

vaccine increases anti-HLA antibodies. These findings strongly suggest

a potential relationship between viral infection immunity and anti-HLA

antibodies.29 The relationship between the anti-HLA antibody and the

inflammation response created by the SARS-CoV-2 virus needs to be

investigated in future studies.

Evaluation of HLA frequencies and COVID-19-associated hospi-

talization status revealed that HLA-A*11 was statistically significant.

In-silico analysis reported in the previous literature showed that the

HLA-A*11 alleles may be associated with hospitalization in COVID-

19 infection.30 The analyses performed in the present study showed

that this retrospective in silico analysis is clinically accurate. A study

from Spain found that the HLA-A*11 alleles were associated with high

mortality.11 Considering that the patients were hospitalized due to

poor prognosis of COVID-19 disease (WHO scores 6–9), this seems to

be consistent with our findings concerning the HLA-A*11 allele.

The present study shows, for the first time in the literature, that

HLA-A*13, HLA-B*57, HLA-DRB1*11, and HLA-DRB1*13 are associ-

ated with SARS-CoV-2 infection. Previous studies have shown that

these alleles are associated with viral and bacterial infection.31–34

Additionally, the conclusions are basedona single center study and fur-

ther investigation in other populations is needed to confirm these asso-

ciations.

It is very important to analyze the SARS-CoV-2 peptide binding

capacities of the HLA subtypes that we found associated with the

SARS-CoV-2 viral infection in this study. In the literature, the binding

capacity of HLA-A*26, which is the genetic subgroup of HLA-A10, to

SARS-CoV-2 peptide has been investigated.23 In addition, it has been

stated in the literature that differentHLA-B correlationsmay showdif-

ferent affinity for the SARS-CoV-2 peptide, which may be associated

withdaily deaths related toCOVID-19.35 Investigationof peptidebind-

ing capacities of other subgroups is also very important in the fight

against COVID-19 infection.

In addition, in the study conductedwith the in silico analysismethod

in the literature, the relationship between Covid and HLA in our coun-

try was determined. In that study, the subtype with the highest HLA

allele frequency is HLA A*02. Although there are other studies, includ-

ing Turkey, examining the HLA-COVID19 relationship,36 as is known,

our country has a heterogeneous structure. This study has the fea-

ture of having the largest cohort showing the Covid-19&HLA rela-

tionship covering kidney transplant individuals covering the Mediter-

ranean region in Turkey.

One of the limitations of the present study is that we were unable

to analyze the anti-HLA antibody since the genetic data were obtained

retrospectively, and anti-HLA antibody data were not available for all

patients. For the same reason, wewere unable to analysis SARS-CoV-2

IgMand IgGantibody levels. Additionally, since the tissue typing results

were evaluated retrospectively, this enabled us to access the serologi-

cal typing results of some HLA alleles, HLA-A10 and HLA-B22. Lack of

genotypic typing of statistically significant HLA alleles is a further lim-
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itation of this study. Finally, this study involved only kidney transplant

recipients, and it is important that similar studies beperformed inother

SOTs.

In our study, we can say that more statistical tests were performed

than should be due to the large number of variables. This situation can

lead to multiple testing (multiplicity) problem and this problem may

highly increase random variation and type-I error.37

According to ICH E9 guideline, to avoid this problem, we specified

in the protocol the precise definition of the primary variable.38 We did

not change the statistical methods following finalization of the proto-

col and statistical analysis were pre-planned. On the other hand, our

primary outcomes consisted of only COVID-19(+) and hospitalization.

In subgroup testing through a post hoc evaluation, we use Bonferroni

correction to avoid type I error.

Finally, as this study is retrospective in nature, all results are asso-

ciative and should be validated in future studies.

In conclusion, this study examined COVID-19 infection susceptibil-

ity in kidney transplant recipients. Demographic characteristics such as

age, and some subgroups of HLAwere found to exhibit statistically sig-

nificant associations with COVID-19 infection. A relationship between

HLAmatch rates andCOVID-19wasalso shown for the first time in this

study. Thesedata suggest thepossibility of a relationship betweenanti-

HLA antibody and SARS-CoV-2 infection, as with other viral agents.

Due to the differences in HLA prevalences among different geo-

graphic regions, there is a strong likelihood that new research may

yield different results regarding SARS-CoV-2 infection in transplant

patients. It is crucial that new information be elicited by conducting

such studies in different geographic regions in order to improve the

global healthcare of transplant patients in a proactivemanner.
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