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Antibody-Mediated Rejection

Zeljko
Kiki
c ,* Alexander Kainz,*† Nicolas Kozakowski,‡ Rainer Oberbauer,*† Heinz Regele,‡ Gregor Bond,*
and Georg A. Böhmig*

Abstract
Background and objectives Recent studies highlighting a role of C4d2 antibody-mediated rejection (ABMR) have
debated whether C4d staining has independent value as a rejection marker. Considering the presumed role of
complement as an important effector of graft injury, this study hypothesized that capillary C4d, a footprint of
antibody-triggered complement activation, indicates a particularly severe manifestation of ABMR.
Design, setting, participants, & measurements This large retrospective clinicopathologic study sought to
assess the clinical predictive value of C4d staining in relation to ABMR morphology. Overall, 885 renal
allograft recipients who underwent transplantation between 1999 and 2006 (median duration of follow-up,
63.3 [interquartile range, 40.6–93.5] months; 206 graft losses) were included if they had had one or more
indication biopsies. A total of 1976 biopsy specimens were reevaluated for capillary C4d staining (C4d
data were available for 825 patients) and distinct morphologic lesions suggestive of ABMR, including
glomerulitis, peritubular capillaritis, capillary microthrombi, transplant glomerulopathy, and severe intimal
arteritis.
Results C4d+ patients, with or without ABMR features, had worse death-censored 8-year graft survival (53% or
67%) than C4d2 patients (66% or 81%; P,0.001). In Cox regression analysis, C4d was associated with a risk of
graft loss independently of baseline confounders and ABMR morphology (hazard ratio, 1.85 [95% conﬁdence
interval, 1.34 to 2.57]; P,0.001). The risk was higher than that observed for C4d2 patients, a ﬁnding that reached
statistical signiﬁcance in patients showing fewer than two different ABMR lesions. Moreover, in a mixed model,
C4d was independently associated with a steeper decline of eGFR (slope per year, 28.2363.97 ml/min per
1.73 m2; P,0.001).
Conclusions These results suggest that detection of intragraft complement activation has strong independent
value as an additional indicator of ABMR associated with adverse kidney transplant outcomes.
Clin J Am Soc Nephrol 10: 1435–1443, 2015. doi: 10.2215/CJN.09901014

Introduction
Linear deposition of C4d along peritubular capillaries
(PTCs), a footprint of alloantibody-triggered classic
complement activation, is widely accepted as a marker
of antibody-mediated rejection (ABMR) (1,2). Initial
studies have shown that C4d predicts adverse graft
outcome and is associated with circulating donorspeciﬁc antibodies (DSAs) and characteristic morphologic lesions in the microcirculation (3–7). More
recently, however, its diagnostic value has been
challenged by the ﬁnding that distinct morphologic
and molecular ABMR features may also frequently
occur in the absence of detectable C4d deposits (8–11).
Studies have suggested complement-independent
mechanisms of antibody-mediated graft injury
(12–14). Nevertheless, several lines of evidence indicate a dominant effector role of complement (15–17).
One study recently showed that the formation of
www.cjasn.org Vol 10 August, 2015
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complement-ﬁxing DSA may entail a particular risk
of graft failure (16). Moreover, blocking antibodytriggered complement activation was suggested to
be highly effective in preventing ABMR in recipients
at high immunologic risk (15). Considering the presumed role of complement in rejection, it is tempting to speculate that even in the context of a reﬁned
repertoire of sensitive diagnostic strategies C4d staining can help uncover a particular risk of graft injury
and predict responsiveness to treatment targeting
complement.
To clarify the role of C4d as an independent and
additive rejection marker, we studied a large cohort of
885 kidney transplant recipients who had undergone
biopsy to evaluate long-term transplant function and
survival in relation to the results of a comprehensive
morphologic and immunohistochemical biopsy
workup.
Copyright ©2015 by the American Society of Nephrology
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Materials and Methods
This retrospective study was approved by the institutional
ethics committee and conducted according to the Declaration
of Helsinki. The clinical and research activities reported are
consistent with the principles outlined in the Declaration of
Istanbul on Organ Trafﬁcking and Transplant Tourism.
Patients and Immunosuppression
Overall, 885 of 1248 consecutive adult recipients of an
ABO-compatible kidney allograft transplanted at the Medical
University Vienna, Austria, between January 1999 and April
2006 were included. Patients included had undergone indication biopsies for unexplained graft dysfunction and/or
proteinuria (for baseline characteristics, see Table 1). Three
hundred ﬁfty-four patients had one biopsy, 231 had two,
and 300 three or more.
On the basis of prospective C4d staining, done as part
of our routine biopsy workup since 1999, most patients
showing focal or diffuse C4d in PTCs had undergone changes
in maintenance immunosuppression and/or rejection treatment with or without apheresis for alloantibody depletion.
Following our local standard at that time, such treatment
included tacrolimus rescue therapy or high-dose steroids
(n=25) (18), a depleting antilymphocyte antibody (n=33),
or immunoadsorption with or without a depleting antilymphocyte antibody (n=56), applied as a desensitization
strategy in patients with broad panel reactivity (19) or as a
treatment of established C4d+ rejection (20).
The outcomes studied were graft loss, patient death, and
eGFR calculated according to the Mayo Clinic equation
(21). Patients receiving dialysis were considered to have an
eGFR of 5 ml/min per 1.73 m2.
Biopsies
Overall, 1976 indication biopsies, which were performed
after a median of 0.8 months after transplantation (interquartile range, 0.3–6.7 months), were reevaluated for C4d
staining and ABMR histomorphology. Most biopsies
(n=1460) were done within the ﬁrst 6 months. C4d staining
was performed by immunohistochemistry on parafﬁn sections (22). Specimens were evaluated by two observers
(Z.K. and N.K.) according to the Banff 2009 scheme (23).
C4d was scored as 0 (negative), 1 (minimal), 2 (focal), and
3 (diffuse). In addition, the presence or absence of ﬁve
different lesions suggestive of ABMR was documented
(peritubular capillaritis [ptc score .0], glomerulitis [g score
.0], capillary microthrombi, transplant glomerulopathy [cg
score .0], and severe intimal arteritis [v score of 3]). Because
thrombotic microangiopathy (TMA) may be triggered by a
variety of nonalloimmune factors, we included a separate
analysis in which cases of C4d2 TMA without any other
features of ABMR were classiﬁed as ABMR2. For biopsies
showing GN, we did not document g and cg scores. Patient
categories were deﬁned according to C4d scores and the
ﬁnding of ABMR features. In the case of two or more biopsies, for each of the documented features, maximum
scores obtained during follow-up were recorded.
Statistical Analyses
Variables were compared by using chi-square, Fisher exact,
Mann–Whitney U, or Kruskal–Wallis tests as appropriate.

For correlation analysis, the Spearman test was applied.
Kaplan–Meier analysis was used to calculate patient and
graft survival, and the Mantel–Cox log-rank test was performed to compare survival between groups. For Cox regression analysis, the included variables were determined
by the purposeful selection algorithm (24). This algorithm
selects variables signiﬁcant in a univariate model as well
as variables that change the parameter estimate of others
by .30%. We included C4d, number of ABMR features,
recipient age, donor age, number of HLA mismatches (A,
B, DR), and cold ischemia time; these confounders were
selected from a pool of variables that also consisted of
female sex, ﬁrst or repeated transplant, living or deceased
donor, presensitization (complement-dependent cytotoxicity panel reactive antibody $10%), and type of initial
immunosuppression (cyclosporine-, tacrolimus-, or sirolimus/
everolimus-based treatment; induction therapy with a
depleting antilymphocyte antibody or an IL-2 receptor
antibody, with or without preemptive immunoadsorption). To assess associations of biopsy results with
eGFR course, we performed a mixed-model analysis
with longitudinal data. The variables included were the
same as in the Cox model, with eGFR as dependent variable and an additional interaction term of C4d and time.
The nonlinearity in this model was accounted for by an
additional parameter for measurements after 7 years. A
two-sided P value ,0.05 was considered to represent a
statistically signiﬁcant difference. Statistical calculations
were performed by using PASW for Windows, version
18.0 (SPSS Inc., Hong Kong), and SAS 9.3 for Windows
(SAS Institute, Cary, NC).

Results
This study included 885 kidney transplant recipients
who underwent indication biopsies (median duration of
follow-up, 63.3 [interquartile range, 40.6–93.5] months).
Baseline characteristics are summarized in Table 1.
C4d Staining in PTCs and Kidney Allograft Survival
For 825 recipients adequate material was available for
retrospective evaluation of C4d staining. Hundred ﬁftyfour (19%) patients showed capillary C4d in at least one of
the biopsy specimens. Thirty-nine patients were categorized as having minimal (C4d1), 54 as having focal (C4d2),
and 61 as having diffuse (C4d3) C4d deposits (Table 2).
Compared with C4d2 (C4d score of 0), C4d+ recipients
(C4d score $1) were younger; were more frequently
presensitized and retransplant recipients; and had more
frequently been subjected to more intense initial immunosuppression, including antilymphocyte antibody induction or immunoadsorption for desensitization (Table 1).
As illustrated in Figure 1, the worst 8-year death-censored
graft survival was observed in patients scored as C4d3
(49%), followed by C4d2 (56%), C4d1 (66%), and C4d0
(77%) (P,0.001). Cox regression analysis revealed independent effects of both C4d2 and C4d3 (hazard ratios,
2.29 and 2.72, respectively; P,0.001) on death-censored
graft survival (Table 3). For C4d1 we found a trend
toward a higher risk of graft loss (hazard ratio, 1.73;
P=0.07).

127 (83)
20 (13)
19 (12)
46 (30)
30 (20)
8 (5)

656 (74)
148 (17)
161 (18)
122 (14)
66 (8)
99 (11)

484 (72)
118 (18)
130 (19)
68 (10)
33 (5)
82 (12)

52 (41–62)
51 (40–60)
587 (88)
100 (15)
120 (18)
3 (2–4)
13 (8–19)

No (n=671)

C4d in PTCsa

0.008
0.17
0.05
,0.001
,0.001
0.01

0.08
0.003
0.25
,0.001
,0.001
0.30
0.12

P Value

297 (78)
58 (15)
51 (13)
67 (18)
47 (12)
33 (9)

48 (38–58)
50 (39–59)
335 (88)
105 (27)
113 (30)
3 (2–4)
13 (8–19)

Yes (n=380)

351 (71)
89 (18)
108 (22)
53 (11)
19 (4)
58 (12)

55 (44–64)
51 (40–60)
438 (88)
55 (11)
78 (16)
3 (2–4)
12 (8–18)

No (n=494)

ABMR Featuresb

0.02
0.27
0.001
0.004
,0.001
0.15

,0.001
0.10
0.82
,0.001
,0.001
0.001
0.21

P Value

Values are median (interquartile range) or number (percentage). For comparative analysis, Fisher exact and Mann–Whitney U tests were applied. CDC-PRA, complement-dependent cytotoxicity panel-reactive antibody; mTOR, mammalian target of rapamycin; IA, immunoadsorption; CNI, calcineurin inhibitor; PTCs, peritubular capillaries; ABMR, antibody-mediated rejection.
a
C4d staining results were available for 825 of the 885 included study patients. Patients with C4d scores . 0 were categorized as C4d+.
b
Biopsy material for a histomorphologic evaluation of ABMR-typical lesions (g, ptc, cg, v3 lesions, capillary microthrombi) was available for 874 of the 885 included study patients.

50 (40–60)
46 (36–59)
140 (91)
53 (34)
65 (42)
3 (2–4)
13 (9–19)

52 (41–62)
50 (39–60)
783 (89)
161(18)
191 (22)
3 (2–4)
13 (8–19)

Recipient age (yr)
Donor age (yr)
Deceased donor transplants
Prior allograft
$10% current CDC-PRA
HLA mismatch (A, B, DR)
Cold ischemia time (h)
Initial immunosuppressive therapy
Cyclosporine
Tacrolimus
IL-2 receptor antibody
Depleting antilymphocyte antibody
Peritransplant IA
mTOR inhibitor with or without CNI

Yes (n=154)

All Patientsv (n=885)

Characteristic

Table 1. Patient baseline characteristics in relation to the results of indication biopsies
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Table 2. Relationship between C4d scores and morphologic features suggestive of antibody-mediated rejection

Morphologic resultsa
Individual ABMR lesionsb,c(%)
Glomerulitis (g)
g score .0
g score: 1
g score: 2
g score: 3
Peritubular capillaritis (ptc)
ptc score .0
ptc score: 1
ptc score: 2
ptc score: 3
Transplant glomerulopathy (cg)
cg score .0
cg score: 1
cg score: 2
cg score: 3
Capillary microthrombi
Severe intimal arteritis (v3)
Number of different ABMR
features (%)
0 lesions
1 lesion
2 lesions
$3 lesions

All Patients
(n=874)

C4d Score:
0 (n=671)

C4d Score:
1 (n=39)

C4d Score:
2 (n=54)

C4d Score:
3 (n=61)

P
Value

19
5
7
7

12
4
4
4

19
5
6
8

50
9
20
21

58
17
18
23

,0.001

31
13
15
3

26
11
12
3

50
22
28
0

51
19
30
2

61
23
25
14

,0.001

19
8
0
11
16
0

26
5
11
9
9
2

36
14
3
19
30
3

,0.001

33
59
5
3

22
43
32
4

12
38
34
16

,0.001
,0.001
,0.001
,0.001

12
5
3
4
9
1
56
31
10
3

9
4
2
3
7
0.6
63
29
6
2

,0.001
0.10

ABMR, antibody-mediated rejection.
a
For patients with two or more biopsies, for each individual lesion the maximum score documented during follow-up was recorded.
b
Adequate material for re-evaluation of single criteria suggestive of ABMR was available for 817 (g), 754 (ptc), 846 (capillary microthrombi), 821 (v3), and 801 (cg) patients.
c
Lesions were scored according to the Banff 2009 scheme (23).

Histomorphologic Lesions Suggestive of ABMR and Graft
Survival
For 380 recipients (44%), at least one of ﬁve characteristic
histomorphologic ABMR lesions was recorded. The most
frequent lesion was peritubular capillaritis (Table 2). Patients
with ABMR morphology were younger, were more frequently presensitized and recipients of prior transplants,
and more often received antibody induction therapy and
immunoadsorption (Table 1). Evaluating the total number
of different ABMR features, we identiﬁed 270 patients showing one, 85 showing two, and 25 showing three or more
different lesions. The ﬁnding of individual ABMR features
was associated with adverse 8-year death-censored graft survival (g, 58% versus 77% [no lesion], P=0.001; cg, 58% versus
76%, P,0.01; ptc, 63% versus 80%, P,0.001; capillary microthrombi, 43% versus 76%, P,0.001; v3, 14% versus 79%,
P,0.001). We found a strong relationship between the number of different ABMR features and graft loss rates, being
highest when three or more ABMR features were present
(Figure 1). This effect was also observed in a multivariate
model showing a stepwise increase in hazard ratio in relation to the number of ABMR features (Table 3).
Independent Effect of C4d Staining and ABMR Morphology
on Clinical Outcomes
For each of the recorded individual ABMR features, we
found associations with C4d scores (P,0.0001); the exception

was grade 3 intimal arteritis, for which only a trend was
observed (Table 2). Moreover, there was a highly signiﬁcant correlation between C4d scoring and the number of
ABMR lesions (r=0.41; P,0.001). Overall, ABMR morphology was more frequent in C4d+ (79%) than in
C4d2 patients (36%).
Thirty-two patients were C4d+ (C4d score $1) without
ABMR-typical features (C4d+ABMR2); only four of them
showed acute tubular injury with minimal inﬂammation.
The time to the ﬁrst C4d+ biopsy specimen in these patients did not differ from that observed for C4d+ABMR+
patients (median, 0.75 versus 0.65 months; P=0.53). Of the
109 C4d+ABMR+ patients with two or more biopsies, 12
recipients showed the sequence of a C4d+ABMR2 biopsy
specimen preceding the occurrence of ABMR features in
subsequent specimens. However, for 20 patients the opposite was the case.
As illustrated in Figure 1, C4d+ABMR+ patients exhibited the worst 8-year graft survival (53%), followed by
C4d+ABMR2 (67%), C4d2ABMR+ (66%) and C4d2ABMR2
patients (81%). Comparing patient groups individually, C4d+
ABMR+, C4d+ABMR2, and C4d2ABMR+ patients showed
higher graft loss rates than C4d2ABMR2 patients (P#0.001).
While survival differed signiﬁcantly between C4d+ABMR+
and C4d2ABMR+ patients (P=0.01), this was not the case
for a comparison of C4d+ABMR+ with C4d+ABMR2 recipients (P=0.25).
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Figure 1. | Association of biopsy results with death-censored graft survival. Kaplan–Meier analysis of death-censored kidney allograft survival
to evaluate the effect of (A) C4d Banff scores, (B) the number of individual histomorphologic antibody-mediated rejection (ABMR) features, and
(C) C4d staining (C4d+, C4d scores of 1–3; C4d2, C4d score of 0) in relation to the presence (ABMR+) or absence (ABMR2) of one or more
ABMR features. For univariate comparison the log-rank test was used.

Table 3. Multivariable models of biopsy results and graft loss

Variable
Independent effect of C4d scoring resulta,b
0
1
2
3
Independent effect of number of ABMR lesionsa,c
0 lesions
1 lesion
2 lesions
3 or more lesions
Independent effect of C4d versus ABMR morphologya
Overall cohort
C4d in PTCsd
ABMR morphology

Patients (n)

Hazard Ratio
(95% Conﬁdence Interval)

671
39
54
61

Reference
1.73 (0.95 to 3.14)
2.29 (1.44 to 3.66)
2.72 (1.79 to 4.12)

0.07
,0.001
,0.001

494
275
85
25

Reference
2.02 (1.45 to 2.79)
2.63 (1.69 to 4.08)
4.15 (2.32 to 7.44)

,0.001
,0.001
,0.001

1.85 (1.34 to 2.57)
1.91 (1.38 to 2.66)

,0.001
,0.001

806e

P Value

ABMR, antibody-mediated rejection; PTCs, peritubular capillaries.
a
Confounding variables were selected according to the purposeful selection algorithm as described in the Materials and Methods
section (recipient age, donor age, HLA-mismatch, cold ischemia time).
b
C4d staining in PTCs was scored according to the Banff scheme.
c
Documented ABMR lesions were glomerulitis (g score .0), peritubular capillaritis (ptc score .0), severe intimal arteritis (v score of 3),
thrombotic microangiopathy, and glomerulopathy (cg score .0).
d
C4d positivity was deﬁned as a C4d score $1.
e
Number of patients for whom all confounding variables included in the model were available.

In a Cox model, both C4d positivity and ABMR morphology
were independent risk factors of graft loss associated with an
approximately 2-fold higher risk (Table 3). Figure 2 illustrates
the association between C4d and graft loss in relation to the
discrete number of ABMR features. In this analysis, C4d
positivity was associated with graft loss independently of
the morphologic presentation, with hazard ratios that were

consistently higher than those computed for C4d2 patients
with or without ABMR morphology; this difference achieved
statistical signiﬁcance in patients showing fewer than two
different ABMR lesions (Figure 2).
Associations of C4d with graft loss were not related to an
imbalance regarding the frequency of type 1 or 2 T cell–
mediated rejection (C4d+: 56%; patients with ABMR
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morphology: 60%) or mild or moderate intimal arteritis (v1
and/or 2 score: 32% versus 36%). Moreover, in a separate
analysis, 25 patients showing C4d2 TMA with no other
ABMR-typical lesions, a ﬁnding that may not be related to
alloimmunity, were reclassiﬁed as ABMR2. Redeﬁnition
of patient groups did not considerably change associations
of C4d (hazard ratio, 1.87; 95% conﬁdence interval, 1.35 to
2.61) or ABMR morphology (hazard ratio, 1.71; 95% conﬁdence interval, 1.24 to 2.36) with graft loss.
C4d, ABMR Morphology and eGFR Slopes
As demonstrated by multivariable mixed model analysis, C4d+ recipients showed a signiﬁcantly greater eGFR
slope throughout the study period (28.2363.97 ml/min
per 1.73 m2; P,0.001), even when the presence of ABMR
features were considered; these were also independently
associated with a greater eGFR slope (28.5561.94 ml/min
per 1.73 m2; P,0.001) (Table 4). The adverse adjusted
course of eGFR in C4d+ patients compared with C4d2
patients is illustrated in Figure 3.

Discussion
In this large retrospective study we sought to deﬁne
the clinical signiﬁcance of C4d as a marker of humoral

alloimmunity. Our results demonstrate that a positive C4d
stain reﬂects a more severe form of ABMR, independent of
and in addition to its histomorphologic presentation.
In line with previous reports (3,5,6,25), C4d was associated with inferior allograft survival. Patients with diffuse
or focal C4d had a graft failure risk two to three times
higher than did C4d2 patients. Even for minimal C4d a
trend toward adverse graft survival was observed, a result
that supports the recent recommendation of considering a
C4d1 score (immunohistochemistry) positive (2). A remarkable ﬁnding was that the associations of C4d with
survival were independent of ABMR morphology. C4d
was associated with a signiﬁcant increment in the risk of
graft failure, especially in transplants with fewer than two
different morphologic ABMR features. Finally, in support
of an outstanding prognostic value of C4d, we also
found a strong independent effect in an analysis of eGFR
slopes.
Our results are in line with those of an earlier study of
indication biopsies showing a strong association of C4d
with transplant outcome, with or without DSA, even after
adjustment for glomerulitis and peritubular capillaritis
(26). The previously described relationship among DSA
levels, C4d staining, and the severity of ABMR (26,27)

Figure 2. | Forest plot of the risk of graft failure in relation to biopsy findings. Hazard ratios (95% confidence intervals) are shown for C4d
(score $1) in relation to the discrete number of antibody-mediated rejection features. Confounding variables included in the model (recipient
age, donor age, HLA-mismatch, cold ischemia time) were selected according to the purposeful selection algorithm as described in the Materials
and Methods section.

Table 4. Estimates of eGFR changes for the main effects in
a mixed model

Effect
C4d in PTCsa
ABMR morphologyb
Recipient age, per yr
Donor age, per yr
Cold ischemia time,
per hr
HLA-mismatch, per
number

eGFR Change
per Year (ml/min
per 1.73 m2)

P Value

28.2363.97
28.5561.94
20.1360.07
20.5960.06
20.4660.06

,0.001
,0.001
0.05
,0.001
,0.001

0.0460.67

0.96

Changes in eGFR are expressed as mean6SD. PTCs, peritubular capillaries; ABMR, antibody-mediated rejection.
a
Positive C4d staining was deﬁned as a Banff C4d score .0.
b
One or more histologic features suggestive of ABMR.

may support a cardinal role of complement as a trigger
of graft injury. Nevertheless, one may also argue that
C4d could be an indirect indicator that strong endothelial
alloantibody binding promotes complement-independent
injury, leading to a more active ABMR process.
Several previous reports have highlighted an important
role of C4d2 ABMR and have challenged the leading diagnostic role of C4d staining as a biomarker of ABMR
(2,8–11,28–30). For example, in a study of 173 indication
biopsies, the frequent ﬁnding of molecular features of endothelial injury uncovered by transcriptional proﬁling also
predicted adverse graft survival in the absence of C4d
staining (8). In a protocol biopsy study of 54 presensitized
patients, many patients developed subclinical C4d2 ABMR,
which was associated with the development of subsequent
graft injury (31). Notably, in these initial studies, the worst
outcome results were reported for C4d+ allografts, suggesting
that C4d could indicate a more severe form of ABMR (8,31).
However, this concept was questioned by subsequent reports
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Figure 3. | Mixed model to analyze the effect of C4d staining on the post-transplant course of eGFR. The eGFR calculated according to the
Mayo Clinic equation was evaluated for C4d+ versus C4d2 recipients with yearly measurements for a standardized recipient, adjusted for
median values of selected baseline confounders: recipient age (52 years), donor age (49 years), cold ischemia time (12 hours), and HLA
mismatch (n=3). The shaded areas represent the 95% confidence intervals.

suggesting a strong independent clinical effect of microcirculation injury (11,32,33). Nevertheless, comparably small sample sizes in many of the cited studies may have impeded the
strength of multivariable statistical models.
Approximately 40% of our C4d2 patients showed morphologic features suggestive of ABMR. In support of a
role of complement-independent humoral injury, ABMR
morphology was independently associated with impaired
graft survival. Indeed, recent studies have proposed a variety of candidate mechanisms contributing to graft injury, including natural killer cell activation, endothelial
cell activation, and modulation of angiotensin receptor
function (12–14). However, in interpreting our data, it is
important to note that we applied immunohistochemical
C4d staining, which may be less sensitive than immunoﬂuorescence (34,35). Negative C4d staining does not necessarily exclude a certain level of intragraft complement
activation that might have escaped immunohistologic
detection.
Notably, 21% of the C4d+ patients presented without
ABMR morphology. Analysis of the timing and sequence
of biopsy results suggested that this speciﬁc phenotype
may not necessarily reﬂect an early stage of rejection. In
interpreting our data in the context of earlier studies (5,36),
it is important to note that in accordance with recent Banff
updates (37) minimal C4d, a common ﬁnding in C4d
+ABMR2 patients (41%), was included to deﬁne a positive
stain. We are aware that in the absence of DSA data, a role
of false-positive C4d staining cannot be excluded. Several
earlier studies have shown that C4d may occur in the absence
of microcirculation injury, especially in ABO-incompatible
transplantation (38). The role of C4d without ABMR morphology, however, is less clear for ABO-compatible grafts. In
our cohort, this ﬁnding was associated with adverse graft
outcomes, whereby survival was intermediate between that
of C4d2ABMR2 and C4d+ABMR+ patients. In multivariate
analysis, C4d staining was associated with an additional risk
of graft loss, particularly in patients showed no morphologic
ABMR lesions. Our ﬁndings may be consistent with a

previous study of protocol biopsies demonstrating an adverse effect of C4d also in the absence of histologic signs
of rejection (39).
Earlier studies have suggested considerable differences
in the phenotype and clinical presentation of ABMR
between presensitized recipients and patients who develop
DSA later after transplantation (37,40). In our model, however, there was no signiﬁcant interaction between recipient
presensitization ($10% complement-dependent cytotoxicity
panel reactive antibodies) and C4d or ABMR morphology,
which precluded a valid subgroup analysis in relation to
presensitization status (data not shown).
A major limitation of our study is the lack of systematic
protocol biopsies. Accordingly, we were unable to detect
the continuous (subclinical) evolution of features of acute
or chronic graft injury. For individual patients, especially
for those with only one documented biopsy, we cannot
exclude relevant ﬂuctuations of levels of intragraft complement activation, as reported earlier (9,22,41).
In our cohort of consecutive transplant recipients, prospective DSA monitoring was not part of our clinical
routine. Considering the limited speciﬁcity of distinct
lesions (e.g., glomerulitis or peritubular capillaritis), which
may also be found in DSA2 diagnostic entities (28), one
may argue that the lack of DSA data may have led to an
overestimation of the number of C4d2 ABMR cases. For
this reason we did not include v1 or v2 lesions, which were
recently suggested to reﬂect ABMR in some patients (42).
Similarly, by including TMA as a possible ABMR feature
(43), we cannot exclude other potential causes, especially
in patients showing C4d2 TMA with no other ABMRtypical lesions. In a separate analysis reclassifying these
patients as ABMR2, however, the independent association between C4d or ABMR morphology with graft survival did not signiﬁcantly change. On the other hand, by
scoring transplant glomerulopathy according to the Banff
2009 scheme, it is possible that discrete lesions, deﬁned as
positive in a recently published update, have been missed
(2,23).
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Finally, many of our C4d+ patients had been subjected to
intensiﬁed immunosuppression. At that time the concept of
C4d2 negative ABMR was not yet established, and antihumoral treatment was not considered in cases of C4d2 graft
dysfunction. One may speculate that antihumoral treatment,
especially in C4d+ patients, may have led to a considerable
bias, counteracting the independent inﬂuence of C4d in our
cohort.
In conclusion, this study supports a prominent prognostic value of C4d staining as a rejection marker in ABOcompatible kidney transplantation. Our results suggest that
C4d is associated with adverse kidney transplant performance independent of and in addition to histomorphologic
features suggestive of ABMR.
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