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Background: This work aimed to perform the molecular detection of EBV in samples from donors
and recipients of living donor kidney transplantations at the HEMOPA Foundation, in Pard state,
an Amazon region, and to characterize the prevalence of EBV and allele frequency of HLA in this
population, and seek associations between these two factors. Methods: EBV detection was
performed on 200 samples of candidate donors and recipients using Nested PCR. We collected
HLA classification results from these same individuals and 200 bone marrow donors as the control
group in an HLA allelic frequency analysis database. Results: The EBV detection rate was similar
between candidate donors and recipients. Among the 73 analyzed pairs of donors and recipients,
12 consisted of an undetectable recipient and a detectable donor. The B*41 and B*37 alleles were
more frequent in the EBV+ group of patients than the EBV- group, unlike the DRB1 * 08 allele,
which was more frequent in the EBV- group. Among EBV+ patients and controls, the A*01 allele
was more frequent among detectable patients, while the DRB1*08 and DRB1*10 alleles were
more frequent in the control group. The B*08 and DRB1*3 alleles were more frequent in the
control group than EBV- patients. Conclusion: The significance of these results was shown in
Fisher's Exact Testor Chi-Square test; however, no significance was observed after Bonferroni's
correction. Increased sample sizes may provide more robust validation of these results in the
future.
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INTRODUCTION

The Epstein-Barr Virus (EBV),

PTLD) (3, 4). During solid organ transplantation, exposure to EBV
can be established through the passage of infected cells from a
seropositive organ donor to a seronegative receptor, thus causing this

formally known as Human syndrome's development (5, 6). Among kidney transplant recipients,

gammaherpesvirus 4, is a worldwide preValent virus in human PTLD 1is the second most common malignanc}/. Due to

populations. EBV infections are predominantly asymptomatic in
immunocompetent individuals and occur by establishing latency in B
cells (1, 2). However, a succession of cell cycle disorders caused by
abnormal gene expression can result in the malignant transformation
of infected cells. Thus, EBV is associated with several B cell
neoplasms, such as post-transplant lymphoproliferative disease

immunosuppressive medication consisting of anti-Tcell treatments,
recipients have an impaired capacity to control EBV primary
infection since an immune response would depend on T-cells'
functional repertoire. Consequently, recipients are susceptible to
active EBV infections and development of PTLD, with subsequent
allograft loss and even death (7, 8, 9). In addition to EBV infections,
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another important immunological factor regarding allograft
maintenance is receptor response. In this process, the human
leukocyte antigen (HLA) system is primarily involved because it is
responsible for recognizing transplanted cells as self or non-self.
HLA genes are located on the short arm of chromosome 6, and HLA
class I antigens (HLA-A, -B, -C) and the three HLA class II antigens
(HLA -DR, -DQ, -DP) are among those of greatest clinical
significance for transplantations (10, 11). The association between
HLA and EBV infection lies in the HLA system's crucial role, which
determines the efficiency of EBV peptide presentation to T cells.
However, the EBV induces HLA down regulation, a mechanism used
as an immune evasion strategy (12). Regarding solid organ
transplantation (SOT), it has been suggested that individuals who
have the HLA A*01 allele may have a higher risk of developing
PTLD associated with EBV after transplantation due to an impaired
ability to control latent EBV infection. This same allele was reported
to significantly increase the risk of BK polyomavirus DNAemia in
renal transplant recipients (13,14). In adult SOT recipients, a
significant association was detected between the HLA A*26 allele
and the development of PTLD. In caucasian recipients, for both
recipient and donor, that same allele was independently associated
with the a study reported the HLA-A*02 allele's predominant
expression among patients with chronically high EBV viral load. In
contrast, the HLA-B*08 allele expression was more prevalent in
patients who resolved EBV infection, go that different alleles are
involved in both protection and risk of active infection by the virus
(16, 17). Besides, the presence of the HLA-A*19 or HLA-DRB*17
alleles has also been reported as a significant risk factor for
symptomatic EBV infection in pediatric patients after kidney
transplantation (18). However, in Brazil and, more specifically in the
northern region, studies aiming to assess the association between
EBYV infections and HLA allelic diversity in kidney transplant donors
and recipients have not yet been carried out. Therefore, the study's
goal was to investigate EBV infections, characterize HLA allele
frequencies, and analyze the correlation between EBV infectionsand
different HLA alleles in samples of candidate donors and recipients
of living donor kidney transplantation from the state of Para, a region
of Amazon, in northern Brazil.

Samples: This study was performed with 200 samples of living
kidney transplantation candidate donors and recipients that had been
previously tested for HLA type at the Laboratory of Immunogenetics,
HEMOPA Foundation, in Belém, Pard, from January 2017 to
December 2019. We also included 200 individuals chosen at random
from a database of 5000 candidate bone marrow donors from the
same geographic region as controls, using the Microsofi Excel® 2019
“RANDBETWEEN ()” function and including those with allele
frequencies matching that of the original database. Samples referring
to other types of transplants and non-viable samples for DNA
extraction and amplification were not included in the research. This
study was approved by the Hospital Universitario Jodo de Barros
Barreto Ethics Committee under protocol number 4.141.157/2019,
and performed in accordance to resolution 196/96 and the declaration
of Helsinki, where researchers are committed to the privacy and
confidentiality of the dataset, fully preserving the anonymity of
patients and using the consent form for data usage. Given the study
was carried out retrospectively, the informed consent form was
waived.

DNA Extraction and Molecular EBV Detection: DNA extraction
was performed on whole blood samples from donors and recipients of
living donor kidney transplantation using a Promega commercial kit
following manufacturer instructions. Next, EBV molecular detection
was carried out through a Nested Polymerase Chain Reaction (Nested
PCR) to amplify the LMP-1 region at the Virology Laboratory,
Evandro Chagas Institute, Belém, Brazil. Primers used in the initial
stage were: F-5 "TGA ATC TGA CTC TAA CTC CAA CGA 3'and
R-5'ACC CCC ACT CTG CTC TCA AAA CCT A 3', designed with
Primer3 software (19). In this reaction, a fragment of about 668 bp
was amplified. In the second reaction, the second pair of different
primers were used: F- 5 'TGA ATG TGG CTT TTC AGC CTA GAC
A 3'and R- 5'AAG CCT ATG ACA TGG TAA TGC CTA GAA GT

3' (19), resulting in a fragment of about 498 bp. PCR products were
visualized on a 2% agarose gel and documented through a
photographic record.

HLA Typing: HLA allele frequencies were calculated from the PCR-
SSO typing results. Tests were performed at the Laboratory of
Immunogenetics (GERIM) of the HEMOPA Foundation, and data
were collected using the HLA Fusion TM 4.2 software (One Lambda
Inc.).

Statistical Analyses: Data were digitized to form a database in the
Microsoft Excel ® 2019 software. The Epstein Barr Virus detection
frequencies were calculated using this same software. We employed
the y2 test for sex analysis and the G test for self-declared ethnicity to
compare demographic data between detectable and undetectable
individuals. For age, we first analyzed if data were normally
distributed and subsequently performed a T-test. Allele frequencies
were determined using the PyPopWin32-0.7.0 software. Alleles with
less than 0.01 (1%) frequencies were not considered in the
comparisons. We employed the y2 test or Fisher's exact test to
compare groupsusing the OpenEpi 3.01 program. Odds ratios (OR)
with a 95% confidence interval (CI) were also calculated. The p-
value with Bonferroni correction was also calculated, multiplying the
original p-value by the number of alleles tested at each locus.

RESULTS

Table 1 shows the demographic characterization of the studied
population. The age of patients ranged from 12 to 72 years (average
of 43 years). As for sex distribution, 117 (58.5%) were males, while
83 (41.5%) were females. Regarding the self-declared ethnicity, 104
(52%) patients declared themselves as brown, followed by 24 (12%)
white, eight (4%) black, one (1%) yellow, and one (1%) indigenous.
A total of 62 patients (31%) did not have this information. Initially,
all whole blood samples (N = 200) from candidate kidney transplant
donors and recipients were analyzed for molecular detection of EBV.
Viral DNA was detected in 58 (29%) of patients.

Table 1. Candidate kidney transplant donors and recipients
demographic data

Feature Patients (N=200)
Sex

Male 117 (58.5%)
Female 83 (41.5%)
Age (years)

12-23 11 (6%)
24-35 43 (22%)
36-47 76 (38%)
48-59 53 (26%)
60-72 17 (8%)
Average 43
min-max (sd £) 12-68 (71)

The detection rate was 24% (25/103) in the group of candidate kidney
transplant donors and 34% (33/97) among candidate recipients (Table
2). There was no statistically significant difference between these
groups, which shows that the prevalence of EBV is homogeneous in
our study population as a whole. These individuals come from the
same geographic region, and most recipients with their respective
donors belong to the same family, which may explain this result
(Table 2). When comparing demographic data between detectable
and undetectable candidate donors and recipients for DNA-EBV, we
observed a majority of male individuals, with an average age of 42 in
the detectable group and 43 among the undetectable. However, there
were no statistical differences regarding sex and age between groups
(Table 3 and Figure 1). To analyze the risk of EBV transmission from
donor to recipient, we paired the recipients with their respective
donors, thus obtaining 73 pairs. Of these, 12 pairs consisted of an
undetectable recipient and a detectable donor.
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Table 2. EBV detection in candidate transplant donor and recipient samples

Molecular Results Donors Recipients  p-value*
Detectable 25 (24%) 33 (34%) 0.1730
Undetectable 78 (76%) 64 (66%)

p-value*: Qui Square test.

Table 3. Candidate kidney transplant donors and recipients demographic data regarding molecular EBV results

Features EBV+ Donors EBV - Donors EBV+ Recipients EBYV - Recipients p-value*
Sex

Male 13 (52%) 44 (56%) 21 (64%) 39 (61%) 0.7793
Female 12 (48%) 34 (44%) 12 (36%) 25 (39%)

Age (vears)

Average 42 44 42 43

min-max 28 -67 27-72 12-68 13 -71

p-value*: Qui Square test.

12-23 24-35 36-47 48-59 60-72  AGE (YEARS)
FM F M F M F M F M GENRE
EBV *‘
¥
RECIPIENT
EBV
EBV
* DONOR
EBV
EBV+ recipient EBV- recipient I EBV+donor W EBV-donor

*F: female; M: Male; EBV +: EBV positive; EBV-: EBV negative.
Figure 1. Mosaic Plot of demographic data from candidate donor and recipient kidney transplants

Table 4. HLA allele frequencies for HLA-A, HLA-B e HLA-DR alleles with statistically significant differences between EBV+ and EBV-

patients
Allele EBV-+Patients EBV- Patients  p-value* Corrected p-value** OR 95% CI OR
B*41 4 (3.4%) 0 (0%) 0.00392 0.098175 22.76 1.216-426.1
B*37 3 (3.4%) 0 (0%) 0.01383 0.34575 17.55 0.8993-342.3
DRB1*08 2 (1.7%) 25 (8.8%) 0.01098 0.23076 0.1818 0.042-0.78

OR: Odds Ratio; 95% IC OR: 95% Confidence Interval Odds Ratio
p-value*: Fisher’s Exact test and/or Qui Square.
Corrected p-value**: Bonferroni correction.

Table 5. HLA allele frequencies of HLA-A, HLA-B e HLA-DR alleles with statistically significant differences betweenEBV+controls e

patients
Allele EBV+* Patients Controls p-value Corrected p-value OR** 95% CI OR***
A*01 14 (12%) 22 (5.5%) 0.02521 0.4033 2.358 1.16-4.77
DRB1*08 2(1.7%) 38 (9.5%) 0.00442 0.1255 0.1671 0.0397-0.7035
DRBI1*10 2 (1.7%) 25 (8.8%) 0.03904 0.3252 4.309 0.042 -0.78

OR: Odds Ratio; 95% CI OR: 95% Confidence Interval Odds Ratio 95%
p-value*: Fisher’s Exact test and/or Qui Square.
Corrected p-value**: Bonferroni correction.

Table 6. HLA allele frequencies for HLA-A, HLA-B e HLA-DR alleles with statistically significant differences between EBV-controls
and patients

Allele EBV-* Patients Controls p-value Corrected p-value OR** 95% CI OR**
B*08 5(1,8%) 20 (5.0%) 0.0436 1.1772 0.3405 0.1263-0.9182
DRB1*03 13(4.6%) 38 (9.5%) 0.0234 0.30381 0.457 0.2388-0.8746

OR: Odds Ratio; 95% CI OR: 95% Confidence Interval Odds Ratio
p-value*: Fisher’s Exact test and/or Qui Square.
Corrected p-value**: Bonferroni correction.

This result is of great relevance. Here we point to the risk of We analyzed the distribution of allele frequencies among detectable

transmission of EBV to the kidney transplant recipient in the absence (EBV + patients) and pqn-detectable (EBV- pati'et?ts) candidate
of a molecular test, considering itis possible that donors had EBV transplant donors and recipients both separately and jointly, and also

DNA in blood circulation. Transplantation among these individuals in the contr'ol. group. Comparison of allele freqll.er}cies between the
can result in graft loss, development of PTLD, and a high risk of Donors/Recipients EBV-DNA+ and Donors/Recipients EBV DNA-

mortality. groups showed that the B*41 (p = 0.00392) and B*37 (p = 0.01383)
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alleles were significantly higher among the detectable group. In
contrast, the DRB1*08 allele (»p = 0.01098) was significantly higher
among the undetectable group. However, such differences were not
observed after Bonferroni's correction (p<0.05) (Table 4). When this
comparison was made between the D R EBV+ group and the control
group, before the Bonferroni correction (p <0.05), the A*01 allele (p
= 0.02521) was more frequent among detectable samples, while
themost frequent alleles among the undetectable individuals were
DRBI1*8 (p = 0.00442) and DRBI * 10 (p = 0.03904) (Table 5.)
When comparing the group of undetectable candidate donors and
recipients and controls, the B*08 allele was significantly more
frequent in the control population (p = 0.0436), as well as the
DRB1#3 allele (p = 0.0234). Again, statistical significance was not
confirmed by Bonferroni corrected p-values (Table 6). We also
compared detectable and undetectable candidate transplant donors
and recipients with the control group, but no significant difference
was observed regarding allele frequencies.

DISCUSSION

The main goal of investigating a possible EBV infection in kidney
transplant recipients is to prevent the development of PTDL.
However, it is known that the serological status of the donor is also of
great importance since a negative EBV recipient receiving an
allograft from an EBV-positive donor is one of the most significant
risk factors for mortality associated with EBV in transplant recipients
(20, 21). Currently, routine pre-transplant tests are not performed for
the diagnosis of EBV in donors in blood banks. According to
Ordinance number 2600/GM/MS, of October 21st, 2009, which
approves the Technical Regulation of the Brazilian National
Transplant System, it is optional to perform serological tests for EBV
in potential organ donors and donated organs. Thus, tissues must be
accompanied by a donor blood sample that allows for further
research, if deemed necessary. Concerning individuals who will
undergo kidney transplantation, the investigation of EBV infection
occurs only by serology, despite the immunological window period's
risks and viral tropism (22). When researching EBV DNA in whole
blood samples from both donors and recipients in general, there was
no significant difference between groups, besides a low detection rate
(24% in donors/33% in recipients). In a study with kidney transplant
recipients, a similar viral detection rate was observed in the pre-
transplant period (30%), specifically in whole blood samples, as
performed in our study. However, they also analyzed other blood
fractions and showed that 60% of patients presented the viral genome
in peripheral blood mononuclear cells (PBMC) and 75% in the
fractions of enriched B lymphocytes. That would be explained by the
presence of viral latency inside these cells and justifies the low
percentage found in our cohort (23). We did not find previous studies
comparing the detection rate of EBV between kidney transplant
donors and recipients. In addition to EBV infection, the literature
reports that several HLA alleles may be involved in increased or
decreased risk of developing PTLD, as well as susceptibility or
protection to EBV infection (13, 24, 25, 26). EBV promotes the
modulation of HLA Class I and II molecules in several ways. Since
these determine the efficiency of EBV peptide presentation to T cells,
the virus can negatively regulate HLA as an immune evasion
mechanism. Several genes expressed in the EBV lytic cycle have
been associated with reduction and/or inhibition of HLA Class I and
IT expression on the cell surface, including the BGLFS5, BZLF1, and
gp42 proteins. Besides, the EBNA1, EBNA2, EBNA3A, EBNA3B,
LMP1, and LMP2A genes, involved in the latency process
established by EBV, were also associated in a study that
demonstrated an inverse correlation between the levels of proteins
encoded by these genes and the expression of Class I HLA (27, 28,
29, 30). We sought to associate HLA alleles with the presence or
absence of EBV, performing different comparisons between allele
frequencies of our D/R EBV+ and D/R EBV- subgroups with the
allele frequencies of our control group. Most studies usually seek to
associate EBV infection and HLA alleles in patients with Hodgkin's
Lymphoma (HL) and PTLD. Huang et al. (2010), when carrying out
a case-control genotyping study in 338 Dutch patients with HL,

reported that the allele frequency of B*37 increased significantly in
the HL-EBV+ population (31). In our data, this allele increased
significantly in our subgroup of EBV detectable donors and recipients
compared to the undetectable subgroup, presenting an estimated high
risk of -17.55.

Our data suggest the involvement of the A*01 allele in the risk of
developing EBV infection, as its presence was shown to be
significant in the D/R EBV+ subgroups compared to controls. We
also observed protective association to theinfection development,
given that the presence of the B*08 allele was significantly increased
in the control groups than in renal transplant patients, either in
comparison with the EBV+ or EBV- subgroup. It suggests that this
allele may be involved not only in the protection from EBV
infections but also in renal pathologies. Martin et al. (2015).
evaluated both EBV-positive and negative HL patients and a cohort
of unrelated controls, and associated the A*01 allele with the risk of
developing HL associated with EBV, while the A*02 allele was
associated with its protection (32 ). In another study carried out with
HL patients, Niens et al.(2007) reported that individuals who carry
the HLA-A*02 allele have a reduced risk of developing EBV-
associated HL, while individuals with the HLA-A*01 allele have an
increased risk. Regarding the B*08 allele, its association with
protection against EBV infection development was shown by its
frequencies being significantly higher among renal transplant
receptors that resolved EBV infection (33; 17). The DRB1*08 allele
was more frequent in EBV- patients and controls than in the EBV+
group, suggesting that it may have a protective effect on EBV
infection development. It has been demonstrated in other studies
regarding EBV infection, kidney and autoimmune disorders. Dai et
al. (2015) classify the DRB1*08 allele as a protective factor in the
development of end-stage renal disease. Another author reports this
same protective function for that allele to abnormal renal function
(34, 35). In another study, specifically with EBV, it was demonstrated
that the HLA DRBI1 genes could influence IgG antibodies' levels to
EBV nuclear antigen 1 (EBNA-1), specifically in large Mexican-
American families. Other authors also report a protective role for this
allele in other diseases, such as rheumatoid arthritis and diabetes, in
populations with Amerindian ancestries, such as the individuals
reported in our investigation (36, 37, 38).

In addition to the alleles mentioned above, our data suggest the B¥41
allele's involvement in the susceptibility to EBV infection. In
contrast, the DRB1*10 allele would be involved in protection, which
has not been previously reported. However, it is essential to note that
in our results, only Fisher's exact test and/or Chi-Square test showed
statistical significance, with no significance confirmed by Bonferroni
corrected p-values. This test requires a simple calculation and
interpretation, and its purpose is to determine individual significance
value, providing significance levels for the desired dataset. For a
study in which multiple results are tested to statistical significance,
one or more results may appear as significant at level p<0.05 due to
chance, resulting in type 1 errors. Applying Bonferroni correction
probability values (p) is adjusted, thereby avoiding the erroneous
conclusion of a significant correlation, and preventing type 1 errors, a
critical step in statistical analyses (39, 40, 41).

On the other hand, Bonferroni correction is a too conservative test,
which causes low detection power. When this statistical test is
applied, the corrected p-value is hardly significant. Our study tested
this correction, considering multiple comparisons were applied to
different groups, where each surveyed HLA allele originated a 2x2
contingency table. However, for the corrected p-value to obtain
statistical significance, it is necessary to have a high sample size of
patients and controls or a large difference in allele frequency between
groups (42, 43). As this study is still presented as a pilot project,
carried out with convenience sampling of candidate kidney transplant
donors and recipients, it was not possible to obtain a large sample
size. Further, it has been stated that convenience sampling may not
adequately represent the entire study population (44). The sample size
employed here (N = 200) may limit our results, but it does not make
it infeasible. Expanding our study population in the future will allow
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for better analyses of allelic frequency and its associations with the
protection or susceptibility to EBV infections found in our data.
Future research will determine whether the association findings
presented here remain consistent, thus validating our results and
providing scientific relevance to the current investigation.
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