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SUMMARY

Patients with IgA deficiency often demonstrate circulating antibodies against IgA, which have been
suggested to be associated with transfusion reactions. Sera from three patients with common variable
immunodeficiency (CVID) and one with a selective IgA deficiency with anti-IgA antibodies receiving
subcutaneous gammaglobulin replacement therapy were analysed for serum levels of IgG, IgA and anti-
IgA before and during a treatment period of 4—7 years. Treatment with gammaglobulin preparations
containing significant amounts of IgA 6 mg/ml) resulted in a decrease or disappearance of the anti-
IgA antibodies. Analysis of serum fractions, however, revealed anti-lgA activity in the complex-
containing fractionsln vitro experiments gave similar results with a shift of anti-IgA activity from the
monomeric to the complex-containing fractions (that could not be detected in whole serum). When the
patients were subsequently switched to treatment with a preparation containing les8layg(ml) or

made an interruption in the treatment schedule, the anti-lgA antibodies reappeared. Importantly,
however, one of the patients lost his anti-IgA activity during a 3-month period on the preparation
containing the higher IgA levels, and these antibodies did not reappear after switching to the low IgA-
containing preparation. After 5years on this preparation, anti-lgA can still not be detected, suggesting
induction of unresponsiveness.
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INTRODUCTION adverse effects and a possibility of home therapy [9]. It was noted

Treatment of patients with hypogammaglobulinaemia with immu_that the titres of anti-IgA were markedly reduced or eliminated in

noglobulin has been used since Bruton first described congenit ome of our treated patients. In the present study we have tried to

. . ; . . Ind a plausible explanation for the dramatic changes in anti-lgA
agammaglobulinaemia [1]. Since then, various strategies for . . A . ; .
) - activities seen during treatment with subcutaneous immunoglobulin
immunoglobulin replacement have been employed.

Among immunodeficient patients, there are a number oflnfu5|ons.
individuals with low or undetectable levels of IgA. The prevalence
of anti-IgA antibodies among patients (Caucasian) with IgA
deficiency is around 30-40%. In patients with combined IgA- MATERIALS AND METHODS
IgG2 deficiency the proportion rises to 50-60% [2,3] and thePatients

presence and level of anti_—IgA in IgA-deficient blood donors is g0 o total of 194 patients with selective IgA deficieneys0ug/
remarkably_ constant over time [4]. ) ) ) ~ml) and 48 patients with hypogammaglobulinaemia, we selected
~ The major treatment for these patients has been infusion with, . natients with disappearance of anti-lgA antibodies during
|mmunoglobulln. Afew patlents_have been reported to EXPerienCireatment with subcutaneous immunoglobulin. All patients had
severe side effects, some of which are probably caused by anti-I9feen followed for 4-7 years (see Tables 1 and 2 for details). Three
antibodies [5-8]. Subcutaneous |mmun.oglobull.n |nfu§|on has beer the patients, two males and one female (patients 1, 2 and 3) had
proven to be a safe and less expensive choice, with almost nﬂypogammaglobulinaemia and complete IgA deficiency and one
Correspondence: L. Hammaratio Department of Clinical Immunol- ~ Male patient (patient 4) had a selective IgA deficiency.

ogy, Huddinge University Hospital, Karolinska Institute, S-141 86 Blood samples were collected before commencement of the
Huddinge, Sweden. immunoglobulin treatment and at regular intervals thereafter. The
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Table 1. Patients with immunodeficiencies IgA/ml. After incubation for 60 min followed by column fraction-
ation, IgG, IgA levels and anti-IgA activity were measured both
in the original mixtures and in the fractions.

Gammaglobulin

Anti-lgA + ————

Group Number Treatment Anti-lgA treatment Low IgA High IgA RESULTS

IgAD 194 14 44 2 1 1 Persistence of anti-IgA antibodies in IgA-deficient patients

CVID 48 48 48 11 5 6 We detected anti-IgA activity in 44 (23%) out of 194 patients with

IgA deficiency &50ug/ml). Of these 44 patients, 40 could be
followed for a total of 560 patient years without treatment. Only
four untreated patients turned negative for anti-IgA, and they were
dose of immunoglobulin was 100 mg/kg per week. We used twaall weakly positive in the first sample obtained. None of the

different commercially available preparations with varying con- patients with moderate/strong positive anti-IgA reactivity
tents of IgA: Gammabulin containing3% IgA (4-:8mg/ml)  converted.

(Immuno, Sweden), and Gammaglobulin containin@01% IgA

(82pg/ml) (Pharmacia-Upjohn, Uppsala, Sweden). The latter preDisappearance of strong anti-IgA reactivity

paration contained very low levels of IgA that have been shown taTwo patients with IgA deficiency and anti-IgA antibodies under-
be tolerated in patients with high levels of anti-IgA antibodies went treatment with immunoglobulin, one receiving the low IgA-

[9,10]. containing preparation<@0ug/ml), the other receiving the pre-
Where appropriate, control sera from healthy blood donorsparation containing up to 5 mg/ml of IgA (Table 1). With the low
were included in the study. IgA preparation the anti-IgA activity remained constant over the
observation period of 9 years, while with the high IgA preparation
Immunoglobulin quantification the anti-lgA reached undetectable levels within 1 month of starting

Concentrations of 19G, IgA and IgM were measured using ratetherapy (patient 4) (Tables 1 and 2). In the CVID group of treated
nephelometry (Beckman Instruments, Brea, CA), ELISA (in-housepatients, 11 had anti-IgA antibodies (Table 1). Of these, four
method) and radial immunodiffusion with commercial immuno- patients remained stable in their anti-IgA activity and they received
diffusion plates (Behringwerke AG, Marburg, Germany). The the low IgA preparation. Five patients lost their anti-IgA activity

validity of the measurements was controlled by calibration againstjuring therapy with the high IgA preparation (patients 1, 2 and 3)
a commercial serum preparation traceable to an internationallyTables 1 and 2). The remaining two patients demonstrated a

recognized reference preparation (CRM 470) [11]. gradual decrease in anti-lgA activity, one on the low, the other
on the high IgA-containing preparation.
Anti-lgA The results obtained from analysis of IgG, IgA and anti-IgA in

The activity of anti-lgA antibodies was determined both by asera from four of the above patients, taken before and at various
haemagglutination assay based on the agglutination of humatime points during treatment, are summarized in Table 2.
erythrocytes (0, Rh-negative) coated with purified IgA, and an  In the first sample, taken before commencement of treatment,
ELISA system based on plates coated with purified IgA assera from all four patients were strongly positive for anti-lgA and
described in Hammarstno et al. [12]. The results for anti-IgA  IgA was not detectable using nephelometry, immunodiffusion
activity in ELISA, with a serum dilution of 1:100, were semi- (<20ug/ml) or ELISA (< 100 ng/ml). The levels of IgA increased
quantitatively graded. The ranges were as follows: optical densityaind the anti-IgA decreased after treatment with an immunoglobu-
(OD)>2-0= strong positive {++), 1.0-2:G= positive lin preparation containing up to 5mg/ml of IgA, while a prepara-
(++),0-4-1-6= weakly positive {),<0-4= negative {). The  tion with up to 8Qug/ml IgA did not induce these effects (Table 2).
purified IgA was prepared essentially as described by Hierestra  Patient 4 (selective IgA deficiency) had an interruption of his
al. [13] or purchased from Sigma (St Louis, MO). The results treatment during which the IgA level declined and the anti-IlgA
obtained using these two preparations were nearly identical. Theeappeared. This effect was reversed when treatment was resumed.
positive reference serum used was from a patient with IgA  When patient 2 was switched to the low IgA §0ug/ml)

deficiency and a high titre of anti-IgA antibodies. preparation, serum IgA was no longer detectable without reappear-
ance of anti-lgA. This situation has remained unchanged for
Serum fractionation Syears (Table 2). Similar changes were observed in patient 3,

Serum components were fractionated according to their moleculagithough here the observation period was only 1year (Table 2).
size by use of a gel filtration column connected to an automated

chromatography system (Superose 6, FPLC; Pharmacia-Upjohnrractionation of serum components by gel filtration

The column was calibrated by separation and fraction analysis of\ typical chromatogram derived from the fractionation of serum
normal sera and monomeric and heat-aggregated purified 19Grom one of the IgA-deficient patients with anti-IgA antibodies is

Fractions were collected and analysed for protein, immunoglobulinshown in Fig.1. The presence of large complexes can be seen as a
isotypes and IgG anti-IgA activity. Care was taken in normalizing peak at the column void volume.

all column fractions against dilution effects. Serum samples taken before treatment and after disappearance
of anti-lgA reactivity were fractionated and analysed for immu-
In vitro complexing noglobulin content and anti-lgA activities in monomeric, dimeric/

In vitro complexes were formed by the addition of purified IgA small complexes and large complex fractions. The anti-IgA activ-
to sera containing anti-IgA antibodies with no detectable IgA.ity detected in whole serum taken before treatment with IgA-
The IgA was added to give the concentrations 1, 0-1 and 0-01 mgontaining immunoglobulin resided primarily in the monomeric
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Table 2.1gG, IgA, and anti-IgA activity in sera from patients with IgA deficiencies before and during subcutaneous immunoglobulin infusion therapy

Patient no.  Year/month Immunoglobulin type IgA concentration, mg/ml  Duration* (months) 19G, mg/ml  IgA, mg/ml  Anti-IgAt

2 92/03 - 6-3 <01 +++
92/06 High IgA <5 3 8:0 190 -
93/10 Low IgA <0-08 16 10-6 <01 -
96/01 Low IgA <0-08 27 98 <01 -

3 89/11 - 2.7 <01 +++
90/11 High IgA <5 1 4.6 14.0 -
92/10 High IgA <5 23 94 31.2 -
94/10 Low IgA <0-08 24 9.9 <01 ++
96/08 Low IgA <0-08 22 10-8 <01 -

1 90/07 - 1.0 <01 +++
90/12 High IgA <5 0-23 2.4 12.0 -
96/06 High IgA <5 66 7-4 65 -

4 91/02 - 16-9 <01 +++
93/10 Low IgA <0-08 32 12.9 <01 +++
93/10 High IgA <5 0-16 134 77 -
93/11 High IgA <5 1 14.0 83 -
96/04 High IgA <5 30 17-5 28-2 +
96/10 High IgA <5 6 170 37-8 —+

*Duration, Time since previous sample.
T Activity graded in negative -, weak positive, positive+ +, strong positivet+ + +.

fraction. After a period of immunoglobulin treatment, anti-lgA was was capable of binding all of the IgA present, still retaining a
no longer detectable in whole sera (Table 2), but could beproportion of free monomeric IgG anti-lgA. The complexes
recovered in the dimeric and complex fractions. Moreover, theformed were both 1gG-IgA dimers as well as larger complexes,
IgA-containing fraction was shifted to the complex-containing partbut the amount of antigen (IgA) in the complexes was small
of the chromatogram (Figs 2 and 3a,b). enough to permit a favourable competition by the IgA coated
Samples from patient 2 receiving the low IgA preparation onto the ELISA plate. Hence, IgG anti-IgA activity in the complex
(<80ug/ml) were negative for both IgA and anti-IgA in unfraction- fractions is paradoxically detected in spite of their binding sites
ated and fractionated serum, but a large proportion of the total Ig&lready being occupied.
was found in the complexes (Fig. 3c). When the IgA concentration was further increased, the stoi-
chiometry of the complexes changed to a situation of antigen
Addition of purified IgA to a serum containing high titres of anti- excess. Monomeric IgG-anti-IgA was no longer seen. The anti-IgA
IgA antibodies present in complexes were cross-bound and not avail-
In vitro experiments where purified IgA was added to a serumable for binding to IgA in the ELISA plate and hence not detected.
containing IgG anti-IgA antibodies resulted in a redistribution of Under these conditions, it was possible to detect most of the IgA
IgG, IgA and anti-IgA between fractions representing large com-added, although most was bound in complexes with 1gG.
plexes, dimers and monomers, as shown in Fig. 4. With no IgA  With the above interpretation in mind we can explain the
added, IgG and anti-IgA were evenly distributed in monomer andchanges seen in immunoglobulin levels and anti-lgA activities in
dimer fractions. Some IgG could also be found in the largethe patient samples by a simple mechanism. Some of the added IgA
complex fraction (Fig. 4a). When 1@ of IgA were added per present in the immunoglobulin preparations will be bound by the
millilitre of serum, the level of anti-IgA decreased in the mono- anti-lgA already in the circulation. Complexes will be formed
meric fractions with a simultaneous increase in the large complexontaining both 1gG and IgA, and if the stoichiometry is favour-
fraction. IgA could barely be detected in spite of the fact that theable, anti-IgA activity.
detection limit of the IgA ELISA is several orders of magnitude When the serum level of IgA is increased, there is an excess
lower than the concentration added gfIml) (Fig. 4b). With  of IgA (antigen) present that will competitively inhibit any
increasing concentration of IgA added (3@to 1 mg of IgA/mi reaction to the IgA coated to the ELISA plate. When the sera
serum), the anti-IgA signal decreased to close to the detection limiare fractionated and dimeric and complex fractions are analysed,
while the IgA level increased, especially in the complex and dimemonomeric IgA is no longer present, hence not available for
fractions. The IgG signal was simultaneously slightly increased incompetition. Anti-lgA activity can then be detected in these
the complex fractions (Fig. 4c,d). fractions. One of the patients (patient 2) does not fit into the
concept, as we did not detect any IgA or anti-IgA in either whole
serum or in any of the fractions, but there were appreciable
DISCUSSION amounts of 1gG in all fractions. The explanation for the total
The following interpretation of the results from tha vitro disappearance of anti-IgA is not clear, but one possibility might
experiments can help in understanding the findings obtained witlbe induction of tolerance by the long-term infusion of IgG and
patient samples. With a low amount of IgA added, the IgG anti-lgAlow levels of IgA. A possible mechanism for this is as follows.
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Fig. 2. ELISA optical density values from measurement of 1gG, IgA and
anti-lgA activity in fractionated serum from patient 3. (a) Before treatment.
(b) After 1year of treatment with immunoglobulin containie@®% IgA
(<5mg/ml).
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Fig. 1. Chromatogram of an IgA-deficient serum with anti-IgA antibodies 4.5
separated on a Superose 6 column. Fractions containing monomeric I1gG,
IgA, IgM and complexes are shown.

1.0 —
The level of autoreactive antibodies in normal individuals is
thought to be controlled by anti-idiotypic antibodies [14]. In q.g sz

diseases due to autoantibodies there are examples of cure/disap-
pearance of the harmful autoantibodies due to spontaneous evolve2-0 — (c)
ment of anti-idiotypic antibodies [15—-17]. There are reports of the
disappearance of serum autoantibodies and several examples df5 [—
apparent cure from a disease after high-dose immunoglobulin
treatment [18]. Several hypotheses for the mechanisms causing!-0 —
these effects have been put forward, but they are as yet largely
unproven (for reviews see Jungi & Nydegger [19] and Hammar- 0-5 |-
stram et al. [20]). One possibility for autoantibody suppression
after IVIG is based on the finding that anti-idiotypic antibodies 0-0 T—
present in the immunoglobulin preparation can interact with the Complexes Dimers Monomers
autoreactive antibodies and. cause complex formatlon. Thg CorT]fig. 3. ELISA optical density values from measurements of IgG, IgA and
plexes could then be cross-linked by surface immunoglobulin anqamti-lgA activity in fractionated serum from patient 2. (a) Before treatment.
Fc-receptors on the surface of B cells, thereby inducing anergyp) After 3 months of treatment with immunoglobulin containi@% IgA
[21]. For anti-IgA autoantibodies, the mechanism described above«5mg/ml). (c) After 1 year of treatment with immunoglobulin containing
is attractive since the immunoglobulin preparation contains IgA,<0-01% IgA &80ug/ml).
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Fig. 4. Addition of purified IgA to serum from a patient with IgA deficiency and anti-IgA. ELISA optical density values from measurements of
1gG, IgA and anti-IgA activity after column fractionation. (a) No IgA added. (b) IgAutiml serum. (c) IgA 10@g/ml serum. (d) IgA 1 mg/
ml serum.

which would serve as autoantigen causing enhanced compleX2 Ferreira A, Garcia Rodriguez MC, Lopez-Trascas@il. Anti-IgA
formation and, more importantly, direct specificity towards B  antibodies in selective IgA deficiency and in primary immunodeficient
cell clones producing anti-lgA. patients treated with gammaglobulin. Clin Immunol Immunopathol
Another alternative might be that the slow pace of IgG 1B?§i;47(;199;237' o L Smith CIE L obuli
production (and anti-IgA) in the patient is exactly counterbalanced S Blorkander J, Hammarstro L, Smith CIE et al Immunoglobulin
. - prophylaxis in patients with antibody deficient syndromes and anti-
by the continuous supplementation of low levels of exogenous IgA,

. IgA antibodies. J Clin Immunol 1987;:8-15.
and the rate is so low that the complexes formed are cleared from, osiinen S, Tolo H, Hirvonen M, Koistinen J. Long term follow up of

the circulation. anti-lgA antibodies in healthy IgA-deficient adults. J Clin Immunol
The present study demonstrates a possibility of safely inducing 1995:15194-8.

unresponsiveness against IgA in immunodeficient patients with5 Burks AW, Sampson HA, Buckley RH. Anaphylactic reactions after
anti-lgA antibodies, by initial subcutaneous infusion with a high ~ gamma globulin administration in patients with hypogammaglobuline-
IgA-containing (up to 3%) immunoglobulin preparation. This  mia. Detection of IgE antibodies to IgA. N Engl J Med 19864560
might reduce the need for total IgA depletion of the immunoglo- 4 ) )
bulin preparations for subcutaneous infusion. Immunoglobulin 8 Frankel SJ, Polmar SH, Grumet FC, Wedner HJ. Anti-IgA antibody
treatment of patients with ‘selective’ IgA deficiency is, in general, assomate_d reactions 1o Intravenous gammaglobulm n a" patient who
not recommended, mainly because of adverse reactions when I9A;, tolerated intramuscular gammaglobulin. Ann Allergy 1986:436-9.

L . | i h . . Martinez-Sanz R, Marsa L, De La LlanagRal. Anaphylactic reaction
containing immunoglobulin products have been given intrave- associated with anti-lgA antibodies. Description of one case success-

nously [5181- NF)ne of the four patien.ts presen’Fed here showed iy treated by means of extracorporeal circulation. J Cardiovasc Surg
any systemic side effects, nor any evidence of immune complex 1990:31:247-8.

deposition, and only occasional, mild local effects at the site of 8 Cunningham-Rundles C, Zhou Z, Mankarious S, Courter S. Long-term
infusion were noted. These side effects were not different from use of IgA depleted intravenous immunoglobulin in immunodeficient
those in the group without anti-lgA antibodies. subjects with anti-IgA antibodies. J Clin Immunol 1993272-8.

The finding that immunoglobulin can be given to IgA-deficient 9 Gardulf A, Hammarstm L, Smith CIE. Home treatment of hypogam-
patients without side effects when infused subcutaneously, and is maglobulinaemia with subcutaneous gammaglobulin by rapid infusion.
clinically efficacious [22], suggests that this route of administration, ~ -2ncet 19913381626, . o

. . - - 0 Cunningham-Rundles C, Wong S, 'Bjander J, Hanson L-AJse of an
should be recommended for infection-prone IgA-deficient patients.

. . A IgA depleted intravenous immunoglobulin in a patient with an anti-IgA
It is, however, important to stress the need for a careful surveil- antibody. Clin Immunol Immunopathol 19888:141-9.

lance and monitoring of these patients when new therapeutig; gaudner S, Bienvenu J, Blirup-JenseretSal. The certification of a
strategies are employed. matrix reference material for immunochemical measurement of 14
human serum proteins. CRM 470. Brussels: Community Bureau of
the European Communities, 1993:1-172.
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