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Background: With the improvement of immunosuppressive regimens, the success 
rate and availability of ABO-incompatible (ABO-i) kidney transplantation (KT) have 
gradually increased. However, the management of immunosuppression protocols 
and complications associated with ABO-i KT is complex. Here, we report a clinical 
case of ABO-i living donor KT with allograft dysfunction caused by acute blood 
group antibody-dependent rejection triggered by human parvovirus B19 (B19V).

Case report: The ABO blood group of the recipient was O, and that of the 
donor was B. The recipient had high baseline anti-B antibody titers (IgM, 1:1024; 
IgG, 1:64). Before transplantation, he  completed a desensitization protocol 
comprising plasma exchange, double-filtration plasmapheresis, and rituximab, 
which maintained a low blood group antibody level and resulted in successful 
transplantation. Two weeks after surgery, the recipient developed a B19V infection 
combined with acute T-cell-mediated rejection. After the anti-rejection regimen, 
acute rejection (AR) was successfully reversed, but B19V persisted. One week after 
AR stabilization, the patient experienced acute antibody-mediated rejection that 
was more severe and refractory, resulting in the loss of the transplanted kidney.

Conclusion: Desensitization combined with immunosuppressants can lead to 
overimmunosuppression and cause various infections. Infections could break the 
accommodation state of the patient, thereby inducing AR and resulting in the loss 
of the transplanted kidney.
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1 Introduction

Kidney transplantation (KT) is the best replacement therapy for 
patients with end-stage kidney disease. The shortage of deceased 
donor kidneys and long waiting times have led to a gradual increase 
in the proportion of living donor transplantations. Owing to the 
gradual maturation of appropriate immunological preparations to 
remove blood group antibodies and suppress their generation, 
ABO-incompatible (ABO-i) KT has been performed (1). ABO-i KT 
has been compared with ABO-compatible KT at several centers 
worldwide, and several studies have shown no significant differences 
in patient survival or graft survival of these two procedures (2). 
However, other studies have shown that ABO-i transplant recipients 
are at higher risk for serious infections and thrombotic 
microangiopathy (TMA) (3–5). Moreover, the incidence of antibody-
mediated rejection (AMR) during the first 3 months is 58% for ABO-i 
transplant recipients (6). Among these patients, acute AMR (aAMR) 
is the primary cause of allograft failure with solid organ transplantation 
(7). Despite adequate desensitization therapy, anti-ABO antibodies 
may rebound after ABO-i KT.

If anti-ABO antibody titers are successfully neutralized during the 
first 3–4 weeks, then the transplanted kidney may establish a post-
transplant state of accommodation, the graft will maintain its normal 
function in the presence of anti-ABO antibodies and complement, 
and anti-ABO antibody-mediated graft injury may not occur (8–10). 
However, excessive immunosuppression caused by high doses of 
immunosuppressants targeting T and B lymphocytes during 
desensitization and the early post-transplantation period increase the 
risk of infection of ABO-i KT recipients, which may break the 
accommodation state, thereby largely increasing the risk of AMR and 
eventually leading to serious graft impairment or even loss of function 
(4, 11). Although successful ABO-i KT has been performed, it is 
important to summarize the reasons for ABO-i living donor KT 
(LDKT) failure caused by complex factors.

2 Case description

The LDKT recipient was a 34-year-old man (height, 174 cm; 
weight, 68 kg; blood group, O). The patient’s primary nephropathy was 
chronic glomerulonephritis, and he had been on regular dialysis for 
>5 years. Before transplantation, donor-specific anti-human leukocyte 
antigen (HLA) antibodies and panel-reactive antibodies (PRA) were 
negative. The recipient’s mother was the donor (age, 64 years; height, 
157 cm; weight, 60 kg; blood group, B). Complement-dependent 
cytotoxicity cross-matches and flow cytometry cross-matches were 
negative. The recipient underwent ABO-i and HLA-A, HLA-B, 
HLA-C, HLA-DR, HLA-DP, and HLA-DQ 4/12 mismatched KT. The 

baseline anti-B antibody titers of the recipient before transplantation 
were 1:1,024 (IgM) and 1:64 (IgG) (Figure 1). The donor volunteered 
to donate a kidney to her son and provided written informed consent. 
This study was approved by the ethics committees of Tongji Hospital, 
Tongji Medical College, Huazhong University of Science and 
Technology, and the Health Commission of Hubei Province.

The recipient was admitted to the hospital 3 weeks before surgery. 
We  formulated and started a desensitization protocol before 
transplantation. First, the recipient was intravenously administered 
100 mg of rituximab on day 15 before surgery. Immediately thereafter, 
tacrolimus (TAC) 0.1 mg/kg/day and mycophenolate mofetil (MMF) 
1,500 mg/day were administered orally in two doses. Subsequently, the 
immunosuppressive doses were adjusted according to the TAC trough 
level and the area under the curve at the time of MMF. The TAC 
trough level before surgery fluctuated around 8 ng/mL, and the area 
under the curve at the time of MMF was controlled at 60 μg/h/mL, 
which inhibited the activation and proliferation of T and B 
lymphocytes and the levels of blood group antibodies. Simultaneously, 
three courses of plasma exchange (PE) and one course of double-
filtration plasmapheresis (DFPP) were administered to remove blood 
group antibodies. According to the protocol, transplantation was 
considered when anti-B titers were less than 1:16 for 2 consecutive 
days. On the day of transplantation, the anti-B titers were reduced to 
1:16 (IgM) and 1:2 (IgG) (Figure 1).

The donor’s left kidney was subjected to warm ischemia for 1 min 
and promptly transplanted to the recipient. The allograft was 
functionally perfect after reperfusion. Perioperative 
immunosuppression included induction therapy with anti-human 
T-lymphocyte porcine immunoglobulin and methylprednisolone and 
triple maintenance therapy with TAC, MMF, and prednisone 
(intravenous porcine immunoglobulin, 500 mg, days 0–4; intravenous 
methylprednisolone, 500 mg, days 0–2; and oral prednisone, 50 mg, 
day 3). Oral prednisone was subsequently tapered by 10 mg every day 
to 10 mg/day for maintenance. The preoperative dosing regimens of 
TAC and MMF were continued. The postoperative TAC trough level 
was maintained at approximately 8 ng/mL. The renal function of the 
recipient improved postoperatively. Serum creatinine decreased from 
1,125 μmol/L before surgery to 159 μmol/L on postoperative day 
(POD) 11. The IgG and IgM anti-B titers remained low throughout 
the postoperative course (1, 2). The patient was discharged after an 
uneventful course on POD 12.

On POD 17, the patient presented with fever and a progressive 
decrease in hemoglobin level to 73 g/L. Excluding other causes, the 
patient was readmitted to the hospital because of high suspicion of 
human parvovirus B19 (B19V) causing pure red cell aplasia. His 
serum creatinine level had increased to 514 μmol/L and was 
accompanied by positive B19V IgM and DNA and a sharp decrease in 
urine volume to 950 mL/day. The TAC trough concentration was 
2.9 ng/mL; however, there was no increase in antibody titers (anti-B 
IgM and IgG titers of 1:8 and 1:2, respectively). Furthermore, graft 
perfusion had reduced, and the arterial resistance index had increased 
on Doppler ultrasonography. Therefore, the patient was preliminarily 
considered to have B19V and acute rejection (AR). To further assess 
the condition of the allograft, we  immediately performed a graft 
biopsy. Pathological findings confirmed grade IA mild acute T-cell-
mediated rejection (aTCMR) (Banff 2019 grade IA, i1, t1, g0, v0, ci0, 
ct0, cg0, cv0, ptc1, g + ptc = 1, ah0, mm0, i-IFTA0, t-IFTA0, and 
diffusely positive C4d3) (Figure 2A), with only a few minor peritubular 

Abbreviations: ABO-i, ABO-incompatible; KT, Kidney transplantation; LDKT, Living 

donor kidney transplantation; B19V, Parvovirus B19; aTCMR, acute T-cell-mediated 

rejection; AR, acute rejection; aAMR, acute antibody-mediated rejection; TMA, 

Thrombotic microangiopathy; AMR, Antibody-mediated rejection; HLA, Donor-

specific anti-human leukocyte antigen; PRA, Panel-reactive antibodies; TAC, 

Tacrolimus; MMF, Mycophenolate mofetil; PE, Plasma exchange; DFPP, Double 

filtration plasmapheresis; POD, Postoperative day; IVIG, Intravenous 
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capillaritis (ptc1) in the allograft biopsy sample and no manifestation 
of glomerulonephritis (Figure  2B). The B19 DNA in paraffin-
embedded kidney tissue was amplified by nested PCR, and the results 
were negative. Methylprednisolone (500 mg for 2 days, 300 mg for 
3 days, 200 mg for 1 day, and 200 mg for 1 day) and rabbit anti-human 
thymocyte immunoglobulin pulse therapy (25 mg for 3 days) were 
immediately administered. The patient promptly received intravenous 
immunoglobulin (IVIG) at 20 g/day for 14 days. Red blood cell 

transfusion was simultaneously performed for pure red cell aplasia. 
Subsequently, hemoglobin levels gradually increased (Figure 3).

On POD 19, the anti-B IgM and IgG titers were 1:16 and 1:8, 
respectively, showing a rebound trend. To avoid injury caused by 
anti-B antibodies that trigger aAMR, the patient received 100 mg 
rituximab intravenously and four courses of PE or DFPP (Figure 1). 
The antibody titer did not increase continuously. The urine volume 
gradually returned to more than 2,000 mL/day, and the serum 

FIGURE 1

Blood group antibody titers and immunosuppressive regimen used before and after transplantation. The recipient’s ABO blood group was O and the 
donor’s blood group was B, and the recipient’s baseline anti-B antibody titers were 1:1,024 (anti-B IgM) and 1:64 (anti-B IgG), respectively. The recipient 
completed a pre-transplant desensitization protocol, whereafter anti-B antibody titers remained at low levels (equal or less than pre-transplant level 
1:2) or declined to an undetectable level. Until POD 50, the recipient’s anti-B IgM and anti-B IgG had increased to 1:64 and 1:32, respectively, and then 
gradually increased to untreated pre-transplant levels. The pink rectangle indicates tacrolimus (Tac) and mycophenolate mofetil (MMF). The yellow 
rectangle indicates the change of cyclosporine (CsA) and mizoribine (MZR) on POD49. The orange arrows indicate days of using rituximab. The purple 
arrows indicate days of using plasma exchange (PE). The grass green arrows indicate days of using double filtration plasmapheresis (DFPP). The dark 
green arrows indicate days and dose of using methylprednisolone (MP). The green rectangle indicates days and dose of using prednisone (Pred), 
staring at 50  mg/d and then prednisone tapered by 10  mg every other day to 10  mg/d for maintenance. The dark blue and light blue boxes indicate the 
dose and days of using anti-human T lymphocyte porcine immunoglobulin (p-ALG) and rabbit anti-human thymocyte immunoglobulin (ATG). The 
black dashed line indicates the day of transplantation.

FIGURE 2

Allograft biopsy specimen obtained on POD 18. (A) Immunohistochemical staining: C4d was diffusely positive (×200). (B) One micro-vein presented 
with venous endotheliitis, mild renal interstitial edema, patchy and diffuse infiltration of lymphocytes in the interstitium, patchy and mild renal tubulitis, 
and a few peritubular capillaritis; the interstitial matrix of renal tissue did not show hyperplasia and tubular atrophy; mild water degeneration of renal 
tubular epithelial cells and no necrosis of renal tubular epithelial cells (H.E, ×400).
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creatinine level decreased to 226 μmol/L. The TAC trough 
concentration was 7.4 ng/mL (Figure  4), and the anti-B titers 
decreased to 1:4 (IgM) and 1:2 (IgG). Allograft perfusion was 
adequate, and the arterial resistance index was within the normal 
range, as evaluated by Doppler ultrasonography. Therefore, we believe 
that aTCMR was reversed after treatment.

As the patient’s condition improved, we assumed that the graft 
function improved as well. He recovered well; however, the urine 
volume gradually decreased on POD 45 and the serum lactate 
dehydrogenase (LDH) level significantly increased to 269 U/L and the 

platelet level was 40 × 109/L (the preoperative serum LDH level was 
126 U/L). Platelet-boosting therapy was given at this time. Repeated 
qualitative tests to determine B19V DNA yielded positive results. TAC 
was replaced with cyclosporine A as antiviral therapy on POD 48. On 
POD 50, the serum creatinine and serum LDH levels increased 
sharply to 506 mol/L and 356 U/L, the platelet level was 83 × 109/L, and 
anti-B titers increased to 1:64 (IgM) and 1:32 (IgG). Doppler 
ultrasonography revealed swelling, enhanced parenchymal echo, and 
sparse blood flow in the transplanted kidney; therefore, renal artery 
and vein embolisms were ruled out. Donor-specific anti-HLA 

FIGURE 3

Hemoglobin levels before and after transplantation. After transplantation, the recipient’s hemoglobin increased to 103  g/L at the highest level and then 
showed a progressive decrease in hemoglobin without obvious cause, which reached as low as 60  g/L on POD 19. After treatment, the recipient’s 
hemoglobin (Hb) recovered and remained stable. The red arrows indicate days of using transfusion. The Green arrows indicate days of using 
recombinant human erythropoietin (EPO). The red squares indicate the results of HPV-B19 DNA and IgM testing, and the arrow points to the time of 
testing.

FIGURE 4

Clinical course of the patient. Graft function and fluctuation of immunosuppressant concentration before and after transplantation. The green square 
indicates the patient’s first hospitalization and discharge with good recovery of graft function (with serum creatinine (SCr) rapidly declining to 
200  μmol/L within 10  days post-transplantation). The blue square indicates that the patient was readmitted for treatment due to HPV-B19 infection and 
aTCMR, after which the patient improved following a series of treatments. The gray square indicates the patient’s injury of graft function following a 
fierce anti-blood group antibody-mediated acute humoral rejection until the graft was lost and the patient was discharged again after resuming regular 
hemodialysis therapy.
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antibodies and PRA tests yielded negative results. This indicated that 
the subsequent AR was more aggressive. The patient immediately 
underwent two courses of PE or DFPP to remove the antibodies. 
We  recommended another renal allograft biopsy, but the patient 
refused. On POD 52, Doppler ultrasonography revealed no blood 
supply to the renal allograft. Subsequently, the serum creatinine level 
increased to 697 μmol/L, and the anti-B antibody titers promptly 
increased (IgM, 1:1024; IgG, 1:256) (Figure 1). As the calcineurin 
inhibitors and lymphocyte function indicators were within reasonable 
ranges, we concluded that the patient had experienced an acute blood 
group antibody-mediated humoral rejection of the allograft and that 
kidney function had deteriorated drastically to an irreversible state. 
The patient had received salvage therapy for the transplanted kidney 
and returned to conventional hemodialysis.

3 Discussion

Here, we report a clinical case of renal allograft loss due to severe 
acute humoral rejection mediated by anti-blood group antibody after 
ABO-i living-related renal transplantation, probably triggered by 
B19V infection. Based on our current knowledge, no similar cases 
have been reported to date. Both inadequate and excessive 
immunosuppression can result in cascade reactions such as rejection 
and infection. The patient featured higher baseline anti-B titers (IgM 
1:1024; IgG 1:64), which undoubtedly increased the frequency of 
preoperative PE or DFPP and the intensity of immunosuppression, 
and therefore, the patient lost more immunoglobulins (12). 
Meanwhile, high-intensity immunosuppression during desensitization 
therapy and in the early post-transplant period increased the risk of 
infection in ABO-i KT recipients. Furthermore, there has been 
controversy regarding the high AMR rate and early graft loss in 
recipients with high baseline blood group antibody titers (13). 
However, in any case, immunosuppressive regimens used to remove 
high baseline blood group antibody titers could result in a higher risk 
of infection (14, 15). High baseline anti-B titers in patients may 
contribute to the loss of the transplanted kidney. One week after 
transplantation, the recipient experienced decreased hemoglobin 
levels with no apparent trigger. Thereafter, B19V was diagnosed, 
implying excessive immunosuppression. Because B19V mainly 
manifests as pure red cell aplasia (16), the patient experienced 
markedly decreased hemoglobin and a significantly decreased TAC 
trough concentration. AR may be  related to insufficient immune 
strength caused by the reduction and replacement of 
immunosuppression after B19V infection (17, 18).

Postoperative week 2 involves a high incidence of AR and is a 
high-risk period for ABO-i KT recipients (19). Results of the 
pathological biopsy performed 2 weeks after the operation in this 
recipient indicated mild aTCMR, with peritubular capillaritis with 
diffuse C4d deposits (C4d3) in the kidney allograft, which usually 
predict aAMR. Despite diffuse C4d peritubular capillary deposition, 
the transplanted kidney can establish a state of post-transplant 
accommodation in which the allograft maintains the normal long-
term function of the host without AR injury (11, 20). Therefore, C4d 
staining cannot be used to diagnose AMR in ABO-i KT recipients (21, 
22). Ultimately, we adopted efficacious anti-rejection therapies that 
successfully reversed aTCMR, and the recipient recovered from the 
initial renal graft function impairment.

aAMR is a major cause of graft dysfunction. It contributes to solid 
organ transplantation failure (7) and is mediated by preexisting and 
de novo antibodies, including major HLA, minor non-HLA, and A/B 
blood group antibodies. Two types of aAMR with ABO-i KT have 
been suggested (13). The first type of aAMR is caused by repeat 
sensitization to ABO antigens. If antibody production, including that 
of memory lymphocytes, is insufficiently inhibited, then ABO antigens 
induce a secondary immune response. This leads to an explosive 
production of antibodies, culminating in violent aAMR, which usually 
manifests as an increase in IgG titers accompanied by a parallel 
increase in IgM titers (23). When this occurs, there is no response to 
currently available therapies, ultimately resulting in graft loss. The 
other type of aAMR is attributed to primary sensitization caused by 
ABO antigens. This type of aAMR is associated with increased serum 
IgM titers. This type of aAMR progresses more slowly and is less 
severe. Patients with this type of aAMR respond well to treatment and 
have good graft survival and renal function (24). However, it is unclear 
which type of ABO antibody (IgM or IgG) is more clinically important 
in ABO-i KT. The antibody response to non-protein antigens 
primarily depends on IgM production. IgM is more capable of 
complement fixation and activation than IgG. Studies that relied on 
the molecular characteristics of ABO antigens and evaluated the 
clinical significance of anti-A/B IgM and IgG in ABOi KT suggested 
that anti-A/B IgM might play a critical role in AMR (25). This case 
appears to be  consistent with a type of aAMR caused by repeat 
sensitization to ABO antigens, which may have been the ultimate 
cause of graft loss.

However, a condition known as accommodation during the post-
transplantation period, which can be broadly defined as the absence 
of allograft injury despite the presence of anti-donor antibodies in the 
recipient, has been described. It is generally believed that the ABOi 
KT enters this stabilization period after 2 weeks. There is no blood 
group antibody rebound or AMR, and kidney function remains stable 
for a long time (11). In ABOi transplants, the rebound of A/B blood 
group antibodies after transplantation without any pathological 
manifestation of rejection is indicative of the state of accommodation, 
and similar phenomena with xenograft transplants have been 
observed (26, 27). The second occurrence of rejection in the recipient 
was characterized by rapid and severe acute blood group antibody-
dependent rejection. We considered this to be related to the collapse 
of the postoperative accommodation state (10). Accommodation 
breakdown may be  associated with high preoperative baseline 
antibody titers and postoperative B19V onset (28).

B19V has a tropism for renal endothelium (16) and may have 
direct cytopathic effects on glomerular epithelial cells or endothelial 
cells and glomerular deposition of immune complexes (29, 30). 
Kidney injury caused by B19V often results in pathological 
manifestations, such as focal segmental glomerulosclerosis, collapsing 
glomerulopathy, endocapillary proliferative glomerulonephritis, and 
thrombotic microangiopathy (31–35). There are no specific antiviral 
therapies for B19V. Reductions in the intensity of immunosuppression 
and IVIG constitute the cornerstone of therapeutic management of 
B19V after renal transplantation (36). However, both treatments may 
cause a rebound of blood antibody titers (37, 38). Inadequate 
immunosuppression may induce reactivation of T and B lymphocytes, 
thus inducing de novo blood group antibodies and resulting in titer 
rebound. However, there is evidence of a certain level of blood group 
antibodies remaining in IVIG because of manufacturing processes, 
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which may lead to increased blood group antibody levels in the ABO-i 
KT recipients after infusion (38). This recipient was treated with IVIG 
products from two manufacturers; therefore, we  retrospectively 
measured the anti-B titers of the same batches of IVIG from these 
manufacturers. However, both had low antibody titers (Shandong 
Taibang Biological Products Co., Ltd.: IgM <1:2 and IgG = 1:4; Harbin 
Baishi Huike Biopharmaceutical Co., Ltd.: IgM < 1:2 and IgG = 1:2). 
Additionally, because there was no significant increase in the 
recipient’s blood group antibody titers during IVIG infusion, the sharp 
rebound in anti-B titers is unlikely to have originated from 
IVIG infusion.

After our first successful reversal of aTCMR, we  reduced the 
frequency of blood group antibody monitoring. The serum LDH level 
was more than twice that of the pre-transplantation level. The recipient 
also experienced a decreased platelet count. However, this was not 
considered during this case management. We overlooked the fact that 
ABO-i KT is more likely to cause TMA, which is a rare but severe 
complication after transplantation (37). TMA is characterized by 
rapidly progressive renal graft dysfunction and often has a poor 
prognosis. The diagnostic criteria for TMA include a postoperative 
lactate dehydrogenase level more than 2-fold higher than the baseline 
level, anemia or the need for transfusion therapy, and decreased 
platelet count (<50 × 109/L or < 50% reduction). Additionally, viral 
infections and AMR are risk factors for TMA (29, 39–41). However, 
we did not consider the possibility of this adverse event. aAMR is a 
common and important cause of de novo TMA after transplantation, 
and sometimes both co-exist (42). As TMA was included in the 
diagnosis of aAMR and according to the Banff criteria, microvascular 
inflammation is also a criterion of aAMR (43). A study by Tasaki et al. 
revealed that all TMA cases were biopsy-proven aAMR and that TMA 
occurred with increasing antibody titers in these recipients whose 

grafts showed aAMR (3). However, we speculated that allograft loss in 
this recipient may have been linked to TMA because of the lack of 
novel transplant biopsy evidence to support this inference.

It has been hypothesized that B19V infection can lead to allograft 
dysfunction and acute or chronic allograft rejection through direct 
cytopathic effects and immune responses (32, 44–46). It is difficult to 
determine a causal relationship between B19V and allograft rejection 
or dysfunction. Nevertheless, it has been suggested that B19V targets 
the endothelium, which acts as an antigen-presenting cell during 
infection, with overexposure to major histocompatibility complex 
class II and the activation of acquired immunity, ultimately leading to 
humoral reactions, which lead to AMR and the production of donor-
specific anti-HLA antibodies (29, 47, 48). Some researchers believe 
that endothelial cell injury caused by B19V and the subsequent 
sensitization of the glomerular endothelium may increase the 
incidence of AMR (41). Reducing the impact of the direct and indirect 
effects of B19V after renal transplantation is important to improve 
graft survival and function.

Cases of B19V after KT with allograft loss or dysfunction and 
rejection have been reported (30, 46, 49–51); however, literature on 
this aspect is limited. The first report of B19V after renal 
transplantation was published in 1986 (52). Zolnourian et al. (31) 
implicated B19V as a cause of AR and graft loss. To the best of our 
knowledge, there have been two cases similar to our case in China 
(unpublished). AMR induced renal function loss caused by persistent 
B19V after renal transplantation that pathologically manifested as 
TMA. Persistent B19V may increase the AMR incidence and is 
associated with a higher risk of chronic graft dysfunction (30, 53). The 
characteristics of the cases of B19V-triggered rejection episodes are 
presented in Table  1. Our case of ABOi KT involved allograft 
dysfunction secondary to aAMR triggered by B19V and highlights the 

TABLE 1 Characteristics of the cases of B19V-triggered rejection episodes.

Study Year Country Patients (n) B19V 
detection

Clinical 
manifestation

Renal allograft 
pathology

Patient 
outcome

Barzon et al. 

(30)
2009 Italy

Kidney transplant 

patients (7)
PCR

AR (7)

fever, rash, and 

hyporegenerative anemia 

(1)

AR (7)

High copy numbers of 

B19V DNA (7)

C4d-positive aAMR (1)

TMA (1)

Graft survival (6)

Acute graft 

dysfunction (1)

Zolnourian 

et al. (31)
2009

Northern 

Ireland.

Kidney transplant 

patients (1)

lgM, lgG, and 

PCR
AR (1) Acute vascular rejection (1) Graft failure (1)

Murer et al. (35) 2000 Italy
Kidney transplant 

patients (1)

lgM, lgG, and 

PCR

AR, fever, fatigue and 

arthralgia, aplastic anemia, 

and thrombocytopenia (1)

TMA (1)

Histologic rejection (1)
Graft survival (1)

Eid et al. (49) 2006 US

Simultaneous kidney 

and pancreas 

transplant patients (1)

lgM and lgG
Chronic rejection, PRCA, 

and leukopenia (1)
Chronic rejection (1) Graft failure (1)

Knysak et al. 

(50)
2020 Poland

Second kidney 

transplant patients (1)

lgM, lgG, and 

PCR
AR and PRCA (1)

aAMR (1)

acute tubular necrosis (1)

BKV infection (1)

Graft survival (1)

Ki et al. (51) 2005 Korea
Kidney transplant 

patients (7)
PCR

AR (7)

PRCA (2)
AR (7)

Graft survival (6)

Graft failure (1)

Bertazza et al. 

(53)
2023 Italy

Kidney transplant 

patients (15)
PCR AR (15)

aAMR (8)

aTCMR (7)
Graft survival (15)

AR, acute rejection; PRCA, pure red cell aplasia; TMA, thrombotic microangiopathy; aAMR, acute antibody-mediated rejection; aTCMR, acute T-cell-mediated rejection.
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importance of including B1V9 in the diagnostic evaluation of graft 
failure after KT. This recipient was infected with B19V in the early 
postoperative period and aTCMR occurred at the same time. The 
treatments for AR and B19V infection are diametrically opposed, with 
the former requiring stronger immunosuppressive treatment and the 
latter requiring less immunosuppressive treatment. Although aTCMR 
was successfully reversed, the B19V infection continued, which led to 
the state of accommodation to break down and trigger aAMR, which 
resulted in the rapid deterioration of the transplanted renal function 
of the recipient and graft loss.

In conclusion, although ABOi KT has been widely developed, 
managing immunosuppressive regimens and postoperative 
complications is more complex than managing ABO-compatible 
KT. Both inadequate and excessive immunosuppression could induce 
rejection and infection, respectively. The treatment of infections 
combined with rejection and immunosuppressive therapy is 
challenging. The risk of graft loss increases when the accommodation 
status after transplantation is broken or aAMR is triggered by repeat 
sensitization to ABO antigens. These results should be comprehensively 
analyzed, and viral infections caused by excessive immunosuppression 
should be avoided. When blood group antibody titers rebound, it 
should be determined whether the recipient was in the accommodation 
state or whether aAMR was triggered by ABO antigens. The latter may 
lead to the irreversible loss of the kidney allograft. Based on this case, 
we  believe that the postoperative hospitalization period should 
be appropriately extended for ABOi KT recipients to allow them to 
safely overcome the postoperative high-risk period. The blood group 
antibody titers and immune function status should be monitored for 
3 months after surgery. Patients with high baseline blood group 
antibody titers, anti-A/B titers, and various virological parameters, 
especially B19V, should be closely monitored after transplantation.
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