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Abstract

Introduction. Cytomegalovirus (CMV) infection rema-
ins one of the most common complications of kidney
transplantation. The role of HLA system in CMV infec-
tion is still controversial. The aim of our study was to
assess possible associations of particular HLA alleles
with the occurrence of CMV infection in kidney
transplant recipients.

Methods. A total of 101 kidney graft recipients positive
for anti-CMV IgG prior to transplantation were included
in the study. An individual was assigned as having CMV
infection if elevated titers of IgM CMYV antibodies were
detected by ELISA. HLA-A, -B, -DR and -DQ typing
was performed by serological and/or DNA-PCR based
methods. Chi-square and Fischer’s exact tests were used
for data analysis. P< 0.01 was considered statistically
significant.

Results. Active CMV infection occurred in 52 of the
101 transplanted patients. No significant differences in
respect to gender, age, maintenance immunosuppressive
regimen, anti-rejection and induction therapy were ob-
served between patients with and without infection. A
statistically significant association between the presence
of HLA-A11 and development of active CMV infection
was found (p=0.002). In addition, certain associations
were close to the level of significance: the occurrence of
infection was higher among patients possessing HLA—
B16 (p=0.029) or HLA-DR13 (p=0.019) and lower among
the carriers of HLA-DR11 (p=0.012).

Conclusions. Since the HLA system plays a key role in
human immunity, it can be expected that some alleles
may modulate the antiviral immune response. Our fin-
dings suggest that HLA-A11 may significantly increase
the risk for CMV infection among kidney transplant
recipients.
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Introduction

Cytomegalovirus (CMV) infection is a serious compli-
cation after solid organ transplantation, significantly re-
ducing patients and graft survival [1]. Numerous studies
have tried to identify the risk factors for CMV infection
and possible ways to avoid it. There are several well-re-
cognized risk factors so far — immunosuppressive regi-
men, anti-rejection and induction therapy, CMV status
of the recipient and the donor prior to transplantation.
Patients negative for anti-CMV IgG before transplantta-
tion receiving anti-CMV IgG positive allograft are at
higher risk for development of CMV infection after
transplantation [1]. However, we focused our study on
patients positive for anti-CMV IgG before transplanta-
tion, as they represent the vast majority of candidates
for organ transplantation, especially kidney transplanta-
tion [2]. Apart from these risk factors, many investiga-
tors stress the importance of the HLA system in the anti-
viral responses, especially against the CMV pathogen.
Fan et al. reported that HLA-A2 and HLA-DRI1
increase and HLA-B16 reduces the risk for CMV infec-
tion [3]. Kraat et al. associated HLA-DR7 with incre-
ased risk for CMV infection [4], whereas Gomez and
coworkers rejected any DR7/CMV association [5]. Re-
tierre et al. reported a statistically significant correlation
between HLA-A11, HLA-A32 and HLA-DR11 and pre-
valence of the viral infection among solid organ reci-
pients [6]. However, other investigators found HLA-A11 a
protective factor in cytomegalovirus infection alongside
with HLA-B51 [7]. To our best knowledge, there has
been only one report linking CMV infection with DQ
allele (HLA-DQ3) [8]. Obviously the reports concer-
ning this topic are controversial and even conflicting.
Nevertheless, some HLA alleles (HLA-A11, HLA-B16,
HLA-DR11) can be traced in most of the studies. The
aim of the present study was to assess possible asso-
ciations of host genetic factors (particular HLA alleles)
with CMV infection in kidney transplant recipients. No
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assessment was made in respect to the severity of the in-
fection. Our results reveal highly significant association
between HLA-A11l and CMYV infection after transplant-
tation in patients positive for anti-CMV IgG prior to the
operation.

Patients and methods
Patients

Out of 424 kidney transplant recipients in our transplant
center, only those tested for HLA-A, -B, -DR and -DQ
alleles and positive for anti-CMV IgG prior to tran-
splantation were selected retrospectively and were in-
cluded in the study (n=101). The patients were trans-
planted between 2000 and 2008 and were not selected in
respect to the type of donor (living or cadaver donor).
Exclusion criteria: more than one kidney transplantati-
on, CMV prophylaxis after the operation, CMV nega-
tive patients within one year after transplantation at the
time of the study (December 2008), CMV-IgG negative
recipients before the operation.

The patients were divided into two groups according to
the presence of active CMV infection.

Maintenance immunosuppression

All patients were on triple immunosuppressive regimen
— prednisolone, calcineurin inhibitor and cytostatic me-
dication — azathioprine or mycophenolic acid derivati-
ves. One hundred patients were treated with cyclospori-
ne A and one patient received tacrolimus; all patients
were treated with prednisolone. Out of seventy-two pati-
ents who received azathioprine, 10 were switched to
mycophenolate acid derivatives. Mycophenolates initi-
ally after transplantation received 29 individuals. Cyc-
losporin A and tacrolimus doses were tailored according
to their serum levels. Initial azathioprine doses were 3
mg/kg. Initial doses of prednisolone were 5-10 mg/kg in
the first days and were tapered gradually to maintenance
dose of 10 mg/daily at the third month after transplant-
tation. The doses of mycophenolic acid derivatives were
standard (1000 mg b.i.d for mycophenolate mofetyl and
720 mg b.i.d. for mycophenolate sodium).

Induction and anti-rejection therapy

Of all 101 individuals, 16 patients were treated with an-
ti-thymocyte globulin (Thymoglobulin) as induction or
anti-rejection therapy. Thymoglobulin was administered
for 7 to 10 days and doses were tailored based on the
lymphocyte count. Twenty-two patients were treated
with high doses of prednisolone for rejecttion, 9 patients
received anti-CD25 preparation (basiliximab or daclizu-
mab) as induction therapy.

Testing for CMV

Chemiluminiscence ELISA kit (Diasorin, LIAISON®
hCMYV serology line, USA) was used for determination

of anti-CMV antibodies. A patient was regarded as
CMV positive if elevated anti-CMV IgM levels were
detected. Results in the gray zone were regarded as
negative.

HLA typing

HLA-A and -B typing was performed by CDC method
using magnetic beads for cell isolation and monoclonal
typing trays (One Lambda, USA).When necessary DNA
typing (PCR-SSP) was also performed. HLA-DR and -
DQ alleles were determined by PCR-SSP technique
(Olerup, Sweden).

Statistical analysis

Qualitative data were analyzed using Chi-square test
and Fischer’s exact test. The Mann—Whitney test was
used for quantitative variable analysis (patients’ age).
SPSS 11.5 software was used for the statistics. In our
study, values of p < 0.01 were considered statistically
significant in the setting of relatively small number of
cases.

Results
Gender and age

In the group with CMYV infection (n=52), there were 14
females and 38 males, whereas the anti-CMV IgM ne-
gative group (n=49) consisted of 17 females and 32 ma-
les. No statistically significant association between gen-
der and CMV prevalence was established (p=0.40). The
difference in mean age between the two groups was also
insignificant (39.62+11.96 for the CMV positive patients
and 38.71+12.16 for the CMV negative ones, p=0.668).

CMYV status before transplantation

As it has already been mentioned, all patients included
in the study were positive for anti-CMV IgG antibodies
prior to transplantation. In the CMV infection group,
there were 25 IgG positive donors, one was IgG nega-
tive and for 26 donors no data were available. In the ca-
ses without infection in the post-transplant period, 21
donors were positive for CMV IgG antibodies and for
28 donors no data were available. Despite the missing
data, no statistically significant relation was established
in respect to the CMV status of the donors (p=0.369)
and the development of active CMV infection in the
post-transplant period.

Maintenance immunosuppression

Since all patients were treated with prednisolone and
cyclosporine A (only one patient with tacroimus), these
two medications were not assessed. The stress was laid
on the use of mycophenolic acid derivatives and
azathioprine. Among patients with infection in the post-
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transplant period, 34 were receiving azathioprine, 19 myco-
phenolic acid derivatives, in 1 case azathioprine was substi-

tuted with mycophenolate preparation. Thirty-eight of the
anti-CMV IgM seronegative patients were receiving

Table 1. Demographic and therapeutic characteristics*

CMY Infection—Positive

CMY Infection—Negative

Factor (n=52) (n=49) P value
Patients’ age 39.62+11.96 38.71+12.16 0.668
Patients’ gender
(male-to-female ratio) 38/14 32017 0.400
Donor CMV status
1gG seropositive 25 21 0.369
IgG seronegative 1 0
n.a. 26 28
Medications

Azathioprine 34 38 0.179
Mycophenolic 19 20 0.661
acid derivatives

Thymoglobulin 9 7 0.679
Pulse steroids 14 8 0.199
Anti-CD25 2 7 0.086

n.a. — not available; * Unless otherwise indicated, values are given as number of patients

aza thioprine, 20 mycophenolate, in 9 cases azathioprine
was substituted for mycophenolate medication.

There was no significant association between CMV in-
fection and azathioprine therapy (p=0.179) and between
mycophenolic acid derivatives and CMV infection (p=
0.661) (Table 1).

Induction and rejection therapy

Of 52 patients with CMV infection, 9 were treated with
thymoglobulin, 14 were on steroid pulse therapy due to
rejection and in 2 cases anti-CD25 preparation was ad-
ministered. In the CMV infection negative group, 7 pati-
ents received thymoglobulin treatment, 8 were on stero-
id pulse therapy and in 7 out of 49 recipients anti-CD25
induction was performed. Again, no statistically signify-
cant differences were detected for thymoglobulin, pulse
steroid therapy, anti—-CD25 medications (p=0.679, p=
0.199, p=0.086, respectively). The results are summari-
zed in Table 1.

HLA/CMYV infection associations

All HLA types detected in our patients were included in
the analysis. We found that 14 (26.20%) out of 52 pati-
ent with active CMV infection after transplantation we-
re HLA-A11 carriers (Figure 1). In the group without
CMV infection post transplantation (n=49), only 2 (4.08
%) were HLA-A11 positive. Significant association was
established (Fisher’s exact test, p=0.002) between the
occurrence of CMV infection and the presence of HLA-
Al1 in kidney recipients.

Many other HLA alleles were reported to influence the
risk for CMV infection after transplantation — A2, A24,
A32, B16, B51, DR7, DRI11, DR13, DRI15, DQ3.
Therefore, we also analyzed the influence of these alle-
les in our cohort of patients. Except for HLA-A11, no
other statistically significant association was establish-
ed, according to the accepted level of significance
(p<0.01). The data are summarized in Table 2.

A. o HLA -Al1 carriers

= non HLA-AI lcarriers

501
40 p=0.002

307

201

Number of patients

CMV infection (n=52)

O HLA-Al 1carriers with
infection (n=14)

12.5%

B HLA-Allcarriers
without infection

B. (=)

87.5%

HLA -Al1 carriers (n=16)

Fig. 1. HLA-All frequency in kidney graft recipients
according to their CMV infection status after transplantation.
A. In the patients group with active CMV infection 14 of 52
individuals carried HLA-A11, while only 2 of 49 recipients
without infection were positive for this allele. B. Among the
HLA-A11 positive renal transplant recipients (15.84% of all
studied patients), active CMV infection was observed more
frequently (87.5%) in comparison to the lack of infection
(12.5%).

We have to admit that certain associations were close to

without CMYV infection (n=49)
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the level of significance (p<0.01): the occurrence of
CMV infection was higher among patients possessing

HLA-B16 (Fisher’s exact test, p=0.029) or HLA-DR13
(Fisher’s exact test, p=0.019) and lower among the ca-

Table 2. HLA-A, -B, -DR, -DQ alleles and the occurrence of CMV infection after

transplantation
CMV No Odds
HLA infection infection . 99% CI P value*
(n=52) (n=49) ratio
A2 23 24 0.826 0.273 - 2.496 0.633
All 14 2 8.658 2.866 —26.158 0.002
A24 8 14 0.455 0.150 - 1.373 0.109
A32 2 3 0.613 0.203 - 1.853 0.672
B16 10 2 5.595 1.852 - 16.905 0.029
B51 12 10 1.17 0.388 —3.535 0.745
DRB1*07 8 9 0.808 0.267 —2.441 0.69
DRBI1*11 13 24 0.347 0.115-1.049 0.012
DRB1*13 13 4 4.145 1.372 -12.522 0.019
DRB1*15 7 7 0.933 0.309 - 2.820 0. 905
DQB1*03 32 27 1.304 0.432 -3.939 0.512

*P values estimated by Chi-square test and Fisher’s exact test

rriers of HLA-DR11 (x’=6.249, p=0.012). All other in-
vestigated HLA alleles showed no associations with CMV
infection prevalence after transplantation.

In order to exclude the influence of the recognized risk
factors for CMV infection we analyzed the HLA-A11

positive patients only. No statistically significant differ-
rences were established in respect to gender, age, immu-
nosuppressive therapy between HLA—A11 positive pati-
ents with CMV infection and HLA-A11 positive recipe-
ents without infection. The results are shown in Table 3.

Table 3. HLA-A11 positive patients - demographic and therapeutic characteristics*

CMV CMV
Factor Infection—Positive Infection-Negative 1
(n=14) (n=2) vatue
Age 36.14+12.39 36.5+4.95 0.691
Gender (male-to-female ratio) 9/5 1/1 0.696
Donor CMV status
IgG seropositive 5 1 1.00
IgG seronegative 1 0
n.a. 8 1
Medications
Azathioprine 6 2 0.467
Mycophenolic acid derivatives 8 0 0.467
Thymoglobulin 1 0 1.00
Pulse steroids 5 0 1.00
Anti-CD25 1 0 1.00

n.a. — not available; * Unless otherwise indicated, values are given as number of patients

Discussion

Human cytomegalovirus is a commonly occurring her-
pes virus present in 50-90% of the population, largely
without pathological consequences. However, in clini-
cally immunodeficient or immunosuppressed patients,
unhindered virus-associated replication can occur and
CMV is one of the most important pathogens affecting
renal transplant recipients [9]. Obviously the more risk
factors for CMV infection we are acquainted with, the
less hazardous our immunosuppression will be. There-
fore, the major goal of investigators is to identify the
risk factors for CMV infection and establish the correct
prophylaxis. It is well known that certain HLA alleles
are associated with autoimmune and infectious diseases
[10-14]. There is accumulating data showing the impact
of this genetic system for the anti-CMV responses in or-
gan transplanted patients, especially those genes enco-

ding the MHC class I molecule, which play a key role in
the antiviral defense [3,6,7].

Three CMV peptides were found to be presented by MHC
class I molecules—glycoprotein B, immediate early pro-
tein 1 and pp65 [6]. The complex MHC class I — viral
peptide activates the CD8+ cytotoxic T-lymphocytes
(CTL), thus initiating the antiviral response. Our results
demonstrated significant association (p=0.002) between
HLA-A1l and CMYV infection after kidney transplant-
tation among anti-CMYV IgG positive recipients prior to
transplantation. HLA-A11 frequency among the patients
from the National KidneyWaiting List is consistent with
that in the Bulgarian population (0.0758 vs. 0.0686)
[15]. However, higher percentages of patients (15.84%)
in our study group were carriers of this allele and most
of them developed active CMV infection in the post-
transplant period. The established increased risk of acti-
ve CMYV infection in HLA-A11 positive individuals re-
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ceiving renal allograft is in agreement with the findings
of Retiere et al. [6] for kidney transplant recipients from
the French population. However, the data of Chinese au-
thors [3] suggested that HLA-A11, which is a common
allele in China (varying between 12.1% and 38% across
the different Chinese ethnic groups; www. Allelefrequ-
encies.net), might escape serious CMV infection in liver
transplanted patients. It should be mentioned that in this
study we did not assess the HLA associations with the
severity of CMV infection. Recent investigations have
demonstrated that a differing efficiency of the antiviral
CTL responses may be restricted by different HLA
allele subtypes both in healthy CMV positive volunteers
[16, 17] and hematopoetic stem cell recipients [17].
Taking into consideration these findings we can
speculate that the discrepant results for CMV suscepti-
bility of HLA-A11 carriers observed in different ethnic
groups and geographical location may be due to differ-
rent population specific HLA-A11 allele subtypes. Ho-
wever, this explanation is not supported by the data for
the Bulgarian, French and Chinese populations in which
the HLA-A*11011 is the most frequent HLA-A11 allele
(www.allelefrequencies.net). Thus, it is reasonable to
suggest that the discrepancies observed by different
authors might be caused by different human CMV geno-
types in distinct geographic regions. In this connection
it should be noted that HLA-A11-positive Caucasians
frequently respond to two immunodominant epitopes of
the nuclear antigen EBNA3B [18]. While mutations
within these EBV epitopes, observed in two different
highly HLA-All-positive populations (Papua New
Guinea and Southern Chinese), clearly affected antige-
nicity and did not mount detectable All-restricted CTL
responses [18, 19]. Thus, the viral subtype prevalence in
the different geographic regions should be also taken in-
to consideration.

Our findings have also revealed close to the adopted le-
vel of significance (p<0.01) associations between DRB1*¥11
(p=0.012) and DRB1*13 (p=0.019) and active infection
after transplantation, with data indicating that DRB1*11
may be a protective allele. The MHC class II restricted
CDA4+ T-cell immune responses play an important role
in antiviral defense by enhancing antibody production
and maintaining the number of cytotoxic T cells [20].
Japanese investigators reported association between de-
creased production of anti-CMYV antibodies in patients
with certain HLA types (HLA-DRI15) and increased in
others (HLA-DR9) [21]. In addition, Ishibashi et al. [22]
found that fewer subjects with HLA-DR10 and DR11 had
antibodies against CMV gH than did those without HLA-
DRI10 and DRI11, indicating that these alleles may be
associated with fewer/non-responders for strain-specific
neutralizing antibodies. Contrary to the findings of other
authors [3,6], our data suggest that HLA-DR11 may be
protective for the development of active CMV infection
in the Bulgarian kidney transplant recipients, since the
statistical significance (p<0.012) of this association was
very close to the accepted level of significance (p<0.01).
In addition, significant independent associations betwe-

en some CMV genotypes and particular HLA alleles in
renal transplant recipients were observed by Retiere er
al. [6], with higher gB1 and lower IE1-2 genotype fre-
quencies in DR11 carriers. Again, population specific
HLA-DR allele subtypes and/or CMV strains could be
suggested as an explanation for the reported differences.
Further investigations in larger groups of patients will
be necessary in order to clarify the role of HLA class II
antigens in CMV infection in kidney transplanted pati-
ents from our population. Moreover, the combined effe-
ct of HLA class I and class II alleles should also be elu-
cidated.

Our study has an important link with the routine clinical
practice, as we have focused on patients positive for an-
ti-CMV IgG antibodies before transplantation that rep-
resent the vast majority of kidney transplant candidates.
In these recipients, CMV infection after transplantation
is due either to reactivation of a past infection or newly
acquired infection with a different CMV genotype.

In everyday clinical practice our findings can be imple-
mented in two major directions — reducing the immuno-
suppressive regimen in HLA-A11 carriers or CMV pro-
phylaxis. As the reduction of the immunosuppressive the-
rapy increases the risk for rejection, the second option —
CMV prophylaxis seems to be the more realistic approach.
We must admit, however, that it is a long way till cer-
tain HLA alleles can be recognized as risk factors for
CMV infection. The main reason for this are the contro-
versial results, which can be partly explained with di-
fferrent cohorts of patients investigated, population spe-
cific HLA genetic background of each geographic regi-
on leading to different allele frequencies. Other factors
associated with controversial results such as co-influen-
ce of several HLA alleles, infection with different sub-
types of human cytomegalovirus or social environment-
tal and economic ones in the different countries cannot
be excluded, too. Perhaps larger studies in different eth-
nic groups are needed to elucidate the association bet-
ween certain HLA alleles and CMV infection, which in
turn might design individual treatment strategies in tran-
splant organ recipients.
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