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ABSTRACT 

 

Background:  

Autoimmune hemolytic anemia (AIHA) occurring after solid organ transplantation is an 

infrequently reported entity. We describe in this report 6 cases of AIHA in pediatric liver or 

combined liver and small bowel transplant patients. 

  

Study Design and Methods: 

We restrospectively identified and reviewed the records of pediatric liver or combined liver and 

small bowel transplant patients with both serological and clinical evidence of AIHA. We also 

performed an English language literature review for prior publications of AIHA occurring after 

solid organ transplantation.  

 

Results: 

We identified 6 patients presenting with severe hemolysis 9 months to 14 years after 

transplantation. All 6 developed warm AIHA, and two had concomitant cold agglutinins. All 

except one patient received various therapeutic combinations including steroids, IVIG, 

rituximab, plasmapheresis, native splenectomy and vincristine. Five patients achieved remission 

two weeks to three months following presentation. Although tacrolimus has been speculated to 

play a causative role in the development of AIHA after organ transplantation, our case series 

demonstrated slightly better outcomes despite continuing tacrolimus as compared to published 

cases where most patients either received significantly reduced doses of tacrolimus or were 

switched to a different immunosuppressant (83% vs. 76% cumulative literature remission rate).   



 

Conclusion: 

AIHA may occur in solid organ transplant patients at a much higher frequency than previously 

believed. Hemolysis is often severe and resistant to steroid treatment alone. Thus early diagnosis 

and institution of aggressive multi-modality treatment, including the use of rituximab, may be 

needed to achieve remission. 
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INTRODUCTION 

Autoimmune hemolytic anemia (AIHA) is defined as the destruction of red blood cells (RBC) 

mediated by autoantibodies. Primary or idiopathic AIHA has no clear association with an 

underlying condition and is the most common form of this disease. In secondary AIHA, there is a 

clearly identifiable co-existing condition including autoimmune diseases (e.g. systemic lupus 

erythematosus), lymphoproliferative disorders, viral infections, stem cell or solid organ 

transplant, or the use of certain medications. The overall incidence of AIHA in the general 

population is approximately 1 in 80,000. AIHA cases are usually mediated by warm-reactive 

(IgG) or cold-reactive (IgM) autoantibodies. Warm AIHA (WAIHA) accounts for 70% of 

acquired immune hemolytic anemia cases, whereas cold AIHA or cold agglutinin syndrome 

(CAS) makes up only 15.6% of cases. Another 7% of patients develop mixed warm and cold 

AIHA (mixed AIHA).
1 

It is important to make the clinical distinction between WAIHA and CAS 

since the treatment and prognosis vary greatly. 

 

Transplant-associated immune hemolytic anemia is known to occur in patients following stem 

cell transplantation. Frequently this is mediated by ABO antibodies due to major or minor 

incompatibility (passenger lymphocyte syndrome), leading to hemolysis with a relatively acute 

presentation noted within days to weeks after transplant.
2
 In contrast, AIHA mediated by 

autoantibodies can also develop in this clinical setting, but with a much lower observed 

frequency and occurring months to years after transplant. Reported incidences of AIHA in 

pediatric and adult stem cell transplant patients are 6%
3 

and 3 to 5%,
4,5

 respectively. Most 

published cases of AIHA presenting after stem cell transplantation occurred in patients who 

received T cell depleted stem cells. The mechanism of autoantibody formation has been 



speculated to involve dysregulated immune reconstitution after transplant, which may lead to the 

polyclonal proliferation of B lymphocytes that can produce self-reacting antibodies.
4-7

 

 

Until recently, there had been only a handful of reports in the literature of AIHA in the setting of 

solid organ transplantation and none of these publications were sufficiently powered to report the 

incidence.
8-14

 However, the retrospective study published in 2009 by Botija et al. found that 

AIHA occurred at an incidence of 12.2% in 49 pediatric intestinal transplant patients.
15

 

Surprisingly, CAS appeared to be the most common type of AIHA, followed by WAIHA and 

mixed AIHA in all of these reported cases. It remains difficult to determine the true incidence of 

AIHA following solid organ transplantation based on current publications. However, we found it 

fascinating that within the last three years we have encountered 6 cases of well-documented 

AIHA occurring in liver or combined liver and small bowel pediatric transplant patients at our 

center. This may corroborate the relatively high incidence that was reported by Botija and 

coworkers. The details of our cases are described below. 

 

MATERIALS AND METHODS 

Between April 2007 and October 2010, immunohematology work-ups (antibody screen and 

direct antiglobulin test (DAT)) for pediatric liver or combined liver and small bowel transplant 

patients were reviewed for serologic evidence of AIHA. If serologic evidence was present, 

clinical evidence of hemolysis was sought in each patient and response to various treatment 

modalities was evaluated through retrospective chart reviews.  

 



We performed an English language literature search on Pubmed using various combinations of 

the search terms “liver transplant”, “small bowel transplant”, “multivisceral transplant”, 

“autoimmune hemolytic anemia” and “Evans syndrome”. We found 17 similar cases of 

transplant-associated AIHA reported in 8 publications, and an additional three case reports of 

transplant-associated Evans syndrome in both pediatric and adult populations.  

 

RESULTS 

We identified 7 patients with serologic evidence of warm or cold autoantibodies between April 

2007 and October 2010.  During this same time period, 72 pediatric liver and 32 combined liver 

and small bowel transplantations were performed. Six of these patients were included in our 

review after clinical evidence of hemolysis was verified. There were four males and two females, 

ranging in age from five to 24 months at the time of first transplant. Two patients required re-

transplantation for acute or chronic rejection. Only one patient received an organ with minor 

ABO incompatibility (recipient blood type: A+; donor blood type: O+).  Primary 

immunosuppression included tacrolimus for every patient; five patients also received either 

mycophenolate mofetil and/or prednisone (See Table 1). 

 

Five of the 6 patients presented with clinically overt hemolysis between 9 to 41 months after 

transplant, and the remaining patient presented 14 years after the first transplant. Patients ranged 

in age from 15 months to 15 years of age at the time of AIHA presentation. All 6 patients 

developed a positive DAT for anti-IgG, ranging from microscopically positive to 3+ in reactivity 

strength. Warm autoantibodies were identified in all 6 patients; in 5 patients, the warm 

autoantibodies were present both in the plasma and eluate, in one patient they were only evident 



in an eluate prepared from the patient’s RBC. Two of the 6 patients also developed a positive 

DAT for anti-C3d with 1+ reactivity strength. Cold autoantibodies were identified in both of 

these cases: one with a titer of 16 at 4ºC and a thermal amplitude up to 30ºC, while the other 

reacted up to 37ºC but the titer was unknown. All 6 patients required transfusion support and had 

laboratory evidence of hemolysis, including low hemoglobin (nadirs between 3.7 to 6.8 g/dL), 

depleted haptoglobin, and elevated reticulocyte count, indirect bilirubin and lactate 

dehydrogenase. On peripheral smear, microspherocytes were observed in all cases. Concurrent 

with hemolysis, four patients demonstrated significant falls in their platelet counts from baseline 

all with platelet counts < 50,000/µL. Cytomegalovirus (CMV) and Epstein-Barr virus (EBV) 

surveillance studies were performed in all of the patients by serology or PCR. One patient 

developed evidence of CMV and another of EBV infection, although neither of them developed 

evidence of cold autoantibodies (See Table 2). 

 

Initial treatment of AIHA included high dose steroids alone or in combination with IVIG for all 

patients. In four patients, rituximab was subsequently added for persistent hemolysis despite first 

line treatment. Other therapies utilized included native splenectomy, plasmapheresis and 

vincristine. The two patients with concomitant cold agglutinins were also kept warm as part of 

the therapy for hemolysis. Time to first remission in five patients ranged from two weeks to three 

months. One of the five patients relapsed twice, but has since achieved remission. The last 

patient still has persistent hemolysis following three months of treatment. All patients’ primary 

transplant immunosuppressive regimens including tacrolimus were maintained with only minor 

dose adjustments during the acute episode of hemolysis in an effort to avoid organ rejection.  

 



DISCUSSION 

AIHA occurring in the setting of transplantation is not well described. In stem cell transplant, the 

reported incidence ranges from 3 to 5%
4,5

 in adult patients, and was reported to be slightly higher 

at 6%
3
 in pediatric patients. In solid organ transplant patients, the literature on AIHA until 

recently consisted of only single case reports or small case series.  Therefore incidence of this 

entity was thought to be very low. However, Botija et al. recently performed the largest 

retrospective study to date in a cohort of 49 pediatric intestinal transplant patients and found an 

incidence of 12.2%.
15

 At our center, we observed 6 cases of well documented AIHA in pediatric 

liver or combined liver and small bowel transplant patients within the last three years. This 

suggests that the incidence of AIHA in this population may be significantly higher than 

previously believed.  Because it is not well-described, recognition of this entity remains 

challenging in clinical practice, and it is likely that many such cases were unrecognized in the 

past. However, the true incidence cannot be established without a prospective surveillance study 

of the solid organ transplant patient population consisting of frequent monitoring of hemolysis 

laboratory parameters and serologic findings.  

  

In our case series, we identified 6 pediatric patients following liver or combined liver and small 

bowel transplants with clinically evident AIHA. There were no mortalities in this patient cohort. 

Two patients developed severe hemolysis with hemoglobin ranging from 3.7 to 3.9 g/dL at nadir, 

while the four remaining patients had hemoglobin nadirs between 6.1 to 6.8 g/dL. The observed 

severity of anemia in our case series is consistent with published data, where most patients also 

had hemoglobin nadirs ranging between 2.9 to 6.7 g/dL. Only one of our patients received a 

minor ABO mismatched organ. This raised a concern for hemolysis due to ABO antibodies 



produced by passenger lymphocytes directed against recipient RBC. Passenger lymphocyte 

syndrome-associated hemolysis is typically noted between five to 17 days after transplant.
16 

   

In this patient, the time to develop hemolysis occurred 11 months after transplant and there was 

never evidence of anti-A on this patient’s RBC. The combination of delayed hemolysis without 

evidence of anti-A isohemagglutinins makes passenger lymphocyte syndrome a very unlikely 

mechanism for hemolysis.  

 

We identified 8 published reports of AIHA occurring in the setting of liver or small bowel 

transplantation (See Tables 3 & 4).
8-15

 In all, 17 patients were diagnosed and treated for AIHA, 

13 of whom were pediatric patients and four were adults. Of the 17 reported patients, one died 

prior to initiation of treatment and one was treated with steroids only. The remaining 15 patients 

received in addition to steroids, other therapeutic modalities including IVIG, rituximab, 

plasmapheresis, native or graft splenectomy, alemtuzumab and cyclophosphamide. Thirteen 

patients achieved remission, three died (one from complications of anemia and two from 

infectious complications), and one continued to require low dose steroid maintenance for 

ongoing hemolysis.  

 

In our case series, all 6 patients survived without significant morbidities due to hemolytic or 

infectious complications.  Five patients reached clinical remission between two weeks to three 

months, three of whom had protracted clinical courses taking at least two months to reach 

clinical remission. Similar to previously reported cases, refractoriness to conventional steroid 

treatment was common, with only one of the five patients responding to steroid treatment alone. 

All other patients required various combinations of steroids, IVIG, rituximab, plasmapheresis, 



native splenectomy and vincristine. One patient has ongoing hemolysis, despite triple therapy 

with steroids, IVIG and rituximab and is currently on a steroid taper. In total, four of the 6 

patients received rituximab treatment and three out of the four are currently in remission. 

Rituximab, a monoclonal anti-CD20, is known to exert its effect on B cells and has been reported 

to be beneficial in the treatment of WAIHA and CAS. The drawbacks associated with the use of 

rituximab include increased immunosupression, up to 6 weeks of delay in therapeutic effects on 

hemolysis in some patients, six months of IVIG repletion therapy and higher cost. Nevertheless, 

it is possible that the early use of rituximab contributed to the relatively good clinical outcome 

observed in our patient population.   

  

Interestingly, many of the patients in the previously reported cases were diagnosed with CAS 

(7/17 patients).
9-11,13,15

 This is different from our experience since all 6 of our patients developed 

WAIHA, including two with concomitant cold agglutinins, and none developed CAS alone. CAS 

is usually diagnosed in the clinical setting of a patient presenting with signs and symptoms of 

hemolysis and acrocyanosis. They will usually have significantly elevated cold agglutinin titers 

of greater than 1,000 at 4ºC. Thermal amplitude is considered to be a better indicator of a 

clinically significant cold agglutinin since most healthy individuals may have cold 

autoantibodies, but they do not react above room temperature. Further reading revealed that these 

previously published reports often did not provide detailed serologic results, and most made the 

assumption that the cold autoantibodies found were clinically significant even though titers at 

4ºC were less than 64 or not performed. Furthermore, the thermal amplitude test was either not 

performed or poorly documented in these reports. It should be noted that Petz and Garratty found 

strongly reactive concomitant cold agglutinins in 35% of patients with WAIHA, which when 



appropriately tested, usually displayed normal titers at 4º C and restricted thermal amplitude, 

indicating the lack of clinical significance of such cold agglutinins.
1
 Similarly, the cold 

agglutinins in those previously reported post-solid organ transplant AIHA cases may not be in 

themselves pathogenic either. However, the pathogenic, warm autoantibodies might have been 

missed.
 
Three of the patients in these reports appeared to have developed mixed AIHA.

12,15
 We 

also observed this relatively rare form of immune hemolysis in two of our patients. One 

developed a cold agglutinin with a titer of 16 at 4ºC that was reactive up to 30ºC; and the other 

patient’s cold agglutinin titer was unknown, however, it was reactive up to 37ºC.  The first 

patient responded excellently to steroid therapy alone while being kept warm and reached 

remission in two weeks, but the other patient relapsed twice and required steroids, IVIG and 

rituximab triple therapy for a month before achieving remission.  

 

Evans syndrome (ES) is a rare autoimmune disorder defined by the combination of immune 

thrombocytopenia and AIHA. Interestingly, there are three case reports in the literature of ES 

presenting after liver transplant (See Tables 3 & 4).
17-19

 In our case series, four of the 6 patients 

developed concurrent severe thrombocytopenia with platelet counts falling below 50,000/µL, 

and one required multiple platelet transfusions for active bleeding. Although none of them was 

given the formal diagnosis of ES, the temporal relationship between AIHA and the onset of 

severe thrombocytopenia raises the possibility that some of these cases represented ES. Although 

there have been only three such reported cases in both the pediatric and adult liver transplant 

population, our observation suggests ES may be much more common than previously thought. 

 



Since the early 1990’s, tacrolimus has been an integral part of the primary immunosuppressive 

regimen in wide use for liver transplant patients.
20

 Consequently the role of tacrolimus as the 

causative agent in the relatively rare entity of AIHA following transplantation is difficult to 

assess. Calcineurin inhibitors such as tacrolimus have been postulated to cause an imbalance in 

the T and B cell immunity, leading to a more pronounced B cell response and formation of 

autoantibodies.
9,21

 This theory bears similarity to the mechanism of pathogenesis proposed for 

the observed relatively higher incidence of AIHA in patients who receive T cell depleted stem 

cells transplants. Furthermore, there are differences reported in the absorption, bioavailability, 

distribution and metabolism of tacrolimus in pediatric versus adult patients.
22 

This raises the 

possibility that these biological differences may underlie the observed higher incidence of AIHA 

in pediatric patients as compared to their adult counterparts. 

 

Because tacrolimus was suspected to have contributed to the development or possibly exacerbate 

the clinical course of AIHA, the treating physicians in most of the previously reported cases 

chose to significantly reduce the dose of tacrolimus, or switch to another immunosuppressive 

agent. However, in our cohort, all patients were maintained on tacrolimus with only minor dose 

adjustments to stay within the therapeutic range while they were treated for AIHA. Compared to 

the previously reported cases in which tacrolimus was discontinued or given at a significantly 

reduced dose ,
8-11,13,15

 our patients had slightly better outcomes despite continuing tacrolimus 

treatment, with five of the 6 patients (83% versus the  76%  cumulative remission rate reported in 

the literature) reaching remission. Therefore, our findings suggest that maintaining tacrolimus 

during an acute hemolytic episode may be an acceptable alternative. This is an important finding 

because tacrolimus reduction or withdrawal shortly after transplantation, especially in small 



bowel transplant recipients, is potentially very harmful given the increased chances for organ 

rejection.  

 

In summary, AIHA occurring in solid organ transplant patients is not well-understood and the 

exact incidence is not yet known. Early clinical suspicion and diagnosis will facilitate prompt 

and effective therapy to minimize complications related to hemolysis or treatment associated 

infection.  In the majority of published studies and our own experience, most patients were 

resistant to conventional steroid treatment for AIHA. It appears that early institution of 

aggressive multi-drug treatment regimens, especially the use of rituximab, may be needed to 

achieve remission. 

 

 

 

ACKNOWLEDGEMENT 

The authors wish to thank the staff at the UCLA Transfusion Medicine Service for providing 

excellent support.  We would also like to acknowledge Rebecca Davis for providing invaluable 

immunohematology assistance, Alyssa Ziman M.D. for her critical review of the manuscript and 

Christopher Fink M.D. for his clinical expertise. 

 

 

 

 

 

 

 

 



REFERENCES 

 

1. Petz LD, Garratty G. Immune hemolytic anemias. 2
nd

 Edition Philadelphia, PA, Churchill 

Livingstone, 2004. 

2. Petz LD. Hemolysis associated with transplantation. Transfusion 1998;38:224-8. 

3. O’Brien TA, Eastlund T, Peters C, Neglia JP, Defor T, Ramsay NKC, Baker, KS. 

Autoimmune haemolytic anaemia complicating haematopoietic cell transplantation in 

paediatric patients: high incidence and significant mortality in unrelated donor transplants 

for non-malignant diseases. Br J Haematol 2004;127:67-75. 

4. Drobyski WR, Potluri J, Sauer D, Gottschall JL. Autoimmune hemolytic anemia 

following T cell-depleted allogeneic bone marrow transplantation. Bone Marrow 

Transplant 1996;17:1093-9. 

5. Chen FE, Owen I, Savage D, Roberts I, Apperley J, Goldman JM, Laffan M. Late onset 

haemolysis and red cell autoimmunization after allogeneic bone marrow transplant. Bone 

Marrow Transplant 1997;19:491-5. 

6. Horn B, Viele M, Mentzer W, Mogck N, DeSantes K, Cowan M. Autoimmune hemolytic 

anemia in patients with SCID after T cell-depleted BM and PBSC transplantation. Bone 

Marrow Transplant 1999;24:1009-13. 

7. Corti P, Bonanomi S, Vallinoto C, Balduzzi A, Uderzo C, Cazzaniga G, Gaipa G, Dassi 

M, Perseghin P, Rovelli A. Rituximab for immune hemolytic anemia following T- and B-

cell-depleted hematopoietic stem cell transplantation. Acta Haematol 2003;109:43-5. 



8. Schappi MG, Ozsahin H, Peyrard T, Gumy-Pause F, Posfay-Barbe KM, Chardot C, Belli 

DC, Siegenthaler MA. Severe autoimmune hemolytic anemia in a liver transplanted 

child. Pediatr Transplant 2008;12:809-12. 

9. Wong W, Merker JD, Nguyen C, Berquist W, Jeng M, Viele M, Glader B, Fontaine MJ. 

Cold agglutinin syndrome in pediatric liver transplant recipients. Pediatr Transplant 

2007;11:931-6. 

10. Brunner B, Kropshofer G, Ellemuter H, Brunner A, Mueller T, Margreiter R, Tzankov A. 

Severe cold agglutinin disease caused by recurrent monomorphic Epstein-Barr virus 

(EBV)-associated post-transplant lymphoproliferative disorder (PTLD), clonally related 

to an EBV-negative plasmacytic hyperplasia in a pediatric multivisceral organ transplant 

recipient. Pediatr Transplant 2007;11:547-51. 

11. Kitamura T, Mizuta K, Kawarasaki H, Sugawara Y, Makuuchi M. Severe hemolytic 

anemia related to introduction of cold agglutinins following living donor liver 

transplantation: a case report. Transplant Proc 2003;35:399-400. 

12. DiGiuseppe JA, Bastacky SI, Shirey RS, Silberman MA, Hutchins GM, Ness PM. 

Tacrolimus-related posttransplant lymphoproliferative disorder presenting as autoimmune 

hemolytic anemia. Arch Pathol Lab Med 1996;120:282-5. 

13. Guitard J, Kamar N, Ouezzani L, Rostaing L. Rituximab therapy for cytomegalovirus-

associated autoimmune hemolytic anemia in a liver-transplant recipient. Transpl Int 

2008;21:508-9. 

14. Retana AK, Kaplan MM, Erban JK. Autoimmune hemolytic anemia in patients with liver 

transplants for primary biliary cirrhosis: three case reports and a review of the literature. 

Am J Gastroenterol 2007;102:197-200. 



15. Botija G, Ybarra M, Ramos E, Molina M, Sarria, J, Martinez-Ojinaga E, Andres AM, 

Lopez-Santamaria M, Prieto G. Autoimmune cytopaenia after paediatric intestinal 

transplantation: a case series. Transpl Int 2010;23:1033-7. 

16. Sokol RJ, Stamps R, Booker DJ, Scott FM, Laidlaw ST, Vandenberghe EA, Barker HF. 

Posttransplant immune-mediated hemolysis. Transfusion 2002;42:198-204. 

17. Domenech C, Mialou V, Galambrun C, Lachaux A, Mure PY, Dijoud F, Bertrand Y. 

Successful treatment of Evans syndrome post liver transplant with splenectomy and 

switch from tacrolimus to cyclosporine. Transpl Int 2008;21:397-9. 

18. Yokoyama S, Kasahara M, Fukuda A, Morioka D, Mori T, Nakagawan S, Shimizu N, 

Sito O, Nakagawa, A. Evans syndrome after successful living-donor liver transplantation 

for neonatal giant cell hepatitis. Transplantation 2007;84:798-9. 

19. Au WY, Lo CM, Hawkins BR, Ma ES, Lie AK, Kwong YL. Evans’ syndrome 

complicating chronic graft versus host disease after cadaveric liver transplantation. 

Transplantation 2001;72:527-8. 

20. Fung JJ, Starzl TE. FK506 in Solid Organ Transplantation. Ther Drug Monit 

1995;17:592-5. 

21. Lacaille F, Moes N, Hugot JP, Cezard JP, Goulet O, Ruemmele FM. Severe dysimmune 

cytopenia in children treated with tacrolimus after organ transplantation. Am J Transplant 

2006;6:1072-6. 

22. Marfo K, Altshuler J, Lu A. Tacrolimus pharmacokinetic and pharmacogenomic 

differences between adults and pediatric solid organ transplant recipients. Pharmaceutics 

2010;2:291-9. 



Table 1. Patient demographics and transplant characteristics 

Patients Gender Initial 

diagnosis 

Age at 

transplant 

Graft Type Primary 

immunosuppression 

1 M Gastroschisis 11 months & 

14 months 

OLT + SBT 

x2 

T/S/MMF 

2 F Gastroschisis 20 months OLT + SBT T/MMF 

3 M Biliary atresia 5 months OLT T/S 

4 M Biliary atresia 1 year & 

15 years 

OLT x 2 T 

5 M Intestinal 

atresia 

10 months OLT + SBT T/MMF 

*6 F Citrullinemia 6 months OLT T/S 

 

* This patient received a liver with minor ABO incompatibility (recipient: A+ / donor: O+) 

M: male 

F: female 

T: tacrolimus  

S:  steroid 

MMF:  mycophenolate mofetil 

OLT: orthotopic liver transplant 

OLT + SBT: combined small bowel and liver transplant 

All donor splenectomies were performed during transplant 

 

 

 

 

 

 

 

 



  

 

 

 

 Table 2. Immunohematology findings, clinical characteristics and outcomes 
 

* WAA is present only in the eluate 

S: steroids   

R: rituximab   

PE: plasmapheresis   

V: vincristine  

WAA: warm autoantibody 

CAA: cold autoantibody 
 

 

Patients Age at 

time of  

AIHA 

diagnosis 

DAT (direct antiglobulin 

test) 

Antibodies 

identified 

Interval 

between 

transplant 

and onset 

of 

hemolysis 

Time to 

remission 

following 

treatment 

for 

hemolysis 

Nadir 

hemoglobin 

level (g/dL) 

Concurrent 

severe 

thrombocytopenia 

(<50,000/µL) 

Treatment Outcome 

IgG C3d 

1 3.5 years 1+ 1+ WAA & 

CAA (4ºC 

titer: 16; 

reactive up 

to 30ºC) 

 

29 months 2 weeks 6.6 Yes S/Keep warm Remission 

2 4.5 years 3+ Negative WAA 32 months 3 months 3.7 Yes S/IVIG/R/PE/ 

native 

splenectomy 

Remission 

3 15 

months 

3+ Negative WAA 9 months 3 months 6.1 No S/IVIG/R/V  Remission 

4 15 years 3+ Negative WAA 14 years 2 months 6.1 Yes S/IVIG/PE/ 

native 

splenectomy 

Remission 

5 5.5 years  Microscopically 

positive 

Negative WAA* 41 months Ongoing 6.8 No S/IVIG/R  Ongoing 

treatment 

6 17 

months 

1+ 1+ WAA & 

CAA 

(Titer at 

4ºC 

unknown, 

reactive up 

to 37ºC)  

11 months 1 month 3.9 Yes S/IVIG/R/ 

keep warm 

2 relapses, 

currently 

in 

remission 



Table 3. Literature review of reported cases of autoimmune hemolytic anemia or Evans syndrome in pediatric solid organ transplant patients (liver, 

liver/small bowel, multivisceral)  
Type of 

publicatio

n 

Age or 

Age 

range at 

time of 

AIHA 

diagnosi

s 

Gende

r 

Type of 

transplant 

Primary 

Immuno-

suppressio

n 

Type of 

autoimmun

e condition 

Time to 

develop 

hemolysi

s after 

transpla

nt 

Time to 

remissio

n 

followin

g 

treatme

nt for 

hemolysi

s 

Nadir 

hemoglobi

n level 

(g/dL) 

Treatment Primary 

Immuno-

suppressio

n 

modificatio

n 

Outcome Reference 

Case 

series (6) 

NP M (4) 

F (2) 

Liver; 

liver/small 

bowel; 

multiviscer

al 

T/S/B/A/T

M 

WAIHA 

(3); CAS 

(1); Mixed 

AIHA (2) 

1-21 

months 

(average 

10 

months) 

NP NP S/IVIG/R/PE/A/gr

aft 

splenectomy/keep 

warm 

Tacrolimus 

switched to 

sirolimus 

(4) 

Remission 

(5); Died of 

infection (1) 

Botija
15

 

Case 

report 

16 

months 

M Liver T Warm 

acting IgG 

and IgM 

AIHA 

8 months 10 weeks 3.9  S/IVIG/R Tacrolimus 

switched to 

cyclosporin

e 

Remission Schappi
8
 

Case 

series (3) 

13 

months; 

2 year 5 

months; 

4 year 1 

month 

F (3) Liver T CAS (3) 6-26 

months 

3 weeks-

1 month 

3.6-5.3  S/PE/keep warm Tacrolimus 

switched to 

cyclosporin

e 

Remission 

(3) 

Wong
9
 

Case 

report 

3 years F Multiviscer

al 

T  CAS 18 

months 

7 months 5.8 S/R/C/ 

exchange blood 

transfusion 

Tacrolimus 

dose 

reduced 

Remission Brunner
10

 

Case 

report  

9 years F Liver T/S CAS 4 months NP 3  S/keep warm Tacrolimus 

switched to 

cyclosporin

e 

Remission Kitamura
11

 

Case 

report 

7 years M Liver T Mixed 

AIHA 

6 years NA 2.9 None – patient 

died prior to 

initiation of 

treatment 

None Died of 

complicatio

ns of anemia 

DiGiuseppe
12

 

             

Case 

report 

8 years M Liver T/MMF  Evans 

syndrome 

22 

months 

20 

months 

5.2 

 

Platelet 

nadir: < 

10,000/µL 

S/IVIG/R/C/F/nati

ve splenectomy 

Tacrolimus 

switched to 

cyclosporin

e 

Remission Domenech
1

7
 

Case 

report 

5 

months 

M Liver T Evans 

syndrome 

3 months 1 month 5.4  

 

Platelet 

nadir: 

44,000/µL 

S/IVIG Tacrolimus 

dose 

reduced 

Remission Yokoyama
1

8
 

 
M: male  F: female 

T: tacrolimus     S: steroid  MMF: mycophenolate mofetil B: basiliximab A: alemtuzumab TM: thymoglobulin  R: rituximab C: cyclophosphamide 

PE: plasmapheresis  F: fludarabine   AIHA: autommune hemolytic anemia  WAIHA: warm autoimmune hemolytic anemia   



CAS: cold agglutinin syndrome   Mixed AIHA: mixed warm & cold autoimmune hemolytic anemia  NP: not provided    NA: not applicable 



 
 

 

 

Table 4. Literature review of reported cases of autoimmune hemolytic anemia or Evans syndrome in adult solid organ 

transplant patients (liver, liver/small bowel, multivisceral)  

 

T: tacrolimus 

S: steroid 

MMF: mycophenolate mofetil 

R: rituximab 

DAT: direct antiglobulin test 

AIHA: autoimmune hemolytic anemia 

CAS: cold agglutinin syndrome  

NP: not provided 

 

Type of 

publication 

Age or 

age 

range at 

time of 

AIHA 

diagnosis 

Gender Type of 

transplant 

Primary 

Immuno-

suppression 

Type of 

autoimmune 

condition 

Time to 

develop 

hemolysis 

after 

transplant 

Time to 

remission 

following 

treatment 

for 

hemolysis 

Nadir 

hemoglobin 

level (g/dL) 

Treatment Primary 

Immuno-

suppression 

modification 

Outcome Reference 

Case report NP M Liver T/S/MMF  CAS 12 months 7 months 6  

 

 

 

S/IVIG/R  Tacrolimus 

dose reduced 

Remission Guitard13 

Case series 

(3) 

59, 59 

and 66 

years 

M (2) 

F (1) 

Liver T/MMF DAT 

positive 

AIHA: IgG 

(1); IgG & 

C3d (1); 

DAT 

negative 

AIHA (1) 

3-6 years NP 4.7- 6.7  

(schistocytes 

seen in one 

patient) 

S/IVIG/R/ 

native 

splenectomy 

Mycophenolate 

mofitil 

discontinued 

(1) 

Remission 

(1); Low 

dose steroid 

maintenance 

(1); Died of 

infection (1) 

Retana14 

             

Case report 38 years  M Liver T 

(discontinued 

due to 

recurrent 

sepsis)/S 

Evans 

syndrome 

7 months NP 8  

 

Platelet 

nadir: 

3,000/µL 

S/IVIG None Died of  

infection  

Au19 


