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Abstract: Introduction: Early acute antibody-mediated rejection
(ABMR) occurs more frequently in ABO-incompatible (ABOi) than in
ABO-compatible (ABOc) kidney transplantation. This could lead to
increased inflammation/scarring in the ABOi grafts. Protocol biopsy data
in ABOi kidney recipients are scarce.
Methods: A single-center retrospective matched cohort study was
conducted. Eighty adult living donor (LD) renal transplant recipients
without HLA donor-specific antibodies (DSA) transplanted between
2009 and 2012 were included; 20 ABOi and 60 ABOc controls matched
for donor age and transplantation year. Protocol biopsies at one yr were
scored according to the Banff classification. Three sums of scores were
constructed: tubulointerstitial inflammation (t + i = 0 vs. >0),
microvascular inflammation (g + ptc = 0 vs. >0), scarring/hyalinosis
(ci + ct + cv + ah ≤ 1 vs. >1. Scores and presence of subclinical rejection
(SCR) at one yr were compared.
Results: Protocol biopsy findings at one yr in the ABOi vs. ABOc
matched control group were not statistically different: (t + i) > 0, 30%
vs. 20%; (g + ptc) > 0, 5% vs. 8%; (ci + ct + cv + ah) > 1, 85% vs.
60%, respectively. No transplant glomerulopathy occurred. SCR rate at
one yr was 30% vs. 18%, subclinical ABMR 5% vs. 7% (all with de novo
HLA DSA).
Conclusion: One-year protocol biopsies of ABOi and ABOc LD
recipients do not differ in chronic changes, inflammation, or SCRs.
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Introduction of ABO-incompatible (ABOi) kidney
transplantation has increased the possibility of
finding suitable living donors (LDs) for patients
with end stage renal disease. Historically, plasma-

pheresis and splenectomy were performed to
remove circulating blood group antibodies and to
minimize the risk of hyperacute humoral rejection
(1–5).
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Currently, immunoadsorption or (double-/sin-
gle-filtration) plasmapheresis, intravenous immu-
noglobulin (IvIg) and anti-CD20 monoclonal
antibody (rituximab) is the standard of care for
ABOi kidney transplantation in most centers (6–9).
This has lead to a reduction of early acute/active
antibody-mediated rejection (ABMR) from 46% to
5–33% (10–16). However, compared to non-HLA-
immunized ABO-compatible (ABOc) transplants,
ABOi transplants still have an increased risk of
acute ABMR during the first months post-trans-
plantation (10, 13, 15). Antibody-mediated injury
in the early phase after transplantation may induce
subsequent transplant glomerulopathy (TG) and
scarring (10). There is also a risk for development
of de novo (dn) HLA donor-specific antibodies
(DSA) and chronic ABMR post-transplantation in
ABOi transplants (16–20). If ABOi recipients are
transplanted with preformed HLA DSA, it is diffi-
cult to know whether antibody-mediated biopsy
changes are due to blood group incompatibility or
due to preformed HLA DSA.

There are few studies with protocol biopsies in
ABOi recipients with current immunosuppressive
regimes or in recipients without preformed HLA
DSA. There is increasing evidence that subclinical
rejection (SCR), detected by protocol biopsies, is
an important entity. Studies have confirmed that
findings in protocol biopsies correlate with later
graft outcome (21–23).

No previous study has examined histological
changes in biopsies from ABOi recipients com-
pared to a matched group of ABOc controls. All
recipients were transplanted without presence of
HLA DSA. The ABOc patients were matched for
donor age, an important contributor to chronic
histological changes and year of transplantation.
Protocol biopsies performed at one yr were evalu-
ated for chronic changes including fibrosis, TG,
presence of inflammation, and SCR.

Materials and methods

Study population

From January 2009 to December 2012, we per-
formed 1156 renal transplantations, of which 341
were LD transplantations. Eighty adult recipients
of LD kidney transplants without presence of pre-
formed HLA DSA or panel-reactive antibodies
(PRA) >20% at transplantation and with a valid
one-yr protocol biopsy were included (ABOi study
group [n = 20]/ABOc controls [n = 60]).

Twenty-five adult ABOi LD kidney transplanta-
tions were performed from 2009 to 2012. Five
recipients were excluded from the final evaluation

(two grafts lost in early acute ABMR, one at poly-
omavirus nephropathy to cause one-yr biopsy, and
two refused biopsy). The ABOc group was ran-

Table 1. Patient and transplant characteristics at (A) baseline and

(B) one yr

ABOi

n = 20

ABOc

n = 60

(A)
Recipient age (yr), mean (�SD) 47.9 � 12.2 50.0 � 13.7
Recipient gender (men), n (%) 15 (75) 42 (70)
Donor age (yr), mean (�SD) 48.7 � 8.8 50.0 � 10.1
Donor gender (men), n (%) 8 (40) 27 (45)
Graft number ≥ 2, n (%) 8 (40) 1 (2)
HLA mismatches, n (%)

A + B mismatch ≥ 2 13 (65) 34 (57)
DR mismatch ≥ 1 18 (90) 35 (58)

Creatinine lmol/l at six wk,
mean � SD

115.9 � 24.3 115.3 � 32.8

CMV D+?R�, n (%) 3 (15) 5 (8)
Anti-A titer IgM, median (range)
pre-treatmenta

32 (4–512)

Anti-A titer IgG, median (range)
pre-treatment

128 (4–1024)

Anti-B titer IgM, median (range)
pre-treatmentb

4 (2–16)

Anti-B titer IgG, median (range)
pre-treatment

4 (4–32)

Anti-A titer IgM, median (range)
at transplant

1 (<1–4)

Anti-A titer IgG, median (range)
at transplant

4 (1–8)

Anti-B titer IgM, median (range)
at transplant

<1 (<1–2)

Anti-B titer IgG, median (range)
at transplant

<1 (<1–2)

Immunosuppression induction
Rituximab, n (%) 12 (60) 0
IvIg, n (%) 13 (65) 0
Basiliximab, n (%) 20 (100) 60 (100)

(B)
Hypertension, n (%)c 13 (65) 46 (77)
Creatinine lmol/L, mean � SD 116.4 � 16.4 108.3 � 24.8
Protein/creatinine ratio,
mean � SD

12.3 � 22.7 10.0 � 15.4

De novo HLA DSA, n (%) 1 (5) 6 (10)
Anti-A titer IgM, median (range)d 1 (<1–128)
Anti-A titer IgG, median (range) 4 (<1–64)
Ant-B titer IgM, median (range)d <1
Anti-B titer IgG, median (range) 1 (<1–2)
Calcineurin inhibitor, n (%) 20 (100) 58 (97)

Tacrolimus/Cyclosporine 18/2 41/17
Everolimus, n (%) 0 2 (3)
MMF, n (%) 19 (95) 54 (90)
Tacrolimus trough, mean � SD 7.0 � 1.8 6.1 � 1.2
Cyclosporine C0 trough,
mean � SD

139 � 65 115 � 25

ABOi, ABO incompatible; ABOc, ABO compatible; SD, standard

deviation; DSA, donor-specific antibody; MMF, mycophenolate mofetil/

enteric-coated mycophenolate sodium; HLA, human leukocyte antigen;

CMV, cytomegalovirus; D+, donor IgG CMV positive; R�, recipient CMV

IgG negative; IvIg, intravenous immunoglobulin.
aAnti-A, n = 15.
bAnti-B, n = 5.
cHypertension defined by use of at least one antihypertensive drug at

one yr.
dn = 4, anti-A titer; and n = 1, anti-B titer missing at one yr.
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domly selected 3:1 from LD transplantations with
a valid one-yr protocol biopsy. Recipients were
matched for the period of transplantation, 2009–
2010 or 2011–2012, and for donor age � 5 yr.
Children under the age of 16 yr were excluded.
Demographic characteristics at baseline and one yr
are given in Table 1A,B.

Protocol biopsy

A protocol biopsy was taken 1 yr � 2 months
post-transplantation during a period of stable graft
function without acute graft failure or recent
immunological event. Two cores were obtained
with ultrasound guidance using an 18-gauge
spring-loaded biopsy gun, one for histology (hema-
toxylin and eosin, periodic acid–Schiff, and Mas-
son’s trichrome) and one for C4d indirect
immunofluorescence staining (monoclonal anti-
body; Quidel, San Diego, CA, USA). On the fro-
zen section C4d diffuse >50%/grade 3 was
classified as positive. Only three ABOc one-yr pro-
tocol biopsies were scored for C4d in paraffin-
embedded material, all negative (grade 0). Protocol
biopsies were assessed and deemed adequate for
interpretation by one of four dedicated patholo-
gists and graded according to the revisited Banff
2007 classification and updates (24, 25). Adequate
biopsy was defined as a specimen with a minimum
of seven glomeruli and one artery. Patients with
protocol biopsies not fulfilling these criteria were
excluded from the study.
Based on the Banff scoring system three sums of

scores were constructed, representing tubulointer-
stitial inflammation (tubulitis [t] + interstitial
inflammation [i] = 0, vs. >0), microvascular inflam-
mation (peritubular capillaritis [ptc] + glomerulitis
[g] = 0, vs. >0), scarring/hyalinosis (interstitial
fibrosis [ci] + tubular atrophy [ct] + intima fibrosis
[cv] + arteriolar hyalinosis [ah] ≤ 1, vs. >1). Sis
et al. (26) proposed that pathological lesions are
not independent, but members of groups, where
microcirculation changes reflect stress of DSA and
scarring, hyalinosis and arterial fibrosis cumulative
burden of injury over time.

Data collection

Clinical data were obtained by chart reviews. The
follow-up data were retrieved from the Norwegian
Renal Registry. Follow-up time was defined as
time from transplantation to death, graft loss
(defined as need for dialysis or retransplantation)
or to end of study December 31, 2013. No patient
was lost to follow-up, and complete data for HLA
dnDSA and Banff scoring at one yr were available.

The study was conducted in accordance with the
Helsinki Declaration and approved by the regional
ethical committee and the institutional review
board.

Definition and treatment of subclinical and clinical

TCMR and ABMR in ABOi and ABOc patients

Subclinical borderline rejections, defined by a Banff
score of at least i0t1, did not receive any additional
treatment. The subclinical and clinical T-cell-medi-
ated rejection (TCMR), defined as Banff IA (at least
i2t2), received methylprednisolone i.v. The details of
our protocol for treatment of clinical TCMR and
ABMR are described earlier (27).

Clinical and subclinical ABMR/mixed rejection
diagnosis in ABOi and ABOc were classified
according to the Banff 2013 report (25). The treat-
ment of subclinical ABMR was individualized.

Histocompatibility testing

Pre-transplantation donor and recipient HLA typ-
ing (A, B, DR, and DQ) was performed twice by a
combination of serological and DNA-based tech-
niques. HLA-C and DP typing was performed if the
recipient had anti-HLA-C or HLA-DP antibodies.
Cytotoxic T- and B-cell cross-matches were negative
at transplantation in all recipients. Additional test-
ing on the Luminex platform LX200, using the
LSM12-screening kit (One Lambda, Canoga Park,
CA, USA), for the identification of HLA class I
and class II IgG antibody specificities was per-
formed using single-antigen-coated flow beads pro-
vided by One Lambda at transplantation,
indication biopsy and one yr post-transplant. We
used 1000 mean fluorescence intensity as a cutoff
value. As a negative control, we used serum (LS-
NC) delivered by the kit producer (One Lambda).
No patient had HLA DSA or PRA > 20% prior to
or at transplantation.

Titration of ABO blood group antibodies and ABOi

immunoadsorption protocol

Anti-A or anti-B titers of the recipient were deter-
mined using gel hemagglutination titration tech-
nique, both for immunoglobulin (Ig) M and IgG.
Titrations were performed using microtubes of sal-
ine (NaCl) gel card (Micro Typing System; Bio-
Rad, Cressier sur Morat, Switzerland) and Liss/
Coombs gel card (DiaMed ID), respectively.
Recipients’ anti-A/anti-B titers were tested against
donor erythrocytes by direct agglutination in NaCl
for titration of IgM and the indirect agglutination
using indirect antiglobulin test for IgG (28).
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ABO antigen-specific immunoadsorption (GS,
GlycosorbABO�; Glycorex Transplantation AB,
Lund, Sweden) was performed preoperatively until
ABO IgG/IgM titers were <1:8, routinely on
four d, or as needed (29). Immunoadsorption post-
transplant was performed on demand if a titer rise
≥1:32 appeared <3 wk post-transplantation or on
indication due to rejection.

From June 2009, the number of pre-transplant
immunoadsorptions was tailored according to the
highest measured titer pre-transplantation. If the
baseline anti-A or anti-B IgG/IgM titers were <1:1
no immunoadsorption was performed, <1:16 two,
<1:128 four, 1:128 five, and 1:256 six to seven im-
munoadsorptions were scheduled. The level of
anti-A/anti-B titers pretreatment at transplanta-
tion and at one yr is shown in Table 1A,B.

Immunosuppression

Standard immunosuppression in all patients con-
sisted of induction with basiliximab, calcineurin
inhibitor (CNI), mycophenolate mofetil (MMF),
and prednisolone. Due to participation in a clinical
study, two patients in the ABOc group were
switched to the mTOR-inhibitor everolimus
seven wk post-transplantation. Table 1A,B shows
immunosuppression by group.

CNI, mostly tacrolimus 0.05 mg/kg, twice
daily was started day 0. In the ABOi group, ini-
tial tacrolimus target was 8–12 lg/L at day 1–30,
6–10 lg/L at day 31–60, and after day 60 the
same target as the ABOc patients. In the ABOc
group, tacrolimus target was 3–7 lg/L from day
of transplantation. Nineteen patients received
cyclosporine (two ABOi/17 ABOc). In the ABOi
recipients, the initial cyclosporine C2 target was
1400–1600 lg/L at day 1–30, 900–1100 lg/L at
day 30–60, and tapered from week 9 to reach
500–700 lg/L at month 7. For ABOc recipients,
the initial cyclosporine C2 target was 900–
1100 lg/L (C0 150–250 lg/L) and tapered from
week 5 to reach 500–700 lg/L (C0 75–125 lg/L)
at month 7. One dose of methylprednisolone
250 mg intravenously (i.v.) was given at trans-
plantation. Prednisolone was started at 20 mg/d
and tapered to 15 mg by day 15, 10 mg from
day 29, 7.5 mg from day 60, and 5 mg from
month 7. All patients used steroids at one yr.
MMF 0.75 g twice daily was administered with
concomitant tacrolimus and 1 g twice daily with
cyclosporine.

In ABOi transplantation, one intravenous dos-
age of anti-CD20 monoclonal antibody rituximab
375 mg/m2 was administered four wk prior to
transplantation and oral immunosuppression with

MMF 1 g 9 2 and prednisolone 30 mg was
started on day-14. On day 1, IvIg 500 mg/kg
bodyweight was administered. From May 2011
until June 2012, rituximab and IvIg were not used
for induction of ABOi patients, and five of 20
ABOi patients were transplanted by this protocol.
In addition, three ABOi patients received only IvIg
induction. Due to two early severe acute ABMR,
not included in the study population, we returned
to our previously used protocol.

Infectious disease prophylaxis, monitoring, and
diagnosis

Our approach to infectious disease prophylaxis,
monitoring, and diagnosis post-transplantation had
already been described in detail elsewhere (27).
From 2012, all cytomegalovirus D+?R� trans-
plants received valganciclovir prophylaxis for
six months. There were no biopsy-proven polyoma-
virus-associated nephropathies detected in the study
population. Two vs. nine patients at 10 wk and 1
vs. 6 at one yr were polyomavirus PCR positive in
blood, respectively in the ABOi and ABOc group.

Statistical analysis

Statistical analyses were performed using SPSS
(SPSS 20.0, Chicago, IL, USA). Data are reported
as mean (SD), median (total range), or frequencies
(%). Protocol biopsy findings at one yr and cate-
gorical data of the two groups were compared
using conditional logistic regression. Continuous
data were analyzed with repeated measures ANO-
VA, if not normal distributed with Friedman’s test.
p-values < 0.05 were considered statistically signif-
icant.

Results

Protocol biopsy findings

At one yr, there were no statistically significant dif-
ferences between the ABOi and ABOc groups con-
cerning the combined scores for microvascular
inflammation, tubulointerstitial inflammation, and
scarring/hyalinosis (Table 2). The detected inflam-
mation in both the tubulointerstitial and the micro-
vascular compartment was low grade. Chronic
damage was also of low grade in the majority of
cases (Table 2, Fig. 1A,B). There were three of 20
patients in the ABOi group and five of 60 patients
in the ABOc group with a scarring/hyalinosis score
higher than 4 of maximal 12.
The occurrence of SCR was similar in the two

groups (Table 2). Subclinical ABMR was diag-
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nosed in one ABOi patient. Mixed ABMR/border-
line changes were found in four patients, all in the
ABOc group. The patient with subclinical ABMR
in the ABOi group had low blood group antibody
titer IgG 1/IgM < 1 at one yr. All five patients
with subclinical ABMR/mixed ABMR received
their first kidney transplant, had one DR-HLA
mismatch, and developed dnDSA at one yr. Over-
all, one ABOi and six ABOc patients had devel-
oped dn HLA DSA at one yr; the difference was
not statistically significant (details presented in
Table 3). By light microscopy, none of the patients
in the study showed evidence of TG.
The median follow-up time was 2.3 yr (range

1.1–5 yr). There were no statistically significant

differences between the groups neither in the use of
ACE inhibitors/ARBs, calcium inhibitors, b-block-
ers, or statins at one yr nor in the demographic
baseline and transplant characteristics at one yr
(Table 1A,B).

Acute clinical rejections prior to one yr post-

transplantation

During the first six months post-transplantation,
biopsy-verified acute clinical rejections were
diagnosed in four of 20 ABOi patients compared
to nine of 60 in ABOc patients. In the ABOi group,
there were two mixed acute ABMR/TCMR epi-
sodes (one Banff IIA and one IB rejection), both
occurring before postoperative day 15. In addition,
one Banff IA was diagnosed on day 15, and one
borderline rejection occurred four months post-
transplant. The two ABOi patients with mixed
rejection episodes received rituximab and IvIg
induction. Only one of the ABOi patients with
early mixed acute ABMR/TCMR experienced a
marginal rise in blood type IgG 16/IgM 32 titer at
clinical rejection, and the others did not show a rise
in blood type IgG/IgM during clinical or SCR.
The nine rejection episodes in the ABOc group
were all TCMR (three Banff IIA, one IIB, two
Banff IA/B, and three borderline rejections) occur-
ring at median 34 d (range 3 d to 4.5 months)
post-transplantation.

Patient mortality

Two patients in the ABOi and one in the ABOc
group died with functioning grafts. Causes of
death in the ABOi group were cardiovascular
(n = 1) and septicemia (n = 1), time to death 1.5
and 2.8 yr, respectively; and in the ABOc group,
cancer coli (n = 1), time to death 2.2 yr.

Kidney graft function

There were no statistically significant differences in
kidney graft function at one yr post-transplanta-
tion as shown in Table 1B. No graft was lost dur-
ing follow-up.

Discussion

This is the first study reporting one-yr surveillance
biopsy findings in ABOi kidney graft recipients
compared to a matched group of ABOc controls,
all HLA DSA negative pre-transplant. One-yr pro-
tocol biopsies showed a low rate of tubulointersti-
tial and microvascular inflammation, and there
was no difference between the ABOi and the

Table 2. Findings in protocol biopsies at one yr after transplantation

ABOi

n = 20

ABOc

n = 60 p-value

Interstitial inflammation, i

i score > 0, n (%) 5 (25) 7 (12) 0.58

Mean i score � SD 0.3 � 0.57 0.18 � 0.54

Tubulitis, t

t score > 0, n (%) 5 (25) 11 (18) 0.77

Mean t score � SD 0.3 � 0.57 0.23 � 0.53

Glomerulitis, g

g score > 0, n (%) 1 (5) 4 (7) 0.95

Mean g score � SD 0.05 � 0.22 0.07 � 0.25

Capillaritis, ptc

ptc score > 0, n (%) 0 4 (7) NA

Mean ptc score � SD 0 0.08 � 0.33

Interstitial fibrosis, ci/IF

ci score > 0, n (%) 17 (85) 31 (58) 0.054

Mean ci score � SD 1.0 � 0.56 0.53 � 0.54

Tubulus atrophy, ct/TA

ct score > 0, n (%) 18 (90) 42 (70) 0.14

Mean ct score � SD 1.1 � 0.64 0.72 � 0.49

Intima fibrosis, cv

Score > 0, n (%) 7 (35) 18 (30) 0.82

Mean score � SD 0.7 � 1.13 0.47 � 0.85

Arteriolar hyalinosis, ah

Score > 0, n (%) 6 (30) 14 (23) 0.76

Mean score � SD 0.35 � 0.59 0.25 � 0.47

Transplant

glomerulopathy, cg

0 0 NA

C4d > 50%, n (%) 15 (75) 3 (5) 0.002

C4d > 10%, n (%) 17 (85) 3 (5)

t + i > 0, n (%) 6 (30) 12 (20) 0.42

g + ptc > 0, n (%) 1 (5) 5 (8) 0.64

ci + ct + cv + ah > 1, n (%) 17 (85) 36 (60) 0.24

ci + ct (IFTA) > 1 16 (80) 28 (47) 0.085

Subclinical rejection at

one yr, n (%)

6 (30) 11 (18) 0.33

ABMR, n (%) 1 (5) 0

ABMR + borderline,

mixed, n (%)

0 4 (7)

Banff IA, n (%) 0 2 (3)

Borderline, n (%) 5 (25) 5 (8)

ABOi, ABO incompatible; ABOc, ABO compatible; NA, not applicable;

SD, standard deviation; C4d, complement component 4d; ABMR, anti-

body-mediated rejection.
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matched ABOc group. All recipients with subclini-
cal ABMR had developed dn HLA DSA.
Although scarring/hyalinosis scores were present
in 85% and 60% and IFTA > 1 in 80% and 47%
in ABOi and ABOc group, respectively, it was low
grade and not significantly different between the
groups. TG was not found in any biopsy at one yr.

The rate of early acute ABMR was 2/20 (10%)
in ABOi patients in the present study, comparable
to 5–32% in other reports (12, 13, 15). ABMR
and the presence of DSA increase the risk for
development of TG (10, 13, 15). A recent study on
surveillance biopsy data from the Mayo Clinic
presented TG in 3% and 8% in ABOc cross-
match-negative recipients, 11% and 12% in ABOi
recipients, and 29% and 58% in cross-match-posi-
tive recipients at one and five yr post-transplant
(15). In ABOi recipients, the incidence of TG at
one yr varies from 0% to 15% (10, 12, 13, 15). In
the present study, we found no TG, neither in the
ABOi nor in the ABOc recipients. The study pop-
ulation was recruited 2009–2012 and thoroughly
screened for HLA DSA before transplantation.
The rate of early acute ABMR was low. This may
explain the lack of TG in our study.

There was no difference in the rate of microin-
flammation or subclinical ABMR in the ABOi and
ABOc groups. Seven patients (one of 20 ABOi
patients and six of 60 ABOc patients) developed
dn HLA DSA within one yr post-transplant. All
patients with subclinical ABMR acquired dn HLA
DSA. Recent publications in unselected low-risk
populations demonstrate that 11–35% of patients
develop dnDSA during the first years post-trans-
plant (30–33) and that these patients experience a
higher rate of acute rejections (32–34). We have
shown that dn HLA DSA is prevalent in patients
with late ABMR, and this represents a risk for
inferior graft survival (27). Data on dn HLA DSA
in ABOi recipients are scarce. In the present study,
dn HLA DSA, and not blood group, antibodies
appear to be a risk factor for development of
microvascular inflammation and subclinical
ABMR at one yr.
In one-yr protocol biopsies, we found positive

C4d staining to be more frequent in the ABOi
group than in the ABOc group, 15/20 vs. 3/60,
respectively. The ABOi biopsies were characterized
by a constellation of a low rate of microvascular
inflammation and a high rate of complement acti-

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

ABOi ABOc

ABMR
ABMR "mixed"
Banff IA
Borderline
no rejection

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

ABOi ABOc

ci+ct+cv+ah = 7-9
ci+ct+cv+ah = 4-6
ci+ct+cv+ah = 2-3
ci+ct+cv+ah = 0-1

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

ABOi ABOc

i+t = 3-4
i+t = 1-2
i+t = 0

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

ABOi ABOc

g+ptc = 1-2
g+ptc = 0

A

B

Fig. 1. (A) Biopsy findings at one yr –
subclinical rejections (SCRs) and Banff
(scarring) scores: interstitial fibrosis
(ci) + tubular atrophy (ct) + intima
fibrosis (cv) + arteriolar hyalinosis
(ah). (B) Biopsy findings at one yr –
tubulointerstitial (i + t) and
microvascular (g + ptc) inflammation.
ABO incompatible (ABOi), n = 20; and
ABO compatible (ABOc), n = 60
match/control.
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vation. In ABOc allografts, C4d is a marker of
antibody-mediated complement activation and
ABMR (35, 36). In ABOi grafts, C4d is often posi-
tive without histological features of ABMR (37,
38), and an endothelial accommodation process
has been proposed (39).
Eighty-five percent of biopsies in the ABOi and

60% in the ABOc group had a scarring score > 1.
The scores were predominantly low grade. These
findings are in accordance with other studies (10,
13, 15). Both inflammatory and scarring mean
scores were low in ABOi recipients in our study.
These findings imply encouraging outcomes for
our patients, and in several reports, graft survival

of ABOi LD transplantation equals ABOc trans-
plantations (4, 6, 11, 15). Using the Scientific
Registry of Transplant Recipients, Montgomery
et al. (40) found inferior graft survival in ABOi
transplantation, the difference was mainly caused
by early graft losses. During the study period, we
lost two ABOi grafts due to early ABMR at our
center.

Studies on outcome of ABOi transplants are dif-
ficult to compare. The studies vary by era, differ-
ences in methods for detection of blood group and
HLA antibodies, and different immunosuppressive
protocols. These factors may contribute to differ-
ences in findings. The strength of our study was the

Table 3. Patients with de novo HLA DSA at one yr post-transplant, de novo HLA DSA class, mean fluorescence intensity (MFI), and one-yr proto-

col biopsy characteristics

Age, gender

KTx no.

HLA mm (A-B-DR)

dn DSA class,

specificity (MFI) ∑MFI Banff score Banff classification

Immunosuppression

at one yr

ABOi n = 1/20

Patient no. 1a

37 yr, male,

1.KTx (1-1-1)

Class I

A2 (3500)

B8 (2800)

Class II

DR17 (1170)

DQ2 (5700)

13 170 i1t0v0

ptc0, g1

C4d3 pos.

cv0, ah0,

ci1, ct1

ABMR Standard

ABOc 6/60

Patient no. 2

22 yr, male

1.KTx (1-0-1)

Class I

A68 (1500)

1500 i2t1v0, ptc1, g1

C4d3 pos.

cv0, ah0,

ci1, ct1

ABMR + borderline MMF reduced

Patient no. 3

29 yr, male

1.KTx (1-1-1)

Class II

DQ7 (7700)

7700 i2t1v0, ptc2, g0

C4d0 neg.

cv0, ah0,

ci1, ct1

ABMR + borderline MMF reduced

Patient no. 4

42 yr, male

1.KTx (0-1-1)

Class II

DQ7 (4300)

4300 i0t1v0

ptc0, g0

C4d3 pos.

cv0, ah1,

ci1, ct1

Suspicious ABMR +
borderline

Standard

Patient no. 5

55 yr, male

1.KTx (1-1-1)

Class II

DQ7 (6000)

6000 i0t0v0

ptc0, g0

C4d0 neg.

cv1, ah1

ci0, ct0

No rejection Standard

Patient no. 6

66 yr, male

1.KTx (1-1-1)

Class II

DQ6 (2200)

2200 i0t1v0

ptc1, g1

C4d0 neg.

cv0, ah0,

ci1, ct1

ABMR + borderline Low tacrolimus trough

level around 3

Patient no. 7

27 yr, male

1.KTx (1-1-1)

Class II

DR52 (1700)

DR17 (3100)

DQ2 (9500)

14 300 i0t0v0

ptc0, g0

C4d3 pos.

cv0, ah0,

ci0, ct1

No rejection Standard

Comment

Three months later-mixed ABMR

i3t3v0, ptc3, g1, C4d3 pos.

KTx no., kidney transplantation number; HLA mm, human leukocyte antigen mismatch; dn DSA, de novo donor-specific antibody; ABOi, ABO incompatible;

ABOc, ABO compatible; ABMR, antibody-mediated rejection; MMF, mycophenolate mofetil/enteric-coated mycophenolate sodium; i, interstitial inflamma-

tion; t, tubulitis; v, vasculitis; ptc, peritubular capillaritis; g, glomerulitis; C4d, complement component 4d; pos, positive; neg, negative; cv, intima fibrosis;

ah, arteriolar hyalinosis; ci, interstitial fibrosis; ct, tubulus atrophy.
aAnti-blood group antibodies IgM/IgG < 1.
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completeness of biopsy data, together with com-
plete data on dn HLA DSA. Due to the retrospec-
tive design of most studies, data often are missing.
Also the design of our study with a matched con-
trol group from a recent time period is a strength.
In addition, no patients with preformed HLA
DSA were included in any of the groups. Data on
protocol biopsies together with dn HLA DSA in
ABOi patients are rarely published (41). Some limi-
tations in our study merit consideration. There
were a limited number of ABOi patients with
one-yr protocol biopsy data, which we share with
other studies (10, 12, 13, 15).

It should also be mentioned that we do not per-
form electron microscopy routinely and may have
missed early ultrastructural changes (42).

In conclusion; one-yr biopsies of ABOi and
ABOc controls matched for donor age and trans-
plantation year did not differ in inflammation,
SCR, and scarring. The chronic changes/scarring,
although affecting the majority of patients, were
low grade. Microvascular inflammation >0 was
low grade and only found in 5% and 8%, respec-
tively, mainly in patients with dn HLA DSA. No
development of TG was found in any of the
groups. If early graft losses caused by ABMR can
be avoided, our findings suggest similar long-term
results for ABOi and ABOc recipients. For both
patient groups, strategies to avoid dn HLA DSA
are warranted.
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