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Abstract
Chronic active antibody-mediated rejection (CAAMR) is a frequent cause of late graft loss. However, effective treatment for 
CAAMR after kidney transplantation has not yet been established. Here, we present the case of a kidney transplant recipient 
who recovered from CAAMR after administration of rabbit anti-thymocyte globulin. A 61-year-old man underwent ABO-
compatible living-donor kidney transplantation for end-stage kidney disease; the kidney was donated by his wife. Five years 
after the transplant, the patient’s serum creatinine level and urine protein-to-creatinine ratio increased. He was subsequently 
diagnosed with CAAMR based on the kidney allograft biopsy and the presence of donor-specific human leukocyte antigen 
antibodies. Rabbit anti-thymocyte globulin treatment was administered following steroid pulse therapy. Subsequently, his 
serum creatinine levels and urine protein to creatinine ratio improved. There was also an improvement in the pathological 
findings seen on biopsy and the mean fluorescence intensity of donor-specific antibodies. In conclusion, this report describes 
the case of a kidney transplant recipient who developed CAAMR, treated using rabbit anti-thymocyte globulin. This strategy 
might be a viable treatment option for CAAMR after a kidney transplant.
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Abbreviations
CAAMR  Chronic active antibody-mediated rejection
CMV  Cytomegalovirus
DSA  Donor-specific antibodies
eGFR  Estimated glomerular filtration rate
HLA  Human leukocyte antigen
IVIg  Intravenous immunoglobulin
MFI  Mean fluorescence intensity
MMF  Mycophenolate mofetil
mPSL  Methylprednisolone
PRA  Panel reactive antibody
rATG   Rabbit anti-thymocyte globulin
TAC-ER  Extended-release tacrolimus

Introduction

Chronic active antibody-mediated rejection (CAAMR) is the 
most common cause of late graft loss in kidney transplant 
recipients. Treatments for acute antibody-mediated rejection, 
such as plasmapheresis, intravenous immunoglobulin (IVIg), 
and rituximab, have been proven to be effective [1]. Rabbit 
anti-thymocyte globulin (rATG) has been widely used as 
induction immunotherapy for kidney transplant recipients in 
the United States. However, there are few published reports 
about the treatment of CAAMR with rATG.

In this report, we present the case of a kidney transplant 
recipient who was treated with rATG and recovered from the 
kidney injury caused by CAAMR. This case report regarding 
the clinical effects of rATG will make an important con-
tribution in establishing effective treatment strategies for 
CAAMR.

 * Koichi Tsutahara 
 tsutahara@gh.opho.jp

1 Department of Urology, Osaka General Medical Center, 
3-1-56 Bandaihigashi, Shumiyoshiku, Osaka City, 
Osaka 558-8558, Japan

http://orcid.org/0000-0001-9934-9410
http://crossmark.crossref.org/dialog/?doi=10.1007/s13730-021-00633-7&domain=pdf


80 CEN Case Reports (2022) 11:79–83

1 3

Case report

A 61-year-old male underwent an ABO-compatible living 
kidney transplant for end-stage kidney disease caused by 
diabetic nephropathy in February 2012. The donor was his 
wife. Human leukocyte antigen (HLA) loci of A, B, and 
DRB1 showed 3/6 mismatches. The lymphocyte cytotox-
icity test and flow cytometry crossmatching were nega-
tive. Additionally, HLA antibody screening using a flow 
panel reactive antibody (Flow PRA™) screening test (One 
Lambda, CA, US) was negative. Extended-release tacroli-
mus (TAC-ER), mycophenolate mofetil (MMF), methyl-
prednisolone (mPSL), and basiliximab were administered 
as induction immunosuppressive agents. The maintenance 
immunosuppressive regimen was 3 mg/day of TAC-ER 
(trough level: 3.3 ng/mL), 1000 mg/day of MMF, and 
5 mg/day of prednisolone. Although the patient’s graft 
function remained stable (serum creatinine level 1.5 mg/
dL and urine protein to creatinine ratio 0.1 g/gCr) until 
5 years after surgery, an increase in the serum creatinine 
level (1.75 mg/dL) and urinary protein to creatinine ratio 
(1.4 g/gCr) were then observed. His blood pressure was 
stable (Systolic blood pressure: 120–130 mmHg), and he 
was not on any antihypertensive medication. Flow PRA™ 
screening tests indicated class I negative/class II positive 
(19.3%), and a LABscreen™ single antigen test (One 
Lambda, CA, US) showed donor-specific HLA antibodies 
(DSA) for DQB1*05:01. The mean fluorescence intensity 
(MFI) was 2916. A kidney allograft biopsy was performed. 
The microscopic findings indicated transplant glomeru-
lopathy with severe glomerulitis and severe microvascular 
inflammation. Basement membrane duplexing and mesan-
gial cell proliferation were observed in the glomerulus. 
Additionally, the electron microscopic analysis showed 
moderate multilayering of the peritubular capillary base-
ment membrane. Hence, the patient was diagnosed with 
CAAMR (Banff 2013 classification: t1, i1, g3, v0, ptc3, 
C4d1, ci0, ct0, cg2, mm2, cv0, ah1, aah1 and ptcbm2). 
Increase in MMF dosage and rabbit anti-thymocyte globu-
lin treatment following steroid pulse therapy was planned. 
The patient was first administered mPSL pulse therapy 
(500 mg/day) for 3 days. Subsequently, we administered 
rATG (1.5 mg/kg/day) for 7 days. Moreover, the dose 
of MMF was increased from 1000 to 1500 mg/day. Just 
before the start of treatment, his serum creatinine level 
increased to a maximum value of 2.07 mg/dL. Follow-
ing this treatment, his serum creatinine levels improved 
to 1.75 mg/dL, and his urine protein to creatinine ratio 
improved to 0.20 g/gCr.

Three weeks after rATG treatment, the patient devel-
oped fever (38.0 °C), and polymorphonuclear leukocytes 
were detected on the cytomegalovirus (CMV) antigenemia 

test (positive cell count: 1508/1630). His fever abated after 
initiating treatment with valganciclovir. This treatment 
was continued for 30 days, after which the CMV anti-
genemia test was negative. Six months after treatment, 
microscopic findings revealed that transplant glomerulopa-
thy and microvascular inflammation had improved from 
severe to moderate. The infiltration of inflammatory cells 
in the glomerulus was markedly improved. In addition, 
glomerulitis changed from global to segmental. Basement 
membrane duplexing of capillaries in the glomerulus and 
mesangial cells remained unchanged. No change in the 
moderate peritubular capillary basement membrane mul-
tilayering on electron microscopic analysis. (Banff 2013 
classification: t0, i0, g2, v0, ptc3, C4d1, ci0, ct0, cg1, 
mm3, cv 0, ah1, aah2, and ptcbm2). Twelve months post-
treatment, the MFI decreased to 661. Finally, at 2 years 
after rATG treatment, the patient’s kidney function was 
stable (serum creatinine levels 1.6 mg/dL and urine pro-
tein to creatinine ratio 0.20 g/gCr). Pathological findings 
had not worsened, and the electron microscopic analysis 
showed a slight improvement in the peritubular capillary 
basement membrane multilayering. (Banff classification 
[2017]: i0, t0, v0, g3, ptc2, ti0, i-IFTA0, C4d1 [3% of ptc], 
cg1b, mm0, ah3, aah3 cv0, ci0, ct0 and ptcbm1).

Discussion

Currently, the published evidence regarding a success-
ful treatment strategy for CAAMR is scarce. Patients with 
acute antibody-mediated rejections are usually treated with 
drugs, such as rituximab, plasmapheresis, IVIg, complement 
inhibitor, and Imlifidase. Similar treatments have been used 
in cases with CAAMR. However, these treatments are not 
yet approved under the Japanese insurance system.

In contrast, rATG is approved under the Japanese insur-
ance system for the treatment of acute rejection. rATG is 
a polyclonal gamma immunoglobulin against human thy-
mocytes produced in rabbits. rATG has a high affinity 
for T cell surface antigens (CD2, CD3, CD4, CD5, CD7, 
CD8, CD25, and TCRαβ) and leukocyte surface antigen 
(CD11a). It is considered to have a T cell-damaging effect 
through a “complement-dependent pathway,” “apoptosis,” 
and “opsonin action” [2, 3]. Additionally, rATG also has 
antibodies against natural killer cells, B cells, plasma cells, 
adhesion molecules between cells, and chemokine receptors 
[4]. Therefore, it might have various immunosuppressive 
effects and cellular immunity.

Pascual et al. indicated that using rATG as an induction 
immunosuppressive therapy reduces the development of de 
novo DSA and the rate of acute antibody-mediated rejection 
[5]. Zand et al. confirmed that rATG leads to apoptosis of B 
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cells and plasma cells in vitro [6]. Therefore, rATG might 
have a therapeutic effect on antibody-mediated rejection.

There are a few published reports of rATG treatment for 
antibody-mediated rejection. Cihan et al. reported that rATG 
treatment for patients with chronic antibody-related rejec-
tion significantly improved the estimated glomerular rate 
(eGFR). In addition, DSA disappeared in 50% of the cases 
[7]. Furthermore, Nanmoku et al. reported that rATG treat-
ment for patients with CAAMR significantly improved the 
serum creatinine and urinary protein levels [8]. Hence, we 
selected rATG treatment following steroid pulse therapy for 
CAAMR. In this case, the possibility of improvement only 
due to the steroid pulse therapy cannot be denied. However, 
the pathological findings showed microvascular inflamma-
tion, and we were concerned about the probability of irre-
versible deterioration of the kidney function without addi-
tional treatment. Hence, we planned rATG following steroid 
pulse therapy in advance.

In the present case, microvascular inflammation (g and 
ptc) and C4d positivity persisted after the administration of 
rATG. Although the percentage of glomeruli with transplant 
glomerulitis did not improve markedly, for individual glo-
merulus, the infiltration of inflammatory cells was improved 
after treatment. Furthermore, considering that the patient’s 
kidney function improved, the acute damage caused by anti-
body-mediated rejection could have been treated. On the 
other hand, basement membrane duplexing and mesangial 
cell proliferation in the glomerulus continued after the treat-
ment. We think that acute changes may be transitioning to 
chronic changes.

It has also been reported that transplant glomerulopa-
thy did not improve with treatment using agents, such as 
rituximab, plasmapheresis, IVIg, and others. Billing et al. 
reported that the kidney function in pediatric patients diag-
nosed with CAAMR was successfully maintained after 
treatment with IVIg and rituximab. However, in a subgroup 
analysis, the therapeutic effect was found to be insufficient 
in patients with transplant glomerulopathy [9, 10]. Bchelet 
et al. reported that treatment using IVIg and rituximab in 
patients with CAAMR with severe transplant glomerulopa-
thy did not improve the course of transplant glomerulopathy. 
In contrast, it was found to increase the complications signif-
icantly [11]. Moreso et al. demonstrated that there were no 
significant differences in the eGFR, urine protein levels, and 
MFI between patients with CAAMR treated with IVIg and 
rituximab and those treated with placebo [12]. Therefore, 
IVIg and rituximab treatment for patients with CAAMR who 
have transplant glomerulopathy might be ineffective. Piñeiro 
et al. conducted a retrospective study in which rituximab, 
plasma exchange, and immunoglobulins were found to be 
ineffective in treating chronic active ABMR [13].

Similarly, it might be difficult to see a dramatic improve-
ment in microvascular inflammation with rATG treatment 
once it has developed. However, considering that the level 
of MFI decreased and the patient’s kidney function has 
remained stable for a long duration, we think that it may 
have some effect on humoral immunity and not only on cel-
lular immunity. The effects of rATG are diverse, and it is 
difficult to clarify where the effects actually occurred. There-
fore, we think that rATG administration might be a treatment 
option for CAAMR. We think that this case might make an 

Fig. 1  Clinical course and 
laboratory data. CMV cytomeg-
alovirus; DSA donor-specific 
antibodies; GBx graft biopsy; 
MMF mycophenolate mofetil; 
mPSL methylprednisolone; 
PSL prednisolone; rATG  rab-
bit anti-thymocyte globulin; 
VGCV Valganciclovir; TACER 
extended-release tacrolimus
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important contribution to the treatment of CAAMR using 
rATG in the future because there is scanty literature about 
the pathological findings of renal biopsy during the post-
treatment long-term follow-up of approximately 2 years.

Common adverse events associated with rATG include 
hypersensitivities, such as cytokine release syndrome, serum 
sickness, febrile neutropenia, thrombocytopenia, infection, 
lymphoproliferative disease, interstitial pneumonia, and 
liver damage. In cases of infection, it is necessary to pay 
particular attention to those associated with CMV [14]. Pro-
phylactic administration of antiviral drugs for 6 weeks after 
rATG treatment is recommended in some countries [15], 
although there is no insurance coverage for this treatment in 
Japan. Therefore, close monitoring with CMV antigenemia 
test might be necessary after rATG treatment (Figs. 1, 2).

In conclusion, we presented the case of a renal transplant 
recipient who developed CAAMR and was treated with 

rATG following steroid pulse therapy. This case makes a 
significant contribution in establishing a strategy that rATG 
following steroid pulse therapy might be a treatment option 
for CAAMR. However, more research is necessary to further 
establish optimal treatment strategies.
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