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Hemolysis in patients with antibody deficiencies on
immunoglobulin replacement treatment
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BACKGROUND: Immunoglobulin (Ig)G replacement

with intravenous or subcutaneous immunoglobulins is a

lifelong substitutive therapy in patients with primary anti-

body deficiencies (PADs). Hemolysis after immuno-

globulin therapy was described in patients receiving

high immunoglobulin dosages. The issue of hemolysis

after immunoglobulin administration at replacement

doses has been considered of little clinical significance.

STUDY DESIGN AND METHODS: This was a single-

center observational study over a 2-year period on

immunoglobulin-induced hemolysis in a cohort of 162

patients with PADs treated with immunoglobulin admin-

istered at replacement dosages.

RESULTS: Six patients had signs and symptoms of

immunoglobulin-induced hemolysis. Two additional

asymptomatic patients were identified by a short-term

study run on 16 randomly selected asymptomatic

patients. Alloantibodies eluted from patients’ red blood

cells (RBCs) had anti-A and Rh specificities (anti-D and

anti-C). The immunoglobulins contained alloantibodies

with the same specificities of the antibodies eluted from

patients’ RBCs.

CONCLUSION: Hemolysis occurred in patients receiv-

ing immunoglobulin at replacement dosages. Polyvalent

immunoglobulin preparations contained multiple clini-

cally significant antibodies that could have unexpected

hemolytic consequences, as anti-C whose research and

titration are not required by the European Pharmaco-

poeia. The issue of hemolysis in long-term recipients of

immunoglobulin treatment administered at replacement

dosages should be more widely recognized.

I
mmunoglobulin (Ig)G replacement with intrave-
nous (IVIG) or subcutaneous (SCIG) immunoglobu-
lins is the standard therapy for primary antibody
deficiencies (PADs) aiming to replace the missing

antibodies and thereby to prevent recurrent infections.1-3

Immunoglobulin administered at replacement dosages is
considered universally a safe long-life therapy with a low
rate of adverse events.

More often, immunoglobulin administration–related
adverse events, including hemolysis, have been described
in patients receiving high immunoglobulin dosages.4-8

Risk factors recognized for immunoglobulin-induced
hemolysis include female sex of recipients; blood group A,
B, or AB; and high doses of immunoglobulin. Thus,
immunoglobulin-associated hemolysis rarely occurred in
PAD patients receiving immunoglobulin at low dosages
(http://www.adrreports.eu). In pivotal trials on immuno-
globulin, none of the PAD patients enrolled developed evi-
dence of hemolysis or anemia, despite 8.5% up to 47% of
them becoming direct antiglobulin test (DAT) positive
after 24 hours up to 10 days after the immunoglobulin

ABBREVIATIONS: CBC = complete blood count;

PAD(s) = primary antibody deficiency(-ies); RCI = corrected

reticulocyte index; SCIG(s) = subcutaneous immunoglobulin(s).
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infusion.9 However, the positivity of DAT9 due to the
passive transfer by immunoglobulin preparations of
isohemagglutinins, alloantibodies, and possibly immune
complexes present in the immunoglobulin product that
copurify with other IgG10-12 is not sufficient per se to diag-
nose an hemolysis.

In 2009, the Canadian IVIG Hemolysis Phar-
macovigilance Group elaborated criteria to define an
“IVIG-induced hemolysis.” They included a reduction of
Hb levels of at least 1 g within 10 days after immunoglobu-
lin administration, with appearance of positive DAT and at
least two of the following criteria: increase in the reticulo-
cyte count, elevation of lactate dehydrogenase (LDH) and
unconjugated bilirubin serum levels, low haptoglobin
level, hemoglobinuria, hemoglobinemia, presence of sig-
nificant spherocytosis, in the absence of alternative
causes of anemia.13

Nowadays, all commercial immu-
noglobulin products must undergo
anti-A and anti-B testing and regulatory
requirements assess that blood anti-
body titers should be less than or equal
to 64 at 5% (wt/vol).14,15 Nevertheless,
hemolysis might occur even in recipi-
ents of immunoglobulin products that
meet these specifications.10 Conse-
quently, it has been suggested that
immunoglobulin recipients should be
monitored for clinical signs and symp-
toms of hemolysis (report of the
FDA meeting on Strategies to Address
Hemolytic Complications of Immune
Globulin Infusions, Washington, DC,
January 2014). We showed here that
immunoglobulin-induced hemolysis
occurred in PAD patients treated at
replacement dosages.

MATERIALS AND METHODS

Study design

A 2-year single-center observational
study was conducted on 162 PAD
patients receiving IVIG or SCIG as
replacement therapy (Fig. 1). A total of
162 PAD patients receiving IVIG or SCIG
were monitored over a 2-year period
(2011-2013) for evidence of symptom-
atic immunoglobulin-induced hemoly-
sis, following the Canadian IVIG
Hemolysis Pharmacovigilance Group
criteria,13 applied also to patients receiv-
ing SCIG. Additionally, a short-term
study was performed in 16 PAD patients

to possibly detect an asymptomatic immunoglobulin-
induced hemolysis. All participants provided written
informed consent.

Patients

A total of 162 patients under regular follow-up at our
Referral Center for Primary Immune Deficiencies had a
diagnosis of PAD based on the current diagnostic criteria
of the European Society for Immune Deficiencies/
Pan-American Group for Immune Deficiencies.16 No
immunoglobulin-naïve newly diagnosed PAD patient was
enrolled in the study and thus no pretreatment data were
available for this study. Personal data, immunoglobulin
administration dosages, blood group, Rh phenotype, and
immunologic and clinical manifestations were available
for patients enrolled in the study.

Fig. 1. Study design. A 2-year single-center observational study on 162 PAD patients

receiving immunoglobulin replacement therapy monitored for evidence of symp-

tomatic immunoglobulin-induced hemolysis. An additional short-term study on 16

PAD patients to detect an asymptomatic immunoglobulin-induced hemolysis was

also performed. *Patients that fulfilled the criteria for the standardized case defini-

tion of immunoglobulin-induced hemolysis, as developed by the Canadian IVIG

Hemolysis Pharmacovigilance Group.13 **Patients with signs or symptoms of hemo-

lysis that did not completely fulfill the Canadian criteria.13
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Hemolysis was suspected if patients had a new onset
of at least one of the following signs and symptoms: pallor
or jaundice, persistent tachycardia (heart rate ≥ 100 bpm),
worsening fatigue, or back pain with or without fever
within 10 days from IVIG or SCIG administration. Patients
who met these criteria underwent a complete blood count
(CBC). Patients with a decrease in hemoglobin (Hb) of at
least 1 g/dL underwent a laboratory assessment including
reticulocytes counts, bilirubin, LDH and haptoglobin
serum levels, urine analysis, and DAT.

In patients with hemolysis we performed the elution
test from red blood cells (RBCs). Anti-A, anti-B, and other
RBC IgG alloantibodies were investigated in the IVIG and
SCIG batches infused at the time of hemolysis.

Additionally, at the time of immunoglobulin infusion,
16 PAD patients without signs or symptoms of
immunoglobulin-induced hemolysis were randomly
selected on a voluntary basis to participate in a short-term
study. Since the majority of episodes of immunoglobulin-
induced hemolysis have been detected between 12 hours
and 10 days after immunoglobulin administration,6 we
analyzed the following variables at different time points:
CBC immediately before and after immunoglobulin
infusion (Day +7 and Day +30), reticulocyte count, and
corrected reticulocyte index (RCI) immediately before
and after immunoglobulin infusion (Day +7); DAT
(immediately before immunoglobulin and Day +1
postimmunoglobulin); and total and unconjugated biliru-
bin serum level, haptoglobin serum level, LDH serum
level, and urine analysis immediately before and after
immunoglobulin (Day +1 and Day +7). In patients with an
asymptomatic immunoglobulin-induced hemolysis we
performed the elution test. In the IVIG or SCIG batches
infused at the time of the short-term study we evaluated
the presence of anti-A, anti-B, anti-D, anti-C, and anti-c
IgG alloantibodies.

Blood group determination

We analyzed RBCs by liquid phase using reagents pro-
vided by Ortho Clinical Diagnostics (Raritan, NJ). All
patients had their RBCs typed for A, B, D, C, c, E, and e
blood group antigens.

DAT

DAT was performed with a broad-spectrum antiserum
(Ortho Clinical Diagnostics). DAT-positive samples were
tested with monospecific anti-IgG, -IgA, -IgM, -C3d, and
-C3b reagents (Dia-Med, Cressier sur Morat, Switzerland).

Elution test

To confirm the positive DAT, an IgG elution was per-
formed with a low-pH glycine buffer using a commercially

available kit (Elu-Kit, Immucor, Norcross, GA). The eluate
was incubated with A RBCs and/or O RBCs panel to check
for its specificity on the basis of RBC patient phenotype.

Serologic tests

Serum was incubated with a three-cell O RBCs panel by
microcolumn agglutination test. In the case of positivity
for RBCs alloantibodies, we identified the specificity using
O RBC extended panels on the basis of the pattern of reac-
tivity and the knowledge of antigens to which the patient’s
serum was exposed (reagent from Ortho Clinical Diagnos-
tics and Dia-Med). To identify the possible involvement of
anti-A, anti-B, anti-D, anti-C, or anti-c in hemolytic reac-
tion, the patient’s serum was also tested with A, B, and O
R1R1, r1r, rr RBCs, on the basis of patient phenotype.

Immunoglobulin preparation tests

All the immunoglobulin commercial preparations were
licensed by batch release from our National Health Insti-
tute (Istituto Superiore di Sanità).

Volumes of 100 μL of immunoglobulin serial twofold
dilutions were mixed with 50-μL volumes of the diluted
(5%) A rr cells (Ortho Clinical Diagnostics) in tubes incu-
bated at 20 and 37°C for 1 hour. After three washes with the
sodium chloride solution, the antiglobulin serum was
added. The endpoint titer was taken as the highest dilu-
tion that results in weak agglutination (trace reaction:
small agglutinates of 3-4 RBCs with many not agglutinated
RBCs, according to Judd’s Methods in Immunohematol-
ogy, 3rd ed, Table 1-F-1 grading serologic reactions, p. 28).
In addition, 40 μL of reconstituted 5% (wt/vol) immuno-
globulin preparations were incubated at 37°C for 10
minutes with 10 μL of diluted (3%) O RBCs panels of
known specificity by column agglutination test (Ortho
Clinical Diagnostics) to identify any other antibody speci-
ficity. We incubated 1 mL of immunoglobulin prepara-
tions (5%) with 1 mL of O R1R1, r1r, rr RBCs at 37°C for 1
hour. To define RBC antibody specificity 40 μL of eluates
was incubated with 10 μL of diluted (3%) O R1R1, r1r, rr
RBCs by a microcolumn method; O RBCs without D, C,
and c antigens were used as negative control.

Statistical analysis

The analysis of variance test and the Mann-Whitney U test
were used for comparison of data. Comparison between
single variables was assessed by simple linear regression
analysis. Comparison between patient groups was ana-
lyzed by contingency tables—Fisher’s exact test. Statistical
analysis was performed with software (StatView, SAS
Institute, Cary, NC). A p value equal or less than 0.05 was
considered significant.

HEMOLYSIS IN ANTIBODY DEFICIENCIES ON IMMUNOGLOBULIN THERAPY

Volume **, ** ** TRANSFUSION 3Volume 55, May 2015 TRANSFUSION 1069

HEMOLYSIS IN ANTIBODY DEFICIENCIES ON IMMUNOGLOBULIN THERAPY



RESULTS

Hemolysis occurred in patients treated with

immunoglobulin administered at

replacement dosages

We enrolled in the study 162 PAD patients (97 females and
65 males): 142 patients regularly received IVIG in hospital
setting at intervals of 2 or 3 weeks and 20 patients self-
administered SCIG at home every week, at a cumulative
monthly dosage of 301 ± 121 mg/kg. Immunoglobulin
treatment times ranged between 2 and 35 years (mean,
18 ± 14 years). Sixty-six patients were of blood group A, 16
were B, 13 were AB, and 57 were O; 144 patients were D+
and 18 were D−.

Within 10 days from immunoglobulin administra-
tion, 26 patients had at least one of the signs or symptoms
defined for a suspected hemolysis. According to the study
design (Fig. 1), all patients underwent CBC. Nineteen
patients maintained their Hb levels, while seven patients
(six patients on IVIG treatment and one patient on SCIG
treatment) had a decrease in Hb levels. Six of seven
patients (Table 1) had a positive DAT. Three patients
(Patients 1, 3, and 5) had new-onset symptoms after
immunoglobulin administration including fatigue, tachy-
cardia (hearth rate ≥ 100 bpm), pallor, and/or jaundice
associated with a severe Hb decrease (range, 5.1-6.9 g/L).
Two patients were on IVIG treatment and one patient was
on SCIG treatment. Three additional patients (Patients 2,
4, and 6) had fever and back pain 6 to 12 hours after the
IVIG infusion and a mild Hb decrease (range, 1.1-1.5 g/L).
Three patients were blood group A D+, one patient was
blood group A D−, and two patients were blood group O
D+. Positive DAT results were due to IgG only in three
patients and to IgG and complement in three patients. All
DAT results showed a score of at least 2+.

The eluted antibodies had anti-A specificity in three
patients of A phenotype; anti-C specificity in two patients
of A CcDee and O CcDee phenotype, respectively; and
anti-C and anti-D in one patient of O CcDee phenotype.

The eluted antibodies had the same specificity found
in the batches of immunoglobulin infused at the time of
the hemolytic episode (Table 2). Hb decrease and reticu-
locyte increase were more evident in patients who devel-
oped the acute hemolytic episode due to anti-D and/or
anti-C alloantibodies than that observed in patients who
received immunoglobulin products containing anti-A
alloantibodies (Hb, 5.7 ± 1 g/L vs. 1.3 ± 0.2 g/L, p = 0.017;
reticulocytes, 9.8 ± 2.5 % vs. 3.2 ± 1.1%, p = 0.0014). Serum
haptoglobin levels were undetectable in all patients who
received anti-D and/or anti-C alloantibodies.

The haptoglobin was undetectable also in one patient
who received an anti-A from an immunoglobulin batch.
However, in a further analysis, this patient had a mutation
in the haptoglobin gene (manuscript in preparation). All
patients met the criteria for the standardized case defini-
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tion of immunoglobulin-induced hemolysis, as developed
by the Canadian IVIG Hemolysis Pharmacovigilance
Group,13 except for Patient 4 (A phenotype) who had a Hb
decrease of more than 1 g, positive DAT, and a mild
increase in reticulocyte percentage (1.9%) but he did not
have low haptoglobin level, high LDH levels, nor high
unconjugated bilirubin. However, the antibody eluted
from his RBCs (IgG anti-A) had the same specificity found
in the batch of immunoglobulin infused at the time of
Hb drop.

Alloantibodies in IVIG and SCIG

Anti-A, anti-B, anti-D, anti-C, and anti-c IgG RBC alloan-
tibodies in four batches of IVIG and one batch of SCIG of
four different brands infused in the patients who had
hemolysis at the time of the study are shown in Table 2.
The anti-A and anti-B titers in the immunoglobulin prepa-
rations were within those recommended by the European
Pharmacopoeia, which recommends that no anti-A and
anti-B isohemagglutinins should be detectable above 1:32
dilution at 5% (wt/vol).17-19 Two batches from one brand
were positive for anti-D and anti-C IgG RBCs alloanti-
bodies; the European Pharmacopoeia does not recom-
mend to test for the presence of the latter antibodies.20

Laboratory data monitored before the start and

after the infusion of immunoglobulin

In a group of 16 patients, we ran a short-term study to
possibly detect signs of asymptomatic hemolysis
(Table S1, available as supporting information in the
online version of this paper). On Day +1 postim-
munoglobulin, two of 16 patients (one male and one
female, both of them of blood group A D+) had a decrease
in Hb level of 1 g/L and a positive DAT at Day +7
postimmunoglobulin. In one patient reticulocyte percent-
age increased from 1.5% to 2%, and RCI increased from
1.33 to 1.74; in the second patient, reticulocyte percentage
increased from 2% to 2.4% and RCI from 2.0 to 2.35. Hb
levels and RCI from patients without or with a suspected
asymptomatic hemolysis were shown in Figure 2. Serum
haptoglobin and LDH levels did not change. Only one
patient showed an increase of unconjugated bilirubin

from 0.59 to 1.76 mg/dL. Thus, one additional patient met
the requirement for the diagnosis of immunoglobulin-
induced hemolysis.13 However, for both patients we
considered the diagnosis of immunoglobulin-induced
hemolysis as the antibodies eluted from patients’ RBCs
had the same specificity (IgG anti-A) found in the batches
of immunoglobulin administered at the time of the study.

Surprisingly, from this short-term study we found an
additional patient with undetectable haptoglobin levels
before and after immunoglobulin administration. In a
further analysis this patient had a mutation in the hapto-
globin gene (manuscript in preparation).

Clinical outcome

All six symptomatic patients received treatment at the
time of hemolysis: three patients with the mild decrease of
Hb (Patients 2, 4, and 6) received a course of 5 days of oral

TABLE 2. IgG anti-A, anti-B antibodies and unexpected IgG RBC alloantibodies in five batches of IVIG and SCIG
of four different brands administered in patients at the time of hemolysis

Brand Immunoglobulin Anti-A (titer) Anti-B (titer)

RBCs unexpected

alloantibodies

A IVIG 1:16 0 Not detected

B IVIG 1:16 1:16 Not detected

C SCIG 1:32 1:32 Not detected

D/1 IVIG 1:32 0 Anti-C and anti-D

D/2 IVIG 1:32 0 Anti-C and anti-D

Alphabetic letters indicate immunoglobulin brands.

Numbers indicate different batches of the same brand.

A

B

17

16

15

14

13

12

11

3

2,5

2

1,5

1

,5

0

Before Ig Day+1 Day+7 Before Ig Day+1 Day+7

Before Ig Day+7 Before Ig Day+7

Fig. 2. Short-term study. Hb (A) and RCI (B) values in two

patients with immunoglobulin-induced hemolysis ( ) and

in 14 patients without it ( ). Hb levels were collected just

before and at Day +1 and at Day +7 after immunoglobulin

administration; RCI values were collected just before and at

Day +7 after immunoglobulin administration.

HEMOLYSIS IN ANTIBODY DEFICIENCIES ON IMMUNOGLOBULIN THERAPY

Volume **, ** ** TRANSFUSION 5Volume 55, May 2015 TRANSFUSION 1071

HEMOLYSIS IN ANTIBODY DEFICIENCIES ON IMMUNOGLOBULIN THERAPY



prednisone at a dosage of 1 mg/kg. All recovered their
baseline Hb levels after 7 to 14 days. Two of three patients
(Patients 1 and 5) who developed the hemolytic episode
due to anti-D and/or anti-C alloantibodies required hos-
pitalization, transfusion of RBCs, and steroid therapy.
Patient 1 recovered her Hb levels after 30 days of intrave-
nous steroid treatment, while Patient 5 died because of a
sepsis. Patient 3 received a prolonged course of oral pred-
nisone at a dosage of 1 mg/kg for 3 weeks and then
tapered to 0.5 mg/kg for an additional 3 weeks. She recov-
ered her Hb levels after 2 weeks. Moreover, three patients
shifted to a different immunoglobulin commercial brand
and two patients shifted to a different immunoglobulin
batch of the same brand. The two asymptomatic patients,
identified by the short-term study, did not receive specific
treatment and both shifted to a different immunoglobulin
brand.

DISCUSSION

Our study showed that immunoglobulin-induced hemo-
lysis occurred in PAD patients receiving a longlife treat-
ment with immunoglobulin at replacement dosages
caused by RBC IgG alloantibodies passively transferred
through immunoglobulin.

The passive transfer of RBC alloantibodies through
IVIG is a well-described phenomenon, generally
observed in patients treated with higher doses (reviewed
in Desborough et al.10). However, in a recent letter
Pintova and coworkers21 described self-limiting acute
hemolysis in two patients with Guillain Barré syndrome
treated with low immunoglobulin dosages. On eluate
from patients’ RBCs, the only unexpected antibody
detected was an IgG anti-A passively transferred through
IVIG. In our series, hemolysis was due to IgG anti-A
alloantibodies in three patients, to IgG anti-C and IgG
anti-D alloantibodies in one patient and IgG anti-C
alloantibodies in two patients. The latter antibodies
caused severe hemolytic episodes, while anti-A caused a
milder hemolysis. The finding of a severe hemolysis after
passive transfer of anti-C and anti-D is a new observa-
tion in recipients of polyvalent immunoglobulin, even if
anti-D IgG induced hemolytic episodes.7,20,22 Moreover,
we showed that polyvalent immunoglobulin prepara-
tions can contain clinically significant alloantibodies that
could have unexpected hemolytic consequences, as
anti-C whose research and titration are not required by
the European Pharmacopoeia.17-19

The passive transfer of IgG alloantibodies through
immunoglobulin is difficult to explain because they are
prepared from plasma of thousands of donors and a dilu-
tion effect would be expected. Since immunization to RBC
alloantigens can occur because of past transfusions or
pregnancies, the hypothetical numbers of alloimmunized

plasma donors should be very low. Recently, other mecha-
nisms underlying alloimmunization related to molecular
mimicry have been demonstrated.23

Whatever the cause of the presence of alloantibodies
in immunoglobulin preparations, it should be underlined
that a DAT positivity does not necessarily imply hemoly-
sis. Thus, the Canadian IVIG Hemolysis Pharma-
covigilance Group elaborated criteria to define an
“IVIG-induced hemolysis.”13 According to these criteria,
six of 162 PAD patients had immunoglobulin-induced
hemolysis. Two additional patients had hemolysis due to
alloantibodies, but did not completely fulfill the Canadian
criteria. In the presence of a mild hemolysis signs such as
increase of unconjugated bilirubin, LDH, low haptoglo-
bin, hemoglobinuria, and hemoglobinemia, significant
spherocytosis might not be evident. The overall figure of
eight of 162 patients with immunoglobulin-induced
hemolysis might appear to be very high, considering that
PAD patients received low replacement immunoglobulin
dosages. It should be mentioned that PAD patients have
additional risk factors for hemolysis, in particular inflam-
matory conditions. It has been demonstrated that under-
lying inflammatory disorders might lead to enhanced
immune responses to RBCs, similar to that described in
patients with sickle cell disease.24 Clinical infectious or
inflammatory diseases characterizing the longlife course
of PAD are a continuous inflammatory trigger in patients
with a dysregulated immune system. PAD patients
frequently experience infections and other clinical
conditions including autoimmune manifestations.25,26

Cytopenias might occur with a prevalence of 5% to 11%.27

Here, we demonstrated that in PAD patients, beside auto-
immune hemolytic anemias,28 hemolysis might also be
due to passive transfer of alloantibodies through immu-
noglobulin. RBC IgG alloantibodies present in the immu-
noglobulin can bind RBCs that might be removed by
macrophages of the reticuloendothelial system with a
subsequent extravascular hemolysis.29

Methods to improve IgG recovery and increase pro-
ductivity have been implemented in the past few years as
a response to growing clinical demand for immunoglobu-
lin. In addition, approval has been granted for rapid
administration and high concentration formulations of
many immunoglobulin preparations and subcutaneous
preparations. Hence, a significant shift in the immuno-
globulin clinical landscape has been effected, and adverse
effects, only detectable after market approval and large-
level exposure to many patients, may result from these
changes. In addition, most preparations now incorporate
chromatographic purification in lieu of ethanol precipita-
tion steps in the manufacture of immunoglobulin and the
effect of omitting such steps, with their attendant poten-
tial of partitioning entities such as blood group
substance–antibody complexes is uncertain. In a
recent workshop convened by the US Food and Drug
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Administration, manufacturers of immunoglobulin pre-
sented data suggesting that the anti-A reduction capacity
of processes based on Cohn fractionation is at least two
titer steps higher, as measured with the immune anti-
globulin test, than processes not based on such traditional
techniques30 and that precipitation of Cohn Fraction III, a
step commonly omitted in many modern processes, is
particularly effective.31 The effects of the recent changes in
the immunoglobulin production and schedules of admin-
istration should be assessed in studies of drug surveil-
lance, necessary to evaluate on large numbers of what it is
initially reported on patients enrolled in the pivotal
studies, usually in the absence of most of the main
disease-associated clinical conditions, that affect the
pharmacokinetics, efficacy, and tolerability of immuno-
globulin treatments. It is likely that this will form part of a
spectrum of measures requested by regulatory approval
agencies to address this problem, along with suitable
measures to screen out higher titer donors and to remove
anti-A and anti-B through manufacture. Since this proce-
dure has been suggested to prepare batches of IVIG to be
used for immunomodulatory treatments, it would be pos-
sible that batches of IVIG with high RBC alloantibody high
titers might remain in the market for patients under
immunoglobulin at replacement dosages. According to
our data and to our hypotheses, this topic should be better
discussed. We conclude that in terms of safety, the issue of
hemolysis in long-term recipients of immunoglobulin
treatment administered at replacement dosages should be
more widely recognized.
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