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An 80-year-old female presented with melena and anemia due to
bleeding from a benign gastric ulcer. Her blood group was O, D+.
The serum contained anti-B and a weak anti-A (titer 2 at 18°C). She
was inadvertently transfused with approximately 3.5 units of group
A red blood cells with no initial ill effects. One week later, the anti-
A titer increased to 8 and the direct antiglobulin test (DAT) was weak-
ly positive (IgG and C3d). The next day, intravascular hemolysis
became evident. The DAT was still weakly positive and the serum
contained a weak cold autoagglutinin, which did not correlate with
the severity of the hemolysis. A Donath-Landsteiner test was per-
formed and found to be strongly positive. The antibody showed P
specificity, confirming a diagnosis of paroxysmal cold hemoglobin-
uria (PCH). Exchange transfusion was followed by rapid recovery
even though the Donath-Landsteiner test remained positive for at
least a month. The patient was well when last seen 11 months after
presentation. It was thought that the original low titer of anti-A
reflected compromised immune homeostasis in an elderly patient
and that stimulation by incompatible blood in those circumstances
resulted in a delayed hemolytic transfusion reaction that triggered,
exacerbated, or was accompanied by an autoimmune response man-
ifesting as PCH. Immunobematology 1997;13:54-57.

Blood transfusion has been implicated in the devel-
opment of red blood cell (RBC) autoantibodies and
autoimmune hemolytic anemia (AIHA). Although this
is not a frequently recognized phenomenon, there are
a number of reports in the literature,!»? with autoanti-
body development being associated in particular with
the production of alloantibodies and transfusion reac-
tions.1:3-7 1In this report, we discuss a patient with
Donath-Landsteiner antibody that developed in associ-
ation with a delayed hemolytic transfusion reaction
(DHTR). To our knowledge, this is the first example of
paroxysmal cold hemoglobinuria (PCH) presenting in
this manner.

Case Report

An 80-year-old female patient was admitted to the
hospital as an emergency with melena and severe ane-
mia. The hemoglobin level was 69 g/L, representing a
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decrease of 55 g/L during 12 days. She was group O,
D+, and her serum contained anti-B but a weak anti-A
(saline titer of only 2 against A; RBCs at 18°C). She
was inadvertently transfused with 3.5 units of group A,
D+ blood due to clerical error. There were no imme-
diate adverse effects. The hemoglobin increased to
127 g/L 2 days later. Endoscopy showed a large gastric
ulcer that appeared to be malignant. Biopsies were
taken. However, histological examination showed no
evidence of neoplasia, and she was treated with oral
cimetidine. The transfusion error was identified with-
in 24 hours, at which time it was noted that the anti-A
titer had dropped to < 1 and her direct antiglobulin
test (DAT) was weakly positive with anti-IgG and -C3d.
There were insufficient RBCs for an eluate. The
patient was kept under close medical observation with
daily coagulation, urea, and electrolyte assessments.
One week posttransfusion, the DAT was still weak-
ly positive with anti-IgG and -C3d. The following day,
the patient collapsed; her hemoglobin level had
decreased to 81 g/L and intravascular hemolysis was
evident with jaundice, hemoglobinemia, hemoglobin-
uria, and a serum haptoglobulin concentration of < 0.1
g/L; a peripheral blood film showed marked sphero-
cytosis. The anti-A saline titer at 18°C increased to 8
and was now > 128 by the anti-IgG indirect antiglobu-
lin test JAT). Urea and creatinine levels rose from 6.6
to 16.1 mmol/L (normal levels are 2.5 to 5.5) and from
58 to 105 ymol/L (normally 60 to 120), respectively.
The DAT was now weakly positive (C3d, only) and the
serum contained a weak cold agglutinin at 18°C.
These findings suggested that a DHTR alone would not
account for the severity of the hemolysis. Donath-
Landsteiner and Ham’s tests were performed. The
Ham'’s test was negative. The Donath-Landsteiner test
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was positive with the antibody showing P specificity.
This result confirmed a diagnosis of PCH.
Unfortunately, the Donath-Landsteiner test could not
be performed retrospectively because a pretransfusion
serum sample was no longer available. There was no
clinical evidence for a diagnosis of PCH prior to trans-
fusion. The serological test for syphilis was negative.
By the 9th day posttransfusion, the anti-A titer at 18°C
had increased to 64, and the IgG IAT titer was > 128.
Exchange transfusion with group O, D+ blood was
undertaken (4 units of RBCs given, 4 removed) with
good effect, followed by transfusion with 2 more units
of group O, D+ RBCs.

Two days later, the patient was remarkably well; her
hemoglobin was 124 g/L, urea 7.7 mmol/L, creatinine
85 umol/L, bilirubin 10 gmol/L, and a coagulation
screen was normal. She was discharged shortly after-
ward with maintenance doses of cimetidine. The
Donath-Landsteiner test remained positive and her
DAT remained weakly positive for more than 1 month,
but there was no evidence of continuing hemolysis
and the haptoglobin concentration remained normal.
The patient was in good general health 11 months after
presentation; however, the Donath-Landsteiner test
was not performed at that time.

Materials and Methods

The immunohematologic investigations conducted
at this center have been described previously.83-11 The
blood samples examined were taken from the patient
just before the initial transfusion (day 0) and on days 1,
2,5,6,7,8,9,and 41.

Serum was tested in doubling dilutions against A
RBCs in saline at 18°C and by a 37°C IAT with anti-IgG.
The reactions were examined microscopically and the

Table 1. Summary of hematologic and serologic findings

Delayed transfusion reaction and PCH

results expressed as the reciprocal of the greatest dilu-
tion at which agglutination was seen.

Indirect Donath-Landsteiner tests were carried out
as described previously.!! Briefly, two sets of the
patient’s serum (serially diluted to 16) were mixed in
the presence of complement with pooled group O
RBCs from normal subjects. One set of dilutions was
placed in melting ice (0°C) for 1 hour before being
incubated at 37°C for 1 hour; the second set was main-
tained at 37°C for 2 hours. After mixing and centrifu-
gation, the supernatants were examined. Lysis,
present only in samples that had been cooled and
rewarmed, would denote a positive result, in which
case the test would be repeated using pp (P-) RBCs.

A Ham'’s (acidified serum lysis) test for paroxysmal
nocturnal hemoglobinuria (PNH) was performed in
the standard way using acidified, complement-rich sera
and patient’s RBCs.

Results

The initial tests carried out at this center (day 1)
showed that the patient was group O with virtually no
anti-A in the serum (saline titer 2 at 18°C). The corre-
sponding anti-B titer was 16. Details of the hematolog-
ic and serologic findings from day 0 to day 41, after the
transfusion of approximately 3.5 units of group A RBCs,
are summarized in Table 1. Intravascular hemolysis
became evident on day 8 posttransfusion. The Donath-
Landsteiner test was strongly positive and the Ham’s test
for PNH was negative.

Discussion

This case illustrates some of the fascinating and com-
plex clinical and scientific problems that can occur in
routine transfusion practice and the importance of con-

Anti-A titers
Days post-transfusion Hemoglobin Saline Indirect antiglobulin Direct antiglobulin test Donath-Landsteiner test
(g/L) 18°C test (37°C)
0 69 2
1 117 <1 Weakly positive
AgG+C3d)
2 127
5 118 1 8
6 110 2 16
7 101 Weakly positive
(IgG+C3d)
8* 81 8 >128 Weakly positive Positive
(C3d) 8
9 141 64 >128
41 122 Weakly positive Positive
(IgG+C3d) 4

*Exchange transfusion plus transfusion of 2 units of red blood cells
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stant vigilance to prevent incompatible blood from
being given inadvertently. It also shows the frustrations
that can be encountered, since the true sequence of
events cannot be unraveled because pretransfusion sam-
ples were unavailable for Donath-Landsteiner testing.

AIHA developing in association with blood transfu-
sions or transfusion reactions is under-recognized in
humans.!? The present case is unique in that the devel-
opment of PCH has not been reported previously in
such circumstances. The phenomenon, which illus-
trates a poorly understood relationship between alloanti-
gen exposure and autoantibody development, is better
known in animal work from cross-species transfusions.
In fact, the production of murine AIHA by repeated
injections of rat blood cells'2-14 js a model used for
studying autoimmune hemolysis.

Previous reports have shown that the rate of RBC
destruction can vary considerably. Mild autoimmune
hemolysis, associated with the development of alloanti-
D, -C, and -E, occurred several weeks after a compatible
transfusion of group O, D+C+E+ RBCs was given to an
O, D-C-E- recipient.! Severe AIHA was described in
two patients with sickle cell disease and multiple alloan-
tibodies following transfusion of serologically compati-
ble RBCs.> Similarly, severe hemolysis was experienced
by two group O, D-C-E-c+e+ patients who received
group and Rh type-specific blood;®7 both autoantibod-
ies showed Rh specificity, although in one case it mim-
icked an alloantibody.6 The author commented that
such mimicking autoantibodies were possibly more
common than generally thought and could account for
the serologic findings in some cases of delayed transfu-
sion reactions.® Finally, a severe autoimmune compo-
nent was demonstrated with a fatal hemolytic
transfusion reaction due to antiJk?.3

Reduced anti-A in this elderly group O patient was
not unusual and probably represents compromised
immune homeostasis association with aging. In patients
with hypogammaglobulinemia and low serum titers of
anti-A, destruction of incompatible group A RBCs may
be extravascular and relatively slow.!> This may have
occurred in our patient during the first week when the
hemoglobin decreased from 127 g/L on day 2 post-
transfusion to 101 g/L on day 7 (or it could have reflect-
ed continued bleeding from the gastric ulcer). An initial
decrease in antibody titer following ABO incompatible
blood transfusion has been noted previously. 16 The sud-
den onset of intravascular hemolysis on day 8 was unex-
pected. Although the hemolysis subsequently might
have been explained as only a severe DHTR related to
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the rapid rise in anti-A titers (Table 1), at the time it
was felt that the hemolysis was too severe and investi-
gations into other causes of intravascular RBC destruc-
tion were undertaken, which included Donath-
Landsteiner and Ham’s tests.

There was initial surprise at discovering that the
Donath-Landsteiner test was strongly positive and that
the antibody showed classic P specificity, findings that
are pathognomonic of PCH. However, there was no
other apparent cause for the positive result; serological
tests for syphilis were negative, and had the symptoms
occurred in the absence of the incompatible transfu-
sion, a diagnosis of PCH would have been made with-
out hesitation. The Donath-Landsteiner antibody was
thought to be of the chronic type as it was still easily
demonstrated more than 1 month posttransfusion. In
our experience, the acute childhood forms of PCH are
usually transient and closely associated with the period
of hemolysis. Although the relative contribution to the
intravascular hemolysis of the rising anti-A and the
Donath-Landsteiner antibodies cannot be ascertained,
we feel the latter made a significant contribution.
Therefore, we conclude that stimulation of the patient’s
immune system by incompatible RBCs resulted in a
DHTR, which either triggered, exacerbated, or was
accompanied by an autoimmune response manifesting
as PCH.

Acknowledgment
The authors thank Mrs. C.A. Mitchell for secretarial
assistance.

References

1. Petz LD, Garratty G. Acquired immune hemolytic
anemias. New York: Churchill Livingstone, 1980:
331-7.

2. Dacie J. The haemolytic anaemias. Vol 3. The auto-
immune haemolytic anaemias. 3rd ed. London:
Churchill Livingston, 1992:372-9.

3. Polesky HE Bove JR. A fatal hemolytic transfusion
reaction with acute autohemolysis. Transfusion
1964;4:285-92.

4. Lalezari P, Talleyrand NP, Wenz B, Schoenfeld ME,
Tippett P. Development of direct antiglobulin reac-
tion accompanying alloimmunization in a patient
with RhY (D, category III) phenotype. Vox Sang
1975;28:19-24.

5. Sosler SD, Perkins JT, Saporito C, Unger P, Koshy M.
Severe autoimmune hemolytic anemia induced by
transfusion in two alloimmunized patients with

IMMUNOHEMATOLOGY, VOLUME 13, NUMBER 2, 1997



sickle cell disease (abstract). Transfusion 1989;
29(Supp):49S.

6. Dzik W, Blank J, Lutz P, Hirose T, Lomas C, Moulds
M. Autoimmune hemolysis following transfusion:
auto-alloanti-D in a D-negative patient (abstract).
Transfusion 1993;33(Suppl):54S.

7. Poole GD, Anderson NAB, Copplestone A. Severe
haemolysis due to auto anti-e stimulated by transfu-
sion (abstract). Transfus Med 1994;4(Suppl 1):47.

8. Sokol RJ, Hewitt S, Stamps BK. Autoimmune
haemolysis: an 18-year study of 865 cases referred
to a regional transfusion centre. Br Med ]
1981;282:2023-7.

9. Sokol RJ, Hewitt S, Booker DJ, Stamps R, Booth JR.
An enzyme-linked direct antiglobulin test for
assessing erythrocyte bound immunoglobulins.
J Immunol Methods 1988;106:31-5.

10. Sokol RJ, Hewitt S, Booker DJ, Morris BM. Patients
with red cell autoantibodies: selection of blood for
transfusion. Clin Lab Haematol 1988;10:257-64.

11. Sokol RJ, Booker DJ, Stamps R. Investigation of
patients with autoimmune haemolytic anaemia and
provision of blood for transfusion. J Clin Pathol
1995;48:602-10.

12. Naysmith JD, Ortega-Pierres MG, Elson CJ. Rat ery-
throcyte induced anti-erythrocyte autoantibody pro-
duction and control in normal mice. Immunol Rev
1981;55:55-87.

13. Prigozhina TB, Fontalin LN, Chernyakhovskaya I Yu,

Delayed transfusion reaction and PCH

Solovjev VV. Autoimmune response induction and
regulation in rat erythrocyte-immunized mice.
Immunol Lett 1991;30:283-90.

14. Barker RN, Casswell KM, Elson CJ. Identification of
murine erythrocyte autoantigens and cross-reactive
rat antigens. Immunology 1993;78:568-73.

15. Mollison PL, Engelfriet CP, Contreras M. Blood trans-
fusion in clinical medicine. 9th ed. Oxford:
Blackwell Science, 1993:434-97.

16. Rydberg L. Immunochemical characterization of
the anti-B response in an ABO-incompatible blood
transfusion: presence of antibodies recognising glu-
cosylceramide. Transfus Med 1993;3:179-85.

M.A. Wodzinski, MD, MRCE MRCPath, Associate
Specialist in Haemaiology, Royal Hospital, Calow,
Chesterfield, S44 5BL, UK; R.C. Collin, MRCE
MRCPath, Consultant Haemaitologist, Royal Hospilal,
Chesterfield; D.J. Booker, FIBMS, Head of
Immunobaematology Department, National Blood
Service, Trent Centre, Sheffield; R. Stamps, Deputy
Head of Immunohbaemaitology, National Blood
Service, Trent Centre, Sheffield; J.D. Bellamy, MSc,
FIBMS, Medical Laboratory Scientific Olfficer,
National Blood Service, Trent Cenire, Sheffield; and
R.J. Sokol, DSc, MD, PhD, FRCPath, Consultant
Haematologist, National Blood Service, Trent Centre,
Longley Lane, Sheffield S5 7]N, UK.

Attention SBB and BB Students: You are eligible
for a free one-year subscription to Immunobemas-
tology. Ask your education supervisor to submit
the name and complete address for each student
and the inclusive dates of the training period to
Immunohbematology, Musser Blood Center, 700
Spring Garden Street, Philadelphia, PA 19123-3594.

Notice to Readers: All articles published, including
communications and book reviews, reflect the opin-
ions of the authors and do not necessarily reflect the
official policy of the American Red Cross.

Attention: State Blood Bank Meeting Organizers—
If you are planning a state meeting and would like
copies of Immunobematology for distribution, please
contact Mary McGinniss, Managing Editor, 3 months in
advance, by phone or fax at (301) 299-7443.

IMMUNOHEMATOLOGY, VOLUME 13, NUMBER 2, 1997

57



