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The use of immunoglobulins (Ig) for therapeutic purposes can be attributed
historically to the pioneering studies of Emil von Behring who, exactly a
century ago, showed how patients with tetanus or diphtheria could acquire a
passive immunity after administration of the serum from horses immunized
with tetanus or diphtheria toxin, respectively. This procedure, however, had
the disadvantage of a high frequency of side-effects, arising in particular from
the animal origin of the protective serum and thus from its antigenicity in the
recipient. It was necessary to wait about 60 years before a number of protein
fractions obtained from normal human plasma became available. In fact, it
was the main achievement of Conn et al.* to have developed a method in the
early 1940s for the alcohol fractionation of plasma. This method is sull valid
in essence today®, as it allows the isolation of five plasma fractions; one of
these, the so-called Cohn’s fraction II, accounts almost completely for the
gammaglobulin antibody portion. For about 10 years, that is until the early
1950s, Cohn’s fraction II was used both prophylactically and therapeutically in
some endemic and epidemic viral and bacterial diseases, including viral hepa-
titis and poliomyelitis "2,

In 1952 BruTon® described the first case of that special type of deficiency
in humoral immunity which is now termed ‘sex-linked congenital agamma-
globulinemia’. In addition to suggesting a direct relationship between the
abnormal susceptibility to infections and the absence of the gammaglobulin
band in the electrophoretic pattern of the patient’s serum, Bruton was able to
show that the administration of the gammaglobulin electrophoretic fraction
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from the plasma of normal subjects produced a significant reduction in the
recurrent infections in this patient. This observation formed the basis of what
is today called replacement immunotherapy of humoral immunodeficiency
syndromes and established a rational approach to the therapeutic use of human
gammaglobulins.

A fundamental contribution to the study and production of plasma de-
rivatives (and particularly Ig) for clinical use was also~made by ScHwick et
al.##4.42 Finally, in the last 10 years, human Ig preparations have been the
subject of further research which has led to:

a. the acquisition of a great deal of clinical experience with standard Ig
corresponding to Cohn’s fraction II;

b. the production of preparations with higher concentrations of IgA and/or
[gM;

¢. the definition of the physicochemical, immunochemical and biological
characteristics of the various preparations;

d. procedures for the chemical or structural modifications of Ig so that it
can be given by intravenous infusion;

e. a better understanding of the immediate and delayed side-effects of Ig
therapy.

Each of these aspects will be briefly discussed in the following pages. Also
considered will be the ‘punctum dolens’ of the indications, which are obvious
when it is desired to produce an immunotherapeutic replacement effect, but
are much more questionable in many other clinical conditions in which the
mechanisms of humoral immunity are apparently not affected. Finally, some
brief mention will be made of some recent and unexpected indications of Ig
therapy that have been found by chance observations (the so-called serendipity),
namely the use of Ig in idiopathic thrombocytopenic purpura and autoimmune
neutropenia.

THE PRINCIPAL IMMUNOGLOBULIN PREPARATIONS

A. Preparations for intramuscular use

1. Conventional or standard Ig - This term refers to Ig preparations essential-
ly obtained by the classical alcohol fractionation method of Cohn. As the start-
ing material consists of a pool of normal human sera originating from 1,000
up to 5,000 donors, conventional Ig obviously contains an extremely heteroge-
neous group of antibodies, representative of the antibody variety present in the
plasma of the normal population living in the geographical area of the donors.
The large number of donors also ensures optimum comparability, in terms
of titre and antibody variety, between different batches of Ig. Almost all the
commercially available preparations have a 16% concentration and thus con-
tain 160 mg of Ig/ml, of which about 90% is formed by IgG.

If a conventional Ig preparation is subjected to analytical ultracentrifuga-
tion, it is always possible to detect, in addition to a main peak with a
sedimentation coefficient of 7S corresponding to the principal monomeric
portion of IgG, a minor 11-13S peak attributable to the presence of polymeric
aggregates of IgG in the preparation (fig. 1). In view of their anticomplemen-
tary activity, these aggregates can induce a spontaneous activation (that is in
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the absence of antigen) of the complement system. The administration of
conventional Ig is therefore possible only by the intramuscular route, their
intravenous infusion usually inducing anaphylactoid reactions that vary in
severity and can even be fatal. As it will be emphasized when mentioning the
side-effects of Ig therapy, not even intramuscular administration always gives
protection against undesirable effects, especially in patients with agamma- or
dysgammaglobulinemia. The intramuscular route, however, has some obvious
disadvantages®": a. the slow absorption of the preparation delays by about a
week the attainment of therapeutic blood levels of Ig; b. the total quantity of
Ig that can be administered by this route is rather limited: indeed, as each ml
of the conventional preparation contains 160 mg of Ig, a total volume of about
10-15 ml has to be injected for the recipient to receive 1.5-2 g of Ig, and even
if this is broken up and given in several sites, it is difficult to achieve in infants
and anyway induces painful local reactions. _

Finally, mention must be made of another drawback of conventional Ig,
which is also shared by intravenous preparations; this results from the fact
that the antibody population is limited almost exclusively to the IgG class, whilst
IgA and IgM are present only in traces despite their potential importance in
numerous disease conditions.

2. IgA-enviched preparations - With the specific intention of compensating
for the limitation of the majority of conventional Ig preparations, resulting
from their almost exclusive content of IgG antibodies, preparations with a high
IgA content have been developed in the last few years®. Such IgA-enriched
preparations have never gained, however, general acceptance. In one study

Fig. 1 - Ultracentrifugation of a preparation
of conventional Ig with a Beckman Spinco
model E analytical ultracentrifuge: speed,
59,780 rpm; temperature, 20°C. The sedi-
mentation proceeds from left to right. Next
to the main peak with a 7S sedimentation
coefficient, there is a much smaller peak
showing a more rapid sedimentation, prob-
ably corresponding to small quantitdes of
polymers.
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that we carried out on two different batches of one of these IgA-enriched
preparations’, the following mean values for the five Ig classes were found:
IgG 3,909 mg/100 ml; IgA 2,504 mg/100 ml; IgM 454 mg/100 ml; IgD 228
IU/ml; IgE 964 1U/ml.

Consequently, in contrast to normal plasma in which the 1gG/IgA ratio is
about 5:1, these preparations had a ratio of about 1.5:1, which indicates a
considerable enrichment in IgA. It must be emphasized that, at least in the
two lots we studied, the process used for IgA enrichment also resulted in
much higher IgM, IgD and IgE concentrations than those in conventional
preparations. While the increase in IgM can be therapeutically valuable and
that in IgD does not appear to have any therapeutic significance, the concurrent
increase in IgE could have adverse effects when such a preparation is ad-
ministered to atopic subjects.

The clinical significance of IgA-enriched preparations comes, first of all,
from their obvious use in cases of the specific deficiency of this immunoglobulin
class. It should also be mentioned that certain antibodies (such as those to
poliomyelitis virus) mainly belong to the IgA class, and are mostly associated
with the defensive system of the superficial mucosae and external secretions,
where the secretory IgA acts as a ‘protective paint’*. However, experience so
far™** seems to indicate that, in spite of its high concentration, the IgA present
in the intramuscular preparations does not reach the external secretions or
only does so in negligible quantities. These findings agree with the recent
observations on the intestinal transport of polymeric IgA through the bile. In
normal human serum, 90% of the IgA is formed of monomers, and only the
remaining 10% consists of dimers and polymers. In the external secretions,
however, the majority of the IgA is present in the form of dimers conjugated
with the secretory component (SC). Polymeric IgA (but not monomeric IgA)
present in the circulation combines avidly with the SC that acts as a membrane
receptor on the surface of hepatocytes. The IgA-SC complex penetrates the
endocytic vesicles of the hepatocytes, passes through the cytoplasm of these
cells and is then liberated into the bile ducts. The transport of polymeric IgA
from blood to bile is a rapid and active process'>*,

In order to avoid undesirable reactions in the recipients, the IgA-enriched
immunoglobulin preparations consist mainly of monomeric IgA. Hence, it is
presumed that they are largely exempt from this active transport mechanism
and may thus be found only in small quantities in the external secretions.

Finally, it must be emphasized that, as detailed metabolic studies have
shown*®, IgA (but the same remarks also apply to IgM) have a shorter half-life
than IgG. Indeed, halflife ranges from 7 to 21 days for the various subclasses
of IgG, whereas mean values are 6 days for IgA and 5 days for IgM. It follows
that, whatever their concentration in the preparation, it is necessary to repeat
the administration of IgA-enriched preparations (as well as IgM-enriched
preparations) at shorter intervals than those usually used for conventional Ig
in order to maintain therapeutic levels of IgA antibodies (and/or IgM).

8. IgM-enriched preparations - The therapeutic attempts at using IgM-enrich-
ed preparations are fairly recent” and the experience acquired with these
preparations on the international scale is still limited .. Their clinical usefulness,
however, may have a rational basis: it is known, in fact, that the antibody
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antibody concentration/mi
— measles 250 U
- mumps 1:1,024 complement fixing antibody
~ whooping-cough 1:2,560 agglutinating antibody
anti — rubella 8,000 hemagglutination inhibition U
— tetanus 250 IU of tetanus antitoxin
— smallpox 1,000 IU
- hepatitis B 100 [U

Tab. 1 - Specific or hyperimmune immunoglobulins currently available.

response to Gram-negative bacteria is mainly, if not exclusively, of the IgM
type and that, in addition, the IgM antibodies are about 1,000 times more
active, on a molar basis, than IgG antibodies in terms of bacterial agglutination
and complement activation*.

Like the IgA-enriched preparations, the increase in the IgM concentration
is relative, the IgG portion nevertheless remaining quantitatively the main one.
In comparison with normal human plasma in which the IgG/IgM ratio is about
10:1, this ratio increases to about 4-5:1 in IgM-enriched preparations.

These preparations also must be given by the intramuscular route, and
because of the already mentioned rather short halflife of IgM, the interval
between administrations must be reduced in relation to conventional prepa-
rations in order to maintain adequate circulating levels of IgM.

4. Specific or hyperimmune Ig - These preparations are very similar to
conventional Ig preparations both in their method of preparation (alcohol
fractionation) and in their antibody content which consists almost exclusively
of IgG. Although resembling conventional preparations quantitatively, specific
Ig differs from them in the selection of donors who are chosen among those
recovering from a certain disease, or from subjects actively immunized against
the etiological agent of the disease in question. This selection of donors results
in an enriched IgG preparation with specific antibody activity against a certain
antigen®?,

There are currently available a large number of hyperimmune Ig prep-
arations with a high antibody titre against whooping-cough, tetanus, etc.
(tab. 1). Because of their specificity which determines their relatively high cost,
hyperimmune Ig is indicated in cases in which it is desired to prevent or at
any rate attenuate the clinical effects of certain infectious diseases.

B. Preparations for subcutaneous administration

Recently there has been a progressive dissemination of portable infusion
apparatus that can ensure the slow subcutaneous infusion of drugs and
hormones; for example, insulin in patients with juvenile diabetes and
desferrioxamine in thalassemia patients, and it has been suggested that such
apparatus can also be used for the therapeutic administration of Ig.

The preparations that can be used for this purpose are conventional Ig but,
if necessary, slow subcutaneous infusions can obviously be used also for IgA-
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or IgM-enriched preparations and for hyperimmune Ig. The basic apparatus
consists of a small portable infusion pump (usually 15 x 5 x 5 cm) weighing
about 300 g. The pump, powered by replaceable batteries and carried on a
belt, acts on an ordinary syringe or a plastic reservoir attached to the infusion
apparatus. The disposable butterfly needle is inserted into the subcutaneous
tissue of the abdominal wall and the rate of administration is usually 1-2 ml/h;
as the volume of each infusion generally ranges from 10 to 30 ml, the duration
of the infusion lasts 5-15h and is therefore compatible with working hours
and also with school hours for children, as well as with hours of sleep.

The results obtained so far in both adults* and children¥ seem excellent
in terms of tolerance and the possibility of repeated administrations at short
intervals without interfering with the normal activities of the patient, whilst at
the same time ensuring the maintenance of adequate circulating levels of Ig.

C. Preparations for oral administration

A brief mention should be made of the recent proposal® for the admin-
Istration, in the special circumstances of pediatric conditions, of conventional
Ig by the oral route. In a randomized clinical study carried out in a nursery
with a high prevalence of rotavirus infections, their oral administration
(4 ml four times a day) in the first seven days of life to immature babies (of
about 2,000-2,500 g) for whom no colostrum was available, produced a signifi-
cant reduction (compared with a control group treated with a placebo) in the
prevalence and severity of rotavirus-induced diarrhoeic symptoms and also
inhibited the excretion of the rotavirus?.

Obviously, the passage of Ig through the gastrointestinal tract cannot have
any appreciable therapeutic effect in the adult, as it is rapidly split and broken
down to inert fragments by digestive enzymes and the intestinal bacterial flora.
In immature babies, however, it has been shown’® that conventional Ig
preparations retain some activity in the gastrointestinal tract, at least judging
from the fact that appreciable quantities of both whole and partially digested
IgG are found in their feces, probably as a result of the functional immaturity
of the digestive system.

Although this is a quite interesting approach and undoubtedly deserves
further investigation, it is nevertheless clear that the oral administration of
conventional Ig is limited clinically to diseases occurring in the first few days

of life.

D. Preparations for intravenous administration

These represent a definite advance over therapy with conventional Ig
preparations, and though their use is still limited by their higher cost, they are
the only ones that can produce a rapid and considerable therapeutic effect in
severe bacterial or viral infections. In fact, the intravenous route makes it
possible to infuse large quantities of Ig in a short time and thus to reach very
rapidly an adequate antibody concentration®s4.

As already stated, conventional Ig preparations cannot be used intrave-
nously because of their tendency to form aggregates that can activate the
complement system in the absence of antigen and thus induce severe side
reactions of the anaphylactic type. To adapt these preparations for intrave-
nous administration, a whole series of techniques and chemical modifications
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(aimed at avoiding the formation of aggregates) have been applied on different
occasions. These methods, summarized in tab. 2, can be classified broadly
under the following main methods:

1. Enzyme digestion (fig. 2) - The enzymes generally used are:

a. pepsin, which splits the IgG molecule immediately after the main
disulphide bonds which link their H chains: this gives a bivalent fragment
Flab),, while the Fc fragment is broken down to peptides of small dimensions.
Use of the Flab'), fragment is based on clinical experience of several years that
has confirmed the very good tolerance of the product, which has consequently
become one of the best known and widely used preparations administered
intravenously®. The Flab’), fragment, being normally provided with antigen
receptor sites, obviously retains the capacity to combine with viral, bacterial
and other types of antigens, and to neutralize them. However, the absence of
the Fc fragment deprives the molecule of the characteristic effector functions
of the Fc fragment such as the activation of complement by the classical
pathway, the opsonizing action on phagocytosis, control of the molecule
catabolic properties, and so on. In addition, as a result of their smaller size
compared with that of intact IgG, the Fab'), fragments are cleared more rapidly
from the blood circulation?;

b. plasmin, whose mode of action is similar to that of papain: it produces
its enzyme action in front of the H interchain disulphide bridges, forming two
monovalent Fab fragments and one Fc fragment”. Although the product is
well tolerated after intravenous administration and it has been demonstrated
in vitro that the monovalent Fab fragments combine with the antigen, it is
much more controversial as to whether these can actually neutralize the
antigen. It is probable, indeed, that the therapeutic effects of plasmin-treated
Ig preparations must be attributed to the fact that about one third of the Ig
molecules are resistant to this treatment and are thus infused as whole
molecules.

L. enzyme digestion:
A. pepsin (1:100)
B. plasmin
2. chemical modifications:
A. treatment with B-propiolactone
B. treatment with reducing substances:
a. sulphonation
b. reduction and alkylation
c. limited sulphitolysis
3. modifications that preserve the structural integrity of the antibody molecule:
A. treatment with polyethylene-glycol (PEG)
B. treatment with hydroxyethylamide and PEG
C. absorption on DEAE-Sephadex and protection with albumin

D. treatrent at pH 4 in the presence of traces of pepsin (1:10,000)

Tab. 2 - Commonest modifications of standard Ig to enable intravenous administration.
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papain

papain

L chain @

H chain

Fig. 2 - Schematic drawing of IgG molecular structure and the sites of action of the enzymes
papain and pepsin. The symbols V and C correspond to the variable and the constant parts,

respectively.

2. Chemical modifications - Immunoglobulins can be modified by various
chemical processes all aimed at limiting or abolishing the aggregating prop-
erties. The best known of these procedures are?:

a. treatment with f-propiolactone, whose alkylating action modifies the
Fc segment of the Ig molecule so that the aggregates formed have litte
spontaneous complement-fixing activity. The changes in the treated Fc also
affect the biological activities associated with these, including in particular its
half-life, which 1s shortened;

b. treatment with reducing substances, which break the disulphide bridges
that join the H chains together and link the H chains with the L chains,
resulting in the loss of the molecule’s anticomplementary activity’*. In
addition to the Ig sulphonate preparations developed in the United States®,
this- subgroup includes an interesting product that has been recently used
clinically in Germany and which has shown high efficacy and good tolerance
in a trial we carried out on a group of patients with primary and secondary
immunological defects®. In this preparation the Ig antibodies are subjected to
a limited sulphitolysis procedure which breaks down some of the interchain
disulphide bridges and thus enables the preparation to be given intravenously.
An oxidation process in the circulation as well as in the tissues restores the
original four-chain structure of the molecule?. The preparation is supplied by
the manufacturer in a lyophilized form and contains glycocol as the stabilizing
agent. Its halflife in the circulation of healthy control recipients ranges from
11 to 17 days.

3. Structurally intact Ig - In these preparations the modifications made to
enable intravenous administration tend to maintain the structural integrity of
the antibody molecule®*. The more common methods involve:

a. treatment with polyethylene-glycol (PEG): the addition of PEG, alone
or in combination with hydroxyethylamide, to ordinary preparations of con-
ventional Ig breaks the aggregates into monomers and prevents any further
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formation of these aggregates. There remains, however, although attenuat-
ed, the capacity for the spontaneous activation of complement after PEG
treatment, and this can lead to more or less severe side-effects in the recipient.
In addition, these preparations usually contain high levels of prekallikrein
activator* that can cause undesirable vasoactive reactions after rapid infusion;
b. treatment at pH 4: Cohn’s alcohol treatment can be used in an acid
environment at pH 4 in the presence of a low pepsin concentration (1:10,000)
which at such a low concentration has a stabilizing effect on IgG without any
apparent proteolytic action on the molecule itself. The combination of a low
pH and a weak enzyme concentration is said to inhibit the formation of
aggregates and makes it impossible for the preparation to have any sponta-
neous anticomplementary activity®, so that as a result it is well tolerated.

PHYSICOCHEMICAL AND IMMUNOCHEMICAL PROPERTIES OF Ig PREPARATIONS

Conventional Ig preparations, and those used for intravenous adminis-
tration not broken down enzymatically, mainly contain monomeric IgG. Analyt-
ical ultracentrifugation of these preparations, however, shows (fig. 1) that,
besides the main 7S peak of the monomers, dimers and polymers of
the immunoglobulins are also generally present (although usually in small
quantities). Chromatographic separation by gel filtration on a Sephadex
column confirms the partial heterogeneity of the preparations that largely
consist of monomers, but which also contain more or less negligible amounts
of dimers and polymers as well as immunoglobulin fragments (fig. 3). These
fragments, because of their low molecular weight, are eluted immediately after
the main peak of the monomers and produce on the chromatogram an
irregularity in the descending line of this peak or the occurrence of a small
peak after that corresponding to the monomers.

The relative heterogeneity of the molecule population, in the sense that it
consists of appreciable quantities of polymers in addition to the prevailing
amount of monomers, obviously applies to the IgA- and IgM-enriched prepa-
rations as well.

— i —

{280 mm)

’, fragments

oplical density

25 1] 45 55
| fraction number
|

Fig. 3 - Chromatographic separation on a Sephadex column of a conventional Ig preparation.
The chromatographic pattern clearly shows that the main peak of the monomers is preceded
by a smaller polymer peak and is followed by another small peak in which immunoglobulin
fragments are probably eluted.
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A normal quantitative distribution of the various Ig subclasses in a
preparation indicates that exogenous Ig is similar to that present in normal
plasma. The numerous investigations carried out**** have in fact shown that
in the majority of the conventional Ig preparations the concentration of the
four IgG subclasses is largely comparable to that in normal human serum. In
IgA-enriched preparations this class is almost exclusively represented by the
IgAl subclass, probably because of the low circulating levels of IgA2 under
normal conditions and because of the relative molecular instability of this
latter subclass. Finally, as regards the distribution of the subclasses in the
preparations for intravenous administration, this depends on the method used
to prepare them. In the preparations not treated with enzymes the IgG
subclasses are represented by normal percentages, whereas in those treated
by sulphonation or with -propiolactone the IgG3 subclass is almost completely
absent. Enzyme digestion with plasmin produces an enrichment in IgG2 and
the disappearance of IgG3 in the remaining IgG. Finally, pepsin digestion, by
breaking down the Fc fragment into peptides of small dimensions, prevents
the identification and measurement of the various subclasses*. Similar de-
ductions regarding the distribution of the subclasses and the immunological
integrity of the Fc fragment can also be made by immunoadsorption processes
on a Sepharose column conjugated with Staphylococcus aureus protein A*.

BIOLOGICAL CHARACTERISTICS OF Ig PREPARATIONS

An important biological aspect of Ig preparations is represented by their
metabolic characteristics. As a rule, the conventional preparations have
metabolic reactions that are similar to those of normal Ig. Reabsorption from
injection in the gluteal muscles is rather slow and the ‘platear’ of their
appearance in the intravascular compartment, equal to about 20-40% of the
injected dose, is usually reached between the third and seventh day. The
biological half-life of Ig injected intramuscularly into normal recipients is about
20-28 days®. Naturally the above-mentioned characteristics depend on the
general condition of the patient, his age and muscular activity, the total dose
of Ig injected, the circulating Ig levels, and so on.

The intravenous preparations have been studied only to a limited extent
as regards their metabolic properties. With the exception of Ig modified
at pH 4, whose metabolism is comparable to that of conventional Ig, the
preparations modified by sulphonation or B-propiolactone have shown
significant changes from standard Ig, as their halflife in the intravascular
compartment is 30-40% shorter and their catabolic index is higher. Finally, in
the pepsin-treated preparations which are largely formed of Flab'), fragments,
survival in the intravascular compartment is reduced by 60%, the catabolic
index is more than doubled, and the intravascular fraction reduced by 45%
when compared with the corresponding characteristics of conventional Ig?.
There still remains to be determined the metabolic behavior of the more
recently introduced intravenous Ig preparations, including those modified by
limited sulphitolysis.

The therapeutic effect of Ig preparations is mainly related to their content
of specific antibodies against viruses, bacteria and toxins. Taking into
consideration the variations in sensitivity of the different methods (agglutina-
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tion, neutralization, complement fixation, immunofluorescence, RIA, etc.)
used to determine the antibody titre, many of the commercially available
preparations contain, in general, the same antibodies as those present in the
serum of the donors from whom these preparations were obtained. Wide
variations among the various preparations have, however, been demonstrated
as regards the titre of anti-HBs antibodies®.

In assessing the potential therapeutic value of Ig, it should also be
mentioned that there is not always a direct correlation between the
quantitative levels of Ig in the preparation and the protective clinical effect:
that is, what is important is not the total quantity of Ig administered but rather
the amount of specific antibodies to the antigen in question. It must also be
borne in mind that the structural and functional integrity of the Fc segment
in the administered Ig ensures the retention of those useful effector functions
ascribed to the Fc segment, such as the capacity to fix the Clq fraction of
complement, cytotropic activity, transport through membranes, control of the
catabolic processes of the immunoglobulin molecule, etc.?. Therefore, in the
preparations in which the Fc fragment is broken down or altered, the
antibodies retain their capacity to fix and neutralize the antigen, but lack the
biological effector characteristics of the Fc segment mentioned above.

INDICATIONS AND DOSES OF Ig PREPARATIONS

The indications for Ig therapy obviously vary with the various commercially
available preparations and the desired effects (tab. 3). There is no doubt as to
the value and rationale of conventional Ig therapy for prophylactic purposes
in cases with a primary deficiency in humoral immunity and thus in antbody
formation®. This group includes Bruton type sex-linked agammaglobulinemia,
common variable hypogammaglobulinemia and the different forms of dys-
gammaglobulinemia with deficiencies in one or more Ig classes: in these
forms the antibody deficiency is absolute or predominant, and thus the
corrective effect produced by replacement therapy with exogenous Ig can often
overcome recurrent infections of these disease conditons. There is an equally
rational basis for Ig therapy in primary immunodeficiencies in which, in
addition to the deficiency in humoral immunity, there is also a deficiency in
cellular immunity (which is often quantitatively predominant): examples
of such disease conditions are severe combined immunodeficiency, ataxia-
telangiectasia, Wiskott-Aldrich syndrome, etc. Obviously, the replacement
action of Ig therapy in these cases can only control the clinical manifestations
of the disease associated with the defect in antibody formation, but not those
arising from the defective cellular immunity®'**.

There are, in addition, primary ‘paraphysiological’ immunodeficiencies for
which this therapy can also sometimes be indicated, namely immunodeficien-
cies in premature babies and in newborn infants up to a month old (tran-
sient hypogammaglobulinemia of early infancy) in whom there is a delayed
development, rather than a primary deficiency, of the immune system.

Whereas the primary immunodeficiencies are relatively rare, there is a
much higher frequency of clinical conditions which induce a secondary
immunodeficiency, including lymphoreticular neoplasms, acute leukemias,
protein-losing syndromes (malabsorption and intestinal lymphangiectasia,
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preparation and route

of administration

indications

value

conventional or
standard Ig
im.

IgA- or IgM-
enriched Ig
L.

specific or
hyperimmune Ig
Lm.

conventional 1g
s.C.

conventional Ig
orally

modified Ig

Lv.

— primary deficiencies in antibody formation

(Bruton type agammaglobulinemia,
common variable immunodeficiency, etc)

transient immunodeficiencies
(immunodeficiency in premature babies,
transient hypogammaglobulinemia of
early infancy)

secondary immunodeficiencies
(lymphoreticular neoplasms, protein-losing

syndromes, iatrogenic immunodepression, etc.)

selective deficiency in IgA and/or IgM

prophylaxis or attenuation of some infectious
diseases, especially in people living
in communities (barracks, schools, etc.)

prevention of the vertical transmission
of HBsAg from mother to baby

identical to those of standard Ig

given im.; method of choice

for cases in which replacement therapy
is indicated over a protracted

period of time

prophylaxis or attenuation of rotavirus
diarrhoea syndromes in immature babies

similar to those of standard Ig

given L.m. but preferred for
immunodepressed patients with particularly
severe and acute infections

severe bacterial or viral infections,
surgical septicemia, etc., in immunologically
normal patients

idiopathic thrombocytopenic purpura
in children and adults

autolmmune neutropenia

unquestioned

generally limited
to individual cases

varying from case to case

not demonstrated

depends on the specific
antibody titre, total
dose and the earliness
of administration

demonstrated

slower and more gradual
absorption; absence of
local reactions and the
possibility of infusing
larger quantities

at a single site

limited to the first
few days of life

unquestioned, because of
the possibility of
reaching high blood
levels in a short time

debatable, because
of difficult

clinical trials

demonstrated in a still
limited number of cases

so far demonstrated in
individual cases

Tab. 8 - Indications for the therapeutic use of immunoglobulins.

nephrotic syndrome), iatrogenic immunodepression (chemotherapy, irradia-
tion, immunosuppressive drugs), and so on. Obviously, the complicating infec-
tions that frequently occur in these disease conditions can be helped by the
exogenous administration of Ig.

The preparations supplemented with IgA or IgM may be indicated in
selective deficiencies of these Ig classes or when it is thought that a certain
antibody belongs to one of these classes and that it would be useful to supply
a patient with a large quantity of antibodies belonging to this class. The use
of IgA- and IgM-enriched preparations, however, is not free from criticism.
First of all, their significantly higher cost, compared with that of conventional
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Ig, should necessarily lead to a careful selection of the patients to be treated
with such preparations. In addition, it has not been clearly shown that the IgA,
present in the enriched preparations of this type and given intramuscularly,
may reach the external secretions to any appreciable amounts. Also, the su-
perior therapeutic efficacy of IgA- or IgM-enriched preparations over that of
conventional preparations® has not been so far unequivocally demonstrated
by controlled clinical trials. Finally, production of ant-IgA antibodies by the
IgA-lacking recipient may be responsible for anaphylactic reactions upon
repeated administrations of the IgA-enriched preparations.

Specific or hyperimmune Ig preparations are basically indicated for the
prevention or at least the attenuation of certain infectious diseases, such as
viral hepatitis, mumps, measles, chicken pox, etc, and especially in subjects
living in communities. The use of hyperimmune Ig, therefore, ignores the often
normal immunological state of the recipient: what these patients need, in fact,
is a rapid external source of specific antibodies to a determined etiological
agent to which they have been exposed or with which they are thought to
have been in contact. The specific immunoglobulin preparations thus have an
immediate defensive function before the patient can produce his own anti-
bodies and, on the other hand, they also provide the only defence mechanism
for immunologically deficient recipients who are incapable of mounting a
normal antibody response.

A special mention deserves the recent finding that anti-hepatitis B
hyperimmune Ig (HBIg) has a preventive effect on the vertical transmission
from mother to baby of the chronic carrier state of HBsAg. This prevention
seems to be absolute when the newborn infant is injected with HBIg at 0.5
mi/kg within 48 h of birth and subsequendy at 0.16 ml/kg a month, for six
months*. As the hyperimmune Ig can combine with the corresponding antigen
and neutralize it, the injection of specific Ig on the one hand, and the cor-
responding vaccine on the other must be considered inappropriate, as this
can lead to an inadequate response to vaccine stimulation. Exceptions to this
rule, for the obvious reasons of the severity of the disease and the urgency of
treatment, are tetanus and hepatitis B, in which the administration of the
corresponding hyperimmune Ig may be allowed immediately before or imme-
diately after active immunization®.

Table 4 summarizes the doses of the conventional Ig preparations. The
wide differences in the recommended doses depend on the prophylactic or
therapeutic purposes that are desired, the primary or secondary nature of the
immunological defect, the severity of the disease process in question, and so
on. In any case, both for conventional Ig and for hyperimmune or enriched
preparations, there is a considerable quantitative limitation to intramuscular
administration, which usually does not exceed a total volume of 10-15 ml in
the adult. The subcutaneous route using an infusion pump, although making
it easier to administer larger volumes of Ig, also has quantitative limits. It is
indicated particularly when long-term replacement therapy is anticipated as in
primary immunodeficiencies.

On the contrary, the intravenous preparations allow the desired amounts
of Ig to be infused in a short time. Their indications are therefore substantially
the same as those for conventional Ig**. On the other hand, their definitely
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disease preparation | dosage purpose
hypo- and Clg* 1-2 ml/kg initially; prophylaxis and therapy
agammaglobulinemia 0.6-1 ml/kg as a
maintenance dose
every 20-30 days
viral encephalitis Clg 0.5 ml/kg every therapy
7-10 days
hepatitis A Clg 0.02-0.05 ml/kg in a prophylaxis recommended for subjects
single or repeated dose | exposed to contact infection
hepatids Clg 0.05 mi/kg in a single facultative prophylaxis
non-A non-B or repeated dose
hepatitis B Slg** 0.05-0.07 mil/kg recommended for prevention
repeated after a month
complications after Clg 0.2-0.5 mi/kg prophylaxis in late first
vaccination against vaccination {over 3.year-old)
smallpox
rubella Sig or Clg 20 ml total dose, facultative prophylaxis in women
repeated every + exposed to infection
weeks in the first
trimester of pregnancy
varicella-zoster Slg 15-25 U/kg prophylaxis recommended in
immunodepressed subjects or in babies
exposed to contact infection
measles Slg or Clg 0.25-0.5 ml/kg prophylaxis recommended in infants
up to l-year-old or in
immunosuppressed subjects exposed to
contact infection less than 6 days before
rabies Slg 20 1U/kg prophylaxis recommended for
subjects exposed to rabid animals
tetanus Slg 250 U prophylactically prophylaxis and therapy following
3,000-6,000 U exposure of subjects not
therapeutically immunized or incompletely
immunized, or immediately
at the tme of diagnosis
Rh-isoimmunization Slg 1 vial (200-300 pg) prophylaxis recommended in

for every 15 ml of
exposure to Rh* blood

Rh(D)-negative mothers at the time
of birth of a Rh* infant,

or after transfusion of Rh* blood
to Rh-negative mothers

* Clg: conventional or standard immunoglobulins.
#* Slg: specific immunoglobulins.

Tab. 4 - Advisable doses for human immunoglobulins given by the intramuscular route.

higher cost and their potentially higher frequency of side-effects dictate a
rigorous selection of patients for intravenous treatment: the severity and
acuteness of the infectious disease are important determining factors in the
choice of preparation and the route of administration, as well as of the dosage,
which in particularly serious cases can reach 1.2 g/kg body weight by the
mtravenous route. It should be remembered that, because of the rather short
biological halflife of Ig given intravenously, it is necessary to repeat the
infusions fairly frequently in order to maintain therapeutically effective blood

levels of Ig.
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Ig therapy is being increasingly used for other indications, but this is much
more debatable. We refer here in the first place to recurrent infections of the
upper respiratory tract that occur with an abnormal frequency in some
children, and secondly to severe bacterial infections and surgical septice-
mias in patients with no definite immunological defect. Although clinical
observations would seem to attribute empirically some therapeutic efficacy to
Ig treatment (conventional Ig in the first case and intravenous Ig in the second),
definite conclusions will only be reached by controlled and randomized clinical
studies. The argument usually adopted in favour of the value of this type of
therapy is that circulating Ig levels that are within the normal range do not
necessarily indicate a normal immunological capacity to react against the
etiological agent responsible for the infectious process; indeed, in severe
infections with an acute or subacute course there can be a rapid consumption
of the patient’s own antibodies which cannot be replaced in a short time by
the formation of new specific antibodies*. In such situations with a transient
immunodeficiency an exogenous supply of Ig would thus have a useful
compensatory function.

Finally, two additional indications of Ig therapy have been recently
suggested as a result of chance observations, possibly leading to interesting
practical developments. The intravenous treatment with polyvalent Ig prep-
arations at high doses (1-1.5 g/kg body weight) can produce a transient
regression of the thrombocytopenia in a high percentage of patients, both
children® and adults*, with idiopathic thrombocytopenic purpura. As the
platelets in these cases are mostly functioning normally, a restoration of their
normal numbers, although of short duration, could allow these patients to
undergo surgery without any particular risks. A similar beneficial effect, in
terms of a transient increase in total leukocyte counts and neutrophil numbers,
has been observed in autoimmune neutropenia®, in which intravenous
treatment with high doses of Ig is thus a valid alternative to corticosteroids
and cytostatics. In both these disease conditions the therapeutic effect is
possibly due to a transient block of the reticuloendothelial system at the level
of the Fc fragment receptors, with a consequent impairment of the function
of the spleen in capturing and removing platelets or neutrophils from the
circulation .

SIDE-EFFECTS OF Ig THERAPY

The therapeutic use of conventional intramuscular Ig preparations is
usually free from undesirable side-effects; if they do occur, they are generally
the result of the complement activation. Although the activation of comple-
ment by antigen-antibody complexes has a beneficial effect on the host as it
promotes the removal of the foreign antigen, this phenomenon is quite dif:
ferent from the spontaneous complement activation that occurs in the absence of
antigen and which is due to the preparation containing Ig aggregates formed
during the alcohol fractionation of the plasma.

The undesirable effects that can follow Ig therapy may be either immediate
or delayed. The immediate effects appear within a few minutes up to some
hours after intramuscular injection of the preparation and, with intravenously
administered preparations, even in the course of the infusion itself. The
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symptoms can vary from case to case and range from simple skin eruptions,
sometimes accompanied by nausea and vomiting, to syndromes of considerable
severity corresponding to shock of the anaphylactic type (tab. 5). As already
stated, the commonest cause of such side-effects is the spontaneous activation
of complement induced by the presence of macromolecular aggregates in the
preparation; this complication appears to be of particular severity in patients
with hypo- and dysgammaglobulinemia®. Although occurring less frequently,
there are immediate side-effects that can be ascribed to other mechanisms such
as, for example, the already mentioned occurrence of anti-IgA antibodies in
the circulation of patients with a selective IgA deficiency'*#, or the increased
concentration of IgE in some IgA- or IgM-enriched preparations when these
are administered to atopic subjects.

Compared with the intramuscular route, subcutaneous infusion seems
to have a lower frequency of side-effects*. In contrast, the intravenous Ig
preparations appropriately modified as mentioned above do produce un-
desirable effects in about one fifth of those receiving them, although these
side-effects are generally not severe (tab. 5). Exceptions to this are the
preparations modified by pepsin digestion and thus containing the F(ab'),
fragment, which are tolerated very well after intravenous administration
in that complement cannot be activated owing to the absence in these
preparations of the Fc fragment. To prevent the commonest side-effects
produced by intravenous Ig, it is suggested that the patient should be given as
premedication a single dose of hydrocortisone (usually 200 mg in the adul)”,
or 600 mg of aspirin half an hour before the infusion.

In addition to the immediate side-effects, Ig treatment may have some
delayed risks, although these are more potential than real and include rather
rare reports of viral hepatitis®, the possibility of isoimmunization as a result
of the formation of anti-Gm antibodies, and the renal deposition of immune
complexes with subsequent damage to this organ.

OTHER IMMUNOLOGICAL EFFECTS INDUCED BY Ig THERAPY

In addition to the replacement immunotherapeutic action which is clinically
desired and well recognized from the biological point of view, the Ig
preparations can produce other immunological effects in the recipient. It has
been known for about 20 years that the passive administration of 19S and 7S
antibodies (corresponding largely to the IgM and IgG classes) produces a
specific inhibition of the antibody response in the recipient®. More recently,
however, it has been observed that circulating immune complexes are present
in a high percentage of normogammaglobulinemic patients with recurrent
infections of the upper respiratory tract. The single or repeated administration
of an Ig preparation, regardless of the route of administration, produces in
these patients a definite quantitative reduction in the circulating levels of
immune complexes and sometimes their complete removal from the blood-
stream % It is recognized that some immune complexes, because of their
characteristics (antigen:antibody ratio, degree of polymerization, molecular
size, etc.), can regulate the activation of T and B lymphocytes and affect the
presentation of the antigen on the surface of macrophages®. It is interesting
to hypothesize, therefore, that the partial or complete removal of some
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A. immediate side-effects B. delayed side-effects
— nausea and vomiting — viral hepatitis
— skin eruptions — 1soimmunization
— shivering and fever — kidney damage

~ psychomotor agitation

~ thoracic constriction

— abdominal, dorso-lumbar pains, etc.
— hypotension, sometimes hypertension
~ tachycardia

— cardiocirculatory collapse

- coma, death

Tab. 5 - Possible side-effects of immunoglobulin therapy.

immune complexes from the circulation could be a mechanism by which Ig
preparations produce their claimed therapeutic action in patients with normal
circulating levels of Ig®. It is also probable that the sometimes dramatic
regression of the symptoms of polyarthralgias observed in some hypogamma-
globulinemic patients after treatment with Ig could be due to a similar
‘clearance’ mechanism acting on circulating immune complexes®.

The intramuscular administration of conventional Ig to normal subjects has
recently been studied as regards the effects of this administration on some
lymphocyte functions. In particular, a marked reduction has been observed in
the proliferation of T and B lymphocytes induced by pokeweed mitogen, as
well as a significant and persistent reduction in the rnaturation process of B
lymphocytes and plasma cells”. The possible presence of anti-la aggregates
and/or antibodies in the preparation could perhaps, at least partly, explain
these effects. The practical significance of the modifications of these lympho-
cyte functions on the therapeutic effect of Ig in patients with immunodefi-
clencies remains to be defined.

CONCLUSIONS AND FUTURE PROSPECTS

From the first attempts at passive immunization with heterologous serum,
carried out by von Behring about 100 years ago, the administration of human
Ig for prophylactic and therapeutic purposes has gradually become more
widespread and it has presently gained acceptance as one of the best known
methods of replacement immunotherapy for the primary and secondary
immunodeficiency syndromes.

Standard Ig preparations still retain their value, their main limitation being
the relatively small volume that can be injected intramuscularly. Recently,
other preparations have been made available (enriched with IgA or IgM, spe-
cific or hyperimmune Ig) which have a greater specificity although sharing the
same limitations as the former preparations.

A decisive advance has been made by procedures that modify the Ig
preparations so that they can be given intravenously, thus allowing the ad-
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ministration of large quantities of Ig in a short time. Discussion is still open
on the indications and opmrnurn dosages for Ig therapy. These appear to be
clear and unquesuonable in cases of definite deficiencies in humoral immu-
nity, but are debatable in severe acute infections (especially if of undetermined
etiology) and in recurrent infections of the upper respiratory tract in patients
with an apparently normal immune system. The uncertainty in these cases
arises from the difficulty of carrying out controlled clinical studies because of
the usual delay (and sometimes because of the lack) in the identification of a
definite etiology for each individual case, as well as for the general lack of
information about the antibody titre of the various preparations.

As regards trends and aims for the future, efforts should be directed to
the development of preparations that approach as nearly as possible to the
following ‘ideal’ characteristics, namely: a. structural and functional integrity
of the Ig molecules; 4. a high content of IgM; ¢. absence of macromolecular
aggregates; 4. inability to activate complement spontaneously; e. normal sur-
vival in vive; f. high antibody titres.

Finally, it may be envisaged that, with the increasing development of hy-
bridoma techniques, human monoclonal antibodies will shortly become avail-
able and these will have a useful therapeutic effect in controlling infections of
known etiology as well as in regulating the immune response of the patient.
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