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Patients receiving ABO-incompatible (ABOi) or human leukocyte antigen (HLA)-incompatible (HLAI) kidney trans-
plantation (KT) require potent immunosuppression and are thus at a higher risk of infectious complications.
We evaluated the clinical outcomes of KT stratified by ABO and HLA incompatibilities and identified the fac-
tors associated with the clinical outcomes.

Recipients who underwent living-related KT between 2012 and 2017 were included and classified into 4 groups:
ABO-compatible and HLA-compatible (ABOc/HLAc), HLA-incompatible (ABOc/HLA), ABO-incompatible (ABOi/HLAc),
and ABO-incompatible and HLA-incompatible (ABOi/HLAi). Cox proportional hazards regression analyses were
carried out to evaluate the risk factors of acute rejection. Out of the 1732 patients who underwent KT, 1190,
131, 358, and 53 were in the ABOc/HLAc, ABOi/HLAc, ABOc/HLAI, and ABOi/HLAI groups, respectively.

The ABO/HLAI group showed the lowest 5-year graft survival rate (91.7%). Death-censored graft survival was
not significantly different among the groups. The mortality rate from infections was significantly higher in the
ABOI/HLAI group (7.5%) than the other groups. Antibody-mediated rejection-free graft survival was the low-
est in the ABOi/HLAI group, with significant differences compared with the ABOi/HLAc group (P=0.02) and the
ABOCc/HLAI group (P=0.03). ABOi/HLAi (hazard ratio [HR], 2.63; 95% confidence interval [Cl], 1.04-6.65; P<0.01)
and combined infection (HR, 1.91; 95% Cl, 1.45-2.51; P<0.01) were significant risk factors for acute rejection.
Patients with both ABO and HLA incompatibilities showed inferior rates of overall patient and graft survival
due to infectious complications. Infection was a prominent risk factor of acute rejection following KT after ad-
justing for possible confounders including ABO and HLA incompatibility.
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Background

Kidney transplantation (KT) is the best renal replacement ther-
apy in patients with end-stage renal diseases [1]. Advances in
immunosuppressants and desensitization have enabled kid-
ney transplantation across immunologic barriers such as blood
group A/B or human leukocyte antigen (HLA) incompatibilities.
Transplantation from an HLA-incompatible (HLAI) donor has
been reported to have survival benefits compared with receiv-
ing a KT from a deceased donor or waiting on the transplant
list [2,3]. ABO-incompatible (ABOi) or HLAI KT recipients carry
distinct immunologic risks that have significant impacts on the
postoperative course and graft outcomes. ABOi KT was shown
to have comparable outcomes to ABO-compatible (ABOc) KTs,
but some larger studies suggested that ABOi KT is associat-
ed with early incidences of graft failure or higher posttrans-
plant mortality [4-6]. Studies comparing HLAi KT and HLA-
compatible (HLAc) KT continue to show conflicting outcomes,
especially in cases with high mean fluorescence intensity lev-
els of donor-specific antibodies (DSA) and in terms of long-
term outcomes [7-11]. In addition, recipients receiving ABOi
or HLAI KT need potent immunosuppression, including desen-
sitization treatments, and are thus at a higher risk of infection
following KT [12-14].

Previously, we reported the outcomes of ABOi and HLAi KT,
including positive flow-cytometric crossmatch and comple-
ment-dependent cytotoxicity crossmatch KT, and suggested
that DSA is a predominant predictor of acute rejection [15-17].
Importantly, whether the combination of ABO and HLA incom-
patibilities has an additional effect on clinical outcomes com-
pared with either ABO or HLA incompatibility has not been
thoroughly investigated. A nationwide cohort study reported
the results of ABOi and HLAI KT, but due to the heterogeneity
in patient characteristics arising from its design, the study fell
short of accurately reflecting the effects of the strength of DSA
and infectious complications on the clinical outcomes [18,19].
Here, we evaluated the clinical outcomes of KT stratified by
ABO and HLA incompatibilities and identified the factors af-
fecting clinical outcomes of ABOi and HLAI KT.

Material and Methods

Study Population

We included recipients who underwent living-related KT be-
tween January 2012 and December 2017 at Asan Medical
Center (AMC). To compare the clinical outcomes stratified by
ABO and HLA incompatibilities, the patients were categorized
into 4 groups: compatible for both ABO and HLA (ABOc/HLAC),
HLA-incompatible (ABOc/HLAI), ABO-incompatible (ABOi/HLAc),
and incompatible for both ABO and HLA (ABOi/HLAI). The HLAc
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group included patients with maximal DSA mean fluorescence
intensity values below 5000. HLAi KT was defined as a trans-
plant in recipients with positive complement-dependent cyto-
toxicity crossmatch, flow-cytometric crossmatch, and/or max-
imal DSA mean fluorescence intensity values above 5000, a
cutoff based on previous studies [17]. The Institutional Review
Board of AMC approved this study.

Desensitization regimens for ABOi and HLAi kidney
transplantation

The pretransplant desensitization regimens of ABO and HLA in-
compatibilities at our center were described in previous stud-
ies [15,20]. Both protocols consisted of anti-CD20 monoclonal
antibody (rituximab; Genentech, Inc., South San Francisco, CA,
USA) and plasmapheresis (PP). For ABOi recipients, we admin-
istered a single dose of rituximab (100-200 mg) at 7 days be-
fore the start of PP. Total plasma exchange was performed until
the preoperative immunoglobulin M isoagglutinin titer against
blood group A or B was reduced to <1: 4, and postoperative
PP was performed when the rebound isoagglutinin titer was
>1: 16 (COBE® Spectra; Gambro BCT, Lakewood, CO, USA) [21].
HLAI patients were treated with 200-500 mg of rituximab 1-2
weeks before PP. PP was maintained until the complement-
dependent cytotoxicity crossmatch and T-cell flow-cytometric
crossmatch became negative.

Immunosuppression and postoperative prophylaxis for
infection

For induction, 20 mg anti-interleukin-2 receptor antibody (basi-
liximab) was administered on day 0 and again on day 4. The
maintenance immunosuppression regimen consisted of a calci-
neurin inhibitor (tacrolimus, cyclosporin), a corticosteroid, and
mycophenolic acid. The target trough concentrations for tacro-
limus ranged from 5 to 8 ng/mL following KT and were grad-
ually decreased to 3-6 ng/mL after 1 year. The target trough
concentrations of cyclosporine ranged from 100 to 150 pg/L,
which was reduced to 70-100 pg/L. Recipients received 750 mg
mycophenolate mofetil twice a day as anti-metabolites starting
from 1 week prior to transplantation, and the dosage was re-
duced to 500 mg twice a day after the fifth postoperative day.

To prevent cytomegalovirus (CMV) and human polyomavirus
BK infection, we performed preemptive therapy with monitor-
ing the presence of viremia using polymerase chain reaction
(PCR) from the patients’ blood sample. PCR was performed at
1 and 2 weeks; 1, 3, and 6 months; and 1 year after transplan-
tation. Additional PCR for CMV or polyomavirus BK was per-
formed if viremia was detected or clinically indicated. All pa-
tients received trimethoprim-sulfamethoxazole (80-400 mg)
daily for 6 months as a prophylaxis for Pneumocystis jirove-
cii pneumonia.
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Definitions

The rejection was diagnosed according to the Banff classifica-
tion [22]. We did not perform protocol biopsies. Rejection-free
graft survival (RFGS) was defined as the time between KT to
the first incidence of pathologically diagnosed rejection. Graft
survival (GS) was defined as the time between transplanta-
tion to the return of renal replacement therapy or graft failure.
Pneumonia was defined as lung infection caused by viruses,
bacteria, or fungi. Combined infection consisted of polyoma-
virus BK viremia PCR >4 logs, CMV viremia PCR >4 logs, uri-
nary tract infection, and pneumonia. To evaluate the effect of
infection on rejection episodes, an infection that occurred pri-
or to rejection was included in the analysis.

Statistical analysis

Continuous variables underwent analysis of variance (post hoc
analysis) for comparisons among multiple groups, and the t-
test or Mann-Whitney U test was performed for comparisons
between 2 groups as appropriate. Categorical data were ana-
lyzed with the chi-squared test or Fisher’s exact test. Survival
rates were analyzed with Kaplan-Meier curves (log-rank tests).
To investigate the association between risk factors and allograft
rejection, univariate and multivariate Cox proportional hazards
regression analyses were performed in a backward stepwise
fashion. Variables with P values <0.10 on univariate analysis
were subjected to multivariable analysis. P values less than
0.05 were considered to indicate statistical significance. We
performed statistical analyses using SPSS, version 21.0 (IBM
Corp., Armonk, NY, USA).

Results

Baseline demographics

A total of 1732 patients were included in this study, which in-
cluded 1190 transplants that were compatible for both ABO
and HLA and 542 transplants that were incompatible for ABO,
HLA, or both. A total of 53 out of the 411 ABOi cases were
HLAI, and 131 out of the 1321 ABOc cases were HLAI. The pa-
tients were stratified into 4 groups — ABOc/HLAc, ABOc/HLA,
ABOI/HLAc, and ABOi/HLAi — according to their compatibility
for ABO and HLA, and these groups included 1190, 131, 358,
and 53 patients, respectively.

Table 1 summarizes the baseline demographics and charac-
teristics of the patients. The ABOi/HLAIi group had the high-
est mean age, and the 2 HLAi groups had higher proportions
of females. Preemptive KT was the most frequently performed
in the ABOc/HLAc group. The ABOi/HLAi group had a signifi-
cantly higher rate of retransplants (P<0.01). More patients in
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the ABOc/HLAc group received cyclosporine than in the other
groups (P=0.03). Rituximab dosage was significantly higher in
the HLAI groups than the ABOi groups (P<0.01). Pretransplant
PP number was the highest in the ABOi/HLAi group, followed
by the ABOc/HLAi and ABOi/HLAc groups. The ABOc/HLAi group
had higher maximal DSA value than did the ABOi/HLAi group
(9367+4349 vs. 729244193, P<0.01).

Infectious complications

Infections of BK viremia >4 log were significantly different
among the 4 groups, with the incidence being more than
2-fold higher in the ABOi groups compared with the ABOc
groups (23.6% vs. 8.4%, P<0.01). The incidence of CMV vire-
mia >4 log was significantly higher in the HLAi groups than in
the HLAc groups (12.0% vs. 8.0%, P<0.01). Urinary tract infec-
tion occurred less frequently in the ABOc/HLAc group and the
ABOI/HLAc group than in the other groups (P<0.01). The inci-
dence of pneumonia was not significantly different among the
study groups. The ABOi/HLAi group had the highest combined
infection rate among the study groups, and the ABOc/HLAc
group had the lowest combined infection rate (P<0.01). The
incidence of mortality due to infectious complications in the
ABOI/HLAI group (4 cases, 7.5%) was significantly higher than
those in the other groups (Table 2).

Overall patient survival and graft survival rates

Mortality occurred in a total of 23 cases during the study peri-
od. The overall patient survival rates at 1, 3, and 5 years were
99.1%, 98.7%, and 98.4%, respectively. The ABOi/HLAi group
showed a significantly lower survival rate compared with the
other groups (vs. ABOc/HLAc, P<0.01; vs. ABOc/HLAI, P=0.01;
vs. ABOi/HLAc, P<0.01) (Figure 1A). The overall GS rates at 1, 3,
and 5 years were 98.8%, 97.7%, and 96.2%, respectively. The
5-year GS rate was the lowest in the ABOi/HLAi group (91.7%),
which was significantly inferior compared with the ABOc/HLAc
group and the ABOc/HLAI group (P<0.001 and P=0.02, respec-
tively) but not significantly different from the ABOi/HLAc group
(P=0.20) (Figure 1B). Death-censored GS did not reveal a sig-
nificant difference among the 4 groups (Figure 1C).

Comparison of acute rejections and antibody-mediated
rejections

The overall rejection rate at 1 year was 6.9%, 15.3%, 8.7%, and
20.8% in the ABOc/HLAc, ABOc/HLAI, ABOi/HLAc, and ABOi/HLAI
groups, respectively. The 1-year rejection rates were signifi-
cantly higher in the ABOc/HLAIi group and ABOi/HLAi group
than in the HLAc groups (P<0.01) due to the higher rate of an-
tibody-mediated rejection (AMR) (P<0.01). There were no sig-
nificant differences among study groups in the rate of acute
cellular rejection (P=0.70) (Table 3).
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Table 1. Demographics and baseline clinical characteristics.

Variables

Age, years 45.9+12.0 48.2+12.2 47.31£11.6 50.8+11.1 €0.02

Maximal DSA MFI 3464910 936744349 495+1067 729244193 <0.012cdef

Categorical variables are presented as counts and percentages. Continuous variables are presented as means and standard deviations.
ABOc — ABO-compatible; ABOi — ABO-incompatible; BMI — body mass index; ESRD — end-stage renal disease; GN — glomerulonephritis;
FSGS - focal segmental glomerulosclerosis; PCKD — polycystic kidney disease; HD — hemodialysis; CAPD — continuous ambulatory
peritoneal dialysis; PP — plasmapheresis; CDC — complement-dependent cytotoxicity; FCXM — flow-cytometric crossmatch;

MFI — mean fluorescence intensity; HLA — human leukocyte antigen; PRA — panel reactive antibody; DSA — donor-specific antibody.

* HLA-incompatible kidney transplantation was defined as CDC XM, FCXM-positive, and/or maximal DSA MFI >5000.

2 P-value between ABOc & HLAc group and ABOc & HLAI group; ® P-value between the ABOc & HLAc group and the ABOi & HLAc
group; © P-value between the ABOc & HLAc group and the ABOi & HLAi group; ¢ P-value between the ABOc & HLAi group and the ABOi
& HLAC group; © P-value between the ABOc & HLAi group and the ABOi & HLAI group; f P-value between the ABOi & HLAc group and

the ABOi & HLAi group.
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Table 2. Infection prior to rejection.

ABOc .\:{o]} y.\:{o]}

Variables & HLAc & HLAc & HLAi*

(N=1190) (N=358) (N=53)

BK viremia positive 294 (24.7) 23 (17.6) 95 (26.5) 14 (26.4) 0.23

C BKviremiaPCR24logs 102 B6) 0 (76 84 (235 13 (45 0o
 CMVviremiapositive M3 379 67 511 129 (60) 7 (09 ©0o1
© CMVviremiaPCR>4logs 06 (89) 16 122) 18 50 6 (13) 003
 Urinary tract infection 133 (112 25 (191) 2 B) 1 08 0o
peumonia 65 (5 9 (69 0 66 4 75 o7s
 Combined infection™ 318 (267) 43 (328) 127 (355 25 @72 0o
 Mortality due toinfection 7 (06 1 09 3 08 4 @8 ©0o1

Categorical variables are presented as counts and percentages. ABOc — ABO-compatible; ABOi — ABO-incompatible; HLA — human
leukocyte antigen; CMV — cytomegalovirus. * HLA-incompatible kidney transplantation was defined as CDC XM, FCXM-positive, and/or
maximal DSA MFI 2500; ** Combined infection consisted of BK viremia PCR >4 logs, CMV viremia PCR >4 logs, urinary tract infection,

and pneumonia.

The rate of RFGS was significantly lower in the ABOc/HLAi
group and the ABOi/HLAi group compared with the ABOc/HLAc
group (P<0.01 in both groups). No significant difference in the
RFGS was observed between the ABOi/HLAc group and the
ABOc/HLAc group (P=0.10). There was also no significant dif-
ference in the RFGS between the ABOi/HLAi group and either
the ABOI/HLAc group or the ABOc/HLAi group (P=0.07 and
P=0.09, respectively) (Figure 1D). When only the AMR was tak-
en into account, the 3 groups with incompatibilities showed
inferior AMR-free GS rates compared with the ABOc/HLAc
group (P=0.01 vs. ABOc/HLAI, P=0.03 vs. ABOi/HLAc, P<0.001
vs. ABOi/HLAI). The rate of AMR-free GS was the lowest in the
ABOI/HLAi group, which was significantly inferior compared
with the ABOi/HLAc group and the ABOc/HLAi group (P=0.02
and P=0.03, respectively) (Figure 1E).

We also evaluated the long-term rejection rate of each group ac-
cording to the presence of infection before rejection (Figure 2).
Recipients in the ABOc/HLAc group with infectious complica-
tions tended to have a higher rate of rejection, albeit with-
out statistical significance (P=0.08). Within the ABOc/HLAI
group, the rate of RFGS was significantly lower in patients
with infection compared with those without infection (P=0.04).
There were no significant differences in the RFGS within the
ABOi/HLAc and ABOi/HLAi groups based on the history of in-
fection (P=0.72 and P=0.62, respectively). The median time to
rejection after infection was 13 months (interquartile range,
4.0-37.0 months)

Univariate and multivariate Cox proportional hazards regression
analyses were carried out to identify the risk factors for acute

This work is licensed under Creative Common Attribution-
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rejection (Table 4). After adjustment for possible confounding
factors, multivariable analysis showed that ABOi/HLAi (hazard
ratio [HR], 2.63; 95% confidence interval [CI], 1.04-6.65; P<0.01)
and combined infection (HR, 1.91; 95% Cl, 1.45-2.51; P<0.01)
were independent risk factors for acute rejection.

Discussion

In this study, we found that infection is a significant risk fac-
tor for acute rejection in ABOi or HLAI KT. Desensitization and
depletion of antibodies using PP, antigen-specific immunoad-
sorption, and B-cell suppression with rituximab have enabled
transplants across immunologic barriers. However, infectious
complications resulting from these immunologic treatments in-
crease the risks of rejection and reduce the overall GS. Notably,
the high mortality rate in the ABOi/HLAIi group due to lethal
infection suggests that reaching the goal of desensitization is
more challenging in patients who have both ABO and HLA an-
tibodies. We used a higher dose of rituximab in HLAi KT than
in ABOi KT. In addition, pretransplant PP was the highest in the
ABOI/HLAI group. Padmanabhan et al. [23] reported similar re-
sults, which showed that patients who had both immunolog-
ic barriers needed more treatments during the perioperative
period. There is also a possibility of immunologic vulnerabil-
ity against pathogens in the ABOi/HLAi group. Although we
are not able to suggest the exact mechanism at this point, the
notably higher rate of mortality due to infection in the ABOi/
HLAi group compared with the ABOc/HLAi group seems to
support this hypothesis.
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Figure 1. Long-term survival after kidney transplantation according to ABO and HLA incompatibilities. (A) Overall patient survival, (B)
overall graft survival, (C) death-censored graft survival, (D) rejection-free graft survival, and (E) antibody-mediated rejection-

free graft survival.

Among the HLAc groups in our study, ABOi KT showed a sim-
ilar overall GS with ABOc KT. A registry-based analysis com-
paring living-donor ABOi and ABOc KTs revealed a higher ear-
ly graft failure rate following ABOi KT. However, there was no
significant difference in long-term patient survival [6]. Recent
studies also reported that the intermediate-term survival rates
of ABOi KT were comparable to those of ABOc KT [24-26].
However, the rates of early mortality related to infectious com-
plications were reported to be significantly higher among the

This work is licensed under Creative Common Attribution-
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ABOi recipients [4]. We also observed early lethal infectious
complications in 89 cases of ABOi KT in which patients were
administered 500 mg rituximab for desensitization [16,27].
Seven deaths occurred during the study period, 6 of which
were caused by infection. After reducing the rituximab dose
from 500 to 200 mg and the mycophenolate mofetil dose from
1.5 to 1.0 g/d, we achieved successful GS in ABOi KT [16,27].
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Table 3. Incidence of rejection at 1 year after kidney transplantation.

ABOc
Variables & HLAc
(N=1190)
Overall rejection at 1 year 71 (6.0) 11 (8.4) 28 (7.8) 9 (17.0) 0.01
ACR only 46 (3.9) 3 (2.3) 12 (3.4) 1 (1.9 0.70
Overall AMR with or without ACR 25 (2.1) 8 (6.1) 16 (4.5) 8 (15.1) <0.01

Categorical variables are presented as counts and percentages. ACR — acute cellular rejection; AMR — acute antibody-mediated
rejection. * HLA-incompatible kidney transplantation was defined as CDC XM, FCXM-positive, and/or maximal DSA MFI >5000.
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Figure 2. Rejection-free graft survival stratified by infection history. (A) ABO- and HLA-compatible group, (B) ABO-compatible and HLA-
incompatible group, (C) ABO-incompatible and HLA-compatible group, and (D) ABO- and HLA-incompatible group.
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Table 4. Factors associated with the occurrence of acute rejection.

Female (vs. Male)

1.05 (0.76-1.45)
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Acute rejection and infectious complications...
© Ann Transplant, 2020; 25: 927420

FCXM-positive

1.08 (0.72-1.63)

0.72 0.52 (0.21-1.34) 0.52

PP — plasmapheresis; CMV — cytomegalovirus; ABOc — ABO-compatible; ABOi — ABO-incompatible; HLA — human leukocyte antigen;
CDC - complement-dependent cytotoxicity; FCXM — flow-cytometric crossmatch; DSA — donor-specific antibody. * Combined infection
consisted of BK viremia PCR >4 logs, CMV viremia PCR >4 logs, urinary tract infection, and pneumonia.

RFGS was somewhat inferior in the ABOi/HLAc group compared
with the ABOc/HLAc group (P=0.10). Among the patients in
the HLAc groups, ABOi KT showed a significantly lower long-
term AMR-free GS than ABOc KT (P=0.03). Considering that
only 2 cases of early clinical rejection due to ABO antibodies
occurred and that grafts usually achieved accommodation af-
ter critical periods, especially the first 2 weeks after trans-
plantation, we assume that the higher acute rejection rate of
ABOI KT was likely due to infection [28,29]. Although subgroup
analysis showed similar RFGS rates among the patients in the
ABOI/HLAc group according to combined infection episodes
prior to rejection, BK viremia >4 log were more frequently ob-
served in the ABOi/HLAc group; therefore, the high rate of BK
viremia (23.5%) might be the cause of the high rejection rate
in this group. Our center previously reported that the immu-
nosuppression reduction for the control of BK viremia was as-
sociated with acute rejection [30]. Even with a lower dose of
rituximab, the ABOi/HLAc group showed a greater tendency to
have high-titer BK virus infection than the ABOc/HLAI group,
which is consistent with the recent study by Sharif et al. [31].
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The overall patient survival rate was significantly lower in the
ABOI/HLAi group than the other 3 groups. Recent studies re-
ported that the mortality rate caused by infectious complica-
tions was high in ABOi KT, and that tailored desensitization
treatment may reduce posttransplant infections [4,24]. These
findings suggest that the degree of desensitization is a more
potent risk factor than the status of ABOi or HLAi for infec-
tion-related death [18]. The GS was inferior in the ABOi/HLAI
group compared with the ABOc/HLAc and ABOi/HLAc groups,
and DCGS did not significantly differ across the 4 groups.
These findings collectively suggest that the inferior GS rate of
the ABOi/HLAI group can be attributed to the difference in pa-
tient survival. We administered trimethoprim-sulfamethoxa-
zole (80400 mg) daily as prophylaxis for P. jirovecii pneumo-
nia during the 6 months after KT. Among the 542 patients who
received rituximab, there were 4 cases of mortality resulting
from P. jirovecii pneumonia. We published an article recom-
mending the extension of the prophylaxis duration to more
than 6 months in patients who receive rituximab [32]. To im-
prove the GS of immunologically high-risk patients, an attempt

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]



KoY. et al.:
Acute rejection and infectious complications...
© Ann Transplant, 2020; 25: €927420

to apply minimal immunosuppression that can sustain graft
function without rejection is required. Close monitoring and
proper prophylaxis for preventable infectious complications
are also needed. Meanwhile, the efficacy of rituximab induc-
tion in preventing transplant rejection is controversial [33]. A
randomized controlled study evaluating the effect of single-
dose (375mg/m?) rituximab induction did not demonstrate a
significant difference in the incidence of infection between the
rituximab and control groups with immunological benefits [34].
Kamar et al. [35] suggested that the combined use of rituximab
with anti-thymocyte-globulin induction significantly increased
the risk of infection-related death [35]. We used basiliximab
as an induction agent to avoid infectious complications in re-
cipients treated with rituximab. Further studies are required
to determine the proper dose of rituximab, the combination
of desensitization treatment, and the type of induction drug.

In our study, the RFGS tended to be lower in the ABOi/HLAi
group compared with the ABOc/HLAIi group. Moreover, the
AMR-free survival rate was the lowest in the ABOi/HLAi group
among the study groups. Subgroup analysis showed no sig-
nificant difference in the rejection rate among patients in
the ABOIi/HLAI group when stratified by infection episodes.
Multivariate analysis also showed that ABOi/HLAi was a sig-
nificant risk factor for rejection. Therefore, we can infer that
there is a possibility of synergistic effects between anti-HLA
and anti-blood group A/B antibodies. In our recent study us-
ing combined data from a nationwide cohort registry, we sug-
gested that the anti-HLA and anti-blood group antibodies may
have a synergistic effect [32]; however, this cohort study had
several limitations because several variables that were needed
for proper interpretation of the results were missing, including
specified data of infectious complications and desensitization
treatment. Although the present study is from a single center,
we have analyzed a large number of HLAi/ABOi patients with
unified protocolized desensitization treatment and monitor-
ing schedules. Therefore, we believe that our study potential-
ly excluded the possibility of heterogeneity that limits multi-
center cohort studies and fortified the previously established
hypothesis on the synergistic effects in recipients with dou-
ble immunologic barriers.

Infections are well-known risk factors for adverse outcomes
in graft and patient survival. The consequences of infectious
complications following KT vary from direct injury of the graft
to associated inflammation resulting from indirect pathways,
including rejection due to the activation of the alloimmune
reaction that has cross-reactivity to graft antigens [32]. Many
previous studies demonstrated the cross-reactivity of CMV-
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who experienced infection were more likely to develop rejec-
tion due to the direct effects of the infection or the immuno-
logic reactions from cross-reactive antibodies. Gut microbial
dysbiosis by infection and antiviral or microbial therapy may
be a possible explanation for the increased risk of rejection
after infection [38]. The novel finding of our research is that
infection is an independent risk factor even when taking the
immunologic risk factors into account.

Our study has some limitations. First, there may have been
selection biases due to its retrospective design. Second, the
smaller number of recipients in the ABOi/HLAi group com-
pared with the other groups may have reduced the statistical
power. However, as far as we know, our study analyzed the
largest number of patients stratified by ABO and HLA incom-
patibility to date. Third, our study results may have racial dif-
ferences from non-Asian populations in terms of genetic or
medical circumstances. In addition, the patients in our study
were relatively young and had a lower rate of comorbidities
than Western patients. Therefore, the 5-year overall PS (98%)
and GS (92%) rates in this study showed much better out-
comes than those in European and United Network for Organ
Sharing data [39,40]. However, recent studies involving Asian
or Korean patients have reported similar clinical outcomes as
those in our study [41,42]. Consideration of these factors are
needed to interpret the results.

Conclusions

Patients who had both ABO and HLA incompatibilities showed
inferior rates of overall GS, which was mainly due to infectious
complications. Infection was a prominent risk factor for acute
rejection following KT after adjusting for possible confounders
including ABO and HLA incompatibility. Our results suggest that
a balance between immunosuppression and the prevention of
infectious complications is needed to improve clinical outcomes
in immunologically high-risk patients. Further research is re-
quired to reveal the mechanism for the immunologic vulnera-
bility against pathogens and synergistic effects between anti-
HLA antibodies and anti-blood group A/B antibodies.
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