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Abstract

Introduction: Although IgA nephropathy (IgAN) is the most
common recurrent glomerulonephritis encountered in the
kidney allograft, the clinical and immunogenetic character-
istics remain poorly understood. We sought to study deter-
minants and prognosis of recurrent IgAN with special focus
on human leukocyte antigens (HLAs). Materials and Meth-
ods: Between 2005 and 2019, we identified 282 transplanted
patients with failure secondary to IgAN from 2 North
American and 1 European Medical Centers, including 80
with recurrent IgAN and 202 without recurrence. The preva-

lence of HLAs was compared to external healthy controls of
European ancestry (n = 15,740). Graft survival was assessed
by the Kaplan-Meier method and log rank test. Cox propor-
tional hazards were used for multivariable analyses. Results:
Compared to external controls of European ancestry, kidney
transplant recipients of European ancestry with kidney fail-
ure secondary to IgAN had higher frequency of HLA-DQ5
(42% vs. 30%, OR = 1.68, p = 0.002) and lower frequency of
HLA-DR15 (15% vs. 28%, OR = 0.46, p < 0.001) and HLA-DQ6
(32% vs. 45%, OR = 0.59, p = 0.003); however, the frequency
of these HLAs were similar in recurrent versus nonrecurring
IgAN. Younger recipient age at transplantation was an inde-
pendent predictor of recurrence. HLA matching was an inde-
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pendent predictor for recurrent IgAN only in recipients of
living-related but not deceased or living-unrelated trans-
plants. Recurrent IgAN was an independent predictor of
allograft failure, along with acute rejection. In patients with
recurrent IgAN, serum creatinine at biopsy, degree of pro-
teinuria, and concurrent acute rejection were associated
with inferior allograft survival. Conclusion: Recurrent IgAN
negatively affects allograft survival. Younger recipient age at
transplantation is an independent predictor of recurrent
IgAN, while the presence of HLAs associated with IgAN in
the native kidney and HLA matching in recipients of de-
ceased or living-unrelated transplants are not.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Observational studies have suggested an inherited com-
ponent of IgA nephropathy (IgAN) by reporting large ped-
igrees with multiple affected individuals [1]. Moreover,
several studies have shown associations of IgAN with cer-
tain human leukocyte antigen (HLA) alleles, including
positive correlations with HLA-B35 and DQ5 and negative
correlations with HLA-DR3, DR15, DQ6, and DQ2 [2-5].

Our understanding of the determinants of recurrence
and prognosis of IgAN in the kidney allograft is limited
(6, 7]. Some [8-10], but not all [11], reports have shown
that recurrent IgAN is associated with a guarded out-
come. A few studies have suggested that younger recipi-
ent age [8, 10-15], steroid-free regimen [16-18], allograft
from living-related donor [8, 14, 19], and donor-recipient
HLA matching [10, 20, 21] may predict recurrent disease.
The latter findings propose that mismatching donor-
recipient pairs may reduce recurrent IgAN and poten-
tially improve allograft survival.

In this study, we report on a large cohort (n = 282) of
kidney transplant patients with kidney failure secondary
to IgAN from 2 medical centers in the USA (Columbia
University Irving Medical Center [CUIMC] and Oregon
Health & Science University [OHSU]) and 1 European
medical center (Centro Hospitalar e Universitario de Co-
imbra [HUC]), including 80 patients with recurrent IgAN
and 202 patients without evidence of recurrence. We an-
alyzed predictors of recurrent IgAN and allograft failure
in kidney transplant recipients with native kidney failure
secondary to IgAN with particular focus on the impact of
HLA matching and HLAs (B35, DQ5, DR3, DR15, DQ6,
and DQ2) in the donor or recipient.

Recurrent IgAN in the Kidney Allograft

Materials and Methods

Study Population and Data Collection

A retrospective review to identify kidney transplant recipients
with recurrent and nonrecurring IgAN was carried-out at 3 medical
centers (CUIMC, OHSU, and HUC) with approval of each center’s

Institutional Review Board. The pathology dataset was used to iden-

tify patients with native kidney failure secondary to IgAN who un-

derwent kidney transplantation and had allograft biopsies between

2005 and 2019, including recurrent and nonrecurring IgAN.

1. Recurrent IgAN was defined as kidney allograft biopsy with
positive IgA-dominant immunofluorescence staining. Positive
IgA staining was defined as strong IgA staining (>1 on a scale
from 0 to 3 or 22 on a scale from 0 to 4). To avoid misclassify-
ing patients as recurrent IgAN due to nondefinitive IgA stain-
ing, patients with biopsies showing weaker IgA staining were
excluded from the study. According to these criteria, 80 pa-
tients were classified with recurrent IgAN (44 from CUIMC, 29
from OHSU, and 7 from HUC).

2. Nonrecurring IgAN was defined as all patients with IgAN in
the native kidney who did not develop recurrent IgAN either
on for-cause or protocol allograft biopsy. We identified 202 re-
cipients with nonrecurring IgAN (CUIMC [n = 128], OHSU
[n = 45], and HUC [n = 29]). Demographic and clinicopatho-
logic data were extracted. Data collected at OHSU and HUC
were de-identified and shared with CUIMC for analyses.
Renal allograft biopsies were performed for clinical indications at

all centers or per-protocol in all OHSU patients (at 3 and 12 months

after transplantation) and HUC patients (at 1 month after trans-
plantation); CUIMC performed protocol biopsies in patients with
pretransplant circulating donor-specific antibodies or positive flow
cross-match at 1 week, 2 weeks, 1 month, 3 months, 6 months, 1 year,

2 years, 3 years, and 5 years after transplantation.

The primary outcome was recurrence of [gAN in the allograft.

A secondary outcome of allograft failure was defined as the ini-

tiation of renal replacement therapy or re-transplantation. Ste-

roid-free regimens were defined as steroid wean immediately
post-transplantation. Patients with disease recurrence or rejec-
tion requiring steroid treatment were considered steroid-free,
unless they were on steroids prior to the event. In 6 patients where
only the spot urine protein was available at the time of biopsy,
quantification of proteinuria of <20 mg/dL (trace), 30 mg/dL

(1+), 100 mg/dL (2+), 300 mg/dL (3+), or >1,000 mg/dL (4+) was

estimated for statistical purposes as 0.3 g/g, 0.5 g/g, 1 g/g, 2 g/g,

and 3 g/g, respectively [22]. The enrolled individuals were cen-

sored at loss of follow-up or allograft failure.

HLA Typing

Serologic and/or molecular typing for HLA-A, -B, -DR, and
-DQ was performed for both donors and recipients. The number
of HLA matches between donor and recipient HLAs (A, B,and DR:
scale 0-6) was recorded. Attention was directed to the presence of
HLAs highlighted in the literature as having potential association
with IgAN, namely, B35, DQ5, DR3, DR15, DQ6, and DQ2 in do-
nors and recipients.

Pathological Evaluation

Allograft biopsies were stained with hematoxylin and eosin,
periodic acid-Schiff, Masson trichrome, and Jones methenamine
silver. Immunofluorescence staining for IgG, IgM, IgA, C3, Clg,
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albumin, fibrin, kappa, lambda, and C4d was performed. Allograft
biopsies were evaluated for MEST-C histologic scores using mod-
ified Oxford criteria [23]. Acute rejection was defined by the
presence of either acute T-cell-mediated rejection (grade IA or
higher) or antibody-mediated rejection, according to Banff criteria
[24-26].

External Controls

To explore the association of HLAs with IgAN, we used
HLA typing of 15,740 US residents of European descent with
data available from the National Marrow Donor Program [27],
who were designated as “external controls.” In these controls,
the prevalence of a specific HLA serotype with an allelic fre-
quency p was determined by summing up homozygote (p?) and
heterozygote [2p(1 — p)] frequencies as calculated under the as-
sumption of the Hardy-Weinberg equilibrium [p? + 2p(1 - p) +
(1-p)l.

Statistical Analysis

Statistical analyses were performed using Prism 5 2007
(Graphpad Inc., San Diego, CA, USA), SPSS Statistics, version
26.0 (IBM, Armonk, NY, USA) and R v3.6.3. Continuous data
were presented as median and interquartile range (IQR: 25th and
75th percentile). Continuous variables were compared using the
Mann-Whitney test, while categorical variables were compared
using Fisher’s exact or ¥ tests as appropriate. The Kaplan-Meier
methodology and log rank test were utilized to assess allograft
survival. Cox proportional hazards models were constructed to
account for confounders. All factors that demonstrated a sugges-
tive association with the outcome (p value <0.1) at the univariable
analysis were included in the multivariable cox proportional haz-
ards models.

Recruitment site and year of transplantation were addition-
ally included in multivariable analyses to account for differences in
the medical approaches over time and among centers. Of note,
the variable “year of transplant” was only included to adjust for
confounders since it may not be a clinically meaningful predictor
per se given the unique design of this study (pathology database
was utilized to retrospectively select patients and controls with
allograft biopsies within a specific period of time [2005-2019].
Given the relatively late occurrence of recurrent IgAN, patients
with biopsies showing recurrent IgAN are expected to have old-
er transplant date in non-time-to-event analyses. In contrast,
when time-to-event analyses are performed, it is not complete-
ly surprising to observe opposite results [association with more
recent transplant date], given the effects of a few recent and
early events, whereas events from older transplant year would
only include late events [events occurring before 2005 would
not be captured]).

A forward stepwise selection method was applied on factors
with p value <0.1 at the univariable analysis to avoid overfitting in
the multivariable analysis of allograft failure in the small subgroup
of patients with recurrent IgAN (n = 80). p values <0.05 were con-
sidered statistically significant. Since 6 HLAs have been studied, a
Bonferroni-corrected significance cut-off of 0.008 was used for as-
sessment of these antigens. Individuals with missing information
on a tested predictor were excluded from the corresponding uni-
variable time-to-event analysis; individuals with missing data in
one or more predictors at the multivariable analyses were also ex-
cluded from the latter analyses.
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Results

Demographic, Clinical, and Pathological Features of

Patients with Kidney Failure Secondary to IgAN

Our cohort included 282 patients with kidney failure
secondary to IgAN who underwent kidney transplanta-
tion. The majority of the recipients were first-time kidney
transplant recipients (89%) who were maintained on both
tacrolimus and mycophenolate mofetil (82%). The median
age at transplantation was 42 years. The cohort included
31% women, 61% recipients of European ancestry, 47% re-
cipients of allografts from deceased donors, and a median
of 2 donor HLAs matched with the recipients. Fifty pere-
centage of patients received induction therapy with thymo-
globulin, and 41% received steroid-free regimen (Table 1).

There were 80 patients with recurrent IgAN and 202
patients with IgAN without recurrence. Recurrent IgAN
occurred at a median of 43 months (IQR: 13, 111 months)
post-transplantation, and these patients were followed
for a median of 92 months (IQR: 60, 147 months) after
transplantation, while patients without IgAN recurrence
were followed for a median of 74 months (IQR: 36, 123
months) post-transplantation. Compared to nonrecur-
ring IgAN, patients with recurrent IgAN were younger
(36 vs. 45 years at transplantation, p < 0.001), had greater
donor-recipient HLA matching scores (median 3 vs. 2,
p < 0.001), were transplanted earlier (median year of
transplantation 2008 vs. 2012, p < 0.001), and were less
likely to receive induction with thymoglobulin (39% vs.
55%, p = 0.04) (Table 1).

Recipients with Kidney Failure Secondary to IgAN Are

Associated with High Frequency of HLA-DQ5 but Low

Frequency of HLA-DR15 and HLA-DQ6

We compared the frequencies of HLA-B35, HLA-DQJ5,
HLA-DR3, HLA-DR15, HLA-DQ6, and HLA-DQ2 anti-
gens in our recipients of European ancestry with kidney
failure secondary to IgAN (n = 169/279) (including pa-
tients with recurrent [n = 54] and nonrecurring IgAN [n =
115]), to a group of external healthy controls of European
descent from the US National Marrow Donor Program
(n = 15,740) [27]. Kidney transplant recipients with renal
failure secondary to IgAN had higher frequency of HLA-
DQ5 (OR=1.68[1.21-2.33], p = 0.002) and lower frequen-
cy of both HLA-DR15 (OR = 0.46 [0.31-0.71], p < 0.001)
and HLA-DQG6 (OR = 0.59 [0.42-0.84], p = 0.003) (shown
in Fig. 1). The latter 2 (DR15 and DQ6) are in linkage dis-
equilibrium to form a common HLA haplotype. Notably,
recipients with recurrent and nonrecurring IgAN had sim-
ilar frequency of these HLAs (shown in Fig. 1).

Kavanagh et al.



Table 1. Demographics and clinical characteristics for patients with kidney failure secondary to IgAN

Total Recurrent IgAN Nonrecurring IgAN  p values
(n=282) (n=80) (n=202) (recurrent vs. not)
Age at transplant 42 (33,50) 36 (28, 43) 45 (36, 54) <0.001
<35yr,n/ N (%) 82/282 (29) 36/80 (45) 46/202 (23) <0.001
35-45yr,n/ N (%) 87/282 (31) 27/80 (34) 60/202 (30) 0.57
>45yr,n/ N (%) 113/282 (40) 17/80 (21) 96/202 (47) <0.001
Female sex, n/ N (%) 87/282 (31) 28/80 (35) 59/202 (29) 0.39
Recipient ancestry,' n/ N (%)
European 169/279 (61) 54/79 (68) 115/200 (58) 0.10
Hispanic/Latinx 43/279(15) 10/79 (13) 33/200 (16) 0.85
East Asian 38/279 (14) 7/79(9) 31/200 (15) 0.18
Black 14/279 (5) 4/79 (5) 10/200 (5) 1.0
Other 15/279 (5) 4/79 (5) 11/200 (6) 1.0
Allograft source, n/ N (%)
Living-related 97/282 (34) 34/80 (43) 63/202 (31) 0.10
Living-unrelated 54/282 (19) 14/80 (17) 40/202 (20) 0.74
Deceased donor 131/282 (47) 32/80 (40) 99/202 (49) 0.19
Year of transplantation 2011 (2006, 2015) 2008 (2003,2011) 2012 (2008, 2015) <0.001
Donor ancestry,2n / N (%)
European 172/237 (73) 45/62 (73) 127/175 (73) 1.0
Hispanic/Latinx 32/237 (13) 8/62 (13) 24/175 (14) 1.0
East Asian 7/237 (3) 3/62 (5) 4/175 (2) 0.38
Black 17/237 (7) 4/62 (6) 13/175(7) 1.0
Other 9/237 (4) 2/62 (3) 7/175 (4) 1.0
Induction therapy,® n/ N (%)
Thymoglobulin 135/267 (50) 27/69 (39) 108/198 (55) 0.04
IL2R inhibitors 76/267 (29) 25/69 (36) 51/198 (26) 0.12
Alemtuzumab 37/267 (14) 9/69 (13) 28/198 (14) 1.0
No induction, n/ N (%) 14/267 (5) 5/69 (7) 9/198 (4) 0.36
Other induction, n/ N (%) 5/267 (2) 3/69 (5) 2/198 (1) 0.11
Steroid-free regimen, n/ N (%) 116/282 (41) 28/80 (35) 88/202 (44) 0.23
# HLA matches (0-6) 2(1,3) 3(1,4) 2(1,3) <0.001
Recipient HLAs,* n/ N (%)
B35 72/282 (26) 24/80 (30) 47/202 (23) 0.29
DQ5 99/250 (40) 26/71(37) 73/179 (41) 0.57
DR3 37/282(13) 12/80 (15) 25/202(12) 0.56
DR15 51/282 (18) 14/80 (18) 37/202(18) 1.00
DQ6 76/250 (30) 20/71 (28) 56/179 (31) 0.65
DQ2 77/250 (31) 23/71(32) 54/179 (30) 0.76
Donor HLAs,> n/ N (%)
B35 59/282 (21) 17/80 (21) 42/202 (21) 1.0
DQ5 86/248 (35) 25/66 (38) 61/182 (34) 0.55
DR3 51/282(18) 16/80 (20) 35/202 (17) 0.61
DR15 60/282 (21) 15/80 (19) 45/202 (22) 0.63
DQe6 96/248 (39) 25/66 (38) 71/182 (39) 1.0
DQ2 90/248 (36) 20/66 (30) 70/182(38) 0.30
Pretransplant DSA, n/ N (%) 15/276 (5) 4/76 (5) 11/200 (5.5) 0.9

HLA match is calculated based on A, B, and DR antigens.

DSA, donor-specific autoantibodies; IgAN, IgA nephropathy; HLA, human leukocyte antigen.
TInformation on recipient ancestry was not available for 3 patients (1 recurrent and 2 nonrecurring).
2Information on donor ancestry was not available for 45 patients (18 recurrent and 27 nonrecurring).
3Information on induction therapy was not available for 15 patients (11 recurrent and 4 nonrecurring).
“4Recipient HLA-DQ typing was not available for 32 patients (9 recurrent and 23 nonrecurring).

>Donor HLA-DQ typing was not available for 34 patients (14 recurrent and 20 nonrecurring).
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Fig. 1. Prevalence of specific HLAs in US controls of European
ancestry and transplant recipients of European ancestry who had
kidney failure secondary to IgAN in the native kidney, including
these with recurrent and nonrecurring disease. Patients of Euro-
pean ancestry with kidney failure secondary to IgAN (n = 169)
[combining 54 recurrent IgAN and 115 nonrecurring IgAN]
were compared to controls from European ancestry (n = 15,740)
from US donors of stem cell transplantation. DQ typing was

Younger Recipient Age at Transplantation Is

Associated with Recurrent IgAN

Transplant patients with kidney failure secondary to
IgAN (n = 282) were assessed for variables predictive of
recurrent disease (Table 2). Univariable time-to-event
analyses showed that younger recipient age at transplan-
tation and donor-recipient HLA matching were risk fac-
tors for recurrence. On multivariable analysis, only
younger recipient age (adjusted HR [aHR] = 0.96 per

46 Glomerular Dis 2022;2:42-53
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only available for 149 patients with native kidney failure sec-
ondary to IgAN, including 48 recurrent IgAN and 101 nonre-
curring disease. Another comparison was performed between
recurrent and nonrecurring IgAN. Since 6 HLAs were compared,
the Bonferroni-corrected cut-off of 0.008 was considered signifi-
cant. Of note, DR15 and DQ6 are in linkage disequilibrium to form
a common haplotype. IgAN, IgA nephropathy; HLA, human leu-
kocyte antigen.

year, p = 0.001) and more recent year of transplantation
(aHR = 1.08, p = 0.006) were significantly associated with
IgAN recurrence (Table 2).

HLA Matching Can Predict IgAN Recurrence Only in

Recipients of Living-Related Kidney Allograft

The degree of donor-recipient HLA matching was sig-
nificantly higher in recurrent IgAN than in nonrecurring
IgAN in recipients of kidneys from living-related donors

Kavanagh et al.



Table 2. Univariable and multivariable analyses of the associations with recurrent disease in patients with kidney failure secondary

to IgAN
Variable Univariable (n = 282) Multivariable (n = 267), N events = 69
N events HR (95% Cl) p value aHR (95% Cl) p value
Recipient age at transplant, per each year 80 0.96 (0.94-0.98) <0.001 0.96 (0.94-0.98) 0.001
Recipient, female gender 80 1.16 (0.73-1.85) 0.52
Recipient, European ancestry 79 1.39 (0.86-2.25) 0.18
Donor, European ancestry 62 1.09 (0.62-1.93) 0.77
Allograft source 80
Deceased donor Ref -
Living-related 1.29 (0.80-2.11) 03
Living-unrelated 1.16 (0.62-2.19) 0.64
Medical sites 80
CuUIMC Ref - Ref -
OHSU 1.36 (0.83-2.22) 0.23 1.06 (0.56-2.02) 0.86
HUC 0.70 (0.31-1.55) 0.37 0.59 (0.25-1.37) 0.22
Year of transplantation 80 1.05 (1.00-1.08) 0.06 1.08 (1.02-1.14) 0.006
# HLA matches (per antigen: 0-6) 80 1.15(1.02-1.30) 0.02 1.12 (0.98-1.29) 0.11
Induction with thymoglobulin’ 69 0.65 (0.40-1.06) 0.08 0.65 (0.36-1.15) 0.14
Steroid-free regimens 80 0.77 (0.48-1.24) 0.28
Acute rejection* 80 0.90 (0.55-1.46) 0.66
Recipient HLA-B35 80 1.40 (0.87-2.27) 0.17
Recipient HLA-DQ5 71 1.00 (0.61-1.64) 0.99
Recipient HLA-DR3 (DR17 or 18) 80 1.20 (0.65-2.23) 0.56
Recipient HLA-DR15 80 0.99 (0.56-1.78) 0.98
Recipient HLA-DQ6 71 1.04 (0.62-1.75) 0.89
Recipient HLA-DQ2 71 1.09 (0.66-1.80) 0.74
Donor HLA-B35 80 1.09 (0.63-1.89) 0.77
Donor HLA-DQ5 66 1.24 (0.75-2.04) 0.41
Donor HLA-DR3 (DR17 or 18) 80 1.38 (0.80-2.40) 0.25
Donor HLA-DR15 80 0.77 (0.44-1.36) 0.37
Donor HLA-DQ6 66 0.88 (0.54-1.46) 0.63
Donor HLA-DQ2 66 0.90 (0.53-1.53) 0.7
Pretransplant DSA 76 1.25(0.46-3.43) 0.7

CUIMC, Columbia University Irving Medical center; DSA, donor-specific antibodies; OHSU, Oregon Health & Science University; HUC,
Hospitais da Universidade de Coimbra; DSA, donor-specific autoantibodies; IgAN, IgA nephropathy; HLA, human leukocyte antigen.
*Acute rejection is defined as any episode of acute rejection that occurred before recurrence of disease in recurrent IgAN or any time

before the end of follow-up in nonrecurring controls.

'Even when induction therapy with thymoglobulin was not included in the main multivariable analysis (information on induction therapy
was lacking 15 patients, including 11 with recurrent IgAN), the new multivariable analysis (n = 282) revealed similarly that only younger age
at transplant (0.96 [0.94-0.98], p < 0.001) and year of transplantation (1.10 [1.04-1.15], p < 0.001) remained independent predictors for IgAN
but not HLA matches (1.13 [0.99-1.29], p = 0.06) or medical sites (OHSU: 1.38 [0.83-2.29], p = 0.21, HUC: 0.65 [0.29-1.45], p = 0.29).

(recurrent IgAN: 4 [3, 6] vs. nonrecurring IgAN: 3 [2, 4],
p = 0.002), whereas this difference was not significant in
recipients of kidney allograft from living-unrelated or de-
ceased donors (recurrent IgAN: 2 [1, 4], nonrecurring
IgAN: 1 [1,2], p = 0.1).

In recipients of living-related renal transplant, the
number of HLA matches (aHR =1.40, p =0.01), young-
er age at transplant (aHR = 0.95, p = 0.006), and a
more recent year of transplant (aHR = 1.16, p = 0.004)

Recurrent IgAN in the Kidney Allograft

were independent risk factors for IgAN recurrence
(online suppl. Table 1; for all online suppl. material, see
www.karger.com/doi/10.1159/000519834). In recipients
of living-unrelated or deceased donor transplants, younger
age at transplant (aHR = 0.97, p = 0.03) was significant
predictor for recurrent IgAN, while induction therapy
with thymoglobulin (aHR = 0.46, p = 0.05) exerted a
protective effects against IgAN recurrence (online sup-
pl. Table 2). In this subgroup of recipients, the number
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Allograft survival, %

Fig. 2. Allograft survival in recurrent and
nonrecurring IgAN. Kaplan-Meier curves
for cumulative kidney allograft survival
from time of transplant in patients with re-
current versus nonrecurring IgAN. Shaded
areas around the curves represent the 95%
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of HLA matches was not associated with the recurrent
IgAN (p = 0.9).

Recurrent IgAN Is Independently Associated with

Inferior Allograft Survival

Recurrent IgAN was significantly associated with infe-
rior post-transplant allograft survival (HR = 1.94 [1.13-
3.31, p=0.016]) (Fig. 2), where the survival curves began
showing clear separation after 70 months of transplanta-
tion. Subsequently, variables associated with allograft
survival were analyzed in all transplant patients with kid-
ney failure secondary to IgAN. By univariable Cox regres-
sion analysis, living donor allografts, HLA matching,
and steroid-free regimens were associated with superior
allograft survival, while recurrent IgAN, acute rejection
episodes, and more recent transplantation were associ-
ated with inferior allograft survival (Table 3).

By multivariable Cox proportional hazards regression
analysis, recurrent IgAN (aHR = 2.45, p = 0.002), acute
rejection episodes (aHR = 2.68, p = 0.001), and younger
recipient age at transplant (aHR = 0.97 per year, p = 0.02)
were associated with shorter allograft survival, while
receiving an allograft from a living donor (aHR = 0.36,
p =0.001) was associated with superior allograft survival
(Table 3). There was a trend toward worse allograft survival
in recipients with HLA-DR15 that did not reach statistical
significance by the Bonferroni-corrected cut-off (Table 3).

Glomerular Dis 2022;2:42-53
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Given the design of the study, it was not surprising that
more recent transplants were associated with worse sur-
vival in this cohort. Again, while the latter variable is
probably not a meaningful predictor, it was used mainly
to account to for confounders.

To confirm the importance of recurrence IgAN in
graft failure, we used IgAN recurrence as a time-varying
covariate in the multivariable Cox proportional hazards
model for time from transplant to allograft failure. The
latter confirmed the independent association between
IgAN recurrence and graft failure (data not shown).

Characteristics, Treatment, and Outcome of Recurrent

IgAN

Demographic, clinical, and pathological characteristics
of patients with recurrent IgAN are presented in Table 1
and online supplementary Table 3. At the time of diagno-
sis, recipients had median post-transplant interval of 43
months, median serum creatinine of 1.9 mg/dL, and me-
dian proteinuria of 0.5 g/g. Seven IgAN recurrence events
were detected on protocol biopsies, and the remaining 73
were detected on biopsies performed for clinical reasons.
Histologically, concurrent acute rejection was present in 16
0f 80 (20%) of index biopsies, including 11 T-cell-mediated
rejection, 2 antibody-mediated rejection, and 3 mixed re-
jection. Diffuse mesangial proliferation, endocapillary pro-
liferation, and crescents were seen in 46%, 33%, and 16% of
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Table 3. Univariable and multivariable analyses of the associations with allograft failure in transplant patients with kidney failure secondary

to IgAN
Variable Univariable (n = 282) Multivariable (n = 282), N events = 60
N events HR (95% Cl) p value HR (95% Cl) p value
Recipient age at transplant (per each year) 60 0.98 (0.96-1.00) 0.09 0.97 (0.94-0.99) 0.02
Recipient, female gender 60 0.88 (0.50-1.54) 0.66
Recipient, European ancestry 60 0.91 (0.54-1.56) 0.74
Donor recipient, European ancestry 41 2.07 (0.87-4.94) 0.1
Allograft from living donor 60 0.56 (0.34-0.95) 0.03 0.36 (0.19-0.67) 0.001
Medical sites 60
CuiMC Ref - Ref -
OHSU 1.70 (0.96-3.01) 0.07 0.89 (0.41-1.92) 0.77
HUC 0.95 (0.39-2.29) 0.9 0.39(0.14-1.11) 0.08
Year of transplantation 60 1.07 (1.01-1.15) 0.03 1.16 (1.08-1.25) <0.001
Recurrence of IgAN 60 1.89(1.12-3.19) 0.02 2.45 (1.38-4.36) 0.002
# HLA matches (per antigen: 0-6) 60 0.86 (0.74-0.99) 0.04 0.87 (0.73-1.04) 0.13
Induction with thymoglobulin 56 0.91(0.52-1.59) 0.73
Steroid-free regimens 60 0.54 (0.29-0.98) 0.04 0.59 (0.26-1.30) 0.19
Acute rejection 60 2.46 (1.46-4.16) 0.001 2.68 (1.51-4.76) 0.001
Recipient HLA-B35 60 1.29(0.74-2.24) 0.37
Recipient HLA-DQ5 57 1.07 (0.62-1.84) 0.82
Recipient HLA-DR3 (DR17 or 18) 60 1.05 (0.49-2.22) 0.91
Recipient HLA-DR15 60 1.90 (1.08-3.35) 0.02 1.90 (1.04-3.47) 0.04
Recipient HLA-DQ6 57 1.44(0.83-2.51) 0.2
Recipient HLA-DQ2 57 0.63 (0.33-1.20) 0.16
Donor HLA-B35 60 0.97 (0.51-1.83) 0.92
Donor HLA-DQ5 57 1.07 (0.59-1.91) 0.83
Donor HLA-DR3 (DR17 or 18) 60 1.06 (0.53-2.10) 0.88
Donor HLA-DR15 60 1.23(0.71-2.30) 0.42
Donor HLA-DQ6 57 1.47 (0.84-2.56) 0.18
Donor HLA-DQ2 57 1.01 (0.55-1.86) 0.97
Pretransplant DSA 55 1.02 (0.25-4.22) 0.8

Rejection is defined as any episode of acute rejection encountered during the follow-up period.
CUIMC, Columbia University Irving Medical center; DSA, donor-specific antibodies; OHSU, Oregon Health & Science University; HUC,
Hospitais da Universidade de Coimbra; DSA, donor-specific autoantibodies; IgAN, IgA nephropathy; HLA, human leukocyte antigen.

index biopsies, respectively, while segmental sclerosis and
>25% tubulointerstitial scarring were present in 51% and
48% of index biopsies, respectively. The median combined
MEST-C score was 2 (IQR: 1, 3) (online suppl. Table 3).
Data on treatment of recurrent IgAN were available
for 71 (88%) index biopsies. Treatment was variable and
was initiated for recurrent IgAN and, to a lesser extent,
for other concurrent conditions, such as acute rejection
episodes (online suppl. Table 4). Thirty two (45%) of
these patients were managed without adjustment of im-
munosuppression. Corticosteroids were used in 32 (45%)
patients, while thymoglobulin and rituximab were ad-
ministered to 3 (4%) and 2 (3%) patients, respectively.
The mycophenolate mofetil dose was increased in 1 pa-
tient, and conversion from tacrolimus to belatacept was

Recurrent IgAN in the Kidney Allograft

initiated in one subject given the presence of significant
arteriolar hyalinosis.

We investigated variables associated with post-biopsy
allograft failure in the 80 patients with recurrent IgAN
(Table 4). On univariable analysis, longer post-transplant
interval, serum creatinine values, degree of proteinuria,
concurrent acute rejection, and histologic scores for each
of mesangial proliferation, segmental sclerosis, tubuloint-
erstitial scarring, as well as combined MEST-C scores in
index allograft biopsies were all associated with inferior al-
lograft survival (Table 4). Using Cox multivariable analysis
that included the 6 variables with p < 0.1 in univariate analy-
ses (combined MEST-C scores rather than individual scores
was used as a histologic variable), serum creatinine at biopsy,
degree of proteinuria, and concurrent acute rejection were
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Table 4. Univariable and multivariable analyses of the associations with post-biopsy allograft failure in patients with recurrent IgAN

Variable Univariable (n = 80) Multivariable (n = 67), N events = 33*
N events HR (95% Cl) p value HR (95% Cl) p value

Recipient age at biopsy (per each year) 33 1.01 (0.98-1.04) 0.55

Recipient, female gender 33 0.71(0.33-1.54) 0.39

Recipient, European ancestry' 33 0.79 (0.37-1.70) 0.55

Donor, European ancestry? 23 0.99 (0.36-2.75) 0.99

Allograft from living donor 33 0.62 (0.31-1.25) 0.18

Induction with thymoglobulin3 30 1.16 (0.55-2.45) 0.7

Steroid-free regimens 33 0.68 (0.31-1.47) 0.33

Post-transplant interval (per month) 33 1.01(1.01-1.01)  <0.001 1.01 (0.99-1.01) 0.14

Serum creatinine at biopsy (mg/dL)* 33 1.94 (1.40-2.69) <0.001 2.81(1.69-4.68) <0.001

Proteinuria (g/g vs. mg/dL)® 33 1.15(1.07-1.24)  <0.001 1.20 (1.07-1.34) 0.002

Concurrent acute rejection 33 3.21(1.54-6.70) 0.002 3.51(1.11-11.0) 0.03

# Of HLA matches (per antigen: 0-6) 33 0.82 (0.67-1.01) 0.06 0.68 (0.50-0.91) 0.009

Protocol biopsy 33 0.4 (0.05-2.49) 0.3

Mesangial score (M: 0-1)° 33 2.14 (1.05-4.34) 0.04

Endocapillary proliferation score (E: 0-1)° 33 1.50 (0.74-3.05) 0.26

Cellular or fibrocellular crescent score (C0-2)® 33 1.71(0.73-3.98) 0.22

Segmental sclerosis score (S: 0-1)° 33 2.79(1.32-5.93) 0.007

Tubular atrophy/interstitial fibrosis score (T: 0-2)¢ 33 2.56 (1.64-4.00) <0.001

Combined MEST-C score (0-7)° 33 1.51(1.23-1.85)  <0.001 1.20 (0.86-1.66) 0.28

DSA, donor-specific autoantibodies; IgAN, IgA nephropathy; HLA, human leukocyte antigen.

* To avoid potential overfitting in multivariable analysis, we also used a forward and backward stepwise multivariable analysis that
included variables with p <0.1.Only the combined MEST-C score, rather than individual components were entered in multivariable analysis.
Forward stepwise analyses showed that each of serum creatinine (3.09 [1.88-5.10], p < 0.001), proteinuria (1.26 [1.14-1.38], p < 0.001),
concurrentacute rejection (6.67 [2.54-17.6], p < 0.001), and # HLA matches (0.73 [0.55-0.97], p = 0.03) were associated with inferior allograft

survival.

Information on recipient ancestry was not available for 1 patient.
2Information on donor ancestry was not available for 18 patients.

3Information on induction therapy was not available for 11 patients.

4Information on serum creatinine was not available for 4 patients.

3 Information on proteinuria was not available for 11 patients.
6 Histologic Oxford scores could not be assessed in 1 patient.

predictors of inferior allograft survival, while HLA match-
ing represented a significant predictor of superior allograft
survival (Table 4). The same 4 variables remained indepen-
dent predictors of allograft survival when forward stepwise
analysis was performed (data presented in the legend of
Table 4), supporting their role in determining the allograft
outcome in patients with recurrent IgAN.

Discussion

In contrast to IgAN in the native kidney, there are lim-
ited data on the prognosis and risk factors for recurrent
IgAN in the kidney allograft. The available reports are
largely restricted to small single center studies [7, 8, 10-13,
28] or rely on data from registries [20, 29-31], where the
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information is incomplete and subject to bias. While prior
studies have identified potential risk factors for recurrent
IgAN, the results varied among studies. Furthermore, de-
spite the described association of some HLAs with IgAN in
the native kidney [2-5], an evaluation of donor and recipi-
ent HLAs in recurrent and nonrecurring IgAN in the renal
allograft has not been performed to date. To our knowl-
edge, the current report represents one of the largest non-
registry studies to assess predictors for recurrent IgAN and
is the first to analyze the association of HLAs in donors and
recipients with recurrence and prognosis of [gAN.

Some [8-10], but not all [11], studies have shown detri-
mental impact of IgAN on allograft survival. In the current
study, recurrent IgAN emerged as an independent predictor
of inferior allograft survival, together with acute rejection.
When predictors of recurrent IgAN were examined in
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multivariable analysis, younger recipient age at trans-
plantation, which is a nonmodifiable extrarenal variable
related to the recipient, was significantly associated with
recurrent IgAN. Prior studies have shown an association
between younger recipient age and recurrent IgAN [10-
15]. Notably, younger recipient age is not universally as-
sociated with recurrent glomerulonephritis. In contrast,
older recipient age is an independent predictor for recur-
rent membranous nephropathy post-transplantation [32].

Data on genetic predisposing factors for recurrent
IgAN are very limited. Despite the suggested association
of HLA-B35, HLA-DQ5, HLA-DR3, HLA-DR15, HLA-
DQ6, and HLA-DQ2 with IgAN in the native kidney [2-
5], these antigens have not been studied systematically in
the context of recurrent IgAN. Compared to the general
population of US residents of European descent [27],
transplant recipients of European ancestry who had kid-
ney failure secondary to IgAN showed higher frequencies
of HLA-DQS5 and lower frequencies of HLA-DR15 and
HLA-DQ6 (Fig. 1), supporting a predisposing role of
DQ5 for IgAN in the native kidney and a protective role
of DR15-DQ6 haplotype. In contrast, the lack of differ-
ence in frequencies of such HLAs in the recipients or the
donors between recurrent and nonrecurring IgAN argue
against an important role of these specific antigens in re-
currence of IgAN and do not support donor selection
based on presence/absence of any of these HLAs.

Previous studies have suggested that HLA mismatch
may reduce the risk of recurrent IgAN [10, 20, 21]. Our
findings do not support an approach that encourages
HLA mismatching in patients with IgAN undergoing
renal transplantation for 2 reasons. First, while donor-
recipient pairs with recurrent IgAN were more HLA
matched than their counterparts without recurring dis-
ease, HLA matching was not independently associated
with protection from recurrence in time-to-event analy-
ses, except in the subgroup of patients who received kid-
ney allograft from living-related donors. Second, HLA
mismatch may increase susceptibility to alloimmunity,
which can negatively affect allograft survival. Indeed,
more rigorous HLA matching remained an independent
predictor for superior post-biopsy allograft survival in
patients with recurring IgAN (Table 4). However, the
association between HLA matching in recipients of a kid-
ney from living-related donors and IgAN recurrence sug-
gest that risk of recurrent IgAN may be mostly carried in
HLA genetic regions in individuals from the same family
with close genetic makeup. This finding may help in guid-
ing future studies to explore genomic donor-recipient
matching to reduce recurrent IgAN.

Recurrent IgAN in the Kidney Allograft

Although some prior studies suggested a benefit of ste-
roid maintenance in preventing recurrent IgAN [16-18],
others have not [8, 12]. Our study did not show any ben-
efit of steroids maintenance on recurrent disease or al-
lograft survival. Varying immunosuppressive regimens
and definitions of steroid-free regimens may account for
some of the different results. Prospective trials will be
needed to address this issue with certainty.

A few studies have shown that allografts from living-
related donors [8, 14, 19] are associated with an increased
risk for recurrent IgAN, while others [8, 10, 12, 13], in-
cluding our study, do not support an independent asso-
ciation. The lack of correlation between acute rejection
and recurrent IgAN is an interesting finding that argues
against such association, especially in a cohort where
most allograft biopsies were performed for allograft dys-
function.

Regarding the prognosis of patients with recurrent
IgAN, serum creatinine, proteinuria, and concurrent
acute rejection were all significant predictors for allograft
failure. Whereas, a previous report, focusing on allograft
survival in patients with post-transplant IgAN, revealed a
significant negative impact of MEST-C scores on allograft
survival [33]; our study, albeit smaller, failed to demon-
strate such an association on multivariable analyses.
However, the aforementioned study combined both de
novo and recurrent IgAN and did include proteinuria or
serum creatinine at biopsy together with histologic score
in the same multivariable analysis.

Unique strengths of the study includes its relatively
large sample size with prolonged follow-up and exclu-
sion of de uncertain cases with low IgA staining inten-
sity to include pure cases of recurrent IgAN. However,
the findings in this study need to be interpreted in light
of several limitations, including the retrospective nature
of the data, center-based bias, and incomplete data.
Other limitations include case ascertainment due to in-
ability to precisely exclude potential cases with subclinical
recurrence of IgAN that did not reach threshold need-
ed to trigger follow-up allograft biopsies and shorter
follow-up for non-recurring IgAN compared with recur-
rent IgAN. To overcome some of these biases, recur-
rence of IgAN was treated as a time-dependent variable
and year of transplantation and medical sites were includ-
ed in multivariable analyses. Additionally, the median
follow-up time in patients with no evidence of recur-
rent IgAN is longer than the median time of recurrence
(median 74 vs. 43 months after transplantation, respec-
tively). Finally, while using the pathology dataset may
be regarded as a limitation, it should be stressed that
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the search included post-reperfusion biopsies (performed
routinely for CUIMC patients) and protocol biopsies
(performed routinely for OHSU and HUC patients).
This would have assured inclusion of all nonrecurring
patients with native kidney failure secondary to IgAN
who underwent kidney transplant at CUIMC, OHSU,
and HUC.

In conclusion, recurrent IgAN is an important predic-
tor of long-term allograft survival. Younger recipient age
at transplantation is independently associated with recur-
rent IgAN. While HLA matching may play a role in recur-
rent IgAN, it may only be important in the setting of
living-related transplantation. Whereas, our results sup-
port the predisposing role of HLA-DQ5 and the protective
role of HLA-DR15 and HLA-DQ6 in IgAN in the native
kidney, the presence of any of these antigens in the re-
cipients or in the donors did not appear to affect recurrent
disease post-transplantation.
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