
Background: Recurrent glomerulonephritis (GN) is a common cause of allograft loss in kidney transplantation (KT), the most frequent 

of which is immunoglobulin A (IgA) nephropathy (IgAN). Galactose-deficient IgA1 (Gd-IgA1) plays a major role in the pathophysiology of 

IgAN, but the association between Gd-IgA1 and recurrent IgAN in kidney transplant recipients (KTRs) is uncertain. We aimed to evalu-

ate the efficacy of Gd-IgA1 for prediction of recurrent IgAN and graft and patient survival according to Gd-IgA1 level. 

Methods: We enrolled 27 KTRs who underwent allograft biopsy between 2009 and 2016 and measured the serum Gd-IgA1 level of 

each KTR. We divided the patients into two groups: nonrecurrent IgAN (patients with IgAN prior to KT who were not diagnosed with re-

current IgAN) and recurrent IgAN (patients with IgAN prior to KT who were diagnosed with recurrent IgAN). 

Results: The mean serum Gd-IgA1 level was significantly higher in the recurrent IgAN group than in the nonrecurrent IgAN group 

(6,419 ± 3,675 ng/mL vs. 3,381 ± 2,844 ng/mL, p = 0.02). The cutoff value of serum Gd-IgA1 in receiver operating characteristic 

curve analysis was 4,338 ng/mL (area under the curve, 0.76; 95% confidence interval [CI], 0.57–0.95, p = 0.02). Serum Gd-IgA1 lev-

el was an independent factor for recurrent IgAN (odds ratio, 17.60; 95% CI, 1.33–233.03, p = 0.03). There was no significant differ-

ence in graft or patient survival between the two groups. 

Conclusion: Serum Gd-IgA1 can be used as a diagnostic biomarker for recurrent IgAN in KT. 
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Introduction 

One of the most common causes of allograft kidney loss is 

recurrent glomerulonephritis (GN), and immunoglobulin 

A (IgA) nephropathy (IgAN) is the most common cause of 

recurrent GN after kidney transplantation (KT) [1,2]. The 

pathophysiology of IgAN is the most potent of the “four 

hits” hypotheses [3], and galactose-deficient IgA1 (Gd-IgA1) 

plays a major role in the pathophysiology of IgAN [4]. The 

main mechanism of action of Gd-IgA1 is deposition with 

an autoimmune IgG complex in the mesangium and endo-

thelium, subsequently damaging those cells [4]. The same 

mechanism can be assumed for recurrent IgAN after KT, but 

recurrent GN because of immunosuppressive drug adminis-

tration does not have the same mechanism of action as IgAN 

of the general population. Considering that Gd-IgA1 can be 

measured in the laboratory, it can be used as a diagnostic 

and prognostic biomarker for IgAN, but it is unclear wheth-

er recurrent IgAN after KT is similarly observed based on 

this clinical pattern and whether de novo IgAN is observed. 

However, the association between Gd-IgA1 and occurrence 

of recurrent IgAN in kidney transplant recipients (KTRs) is 

uncertain. Therefore, in this study, we aimed to investigate 

whether Gd-IgA1 is effective as a diagnostic and prognostic 

marker for recurrent IgAN.

Methods

Study design

We enrolled 27 KTRs with stored samples in the Biobank of 

Keimyung University Dongsan Hospital and who underwent 

allograft biopsy between 2009 and 2016. There were 17 living 

donor KTRs (10 living-related donor KTRs and seven liv-

ing-unrelated donor KTRs) and 10 deceased donor KTRs. The 

living-related donor KTRs comprised four parent-to-child and 

six sibling-to-sibling KTRs; two wife-to-husband KTRs were in-

cluded in the living-unrelated donor KTRs. The patients were 

divided into the nonrecurrent IgAN group (patients with IgAN 

prior to KT who were not diagnosed with recurrent IgAN after 

KT [n = 14]) and the recurrent IgAN group (patients with IgAN 

prior to KT who were diagnosed with recurrent IgAN [n = 13]). 

The nonrecurrent IgAN group included KTRs with other recur-

rent GN issues, acute and chronic rejection, and calcineurin 

inhibitor (CNI) toxicity. We evaluated the clinical characteris-

tics of the study population, status of immunosuppression at 

diagnosis, change in allograft function, severity of proteinuria 

at diagnosis, and graft and patient survival.

Demographic and clinical data

We investigated the age of donors and recipients at diagno-

sis of recurrent IgAN, sex of donors and recipients, KT type, 

frequency of KT, dialysis type prior to KT, dialysis vintage, 

causes of end-stage renal disease (ESRD), number of human 

leukocyte antigen (HLA) mismatches, immunosuppressant 

for induction and maintenance treatment, previous biop-

sy-proven acute rejection (BPAR), severity of proteinuria at 

diagnosis of recurrent IgAN, panel reactive antibody (PRA) > 

50%, and donor-specific antibody positivity. Allograft biopsy 

was performed when allograft dysfunction (decreased esti-

mated glomerular filtration rate [eGFR]) or persistent micro-

scopic hematuria and proteinuria were observed. Allograft 

biopsy was analyzed using the Banff 2013 classification [5]. 

Allograft function was measured based on eGFR according 

to the guidelines of the Chronic Kidney Disease Epidemiol-

ogy Collaboration within 1 month before diagnosis and at 12 

months, 3 years, and 5 years after diagnosis [6]. Proteinuria 

was measured using the spot urine protein-to-creatinine ra-

tio (g/g). 

Serum Gd-IgA1 level was measured using the Gd-IgA1 as-

say kit (Immuno-Biological Laboratories Co., Ltd., Gunma, 

Japan) through the enzyme-linked immunosorbent assay 

[7]. The level of each serum Gd-IgA1 was obtained based on 

a standard curve with an appropriate regression curve on 

each plot (four-parameter logistics; optical density, 450 nm). 

The assay for Gd-IgA1 was performed in triplicate. 

The Institutional Review Board (IRB) of Keimyung Uni-

versity Dongsan Hospital approved this study (No. 2017-

02-030). The requirement for informed consent was waived 

by the IRB because use of patient data for research, except 

identifying personal information, was explained to all donor 

families and all recipients before KT. Therefore, as a retro-

spective medical record study, this study did not contain any 

distinguishable personal information, except clinical process 

and outcome.

Immunosuppression protocols 

We administered basiliximab (Simulect, 20 mg on days 0 and 
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4; Novartis, Basel, Switzerland) for KTRs with low immunolog-

ic risk and antithymocyte globulin (Thymoglobulin, 1.5 mg/

kg on day 0 and 1.0 mg/kg from day 1 to day 3; Genzyme, 

Cambridge, MA, USA) for KTRs with high immunologic risk 

as induction immunosuppressants. We administered cyclo-

sporine (Sandimmune, 3 mg/kg, twice a day; Novartis AG, 

Basel, Switzerland) or tacrolimus (Prograf, 0.05 mg/kg, twice 

a day; Astellas Pharma Inc., Toyama, Japan) as a CNI, pred-

nisolone (30 – 20 – 10 – 5 – 0 mg, once a day, on a stepdown 

regimen), and mycophenolate mofetil (CellCept, 750 or 1,000 

mg, twice a day for 1 month after KT and subsequent 500 

mg, twice a day; Hoffmann-La Roche Inc., Nutley, NJ, USA) 

as maintenance immunosuppressants. The treatment pro-

tocol for recurrent IgAN was use of an angiotensin receptor 

blocker at diagnosis; if it elicited no response, then 0.25 mg/

kg per day of oral steroid was used.

Statistical analyses 

Continuous variables were analyzed using the Mann-Whit-

ney U test, and categorical variables were analyzed using 

the chi-square or Fisher exact test. Graft and patient survival 

rates were evaluated using the Kaplan-Meier analysis with 

log-rank test. Univariate and multivariate analyses with lo-

gistic regression analysis were performed to investigate the 

risk factors for development of recurrent IgAN. The p-values 

less than 0.05 were considered statistically significant. Statis-

tical analysis was performed using the PASW Statistics (ver-

sion 18.0; IBM Corp., Armonk, NY, USA). 

Results

Baseline characteristics of the study population

The mean follow-up period for all patients was 147.5 ± 83.6 

months. Recipient age at KT was significantly lower in the 

recurrent IgAN group than in the nonrecurrent IgAN group 

(32.8 ± 11.5 years vs. 41.9 ± 9.9 years, p = 0.04), but there 

was no significant difference in recipient age at diagnosis. 

There was also no significant difference in donor age at KT 

between the two groups. There were no significant differ-

ences in rates of recipient and donor sex, PRA > 50%, use 

of induction and maintenance immunosuppressants, or 

previous BPAR between the two groups. The proportion of 

living donor KT was higher in the recurrent IgAN group than 

in the nonrecurrent IgAN group. Moreover, the proportion 

of deceased donor KT was higher in the nonrecurrent IgAN 

group than in the recurrent IgAN group. The mean number 

of HLA mismatches was significantly lower in the recurrent 

IgAN group than in the nonrecurrent IgAN group (2.6 ± 1.9 

vs. 3.9 ± 1.1, p = 0.05). There were no significant differences 

between the recurrent IgAN and nonrecurrent IgAN groups 

in the other clinical parameters (Table 1).

Comparison of clinical and laboratory parameters according 
to recurrent IgA nephropathy 

The mean serum Gd-IgA1 level was significantly higher in 

the recurrent IgAN group than in the nonrecurrent IgAN 

group (6,419 ± 3,675 ng/mL vs. 3,381 ± 2,844 ng/mL, p = 

0.02). The mean time between KT and allograft biopsy was 

longer in the recurrent IgAN group than in the nonrecurrent 

IgAN group (108.9 ± 83.3 months vs. 61.7 ± 69.2 months). 

The proportion of steroid use was significantly lower in the 

recurrent IgAN group than in the nonrecurrent IgAN group. 

Allograft function between diagnosis and 5 years after diag-

nosis and proteinuria at diagnosis did not differ between the 

two groups (Table 2).

Receiver operating characteristic curve analysis

The cutoff value of serum Gd-IgA1 in receiver operating charac-

teristic curve analysis was 4,338 ng/mL (area under the curve, 

0.76; 95% confidence interval [CI], 0.57–0.95; p = 0.02). The 

sensitivity and specificity were 76.9% and 78.6%, respectively. 

The positive predictive value and negative predictive value were 

76.1% and 78.6%, respectively (Fig. 1A). There was no signifi-

cant difference in death-censored graft survival rate after di-

agnosis of recurrent IgAN or other diseases according to Gd-

IgA1 level (Fig. 1B).

Comparison of death-censored allograft survival and 
patient survival according to development of recurrent 
IgA nephropathy and factors related to development of 
recurrent IgA nephropathy 

A total of 14 patients (51.9%; six patients [22.2%] in the re-

current IgAN group and eight patients [29.6%] in the nonre-

current IgAN group) experienced graft failure. The causes 

of graft failure were chronic rejection (three [50.0%] and 
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Table 1. Comparison of clinical and laboratory parameters according to recurrent IgAN
Variable Recurrent IgAN Nonrecurrent IgAN p-value

No. of patients 13 14

Recipient age at KT (yr) 32.8 ± 11.5 41.9 ± 9.9 0.04

Recipient age at diagnosis (yr) 41.7 ± 10.0 47.1 ± 8.6 0.15

Recipient sex, male:female 6 (46.2):7 (53.8) 11 (78.6):3 (21.4) 0.12

Donor age at KT (yr) 34.3 ± 10.7 38.9 ± 11.6 0.31

Donor sex, male:female 7 (53.8):6 (46.2) 5 (35.7):9 (64.3) 0.45

Dialysis duration (mo) 24.6 ± 24.6 52.7 ± 63.0 0.16

Donor type, living:deceased 11 (84.6):2 (15.4) 6 (42.9):8 (57.1) 0.05

 Living-related:living-unrelated 8:3 4:2

HLA mismatch (n) 2.6 ± 1.9 3.9 ± 1.1 0.05

PRA > 50% 2 (15.4) 5 (35.7) 0.65

DSA 2 (15.4) 6 (42.9) 0.37

Induction immunosuppressant 0.52

 Basiliximab 7 (53.8) 8 (57.1)

 Antithymocyte globulin 0 (0) 2 (14.3)

 None 6 (46.2) 4 (28.6)

Maintenance immunosuppressant

 Cyclosporine:tacrolimus 4 (30.8):9 (69.2) 2 (14.3):12 (85.7) 0.39

Data are expressed as number only, mean ± standard deviation, or number (%). 
BPAR, biopsy-proven acute rejection; DSA, donor-specific antibody; HLA, human leukocyte antigen; IgAN, immunoglobulin A nephropathy; KT, kidney 
transplantation; PRA, panel reactive antibody.

Table 2. Comparison of clinical outcomes according to recurrent IgAN
Variable Recurrent IgAN (n = 13) Nonrecurrent IgAN (n = 14) p-value

Gd-IgA1 (ng/mL) 6,418 ± 3,675 3,381 ± 2,844 0.02

Time from KT to biopsy (mo) 108.9 ± 83.3 61.7 ± 69.2 0.12

Immunosuppressant at diagnosis

 Cyclosporine:tacrolimus 2 (15.4):11 (84.6) 2 (14.3):12 (85.7) >0.99

 Mycophenolate mofetil 7 (53.8) 11 (78.6) 0.24

Steroid

 Before diagnosis 2 (15.4) 9 (64.3) 0.02

 After diagnosis 8 (61.5) 8 (57.1) >0.99

ARB

 Before diagnosis 3 (23.1) 3 (21.4) >0.99

 After diagnosis 8 (61.5) 5 (35.7) 0.26

Allograft function (CKD-EPI) (mL/min/1.73 m2)

 Within 1 mo before diagnosis 50.9 ± 25.2 45.9 ± 24.1 0.61

 After diagnosis (yr)

  1 53.3 ± 28.9 48.9 ± 25.1 0.27

  2 48.9 ± 25.1 43.3 ± 22.8 0.58

  3 51.1 ± 16.8 35.8 ± 22.8 0.09

  4 51.4 ± 23.6 43.9 ± 29.6 0.57

  5 44.4 ± 23.5 32.4 ± 23.2 0.35

Proteinuria at diagnosis (g/g) 1.7 ± 1.9 1.0 ± 0.8 0.22

Data are expressed as mean ± standard deviation or number (%).
ARB, angiotensin receptor blocker; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; Gd-IgA1, galactose-deficient immunoglobulin A1; IgAN, 
immunoglobulin A nephropathy; KT, kidney transplantation.
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six [75.0%] in the recurrent IgAN and nonrecurrent IgAN 

groups, respectively), recurrent IgAN (three [50.0%] and 

none in the recurrent IgAN and nonrecurrent IgAN groups, 

respectively), and patient death with graft function (none 

and one [12.5%] in the recurrent IgAN and nonrecurrent 

IgAN groups, respectively) (Table 3). The 10-year graft sur-

vival rate was 88.9% in the recurrent IgAN group and 69.6% 

in the nonrecurrent IgAN group, but there was no significant 

difference in overall death-censored graft survival between 

the two groups (Fig. 2A). There was no significant difference 

in death-censored graft survival rate after diagnosis of re-

current IgAN or other diseases between the two groups (Fig. 

2B). One patient (3.7%) in the nonrecurrent IgAN group died 

due to cytomegalovirus pneumonia. The 10-year patient 

survival rate was 100% in the recurrent IgA group and 92.9% 

in the nonrecurrent IgAN group, but there was no significant 

difference in death-censored graft survival between the two 

groups. 

Based on logistic regression analysis, serum Gd-IgA1 level 

was an independent factor for diagnosis of recurrent IgAN 

(odds ratio, 17.06; 95% CI, 1.33–233.03; p = 0.03) adjusting for 

recipient age, sex, living donor KT, dialysis vintage, mainte-

Figure 1. The cutoff of Gd-IgA1 level and allograft outcome according to the Gd-IgA1 level. (A) ROC curves for serum Gd-IgA1 level. 
ROC AUC for recurrence of IgAN was 0.76 (0.57–0.95) for serum Gd-IgA1 (p = 0.023). (B) Comparison of death-censored graft survival 
rate after diagnosis of recurrent IgAN according to Gd-IgA1 level.
AUC, area under the curve; Gd-IgA1, galactose-deficient-immunoglobulin A1; IgAN, immunoglobulin A nephropathy; ROC, receiver 
operating characteristic.
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Table 3. Comparison of cause of allograft failure and patient death according to recurrent IgAN
Variable Recurrent IgAN (n = 13) Nonrecurrent IgAN (n = 14) p-value

Causes of graft failure 0.08

Chronic rejection 3 (23.1) 6 (42.9)

 Recurrent IgAN 3 (23.1) 0 (0)

 Others 0 (0) 1 (7.1)

 Patient death with a functioning graft 0 (0) 1 (7.1)

Causes of death >0.99

 Cytomegalovirus pneumonia 0 (0) 1 (7.1)

Data are expressed as number (%).
IgAN, immunoglobulin A nephropathy.
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Figure 2. Allograft outcome of kidney transplant recipients according to the development of recurrent IgAN. Comparison of (A) death-
censored overall graft survival rate and (B) death-censored graft survival rate after diagnosis of recurrent IgAN.
IgAN, immunoglobulin A nephropathy; KT, kidney transplantation.

192

A
C

um
ul

at
iv

e 
gr

af
t s

ur
vi

va
l

1.0

0.8

0.6

0.4

0.2

Follow-up (mo)At KT
48240 9672 120 144 168

Log-rank, p = 0.26

Recurrent IgAN

Recurrent IgAN 13 13 13 13 13 13 9 8 8
Non-recurrent IgAN 14 13 10 10 10 10 10 9 9

Nonrecurrent IgAN

B

C
um

ul
at

iv
e 

gr
af

t s
ur

vi
va

l

1.0

0.8

0.6

0.4

0.2

Follow-up (mo)At diagnosis
24120 4836 60 72 84 96

Log-rank, p = 0.24

Recurrent IgAN

Recurrent IgAN 13 12 10 10 10 9 9 8 7
Non-recurrent IgAN 14 13 11 9 8 7 6 6 6

Nonrecurrent IgAN

Table 4. Risk factors associated with recurrent IgA nephropathy in KT recipients

Variable
Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value

Recipient age at KT 0.92 0.85–1.00 0.05 1.06 0.92–1.24 0.41

Recipient male sex 0.23 0.04–1.25 0.09 0.06 0.01–1.20 0.07

Living donor KT 0.12 0.02–0.86 0.03 13.08 0.94–181.49 0.06

Dialysis vintage 0.99 0.96–1.01 0.20 1.01 0.98–1.04 0.55

Tacrolimus vs. cyclosporine 0.38 0.06–2.52 0.31 8.09 0.09–772.74 0.37

HLA mismatches 0.56 0.30–1.04 0.07 0.69 0.27–1.75 0.44

Time from KT to diagnosis 1.01 1.00–1.02 0.13 1.01 0.98–1.04 0.55

Gd-IgA1 > 4,338 ng/mL 12.22 1.99–75.06 0.007 17.06 1.33–233.03 0.03

Steroid use 0.10 0.02–0.65 0.02 2.09 0.01–556.51 0.80

CI, confidence interval; Gd-IgA1, galactose-deficient-immunoglobulin A1; HLA, human leukocyte antigen; HR, hazard ratio; IgA, immunoglobulin A; KT, 
kidney transplantation.

nance immunosuppressant, HLA mismatch, time from KT 

to diagnosis, and steroid use (Table 4).

Discussion

IgAN has been implicated in the most frequent, primary 

form of GN and is the most common cause of recurrent GN 

in KTRs. However, the clinical manifestations of recurrent 

GN include proteinuria and allograft dysfunction such as 

acute rejection, recurrent GN, or CNI toxicity. To identify the 

causes of these symptoms, allograft biopsy is currently the 

best diagnostic method [8]. However, allograft biopsy is inva-

sive, requires hospitalization, and can lead to false diagnosis 

due to insufficient specimens. Therefore, several studies are 

being conducted to overcome these shortcomings; in the 

case of recurrent IgAN, the research has been conducted to 

identify the mechanism of IgAN in native kidney diseases [9]. 

In particular, Gd-IgA1, involved in the mechanism of IgAN, 

has been reported as a diagnostic biomarker [10]. We evalu-

ated the usefulness of Gd-IgA1 as a diagnostic biomarker for 

recurrent IgAN in KTRs. 

Temurhan et al. [11] assessed the Gd-IgA1 level of recur-
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rent IgAN in KT, nonrecurrent IgAN in KT, non-transplant 

IgAN patients, and healthy relatives. They found that, re-

gardless of transplantation, Gd-IgA1 level was significantly 

higher in patients with recurrent IgAN and non-transplant 

IgAN than in those with nonrecurrent IgAN and healthy 

relatives (recurrent IgAN, 8,735 ± 10,854 ng/mL; non-trans-

plant IgAN, 8,791 ± 8,700 ng/mL; nonrecurrent IgAN, 4,790 

± 6,089 ng/mL; healthy relatives, 2,615 ± 1,611 ng/mL). The 

results of our study are consistent with those of the above-

mentioned study. Patients with recurrent IgAN after KT 

showed significantly higher Gd-IgA1 level than patients with 

nonrecurrent IgAN after KT.  

Because Gd-IgA1 level is specifically elevated in IgAN pa-

tients according to pathogenesis of IgAN, IgAN can be pre-

dicted by Gd-IgA1 level, although the cause of ESRD is not 

confirmed through kidney biopsy. In addition, in KTRs, it is 

possible to indirectly evaluate the status of the allograft kid-

ney for presence of acute or chronic rejection or CNI toxicity, 

although the Gd-IgA1 level is not elevated and the cause of 

ESRD is not IgAN, which can overcome the disadvantages of 

allograft biopsy. 

In other words, when KTRs with IgAN as a cause of ESRD 

have allograft dysfunction or new-onset proteinuria or he-

maturia, we recommend measuring the Gd-IgA1 level with 

blood samples. If the Gd-IgA1 level is high, we can consider 

recurrent IgAN, which will lead us to use an angiotensin re-

ceptor blocker or steroid without allograft biopsy. 

Interestingly, the proportion of living donor KT was higher 

in the recurrent IgAN group than in the nonrecurrent IgAN 

group. Some studies have reported that KT from a living-re-

lated donor is the most well-known risk factor for recurrent 

IgAN, and the incidence of IgAN in renal allografts is higher 

in living-related donor KT than in deceased donor KT. The 

results of our study are consistent with those of the above-

mentioned studies [12,13]. In our study, multivariate logistic 

regression analysis showed an odds ratio of living donor 

KT for occurrence of recurrent IgAN of 13.08 (95% CI, 0.94–

181.49, p = 0.055); therefore, the occurrence of recurrent IgA 

is associated with living donor KT. However, there was no 

significant difference in allograft survival of patients with re-

current IgAN between living donor KT and deceased donor 

KT. These observations were not confirmed in other studies 

[14,15], and there was no speculated reason for the higher 

recurrence rate of IgAN in living donor KT than in deceased 

donor KT. Therefore, further large-scale studies are needed. 

There is a lack of consensus regarding the role of steroids 

against occurrence of recurrent IgAN. Allen et al. [16] report-

ed that corticosteroids reduced the occurrence of recurrent 

IgAN in KTR. In our study, the proportion of steroid use 

at diagnosis was significantly lower in the recurrent IgAN 

group compared with the nonrecurrent IgAN group, but ste-

roid use was not a factor related to development of recurrent 

IgAN in multivariate analysis. Furthermore, steroid was used 

when there was no response to angiotensin receptor blocker, 

and steroid was not effective in most patients with recurrent 

IgAN. 

Our study has some limitations. First, this was a retrospective 

study. Therefore, since a selection bias can develop, further 

large-scale prospective studies are needed. Second, we did not 

assess Gd-IgA1 level regularly after KT because examination 

for Gd-IgA1 was not commercialized for research purposes. 

In other words, we only measured Gd-IgA1 level at the time 

of allograft biopsy in blood samples stored in the Biobank for 

evaluation of allograft dysfunction. Third, because the sam-

ple size was small, the results of this study might not be rep-

resentative. In particular, we cannot compare the difference 

in Gd-IgA1 level according to the effect of induction immu-

nosuppressant because of small sample sizes. However, we 

did observe significant differences in serum Gd-IgA1 level 

that might indicate recurrent IgAN in KTRs with allograft 

dysfunction. 

In conclusion, serum Gd-IgA1 can be effective for early 

detection of recurrent IgAN in KTRs. Therefore, serum Gd-

IgA1 can be used as a diagnostic biomarker for recurrent 

IgAN in KT. 
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