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Background and Objectives

Acquired red cell aplasia (RCA) is a rare disorder and can be either idiopathic or asso-
ciated with certain diseases, pregnancy, or drugs. In exceptionally rare cases, it has
been reported to co-exist with other autoimmune cytopenias. We report a high inci-
dence of RCA and autoimmune hemolytic anemia (AIHA) in pancreas transplant recip-
ients on alemtuzumab-based maintenance therapy. 

Design and Methods

Between February 2003 and July 2005, 357 pancreas transplant recipients were
treated with immunosuppressive regimens containing the lymphocyte-depleting anti-
body alemtuzumab, the T-cell activation inhibitor daclizumab, and the anti-metabolite
mycophenolate mofetil (MMF). We retrospectively reviewed medical records, blood
bank data and bone marrow biopsy specimens of patients with a Transplant
Information Services database diagnosis of RCA and AIHA from February 2003 to
November 2005. 

Results

Severe RCA, AIHA, and idiopathic thrombocytopenic purpura (ITP) occurred independ-
ently or in combination, in 20 out of 357 (5.6%) pancreas transplant recipients, 12 to
24 months following the initiation of the aforementioned immunosuppressive regi-
mens. Severe opportunistic infections developed late in 14/20 (70%) of these
patients. Atypical morphologic features, including variable dysgranulopoiesis, variable
megakaryocytic hyperplasia with normal or low peripheral platelet counts, and atypi-
cal lymphoid aggregates were found in bone marrow trephine sections of 11 patients
in whom the diagnosis of RCA was made. 

Interpretation and Conclusions

We hypothesize that the combination of alemtuzumab, daclizumab and MMF can
result in immune dysregulation thereby permitting autoantibody formation. Because
the use of these three immune suppressants is becoming increasingly common, it is
important to recognize the severe hematologic complications that can arise.
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Acquired red cell aplasia (RCA) and autoimmune
hemolytic anemia (AIHA) are not commonly seen
following solid organ transplantation. RCA is a rela-

tively uncommon condition characterized by progressive
anemia and severe reticulocytopenia with preservation of
platelet and leukocyte counts. Bone marrow findings
include complete or near complete absence of erythroid pre-
cursors, with erythroblasts comprising <0.5 to 5% of nucle-
ated hematopoietic precursors. In most cases, the marrow is
cellular, with unaffected myelopoiesis, lymphopoeisis and
megakaryocytopoeisis.1 In solid organ transplant recipients
RCA occurs most commonly due to Parvovirus B19 infec-
tion.2 In addition, many immunosuppressive agents routine-
ly used in organ transplantation (mycophenolate mofetil
[MMF], antithymocyte globulin, tacrolimus, and azathio-
prine) have been occasionally associated with RCA.3-8

Despite improved early kidney graft survival rates and
better immunosuppressive protocols since the mid-1990s,
chronic allograft nephropathy is the most common cause of
long-term kidney graft failure. Histologic findings of cal-
cineurin inhibitor-induced nephrotoxicity, implicated in late
graft injury, were almost universally seen at 10 years follow-
ing transplantation in kidney graft biopsies of patients with
type 1 diabetes, as described by Nankivell et al.9 To avoid
such drug toxicity and to eliminate the deleterious side
effects of long-term glucocorticoid use, we instituted a pro-
tocol change at the University of Minnesota Medical
Center-Fairview (UMMC-F) in the year 2003 to implement
a novel calcineurin inhibitor- and steroid-free immunosup-
pressive regimen in pancreas transplant recipients; this regi-
men contained alemtuzumab, MMF, and (in some patients)
daclizumab.10 The combination of alemtuzumab and MMF
produced similar patient survival rates, with 53% of alem-
tuzumab recipients remaining solely on MMF at 1 year, as
compared to those of the historical regimen of thymoglob-
ulin (induction) and tacrolimus/MMF (maintenance), a rare
finding for the success of non-calcineurin inhibitor mainte-
nance monotherapy in solid organ transplantation. On the
other hand, we observed lower graft survival rates, a higher
rate of graft loss from rejection (in the pancreas transplant
alone patients), a higher incidence of reversible rejection
episodes (in both pancreas-after-kidney and simultaneous
pancreas-kidney transplant patients), and a higher incidence
of systemic infections (33% in the alemtuzumab treated
group versus 14% in the control group; p<0.0001) at 1 year
following transplantation. At an average median follow-up
of 12.8 months, the incidence of post-transplant lympho-
proliferative disorder was not significantly different (1% vs.
2%; p>0.59) between the alemtuzumab and control groups,
respectively (unpublished data). 

In addition, we observed a high incidence of RCA and
AIHA in these transplant recipients. These hematologic
complications tended to be of delayed onset and were asso-
ciated with abnormalities in granulopoiesis and thrombocy-
topoiesis.  We report the clinical and hematologic findings in
this cohort of patients and speculate about possible patho-
physiologic mechanisms. 

Design and Methods 

The results presented in this paper are part of a pilot study
for a prospective randomized study that was approved by the
University of Minnesota Institutional Review Board. The pro-
cedures followed for this study were in accordance with the
ethical standards of the responsible committee on human
experimentation and with the Helsinki Declaration. Patients
signed an informed consent. Between February 2003 and July
2005, an alemtuzumab-based immunosuppressive protocol
was used in the treatment of 357 pancreas transplant recipi-
ents. The details of this protocol are shown in Table 1. As a
result of the recognition of the first cases of RCA and AIHA
in 2005, we searched the Transplant Information Services
database from February 2003 to November 2005 for the diag-
noses of RCA and AIHA and retrospectively reviewed the
clinical characteristics and laboratory data of patients with
these hematologic complications. 

Definitions of hematologic complications 
RCA was defined as anemia with reticulocytopenia

(absolute reticulocyte count <25,000/mm3) with < 5% ery-
throid precursors in the bone marrow aspirate.1 We defined
recovery from RCA as a non-transfusional increase in hemo-
globin (Hb) by >2 g/dL or a clear improvement in the reticu-
locyte count.  AIHA was defined as clinically significant ane-
mia in the presence of a positive direct antiglobulin test
(DAT), with an increase in serum lactate dehydrogenase
(LDH), and a decline in serum haptoglobin concentration to a
subnormal level. Notably, reticulocyte counts were variable,
being elevated in patients with isolated AIHA, but markedly
reduced in those considered to have hemolysis in association
with aregenerative anemia. Recovery from AIHA was defined
as a non-transfusional increase in Hb of > 2 g/dL, accompa-
nied by a decrease in LDH, with or without resolution of the
positive DAT. Idiopathic thrombocytopenic purpura (ITP)
was defined according to the American Society of
Hematology consensus statement on the diagnosis and treat-
ment of ITP.11 

Immunosuppressive regimens
In the induction (administered within 6 weeks of transplan-

tation), induction and maintenance (administered following
transplantation and continued long-term) and conversion (cal-
cineurin inhibitor withdrawal) regimens, the lymphocyte
depleting antibody alemtuzumab (CamPath™; Genzyme,
Cambridge, MA, USA) and the anti-metabolite MMF
(CellCept™; Roche Pharmaceuticals, Nutley, NJ, USA) were
used. When the MMF dose was limited by neutropenia,
daclizumab (Zenapax™; Hoffman-La Roche Inc, Nutley, NJ,
USA) was added. In addition, to deplete CD52 negative T
cells, one dose of rabbit anti-thymocyte globulin
(Thymoglobulin™; Genzyme, Boston, MA, USA) was given
within the first week of initiation of both induction and main-
tenance regimens (Table 1). For anti-microbial and Candida
prophylaxis, piperacillin/tazobactam was given for 3 days and
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flucanozole for 7 days post-operatively. For viral and
Pneumocystis pneumonia prophylaxis, daily oral valgancyclovir
and single strength trimethoprim/sulfamethoxazole tablets,
respectively, were given for one year. 

Laboratory studies
Hematopathology

The peripheral blood and bone marrow smears, biopsy sec-
tions, and immunohistochemical stains were evaluated for
morphologic features of dysgranulopoiesis, megakaryocytic
hyperplasia, and atypical lymphoid aggregates. Of the
patients with a database diagnosis of RCA, all 14 had bone
marrow biopsy specimens available for review. Eight of these
patients had had their bone marrow biopsies performed at
UMMC-F, while the other six had had their bone marrow
biopsies performed at outside institutions. The bone marrow
biopsies and aspirate smears were processed and stained
according to local laboratory protocols. 

Immunohematology
DAT was not routinely performed but rather done when

judged to be clinically indicated by the treating physician, or
when antibodies were found during a pre-transfusion evalua-
tion.  Standard blood bank techniques were used for ABO and
Rhesus group typing and for the DAT. Plasma testing for red
cell antibodies was performed using a gel technique (ID-
Micro Typing System™; Pompano Beach, FL, USA). DAT was
performed using broad-spectrum, polyspecific anti-IgG and
anti-C3d (Immucor, Norcross, Georgia, USA). If positive, the
presence of IgG and C3d on the patient’s red cells was
demonstrated by testing with monospecific reagents, anti-IgG
and anti-C3d. If the DAT was positive with IgG, the IgG was
eluted from the red cells using glycine (Gamma EluKit II;
Gamma Biologicals, Houston, TX, USA). Antibody was
removed from red cells by multiple adsorptions with
dithiotreitol-treated and papain-treated patient’s red cells or,
in cases in which the patient had been recently transfused, by
alloadsorption with dithiotreitol-treated and papain-treated
allogeneic red cells.12

Results 

Patients 
The 357 pancreas transplants recipients received induction

only (n=65), induction and maintenance with (n=156) or con-
version to (n=108) alemtuzumab and MMF. Twenty-eight
patients were treated for rejection.  In 121 of 357 patients
(34%), daclizumab was added. Of the 357 patients, 106 were
pancreas transplant alone (PTA) recipients, 142 were pancreas
after kidney (PAK) recipients, 94 were simultaneous pancreas-
kidney (SPK) recipients, and 15 were kidney after pancreas
(KAP) recipients. In total, 23 diagnoses of either RCA or AIHA
were identified between September 2004 and November
2005. Three patients diagnosed with RCA were excluded
from the study after further bone marrow biopsy review, two
patients because they had >5% erythroid precursors and the

third because the marrow aspirate was dilute and inadequate
for diagnosis. Therefore, in accordance with our definitions,
20 patients developed AIHA or RCA. Of these, nine had
AIHA, four had isolated RCA, and seven had RCA with an
associated hemolytic component. Two of the 20 patients (one
with RCA and one with AIHA) were also diagnosed with ITP. 

Clinical course
Of the 20 patients who developed AIHA or RCA, one

received induction only, ten induction and maintenance, and
eight were converted to the alemtuzumab and MMF regimen.
One patient (#19) was given alemtuzumab for the treatment
of rejection, but also received MMF and daclizumab as part of
his therapy. Eleven patients were recipients of a pancreas fol-
lowing a previous kidney transplant, three were simultaneous
pancreas and kidney recipients, three were recipients of a
pancreas transplant, and two were recipients of a kidney
transplant after previously receiving a pancreas transplant.
One patient had received a previous heart transplant. These
20 patients received between four and 11 doses of alem-
tuzumab prior to the diagnosis of AIHA or RCA. AIHA or
RCA was first diagnosed a median of 9 months (range 2 to 15
months) after administration of the last dose of alemtuzum-
ab. Nineteen of the 20 patients also received three to 15 doses
of daclizumab. In some, AIHA or RCA developed up to 14
months following the last dose of daclizumab, and in others
AIHA or RCA developed while taking the drug. The hemato-
logic diagnosis in the only patient who never received
daclizumab was AIHA. Seventeen patients had been
immunosuppressed using some other therapy prior to initia-
tion of the new regimen.

Fifteen of them had undergone a previous solid organ trans-
plant. Four patients died. Three had been converted to the
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Table 1. Immunosuppressive regimens.

Induction and maintenance therapy 
Alemtuzumab Induction 30 mg intraoperatively,

POD 2, 14, 42 
(If ALC ≥200/mm3) CNI withdrawal 30 mg days 0, 2, 4

Maintenance 30 mg IV monthly (maximum 8 doses) 

Thymoglobulin Induction 1.25 mg/kg IV POD 4
CNI withdrawal 1.25 mg/kg IV day 3 

Mycophenolate Induction/ ≥2 g/day starting immediately 
mofetil (MMF) Maintenance/ post-transplant or the day CNI is

CNI withdrawal discontinued 

Daclizumab Induction/ 2 mg/kg IV loading dose then 
(add if MMF dose Maintenance/ 1 mg/kg IV every other month 
is limited to <2 g/day CNI Withdrawal 
by ANC ≤200/mm3) 

Rejection therapy 
If ALC ≥200/mm3 Alemtuzumab 30 mg IV on days 0, 2, 4

Thymoglobulin 1.25 mg/kg IV on day 3 

If ALC < 200/mm3 or Thymoglobulin or 1.25 mg/kg IV for 7 days 
Alemtuzumab given Muromonab-CD3 first dose of 5 mg IV followed 
in the last month by 2.5 mg IV daily for 5-7 days 

CNI: calcineurin inhibitor; POD: post-operative day; ALC: absolute lymphocyte
count; ANC: absolute neutrophil count; IV: intravenous. Muromonab CD3
(Orthoclone OKT3; Ortho Biotech, Bridgewater, NJ, USA). 



alemtuzumab, MMF and daclizumab protocol, while one had
received the protocol for induction and maintenance. One
patient (#4) died of severe hemolysis associated with aregen-
erative anemia, with a Hb level of 2.1 g/dL at the time of
death. One patient (#20) died of myocardial infarction sec-
ondary to AIHA, with a Hb of 3.7g/dL, and a reticulocyte
count of 0.1% immediately prior to death. Bone marrow
biopsy was not obtained in time for a formal diagnosis of
RCA to be established. A third patient (#1) died of myocardial
ischemia, and a fourth (#7) died of E. coli sepsis with diffuse
large B-cell lymphoma (Table 2).

Red cell aplasia 
Eleven of these 20 patients were diagnosed as having RCA

12-24 months after starting induction and maintenance or
converting to the new combination of immunosuppressive
medications. No evidence of active human parvovirus B19
infection was found by testing for human parvovirus B19
antibodies or DNA by polymerase chain reaction in the ten
patients in whom it had been evaluated. Clinical and labora-
tory (positive DAT accompanied by decrease in haptoglobin

and elevation of LDH levels) evidence of hemolysis in four
patients was documented at the time of RCA diagnosis, and
in another three patients in 3 to 5 months following the diag-
nosis of RCA. Additionally, patient #3 had a positive DAT and
Hb of 7 g/dL at the time the diagnosis of RCA, without a con-
comitant reduction in haptoglobin concentration. In patient
#2, a positive DAT was documented 5 months prior to the
diagnosis of RCA.  Six patients received erythropoietin (start-
ed prior to the diagnosis of RCA and maintained through the
recovery phase in three).  Serum erythropoietin levels ranged
from 285 to 2722 mU/mL (mean 1021 mU/mL) when meas-
ured in six patients at the time of the diagnosis of RCA.
Testing for anti-erythropoietin antibodies was not performed.
None of the patients diagnosed with RCA was a carrier of
HLA-DR2 or its serologic split, HLA-DR15, alleles, previously
reported to be overrepresented in myelodysplastic syndrome
and aplastic anemia.13

Autoimmune hemolytic anemia 
The remaining nine of the 20 patients were diagnosed with

AIHA in the absence of RCA. In these individuals, AIHA was
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Table 2. Patients’ characteristics. 

Pt Sex, Regimen, Diagnosis Latency Cumulative DAT, RBC Treatment Outcome 
no Age Transplant to diagnosis, alemtuzumab agglutinin modalities

type in months dose , in mg 

1 M, 61 M , PAK RCA 20 330 Died of myocardial 
ischemia 

2 M, 43 M, PAK RCA with hemolysis 22 210 IgG MMF Recovered from RCA,
discontinued hemolysis developed

in 3 months 
3 M, 56 M, PAK RCA 16 180 IgG, C3d MMF discontinued Recovered from RCA 
4 M, 36 C, PAK RCA with 14 240 IgG, C3d Splenectomy, rituximab, Died of RCA- associated 

hemolysis vincristine, plasmapheresis hemolysis 

5 M, 42 M, PAK RCA with 18 180 IgG, C3d MMF discontinued, Recovered from RCA,
hemolysis, ITP IVIG ITP developed in 2 months,

hemolysis developed 
in 4 months 

6 M, 34 M, PTA RCA with 16 330 IgG, C3d MMF dose reduced, Recovered from 
hemolysis splenectomy, RCA and hemolysis 

rituximab, IVIG,
CSA, steroids 

7 M, 50 C, PAK RCA with hemolysis 24 180 IgG, C3d MMF discontinued Died of sepsis, DLBCL 
8 F, 43 M, PAK RCA 15 240 MMF discontinued Recovered from RCA 
9 F, 55 C, PTA RCA with hemolysis 12 240 IgG, C3d MMF discontinued Recovered from RCA,

hemolysis developed 
in 5 months 

10 M, 59 C, SPK RCA 13 150 MMF dose reduced Recovered from RCA 
11 F, 51 C, KAP RCA with hemolysis 13 300 IgG, C3d Steroids Recovered from RCA 

and hemolysis 
12 F, 23 M, PTA AIHA 14 210 IgG, C3d Steroids, Active AIHA, on treatment 

rituximab, IVIG,
plasmapheresis 

13 M, 44 M, PAK AIHA 19 120 IgG, C3d Steroids, MMF discontinued Active AIHA, on treatment 
14 M, 38 M, SPK AIHA 13 270 IgG, C3d Steroids, MMF discontinued  Active AIHA, on treatment 
15 M, 52 C, KAP AIHA 15 120 IgG, C3d Steroids Recovered from AIHA 
16 M, 41 C, PAK AIHA 19 150 IgG, C3d IVIG, steroids Active AIHA, on treatment 

AIHA relapsed 5 months 
AIHA Steroids, rituximab, following splenectomy.

17 F, 41 I, PAK ITP 22 210 IgG, C3d IVIG, splenectomy ITP resolved with steroids 
18 F, 50 M, PAH AIHA 23 300 IgG, C3d Steroids, IVIG Active AIHA, on treatment 
19 M, 32 R, SPK AIHA 23 180 IgG, C3d Steroids Recovered from AIHA 

Steroids, IVIG,
rituximab, Died of myocardial infarction,

20 M, 57 C, PAK AIHA 13 210 IgG, C3d plasmapheresis with AIHA 

Pt no: patient number; M: male; F, female; I: induction only; M, induction and maintenance: C, conversion; R: rejection; PTA: pancreas transplant alone; SPK: simultaneous
pancreas and kidney transplant; PAK: pancreas after kidney transplant; RBC: red blood cell; IgG: immunoglobulin G; IVIG: intravenous immunoglobulin; C3d: complement C3d;
DLBCL: diffuse large B cell lymphoma. 



diagnosed 13 to 23 months after the initiation of alemtuzum-
ab and MMF.  In fact, the most of these patients were diag-
nosed recently, and are still actively undergoing treatment.
The AIHA in all of the patients was of the warm type. No
cases of cold AIHA were observed. Of the 16 patients with
AIHA, the red cells of 15 patients were coated with IgG and
C3d. In one patient only IgG was present. None of the
patients had only C3d on their red cells. 

Idiopathic thrombocytopenic purpura 
Two of these 20 patients were also diagnosed as having ITP,

one at the time of the diagnosis of AIHA, and the other 2
months following RCA and 2 months prior to the onset of
hemolysis, with nadir platelet count below 10,000/µL. Bone
marrow biopsy confirmed the presence of increased
megakaryocytes in one of these patients. Testing for anti-
platelet antibodies was negative in both patients. 

Infectious complications 
Fourteen of the 20 (70%) patients developed late infections.

The causative micro-organism included cytomegalovirus
(n=10), BK virus (n=4), herpes simplex virus (n=1), Zygomycetes
(n=1), Blastomycetes (n=1), Aspergillus (n=2), and Mycobacteria
(n= 2). Serum levels of one or more immunoglobulin groups
were markedly reduced in all six patients in whom they were
measured. One patient (#7) was incidentally discovered to
have a liver mass simultaneously with the diagnosis of RCA.
On biopsy, this mass was found to be a diffuse large B-cell
lymphoma. Despite the marked immunosuppression, 13 of
the 20 patients experienced at least one acute episode of allo-
graft rejection. Patient #17, who was profoundly leukopenic,
had agranulocytosis on bone marrow biopsy at the time of
her diagnosis of AIHA and ITP. 

Blood and bone marrow findings 
The absolute lymphocyte count in the peripheral blood at

the time of bone marrow biopsy ranged from 204 to 2720/µL.
In the bone marrow aspirate smears, the percentage of ery-
throid precursors ranged from 0 to 4.6%, with a mean of
1.8%.  When present, erythropoiesis was markedly left-shift-
ed, with very few erythroid precursors beyond the basophilic
normoblast stage. Giant proerythroblasts, characteristic of
RCA associated with parvovirus B19 infection, were not
observed. Near absence of marrow erythropoiesis was con-
firmed by performing paraffin section immunostaining for
hemoglobin A (Figure 1).  Some degree of dysgranulopoiesis,
histologically benign lymphoid aggregates and normal to
increased numbers of megakaryocytes were seen in the 11
bone marrow biopsy samples available for review from
patients with RCA. The most consistent feature of dysgranu-
lopoiesis seen in all patients’ specimens was loss of normal
nuclear chromatin condensation with neutrophil maturation,
resulting in mature neutrophils showing chromatin features
resembling those of mature monocytes as well as atypical
nuclear hyperlobation in some cells, as illustrated in Figure 2.
In addition to increased megakaryocyte numbers, four of the

11 cases showed frequent loose clusters of megakaryocytes
(Figure 3). Cytogenetic analysis was performed in seven RCA
cases, and showed a normal karyotype. One patient (#5) had
a follow-up bone marrow biopsy after recovery from RCA
showing normal trilineage hematopoiesis. 
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Figure 1. Paraffin section immunostaining for hemoglobin A high-
lights the absence of erythroid precursors (patient #8; 200×). 

Figure 2. A dysplastic neutrophil in peripheral blood showing
decreased nuclear chromatin condensation and atypical nuclear
hyperlobation (patient # 4; Wrights Giemsa stain; 1000×). 

Figure 3. Clusters of megakaryocytes on a bone marrow trephine
biopsy section (patient #2, hematoxylin and eosin stain; 1000×). 



Discussion 

We report the occurrence of severe RCA or AIHA in 5.6%
of patients following immunosuppression with alemtuzum-
ab, daclizumab and MMF after pancreas transplantation.
This is a preliminary report of the prevalence of RCA and
AIHA in these patients as more of them may develop simi-
lar complications in the future. 

From an etiologic perspective, RCA may be either pri-
mary (autoimmune, preleukemic, idiopathic) or secondary,
when it is found in association with thymoma, underlying
malignancy, immune disease, infection, pregnancy and
drugs.14 Immune mechanisms - both cellular and humoral -
for the inhibition of erythropoiesis have been implicated in
both primary and secondary forms of RCA. The presence of
an immunoglobulin G (IgG) inhibitor of erythropoiesis in
the sera of patients with primary RCA has been demonstrat-
ed in several experimental in vitro and in vivo models.1,15-16 On
the other hand, inhibition of erythroid colony forming units
(CFU-E) and erythroid bursts (BFU-E) colony formation has
been documented in the presence of E-rosettes, without
addition of sera, suggesting a T-lymphocyte-mediated sup-
pression of erythroid differentiation.17 An immune patho-
genesis has also been suggested for drug-induced RCA, in
which an IgG inhibitor to CFU-E and BFU-E was detected in
the sera of RCA patients treated with diphenylhydantoin
and rifampicin.18,19

Furthermore, RCA due to the presence of neutralizing IgG
antibodies to the protein component of exogenous recombi-
nant human erythropoietin has been well described in
patients with anemia of chronic renal failure.20 Remarkably,
in renal transplant recipients, anemia secondary to relative
endogenous erythropoietin deficiency has been described in
the presence of normal graft function, and in the setting of
acute and chronic allograft rejection.21 Although erythropoi-
etin antibody testing was not performed in our cohort of
patients, elevation of serum erythropoietin levels appropri-
ate for the degree of anemia was documented in six of our
RCA patients. This argues against a significant contribution
of decreased endogenous erythropoietin production to the
development of aregenerative anemia in our patients. 

Very rarely, RCA has been previously reported to co-exist
with other autoimmune hematologic conditions, such as
AIHA and ITP.22 In our patients, the antibody eluted from
the red cells was a typical pan-agglutinating autoantibody.
One possibility is that a single antibody was directed against
both erythroid precursors and mature red cells in our
patients, as has been previously reported in other rare
cases.1,23 On the other hand, not all cases of hemolytic ane-
mia following solid organ transplantation are due to autoan-
tibodies, and specific testing for autoantibodies is needed. A
high prevalence (20%) of unexplained hemolysis within 1
year of ABO-matched lung transplantation was reported by
Riechsteiner et al., but the DAT, when done, was negative in
all patients.24 Alloimmune hemolysis is common among

minor ABO-incompatible solid organ transplant recipients,
with an incidence ranging from 9% in kidney transplant to
70% in heart-lung transplant recipients. In that setting,
hemolysis is usually acute and short-lived, with the last pos-
itive DAT detected at a median of 5.5 weeks post-operative-
ly in one study.25 In contrast, in our cohort of patients we
observed Coombs’ positive hemolytic anemia that appeared
to be quite delayed in onset. It is remarkable that 16 of the
17 (94%) patients with a positive DAT had both comple-
ment and immunoglobulin detected on their red cells, a pro-
portion that is substantially higher than the estimated 31-
64% of patients with both complement and antibodies on
the red cells in idiopathic AIHA.26 The presence of both
complement and antibody on the red cell membrane may
explain the severity of hemolysis as evident by treatment
refractoriness and even death due to AIHA in our cohort.
The presence of complement-fixing immunoglobulin on the
erythrocyte membrane has been suggested to potentiate the
degree of hemolysis by others and has been demonstrated
to accelerate immune clearance of red blood cells in guinea
pigs, as reported by Schriber and Frank.26,27

Paradoxically, both alemtuzumab and MMF have been
used successfully in the treatment of RCA and AIHA,
respectively.22,28,29 In our cohort of patients, RCA resolved
with MMF discontinuation or dose reduction in 8 of 11
patients. This does not necessarily imply that MMF played
a direct dose-related causative role in the development of
RCA, despite the report of a previous case of parvovirus B-
associated RCA in a renal transplant recipient that respond-
ed to discontinuation of MMF.2 MMF is an inhibitor of
guanosine triphosphate synthesis and causes selective inhi-
bition of B-and T- cell lymphocyte proliferation. The lack of
a consistent association between RCA and MMF, despite
extensive use of MMF as a single immunosuppressive agent
over a number of years, indicates that the pathogenesis is
likely to be more complex. We hypothesize that the benefit
of MMF dose reduction resulted from a net reduction or
qualitative alteration of the global immunosuppression sta-
tus. However, just as RCA has been reported to occur with
the use of MMF, development of autoimmune phenomena
including RCA, autoimmune neutropenia, Graves’ disease,
ITP and erythroderma have been noted with the use of
alemtuzumab, and, more recently, daclizumab, respective-
ly.22,28,30

Alemtuzumab is a humanized monoclonal immunoglob-
ulin directed against CD52 antigen expressed on T-and B-
cell lymphocytes, monocytes, macrophages, NK cells, and a
subpopulation of granulocytes, but not on hematologic pre-
cursors. It is approved in the United States for the treatment
of fludarabine-refractory chronic lymphocytic leukemia
(CLL). It has also been used in the treatment of other hema-
tologic malignancies, autoimmune cytopenias, other
autoimmune conditions such as multiple sclerosis and
rheumatoid arthritis,31,32 and in solid organ and bone marrow
transplantation. RCA, AIHA, and fatal ITP have been report-
ed as complications of alemtuzumab in the treatment of
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CLL.33-35 In addition, there is a report of one case of AIHA in
a kidney transplant recipient (who did not suffer from CLL)
after induction with alemtuzumab.36 In our study, two
patients developed ITP after undergoing induction and
maintenance with alemtuzumab and MMF. Similarly, ITP
occurred in three of 334 patients with multiple sclerosis
being treated with alemtuzumab, and this resulted in the
suspension of a phase II trial at the 1 year analysis. Although
we have administered alemtuzumab monthly for mainte-
nance and observed ITP in patients receiving cumulative
doses of 180 to 210 mg of alemtuzumab, ITP developed in
one patient with multiple sclerosis 25 months after receiving
a lower dose regimen involving 12 mg intravenously daily
for 5 days with three 12 mg doses repeated 12 and 24
months later. The remaining two patients with multiple
sclerosis who have developed ITP 19 and 23 months after
initiation of alemtuzumab received a high dose regimen of
24 mg daily for 5 days followed by three daily doses of 24
mg intravenously 12 months later.37 In another study, 15
(27%) of 57 of patients with multiple sclerosis treated with
alemtuzumab developed new onset Graves’ disease 5 to 21
months after receiving a 5-day course (100 mg total dose) of
alemtuzumab.31 Ten of the 15 cases were asymptomatic but
were detected by routine testing for thyroid stimulation
hormone levels.  

DAT screening in our study was not routinely performed
in recipients of alemtuzumab, and therefore the incidence
and the timing of the onset of a positive DAT in the entire
cohort of patients receiving alemtuzumab and MMF main-
tenance is not known. However, in one patient, IgG was
detected on the red cells 5 months prior to the onset of overt
clinical hemolysis. Alemtuzumab’s association with autoim-
mune hemolytic phenomena has also been reported by oth-
ers. Willis et al. reported a positive DAT in two patients
treated with alemtuzumab (10 mg daily) for autoimmune
cytopenias; these findings were observed 9 and 15 months
after the initial administration. Additionally, anticardiolipin
antibody and antinuclear antibody, and IgG anticardiolipin
antibody, antinuclear antibody, and thyroid microsomal
antibody developed in these two patients, respectively.22 We
therefore speculate that the number of patients we observed
with clinically overt DAT+ hemolytic anemia represents the
tip of the iceberg, and that many more recipients of this pro-
tocol had sub-clinical/compensated AIHA. A prospective
controlled study is needed in order to determine more accu-
rately the prevalence of AIHA and RCA with the use of
these drugs. 

Daclizumab, a humanized monoclonal immunoglobulin
that binds to the alpha chain (Tac/CD25) of the interleukin-
2 receptor expressed on the surface of activated T cells, is
used extensively in solid organ transplantation and is
becoming increasingly popular in the treatment of hemato-
logic malignancies and autoimmune disorders.38,39

Furthermore, a group of investigators at the National Heart,
Lung, and Blood Institute (National Institute of Health,
Bethesda, MD, USA) recently found daclizumab to be effi-

cacious when used to treat 15 patients with idiopathic pure
RCA, producing a response in 6 (40%) of the patients.40 On
the other hand, they have also reported daclizumab-associ-
ated erythroderma in five (two with pure RCA) of 88
patients with aplastic anemia and pure RCA.30 Two of these
five patients also developed an inflammatory arthritis.
CD4+CD25+ T-cell counts were expanded 2-10 fold, leading
the authors to speculate that the immune phenomena may
be linked to a relative depletion of CD4+CD25+ T-regulatory
cells, thereby permitting a relative over-expansion of
CD4+CD25+ effector cells.  Analogously, organ-specific
autoimmune disease develops in mice depleted of
CD4+CD25+ T regulatory cells.41 It is also notable that 19 of
the 20 patients in our study received multiple doses of
daclizumab.  Therefore it is possible that a combination of
alemtuzumab, daclizumab and MMF may have produced a
similar T lymphocyte subset misbalance, resulting in the
disruption of immunologic self-tolerance. In support of this
possibility, alemtuzumab is known to cause prolonged,
severe lymphopenia, affect reconstitution of T lymphocytes
and suppress the T-cell response to phytohaemagglutinin, a
T-cell mitogen.42,43 When used as pulse therapy in multiple
sclerosis, alemtuzumab produces severe T-cell depletion
lasting a median of 60 months for CD4 lymphocytes, and 30
months for CD8 lymphocytes, with CD4 and CD8 values at
18 months of only 30-40% of pretreatment values.31,42 In our
entire patient cohort, and, in particular in the group that
developed hematologic complications, the profound degree
of immunosuppression is evident from the striking rate of
opportunistic infections. We speculate that in our patient
cohort a combination of a T-cell depleting agent and a T-cell
proliferation antagonist profoundly and disproportionably
depleted T-cell subsets and impaired T regulatory cell activa-
tion. In summary, we have observed a high incidence of late
occurring, severe autoimmune cytopenias, including RCA,
AIHA and ITP with the use of alemtuzumab, daclizumab
and MMF.  Immune dysregulation and the development of
autoimmunity may be implicated in the pathogenesis of
these disorders. 
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