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Summ a r y

Complete hematopoietic chimerism and tolerance of a liver allograft from a deceased 
male donor developed in a 9-year-old girl, with no evidence of graft-versus-host 
disease 17 months after transplantation. The tolerance was preceded by a period of 
severe hemolysis, reflecting partial chimerism that was refractory to standard ther-
apies. The hemolysis resolved after the gradual withdrawal of all immunosuppres-
sive therapy.

C a se R eport

Acute fulminant hepatitis after a nonspecific viral illness developed in a previously 
well 9-year-old girl. Her blood group was O, RhD-negative. She was referred to our 
institution, and at the time of admission she had markedly elevated aminotransfer-
ase levels and evidence of marked synthetic dysfunction (Table 1). Extensive testing 
ruled out known viral, metabolic, drug-related, and autoimmune causes, and a di-
agnosis of “non–A-to-G viral hepatitis” was made. A liver biopsy was not performed 
because of severe underlying coagulopathy. 

Given the patient’s fulminant hepatic failure (Table 1) requiring mechanical ven-
tilation, urgent liver transplantation was performed with the use of a whole-organ 
transplant from an O, RhD-positive 12-year-old male donor who was positive for 
cytomegalovirus (CMV) (the recipient was also CMV-positive) and who died of hy-
poxic brain injury. The whole liver was transplanted (cold ischemic time, 9 hours 
46 minutes), and the biliary anastomosis was a choledochocholedochostomy. The 
HLA status of the donor was A34,68;B50,76;DR4,13, and the recipient’s HLA status 
was A2,24;B37,62;DR7,9. 

Initial standard immunosuppressive therapy after liver transplantation consisted 
of tacrolimus (trough level, 12 to 15 μg per liter), intravenous methylprednisolone 
(2 mg per kilogram of body weight on days 0 through 2, 1.5 mg per kilogram on 
days 3 through 5, and then 1 mg per kilogram per day), and intravenous azathio-
prine (1.5 mg per kilogram per day). Other medications included intravenous 
ganciclovir for CMV prophylaxis (5 mg per kilogram per day) and antibiotic therapy. 
Antifungal prophylaxis was not administered.

On day 13 after transplantation, acute biliary obstruction developed, requiring 
operative choledochoduodenostomy and division of adhesions. Profound lympho-
penia (lymphocyte count, 0.5×109 per liter), which had been noted at presentation, 
persisted for 25 weeks after transplantation; it was considered to be due to the 
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precipitating viral agent and the immunosuppres-
sive therapy. The patient was discharged 33 days 
after transplantation while receiving tacrolimus 
(trough level, 10 to 12 μg per liter) and predni-
sone (0.5 mg per kilogram per day). Azathioprine 
was discontinued 2 days after transplantation be-
cause of lymphopenia, and pneumocystis prophy-
laxis with cotrimoxazole was initiated.

Readmission was required 2 weeks after dis-
charge, when a maculopapular exanthem, fever, 
and chest pain developed in the patient. Upper 
endoscopic examination and a biopsy specimen 
showed CMV esophagitis. The biopsy specimen 
showed viral inclusions and positive staining for 
CMV, and testing for CMV antigenemia was posi-
tive. The CMV esophagitis was successfully treat-
ed with a 2-week course of intravenous ganciclo-
vir, which was then switched to oral valacyclovir 
because of lymphopenia (lymphocyte count 
0.1×109 per liter), with a total white-cell count of 
2.1×109 per liter. Three months after transplan-
tation, immunosuppressive therapy consisted of 
tacrolimus (trough level, 8 to 10 μg per liter) and 
prednisone at a dose of 2.5 mg daily, and treat-
ment of CMV was continued with valacyclovir. 
The lymphocyte count had improved (0.7×109 per 
liter).

Nine months after transplantation, a small-
bowel obstruction developed, requiring surgical 
division of adhesions and resection of an ileal 
band. Routine preoperative blood grouping re-
vealed that the patient’s blood group had changed 
from O, RhD-negative, to O, RhD-positive (the 

donor’s blood group), and a weakly positive direct 
antiglobulin test indicated coating of red blood 
cells with IgG antibodies. At that time, there was 
no evidence of spherocytosis on the blood film to 
suggest hemolysis; the hemoglobin level was 95 g 
per liter. This finding was confirmed by the 
Australian Red Cross Blood Service. Both parents 
had group O, RhD-negative blood with the phe-
notype ccdee, whereas their daughter’s pheno-
type was now cDEe. However, serum samples 
showed mixed-field reactions with anti-D and 
anti-E typing.

Ten months after transplantation, after a mild 
upper respiratory tract infection, anemia (hemo-
globin level, 64 g per liter) developed in the pa-
tient. Laboratory tests at that time showed active 
hemolysis, a strongly positive direct antiglobulin 
test result, and compensatory reticulocytosis (re-
ticulocyte count, up to 29%). The indirect anti-
globulin test and saline techniques showed high 
levels of active autoantibodies; the patient was 
treated with prednisone at doses of 5 mg per ki-
logram per day. Examination of a nasopharyn-
geal aspirate showed no respiratory viruses, and 
a serologic analysis to detect mycoplasma infec-
tion was negative. A transient improvement in the 
hemoglobin level was observed; however, as the 
prednisone was tapered, the anemia recurred. Se-
vere intravascular hemolysis with hemoglobinuria 
and transient renal insufficiency developed. Mul-
tiple transfusions of group O, RhD-negative blood 
were required. The corticosteroid treatment re-
sulted in severe cushingoid features; normal re-

Table 1. Results of Laboratory Tests before and after Liver Transplantation and after Discontinuation  
of Immunosuppressive Therapy.*

Variable
Reference 

Value†
On 

Admission
Before 

Transplantation
12 Mo after 

Transplantation
5 Yr after 

Transplantation

Aspartate aminotransferase (U/liter)   0–50 2363 1875 37 34

Alanine aminotransferase (U/liter)   0–50 2651 2357 49 25

Direct bilirubin (mg/dl) 0.0–0.2 15.9 18.6 3.1 0.1

Albumin (g/dl) 3.0–4.4 2.5 2.1 4.1 4.3

INR 1.0–1.2 5.3 7.9 1.0 1.0

Hemoglobin (g/liter) 129 82 40 130

White-cell count (10−9/liter) 4.6 5.6 22.8 8.5

Lymphocyte count (10−9/liter) 0.5 0.3 3.4 2.9

Ammonia (μg/dl)   5–10 133 265 NM NM

*	To convert the values for direct bilirubin to micromoles per liter, multiply by 17.1. To convert the values for ammonia to 
micromoles per liter, multiply by 0.5872. INR denotes international normalized ratio, and NM not measured.

†	The reference values are used for children at the Children’s Hospital at Westmead, Sydney.
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sults of liver-function tests were maintained. 
Other therapies for treating the hemolysis in-
cluded intravenous immune globulin and a switch 
from tacrolimus to cyclosporine.1

The change in this patient from group O, 
RhD-negative blood to group O, RhD-positive 
blood suggested the development of chimerism by 
engraftment of the recipient marrow from pas-
senger hematopoietic stem cells within the trans-
planted liver. Fluorescence in situ hybridization 
studies for the X and Y chromosomes were per-
formed on a bone marrow aspirate and periph-
eral-blood lymphocytes 3 months after the onset 
of hemolysis (post-transplantation day 395).2 Anal-
ysis of cells from the marrow, sorted by means of 
flow cytometry, showed that they were male (XY) 
in myeloid, erythroid, and CD19+ B cells. Analysis 
of peripheral-blood aliquots revealed a predomi-
nantly male (donor) population: of 50 T cells, 94% 
were male and 6% were female; of 50 B cells, 
98% were male and 2% were female; of 50 granu-
locytes, 100% were male; and of 50 natural killer 
cells, 100% were male (Fig. 1). A total of 190 
sorted peripheral-blood cells were further assessed 
on post-transplantation day 417, and 250 cells were 
assessed on post-transplantation day 492 (2 months 
after immunosuppressive therapy had been dis-
continued); all of these cells were male.

These results suggested that the hemolysis was 
due to the production of antibodies by residual 
B lymphocytes in the recipient against engrafted 
erythroid cells from the donor. A choice between 
two therapeutic options was then considered: the 
use of rituximab, an anti-CD20 monoclonal anti-
body, which would deplete all B cells (both host 
and donor cells), or withdrawal of all immuno-
suppressive therapy to allow full engraftment. The 
decision was made to withdraw the immunosup-
pressive therapy.

Fourteen months after transplantation  
(4 months after the onset of hemolytic anemia), 
cyclosporine was discontinued, and the predni-
sone dose was slowly tapered over a period of  
3 months. The hemoglobin level remained sta-
ble without transfusions, and the reticulocyte 
count returned to normal, whereas the direct anti-
globulin test remained weakly positive until 28 
months later.

The patient remains well 5 years after trans-
plantation. She has not received any immunosup-
pressive therapy for 4 years, and the results of her 
liver-function tests are normal. A repeat liver bi-

opsy has not been performed because it has not 
been indicated clinically.

The patient has never had any dermatologic or 
gastrointestinal symptoms to suggest graft-versus-
host disease. Repeat studies have shown conver-
sion of her peripheral blood to the HLA of the 
donor: A34,68; B50,76; DR4,13. Furthermore, 
the loss of antibody responses to measles and 
mumps occurred after discontinuation of all im-
munosuppressive therapy despite normal antibody 
levels before transplantation, requiring immuni-
zation again with standard vaccines. Normal an-
tibody responses to measles, mumps, and rubella 
were restored after revaccination.

The patient’s lymphocyte T-cell subgroups CD4 
and CD8, B cells, and natural killer cells are now 
normal. Analysis of her peripheral blood showed 
a predominantly naive, CD45RA-expressing CD4 
population (Fig. 2A and 2B).

Assessment of the levels of T-cell–receptor 
excision circles, a marker of early T cells derived 
from the thymus, showed a high level in the re-
cipient’s peripheral blood, a finding suggestive of 
thymic engraftment rather than peripheral expan-
sion of engrafting donor cells (Fig. 3). Finally, 
assessment of antidonor responses in the patient 
by means of mixed-lymphocyte culture 3 years 
after transplantation showed donor-specific un-
responsiveness with normal third-party respons-
es (Fig. 4).3,4

Figure 1. Fluorescence In Situ Hybridization for the  
X and Y Chromosomes on a Bone Marrow Aspirate  
Obtained from the Patient 12 Months after  
Transplantation.

Signals were detected in interphase with the use of 
probes CEPX (Vysis), which hybridizes to the X centro-
mere (green signal), and DYZ1 (red signal), which hy-
bridizes to the Y heterochromatin.
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Discussion

Complete hematopoietic chimerism classically oc-
curs in bone marrow transplantation, during which 
all bone marrow–derived cells in the recipient are 
eliminated and replaced by donor cells.5 Partial 
or mixed chimerism in bone marrow transplan-
tation occurs when milder forms of precondition-
ing are used, which initially do not completely 
ablate the host hematopoietic system.5 Microchi-
merism, or donor T-cell chimerism, is common 
after liver transplantation, but it usually disappears 
within the first 3 weeks.6 The effect of microchi-
merism in recipients of solid-organ transplants is 
uncertain, with reported findings ranging from 
correlation with graft acceptance and tolerance7 
to no influence on either tolerance5,8 or the pre-
vention of rejection.9,10

Severe hemolytic anemia 10 months after liver 
transplantation in this young girl was associated 
with mixed chimerism, and the initial studies 

showed the marrow and the majority of lympho-
cytes to be of donor origin. Since the patient had 
become RhD-positive, and high levels of hemo-
lytic antibodies were detected, the likely source 
was her own B cells. The loss of antibodies to 
common vaccines in this patient provides further 
support for this theory, but their reappearance 
after revaccination suggests a donor-derived, na-
ive B-cell compartment.

This patient resembles children with cancer 
and T-cell–deficient patients who have received 
bone marrow transplants after nonmyeloablative 
therapy and have evidence of thymic engraft-
ment, with the appearance of naive CD4 T cells 
and high levels of T-cell–receptor excision cir-
cles.11,12 This patient’s course is also consistent 
with animal models of mixed chimerism in which 
engrafting donor cells move through the thymus 
and host-reactive cells are deleted. This phenom-
enon is also found in mouse models in which viral 
superantigens in the thymus are expressed, lead-
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Figure 2. Flow-Cytometric Analysis of the Patient’s Peripheral Blood.

Panel A shows the percentages of CD4+ and CD8+ double-negative T cells within the CD3+ T-cell population. Panel B shows the percent
ages of CD45RA+ and CD45RO+ cells of total CD4+ T cells. In both panels, graph I shows the percentages 3 years after transplantation, 
graph II shows the percentages 5 years after transplantation, graph III shows the percentages associated with the donor, and graph IV 
shows the percentages associated with a third party.
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ing to the deletion of cells expressing reactive 
T-cell receptor Vβs. Furthermore, central deletion 
of CD4 and CD8 alloreactive T-cell receptor trans-
genic T cells occurs within 4 weeks after mixed 
chimerism bone marrow transplantation, with no 
evidence of peripheral regulation.13-16

The achievement of central tolerance has been 
a major goal of transplantation research, but in 
clinical practice, it has been limited by the devel-
opment of severe graft-versus-host disease and 
complications related to induction regimens. In 
a patient who had received an HLA-identical bone 
marrow transplant, subsequent successful liver 
transplantation from the same donor, with dis-
continuation of immunosuppressive therapy, was 
reported.17 The use of nonmyeloablative condi-
tioning and stem-cell infusion, followed by re-
ceipt of a liver transplant from a living related 
donor, has also resulted in various levels of chi-
merism and tolerance after transplantation, al-
though graft-versus-host disease usually precludes 
the withdrawal of immunosuppressive therapy.18 
Graft-versus-host disease has also been reported 
to be a major complication of donor hematopoi-
esis occurring spontaneously after liver transplan-
tation, resulting in either death of the patient18 
or disease requiring ongoing immunosuppressive 
therapy.19-21 Furthermore, certain immune chang-
es in peripheral blood may predispose liver-trans-
plant recipients to “operational tolerance.”22

In this patient, the profound lymphopenia at 
presentation and in the subsequent months after 
transplantation, plus the immunosuppressive ef-
fects of drugs such as tacrolimus, azathioprine, 
and ganciclovir, may have contributed to the en-
graftment of donor hematopoietic stem cells. In 
addition, CMV infection, which resulted in clin-
ically significant disease in the early period after 
transplantation, can have immune-modifying ef-
fects, which may have contributed to the even-
tual engraftment with donor cells.23,24 Finally, the 
numbers of stem cells from the liver may have 
been enhanced because of the relatively young age 
of the donor.

In summary, this patient required urgent liver 
transplantation for non–A-to-G hepatitis, and 
hemolytic anemia subsequently developed as a 
result of host-versus-graft disease, suggesting 
mixed hematopoietic chimerism. Withdrawal of 
immunosuppressive therapy resulted in resolution 
of the hemolytic anemia and the development of 
full hematologic chimerism. The complete absence 
of graft-versus-host disease and normal liver func-
tion in a fully HLA-mismatched, sex-mismatched 
liver allograft show that mixed chimerism with 
full tolerance can occur naturally under specific 
circumstances.
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Figure 3. Analysis of T-Cell–Receptor Excision Circles.

DNA measurement of T-cell–receptor excision circles 
(TRECs) in peripheral blood was performed by means 
of a real-time polymerase-chain-reaction assay. The 
samples of peripheral-blood mononuclear cells were 
obtained from the donor and from the patient 5 years 
after transplantation. TREC levels are shown relative to 
the levels in a control sample of peripheral blood from 
an adult. GAPDH denotes glyceraldehyde-3-phosphate 
dehydrogenase. 36p6
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Figure 4. Mixed-Lymphocyte Culture of Peripheral-
Blood Mononuclear Cells.

The mixed-lymphocyte culture 5 years after transplan-
tation showed donor-specific unresponsiveness. A shows 
the patient’s response to the patient; B shows the 
third-party response to itself; C shows the patient’s re-
sponse to the donor; D shows the patient’s response 
to the third party; E shows the donor’s response to the 
third party; and F shows the third party’s response to 
the donor.
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