






Variations of immunoglobulins in disease
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Nevertheless, when old people were actively im-
munized with tetanus toxoid their immune response
was not significantly different from that of a younger
group (Solomonova and Vizev, 1973) suggesting that
the humoral defence mechanism is largely intact.

In spite of the decrease of antibodies against
exogeneous antigens, the percentage of subjects with
one or more positive autoantibody reactions has
been found to increase with age (Rowley, Buchanan,
and Mackay, 1968). This anomaly, as well as the
reported higher frequency of M-components in old
people, may contribute to the observed increase of
total immunoglobulins during aging.

are maximal during the fifth decade. Our own
results (Becker, 1972) are graphically represented in
figures 1-4. The tendency towards higher values for
total immunoglobulin concentration with age, which
is not unexpected in view of the greater number of
antigens encountered in a long life (Jerne, 1974), is
in contrast with the distinct decrease in the titre of
antibodies against specific bacterial and viral antigens
in the elderly, thus indicating remarkable alterations
ofthe antibody spectrum (Schwick and Becker, 1969).

Immunoglobulins in Disease

SERUM
Alterations of immunoglobulins may be quantitative
or qualitative.

Quantitative changes may involve more than one
class of immunoglobulin. An overall decrease occurs
in patients with hypogammaglobulinaemia, while
some patients may have a selective deficiency of one
or two of the immunoglobulin classes. Similarly an
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increase in gamma globulins may be either a
diffuse polyclonal increase of one or more classes,
associated with an increase of both light chain types,
or an isolated monoclonal increase of one molecular
species homogeneous with respect to class, subclass,
and light chain type.
The term 'qualitative changes' is used to refer to

functional aspects. Measuring such changes means
the qualitative and quantitative determination of
antibody activities by which a disease may be
diagnosed. Identification and isolation of appro-
priate antigens and studies of the distribution of
their corresponding antibodies within each immuno-
globulin class will be one of the interesting tasks of
future research work. In the case of IgE and specific
reagins considerable progress has been made during
recent years but only a few diagnostic tests for
studying functional abnormalities in other disease
groups, eg, autoimmune disorders, are available at
present.

Specific immunochemical measurement of im-
munoglobulin alterations in serum and other body
fluids may provide valuable information in conjunc-
tion with other diagnostic criteria, as will be demon-
strated by the selected examples in the following
sections.

Polyclonal hyperimmunoglobulinaemia is a con-
dition commonly arising after strong stimulation
of the immune defences. The antigens involved may
be known, as in infectious diseases, suspectedorunder
dispute, as in autoimmune disorders, or difficult to
define at all, as in subacute and chronic liver disease
or sarcoidosis (Heremans and Masson, 1973).
Most generalized infections provide multiple

antigenic challenges through many routes and there-
fore all immunoglobulin classes frequently show
elevations in infectious diseases. Because this is so
nonspecific, it is of little clinical value other than to
indicate or confirm that the patient is making a
broad immune response, probably to exogeneous
antigens (Hobbs, 1971). However, the immuno-
globulin increase can be quite unbalanced and in the
extreme case discrete antibody bands may appear in
agarose gel electrophoresis against the diffuse
background of the gamma globulin fraction. Restric-
ted heterogeneity of the immune responsemay be due
to various factors, some of which are discussed in a
recent survey of the clinical value of specific
immunoglobulin analysis by Heremans and Masson
(1973).

PERINATAL INFECTIONS
Some years ago at the Center for Disease Control in
Atlanta a new acronym-TORCH-was devised to
focus attention on a group of microbial agents that
cause infections in the embryo or fetus during

gestation or in the newborn at the time of delivery.
The letters stand for Toxoplasma, Rubella virus,
Cytomegalovirus, Herpes simplex viruses, the 0
being for Other possible candidates such as the
Epstein-Barr virus, herpes virus and hepatitis
viruses. Nahmias (1974) has recently reviewed the
present knowledge of the TORCH complex.

All of these agents can produce long-term ill
effects in the infected fetus or newborn, so that
prognosis must be guarded. The infections may be
clinically inapparent; when they are clinically
manifest their signs and symptoms are often in-
distinguishable. It is estimated that infection of the
newborn by 'the TORCH agents occurs in from 1 to
5% of all deliveries, that in the United States every
year a minimum of 400 deaths results from these
perinatal infections, and that at least 2000 surviving
infants are left with significant psychoneurological,
cardiovascular, ocular, or hearing defects. Since
preventive and therapeutic measures are now possible
for some of these conditions, the development or
improvement of diagnostic tests is one of the urgent
needs of perinatal medicine.
Numerous reports published in the last 10 years

indicate that measurement of the immunoglobulins
in cord or neonatal serum may be a valuable pro-
cedure to detect such infection (Alford, Schaefer,
Blankenship, Straumfjord, and Cassady, 1967;
Stiehm, Ammann, and Cherry, 1966; Sever, 1969;
Blankenship, Cassady, Schaefer, Straumfjord, and
Alford, 1969; Khan, Ali, Werthmann, and Ross,
1969; Miller, Sunshine, and Remington, 1969).
Either intrauterine or neonatal infection can lead to
abnormally high IgM and/or IgA levels as part of a
specific humoral immune response. However, the
value of IgM and IgA quantitation as a general
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Fig 5 Screening scheme for TORCH agents, based on
measurement ofIgM and IgA in cord serum
(Antoniadis and Saling, 1972).
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Variations ofimmunoglobulins in disease

screening procedure seems to be limited, as normal
levels have been found in some cases of recognized
infections (McCracken, Hardy, Chen, Hoffman,
Gilkeson, and Sever, 1969; de Crousaz Baillod, 1971).
This could be the result of a deficiency in the ability
of the fetus to respond appropriately to antigenic
stimulation, or to the fact that the infection occurred
too close to the time of delivery for a measurable
immunoglobulin response to have taken place.
An elevated IgM level is not always diagnostic of

infection (Finkel, Dent, Emrich, Gent, and Rahim,
1974). Leakage of maternal blood across the placenta
or other antigenic stimuli, such as maternal allotypic
proteins, can elevate both IgM and IgA. However,
such false positive results do not substantially
diminish the value ofIgM quantitation for screening
purposes. Antoniadis and Saling (1972) have
proposed the scheme shown in fig 5 as a rational
diagnostic procedure. Quantitation of IgM and IgA
can be performed economically on specially designed
immunodiffusion plates (Antoniadis and Tischer,
1973) or even by a simple and rapid latex agglutina-
tion technique (Tympner and Neuhaus, 1972;
Oehme, Pfirrmann, and Gutzeit, 1972).

Maternal blood present in a cord blood sample
will lead to an elevation of both IgM and IgA levels.
If, when measured after an interval of one week, the
newborn's serum IgA values are higher than they
were in cord serum or if abnormally high individual
values of either IgM or of IgA are found in cord
serum, specific diagnostic measures should follow.

It is obvious that this scheme does not solve the
problem of false negative screening results. Further
studies are necessary to establish the true place of
IgM and IgA determinations in the diagnosis of
perinatal infection and to determine whether these
tests can be recommended for mass screening
programmes or should only be used as confirmatory
tests in suspected cases.

LIVER DISEASES

Acute and chronic liver diseases are associated with
abnormal serum immunoglobulin patterns which,
considered in conjunction with clinical and other
laboratory findings, were found to be of great value
in the differential diagnosis of these diseases. Figures
6-9 show the remarkably concordant results which
have been published during the last six years. For
comparison all values are expressed as a percentage
of the mean of the relevant control group.

Acute hepatitis
The 'immunograms' in fig 6 can be taken as
typical patterns of acute hepatitis. They are charac-
terized by an initial dominant elevation of IgM, the
levels then falling during the course of the disease,
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Fig 6 Immunoglobulin patterns in acute hepatitis.
The height ofa column represents the mean value
expressed as a percentage of the mean of the
normal range. The dotted line indicates the upper
limit of normal.

returning to normal after about eight weeks. IgG
and IgA may be slightly elevated, but are often
within the normal range in uncomplicated cases. If
the IgG rises continuously as the IgM level falls, the
development of chronic hepatitis must be suspected.
This finding is of particular importance since other
laboratory tests fail to indicate definitely the onset
of chronic disease (Kienholz, Bindewald, and
Stockinger, 1973).
The documented association between hepatitis B

antigen (HBAg, Australia antigen) and long-
incubation serum hepatitis has stimulated com-
parative studies of immunoglobulin patterns in
HBAg-negative and HBAg-positive infective hepa-
titis. Iwarson and Holmgren (1972) have measured
the immunoglobulins in 65 patients with demon-
strable HBAg and 40 histologically verified cases of
hepatitis without demonstrable HBAg in acute-
phase serum. The levels of IgM in the HBAg-
negative group were significantly raised during the
first four weeks after the onset of jaundice whereas
the levels in the HBAg-positive group remained
normal during the entire period of observation. This
difference between hepatitis A and hepatitis B has
been confirmed by Thompson, Carter, Stokes,
Geddes, and Goodall (1973). Thirty-one of44 HBAg-
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negative patients but only two of 17 HBAg-positive
patients had initial IgM levels greater than 2
standard deviations above normal. These results
agree with the findings of Giles and Krugman (1969)
who studied experimentally infected institutionalized
children and found significant IgM elevations only
in cases of short-incubation hepatitis. Kindmark and
Laurell (1972) too observed only insignificant
changes of the immunoglobulins during the course
of long-incubation hepatitis.

Primary biliary cirrhosis
A similar immunoglobulin pattern (fig 7) has been
found in primary biliary cirrhosis. However, the
isolated elevation of IgM in this form of intra-
hepatic cholestasis is even more pronounced than in
acute hepatitis.
For the differential diagnosis of jaundice the

measurement of a low-density serum lipoprotein of
abnormal composition and properties, called LP-X,
has recently been shown to be of great diagnostic
value. LP-X was positive in 277 of 280 patients with
cholestasis, but could be detected in the serum of
only nine out of 277 patients with liver diseases
where cholestasis could be excluded (Seidel, Gretz,
and Ruppert, 1973). However, it is not possible to
differentiate between extrahepatic biliary obstruction
and intrahepatic cholestasis since both are LP-X
positive. At least one form of intrahepatic cholesta-
sis, namely, primary biliary cirrhosis, can be dis-
tinguished from extrahepatic obstruction by com-
bining LP-X determination and IgM quantitation.
The combination of 'LP-X positive/strongly elevated
IgM' seems to be characteristic of primary biliary

W. Becker

cirrhosis whereas in extrahepatic biliary obstruction
the IgM usually remains within the normal range. An
elevated IgA as an isolated abnormality was fre-
quently found by Thompson et al (1973) in patients
with extrahepatic obstruction and could serve as a
further parameter for diagnostic discrimination.

Chronic hepatitis
In chronic active ('lupoid') hepatitis a predominant
IgG elevation occurs (fig 8) which correlates well with
the progress of the patient, falling as clinical im-
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Fig 7 Immunoglobulin patterns in primary biliary
cirrhosis.

The height of a column represents the mean value
expressed as a percentage of the mean of the normal
range. The dotted line indicates the upper limit ofnormal.

Fig 8 Immunoglobulin patterns in chronic active
hepatitis.

The height ofa column represents the mean value
expressed as a percentage of the mean of the normal
range. The dotted line indicates the upper limit of normal.

provement occurs. This disease is mainly found in
women. In chronic persistent hepatitis it is again
mainly IgG that is significantly elevated, usually
accompanied by a positive HBAg test.

Cirrhosis
Micronodular cirrhosis (fig 9) is characterized by a
marked elevation of IgA which correlates with the
severity of the toxic inflammatory liver damage. In
active alcoholic cirrhosis IgG reaches mean values of
twice the normal and IgA increases to about four
times the normal mean value (Gleichmann and
Deicher, 1968b). In cases of inactive or less active
alcoholic chronic hepatitis and cirrhosis the im-
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Variations of immunoglobulins in disease
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Fig 9 Immunoglobulin patterns in alcoholic liver
cirrhosis.

The height ofa column represents the mean value
expressed as a percentage of the mean of the normal
range. The dotted line indicates the upper limit of normal.

balance of the immunoglobulin classess is similar to
the pattern seen in active cirrhosis, but the increase
of IgG is less marked. Since classical laboratory
tests such as transaminase and bilirubin estimations
show considerable overlap with the normal ranges,
immunoglobulin analysis has gained particular
importance for the differential diagnosis and prog-

nosis of liver cirrhosis.
Evaluating the literature available in 1970, Hobbs

(1971) analysed the reliability of the serum immuno-
globulin patterns for the differential diagnosis of
liver diseases and concluded that, provided diseases
elsewhere can be excluded, these patterns are

generally more than 90% reliable. Studies performed
and published during the last three years confirm this
statement and underline the diagnostic importance
of specific immunoglobulin analysis.

IMMUNOGLOBULINS IN CEREBROSPINAL
FLUID
With the exception of very high molecular weight

proteins such as IgM and ,B-lipoprotein, all plasma
proteins can be detected immunochemically in
normal cerebrospinal fluid. However, their relative
proportions differ considerably from those of
plasma (Laterre, 1973).

Probably most elevations of immunoglobulins in
the csf are largely the result of local synthesis, being
associated as a rule with infectious diseases of the
central nervous system (cns). In patients with
meningitis, quantitation of the csf immuno-
globulins appears to be a valuable diagnostic aid for
differential diagnosis. In acute bacterial and, to a
lesser extent, in tuberculous meningitis, a marked
rise of IgM concentration can be found (Kaldor and
Ferris, 1969; Smith, Bannister, and O'Shea, 1973).
The mean value for 24 cases of purulent meningitis
was 43 ± 58 mg/l whereas for 35 patients with acute
viral meningitis the IgM elevation was only mod-
erate: 5.0 ± 5 8 mg/l. It seems that IgM concentra-
tions greater than 30 mg/l in acute meningitis
exclude a viral aetiology.
Apart from these differences in IgM levels in

meningitis of different aetiology, IgA and IgG
levels are elevated later in viral meningitis, in
purulent meningitis, and in tuberculous meningitis.

In contrast to the increase of more than one
immunoglobulin class in infectious diseases of the
central nervous system, multiple sclerosis and
panencephalitis are usually accompanied by a
selective increase in IgG (Gottesleben and Bauer,
1967; Hartley, Merrill, and Claman, 1966). Frick
and Scheid-Seydel (1958) demonstrated that the
greater part of csf-IgG in multiple sclerosis does not
originate from the serum but is locally synthesized by
immunocompetent cells within the central nervous
system. Cutler, Watters, Hammerstad, and Merler
(1967) found the same to hold true for patients with
subacute sclerosing leucoencephalitis. These results
were obtained by studying the distribution of
isotope-labelled IgG between serum and cerebro-
spinal fluid. They accord well with observations
made by Cohen and Bannister (1967) who were able
to show that lymphocytes derived from the csf of a
patient with multiple sclerosis synthesized IgG in
vitro.
Ganrot and Laurell (1974) recently pointed out

that a normal total IgG concentration in csf does not
necessarily mean normal local IgG production,
because an abnormal oligoclonal or monoclonal
electrophoretic IgG pattern may sometimes be found
in csf together with an IgG concentration that is
still within the relatively wide 'normal range'.
However, the normal range is narrower for the ratio
of IgG/albumin in the csf (Tourtellotte, Tavolato,
Parker, and Comiso, 1971).
An index giving even higher discrimination has
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100 W. Becker

been proposed by Delpech and Lichtblau (1972) and
its value was confirmed by Ganrot and Laurell
(1974). This index is obtained by measuring IgG
and albumin in both csf and plasma, and thus
includes a correction for variations of these two
proteins in plasma which may influence csf levels if
there is increased permeability of the blood-csf
barrier. Six out of 20 patients with multiple sclerosis
showed normal IgG values in their csf, but when the
csf/plasma ratios for IgG were plotted against the
csf/plasma ratios for albumin, the values obtained for
normal controls and for the patients were discrete.
The scatter diagram for these ratios in individuals
without disease of the central nervous system has
been demonstrated to be a most useful reference
when it is desired to differentiate between local IgG
synthesis in the subarachnoid space and an increase
in csf protein for other reasons.
The extensive IgG elevation in csf from patients

with subacute sclerosing leucoencephalitis is mostly
accompanied by the appearance of free immuno-
globulin light chains of both types, kappa and
lambda, probably the result of an unbalanced local
synthesis of immunoglobulin H- and L-chains
(Koch, Becker, and Schwick, 1970).
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