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[In presenting the E. Mead Johnson Award
to Dr. Good, Dr. Bost, President of the Acad-
emy, commented, “Robert A. Good is American
Legion Memorial Heart Research Professor of
Pediatrics at the University of Minnesota. Dr.
Good was born in Crosbyv, Minnesota, on May
21, 1922; received his A.B. in 1944 from the
University of Minnesota; M.D. in 1947, Uni-
versity of Minnesota Medical School; Ph.D. in
anatomy and bacteriology in 1947, University
of Minnesota Graduate School; intern and resi-
dent 1947 to 1949, University of Minnesota
Hospitals; Rockefeller Institute Medical Re-
search, New York Citv, 1949 to 1950, and on
the staff of the University of Minnesota Medi-
cal School since 1950.

“The Awards Committee made the selection
with the following notation:

“The nomination of Robert A. Good by the
American Academy of Pediatrics for the 1955
first E. Mead ]ohm(m Award for Research is
based on his studies of agammaglobulinemia
and particularly on his perception and demon-
stration of the fact that studies of this disorder
could aid in an understanding of fundamental
physiologic mechanisms. Of special importance
are his ohsel\atmm in this disorder ()f the re-

Aided l)\ gmnts from th( ll(l( n lla\ \\hltnu ]'mmd ation, U,

lationship to the state and behavior of plasma
cells and of the significance of a successful
dermal homograft from an unrelated donor. The
Committee on Awards was also aware of his
studies on C-reactive protein in rheumatic
fever and of his basic contributions to pres-
ent understanding of the Shwartzman reac-
tion.”]

ROGRESS in basic science, when applied

to clinical medicine, has often provided
useful insight into the mechanisms of dis-
ease. One reflection of the impact of the
basic sciences on clinical medicine is the
relatively recent discovery and definition of
several diseases featured by disturbances
in protein synthesis. Advances resulting in
the anu]abxlntv of effective methods fm
physical and chemical separation and analy-
sis of the serum proteins, quantitative im-
munologic techniques, and qualitative and
quantitative morphologic criteria have con-
tributed to present understanding of the
metabolic disturbances in patients with
these dlseases In this field recent discov-
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eries suggest that only a beginning has
been made and that much progress can be
anticipated in the next few years as a re-
sult of the application of methods of protein
chemistry and quantitative immunology to
clinical medicine.

As first pointed out by Osler and clearly
reiterated by McQuarrie,' the clinical in-
vestigator has at his disposal a powerful
weapon with which to supplement tools
available from the basic sciences. Amongst
patients, particularly those with strange and
unusual diseases, may be found “experi-
ments of nature” which, properly con-
sidered, permit acquisition of new and use-
ful knowledge applicable far beyond the
patients and diseases studied. Advances to
be anticipated from study of such patients
concern organ, tissue or cellular function,
physiologic interrelationships and the na-
ture of pathologic processes. “Experiments
of nature” are often unique in that they
cannot be duplicated in the laboratory or
reproduced at will in the clinic. One of the
responsibilities of the clinical investigator
is to recognize such “experiments” and to
attempt their interpretation. Quantitative
biologic methods increase the frequency
with which experiments of nature may be
recognized and often permit their precise
definition and analysis. This happy com-
bination often can be employed to gain
useful new information or to establish an
incisive point of view. A recent attempt to
classify certain metabolic disturbances as
hereditary “molecular” disorders® reflects an
appreciation of this relationship.

The conviction that certain patients with
disturbances of gamma globulin synthesis
present such “experiments of nature”
prompted the present investigation. We
believe that from study of these patients
important mechanisms concerning protein
synthesis, protein metabolism, immunologic
processes, mechanisms of disease and host
reactivity may be elucidated. In studying
patients with disturbances in globulin syn-
thesis we have attempted to place our in-
itial investigations on a broad base in an
effort to gain insight into the nature of these
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processes and hence into the nature of hu-
man diseases based upon disturbances in
their execution.

To date we have had the opportunity to
study patients representing a whole spec-
trum of diseases based on, or associated
with, disturbances in gamma globulin syn-
thesis. Among these are included:

Children having congenital agammaglob-
ulinemia associated with generalized im-
munologic paralysis.

Adults having acquired agammaglobulin-
emia associated with generalized immuno-
logic paresis or paralysis.

Children having transient hypogamma-
globulinemia of infancy associated with
an apparent delay in assumption of im-
munologic responsibility.

Children having marked hypergamma-
globulinemia associated with a marked de-
crease in resistance to infection.

Preadolescent and adolescent females
having extreme hypergammaglobulinemia
associated with generalized inflammatory
liver disease.

Children having generalized insufficiency
of protein synthesis including hypogam-
maglobulinemia, featured clinically by the
occurrence of nonproteinemic edema and
profound hypoproteinemia.

Adults having multiple myeloma, fea-
tured by the excessive production of ab-
normal proteins (closely related to the
gamma globulins). This disturbance is fre-
quently associated with deficient produc-
tion of normal gamma globulins and im-
munologic paralysis or paresis.

Because our study of the problem of
agammaglobulinemia is most complete, my
remarks this morning will be limited to
our attempt to interpret the experiment of
nature represented by this group of cases.
It is our strong feeling, however, that com-
parable detailed investigation of represen-
tatives from each of the above named dis-
orders of gamma globulin metabolism will
reveal much of importance to immunologic
theory and practice.

Agammaglobulinemia was first recog-
nized by Bruton,* who found that an 8-year-
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old boy suffering recurrent bacterial infec-
tions possessed no gamma globulin peak on
electrophoretic analysis of the serum pro-
teins. Immunologic studies revealing failure
of the immune response suggested that the
clinical disorder is based on a deficiency in
the immune mechanism. Subsequently
studies by Bruton et al.* and Janeway et al.®
showed that agammaglobulinemia is an
isolated disturbance of protein metabolism
in which absence of gamma globulin is the
only demonstrable abnormality. The studies
of the Boston group established that agam-
maglobulinemia is due to deficient produc-
tion of gamma globulin and not to increased
destruction of this compound. Parenterally
administered gamma globulin had, in these
patients, a survival time somewhat longer
than that described by others®-* for normal
human subjects, and immunologic studies
showed that these patients failed to produce
antibodies against several different antigens.
Thus, the pioneer work revealed that this
was a new disease characterized by the
following manifestations:

Increased susceptibility to bacterial in-
fection.

Absence of gamma globulin from the
serum,

Absence of antibody from the blood and
tissues.

Failure of antibody production in re-
sponse to antigenic stimulation.

Following the clinical and laboratory
definition of agammaglobulinemia, electro-
phoretic study of the serum or plasma from
patients suffering recurrent infection has
turned up numerous cases of this dis-
ease.'”* Indeed the number of reports
pouring into the medical journals estab-
lishes that agammaglobulinemia, although
probably uncommon, is not rare. At the
present writing 56 cases of isolated agam-
maglobulinemia have been reported.

Present evidence indicates that at least 2
forms of isolated agammaglobulinemia
exist. In one form the disease appears to be
congenital, sex-linked, and familial. Thus
far this form of disease has been reported
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only in bovs and numerous instances of its
development among male siblings have
been observed.’»?*' Its cccurrence in male
cousins born of sisters supports the con-
cept that congenital agammaglobulinemia
may be an inborn error of metabolism
transmitted as a sex-linked recessive
trait.*’-* The recent discovery of a female
child suffering from what appears to be
“congenital” agammaglobulinemia indicates
either that the syndrome mav be based on
a different hereditary pattern in some cases
or that the acquired disease mayv begin in
infancy.*®

The other clinical form of isolated agam-
maglobulinemia appears to be an acquired
disease which occurs in either sex at any
age. This disease has been found princi-
pally among adults but'a few cases begin-

ning in childhood have been discovered.

The patients with acquired agammaglob-
ulinemia, like the children with congenital
agammaglobulinemia, are inordinately sus-
ceptible to infection. Following the devel-
opment of the disease their lives become a
succession of severe bacterial infections.
Patients thus far reported have regularly
suffered recurrent bouts of severe pulmo-
nary disease often resulting in bronchiecta-
sis.?® Some of them have had recurrent bac-
terial meningitis,> '* *! recurrent diarrhea,*!
recurrent otitis, sinusitis and pharyn-
gitis'> *! and several have suffered from a
sprue-like syndrome, 1 20

Immunologic studies reveal that patients
with acquired agammaglobulinemia also
have a marked immunologic deficit. They
fail to form antibody in response to stim-
ulation with even potent bacterial anti-
gens.» ** Acquired agammaglobulinemia is
a sporadic disease and studies of the mem-
bers of the family do not reveal disturb-
ances in gamma globulin metabolism in
these cases.?®

Young et al.** have recently described in
an adult male a case of agammaglobulin-
emia apparently dating back to an early
age. Electrophoretic examination of the
serum proteins revealed an increased
gamma globulin concentration in the serum
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of the patient’s mother and older brother.
The authors interpret this finding as indi-
cating the existence of familial dysprotein-
emia, of which the agammaglobulinemia
was an expression in the index case. Inter-
esting in this regard is that clectrophoretic
study of the entire family of our most re-
cent patient with agammaglobulinemia re-
vealed that the mother had an abnormally
high gamma globulin concentration  for
which no explanation was apparent. Nonc
of the other 4 family studies which we have
carried out have turned up evidence of
dysproteinemia among the relatives of the
agammaglobulinemic patient.

DIAGNOSIS OF AGAMMAGLOBU-
LINEMIA

Once the possibility of agammaglobulin-
emia is suspected, the diagnosis is readily
made by relatively simple laboratory pro-
cedures. Either free or paper electrophore-
tic analysis of the serum or plasma proteins
revealing normal concentrations of albumin,
alpha and beta, globulin along with com-

Fic. 1. Comparison of free electrophoretic pat-
terns in normal persons (uppvr) and in patients
with agammaglobulinemia (lower). Note the com-
plete absence of gamma globulin as revealed in
this way.
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B

FF1c, 2. Comparison of paper zone electrophoretic
pattern in normal persons (upper) and in patients
with agammaglobulinemia (lower). Note the diag-
nostic absence of gamma globulin revealed by this
technique.

plete absence of gamma globulin and de-
creased beta, globulin establishes the diag-
nosis. Figure 1 shows a typical diagnostic
free electrophoretic pattern from a patient
with agammaglobulinemia together with a
similar pattern from a normal child. Figure
2 compares the diagnostic appearance of
the paper electrophoretic pattern and a
typical normal fractionation obtained by
the same method.
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Screening Tests

For the laboratory which is not equipped
to perform electrophoretic studies, several
simple, relatively reliable screening tests
are available:

FRACTIONATION OF THE SERUM PROTEINS
BY THE Howe METHOD: If the serum pro-
teins are fractionated using a final concen-
tration of 21 per cent sodium sulfate, a so-
called globulin fraction is precipitated. This
“globulin” fraction consists largely of beta
globulin and the gamma globulin, albumin
and alpha globulin being left in solution.
A ratio between the “albumin” and “glob-
ulin” is the Howe A/G ratio.

Albumin + alpha globulin

Beta + gamma globulin

Under ordinary circumstances this A/G
ratio ranges between 2.0 and 3.5. In pa-
tients suffering from agammaglobulinemia
extremely high Howe A/G ratios obtain. In
4 of our patients with agammaglobulinemia
in whom this study was carried out, the
Howe A/G ratio ranged from 9.0 to 13.1.

Kunkel's zinc turbidity test for gamma
globulin,*” usually available in the diagnos-
tic clinical laboratory as a liver function
test, depends on the precipitation of a pro-
tein from the serum in proportion to the
gamma globulin concentration of the latter.
Normal values in our laboratory have
ranged from 2.5 to 13 turbidity units with
a mean figure of 5 to 6 units. In patients
with agammaglobulinemia this value is regu-
larly extremely low giving either a zero
value or insignificant readings up to 1 unit.

Low total protein together with low glob-
ulin and high A/G ratio with the commonly
used 26 per cent sodium sulfate fractiona-
tion. Although less dramatic than the altera-
tion shown on Howe fractionation even the
methods of protein fractionation widely
used at present reveal a low globulin con-
centration and a high A/G ratio in patients
with agammaglobulinemia. This finding,
distinctly unusual in patients who present
as these often do with chronic or recurrent
infectious disease, is a helpful screening
test.
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Absence of isoagglutinins in the serum:
If the patient suspected to have agamma-
globulinemia is of blood group A, B or O,
simple determination of antibody titer
against the heterologous blood group cells
provides a screening diagnostic test of great
clinical usefulness. None of the patients
with agammaglobulinemia studied thus far
has had more than an insignificant amount
of these antibodies in the serum, whercas
immunologically normal persons have rela-
tively high titers. Any blood bank or sero-
logic laboratory can easily set up this simple
test. This determination is probably the
most generally available test which can be
used for screening and has proved to be one
of the best methods available for this pur-
pose.

Schick test: Since almost all children
who have had a series of injections of dip-
theria toxoid are Schick negative, simple
performance of the Schick test can be used
as a diagnostic screening test for agamma-
globulinemia. A positive reaction following
immunization procedures which are other-
wise highly effective is presumptive evi-
dence of an immunologic deficit and hence
compatible with the diagnosis of agamma-
globulinemia.

Qualitative or semiquantitative precipitin
test for gamma globulin: Gitlin* has de-
scribed a simple screening test for agamma-
globulinemia which depends on precipita-
tion of gamma globulin with antiserum pre-
pared by injection of rabbits with purified
human gamma globulin. Unfortunately this
test, although diagnostic and extremely
simple of execution, is not readily available
since preparation of highly purified gamma
globulin is still somewhat difficult. This test
could be made generally available through
the commercial production of specific anti-
gamma globulin serum from a suitable lab-
cratory animal.

Bone marrow biopsy: Study of smears
obtained from the bone marrow of normal
persons regularly shows a significant num-
ber of plasma cells. Such is not the case
with bone marrow from patients with
agammaglobulinemia. Complete or virtual-
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lv complete absence of plasma cells from
the bone marrow smear provides good pre-
sumptive evidence of isolated agammaglob-
ulinemia. Since plasma cells are relatively
infrequent in the marrow of normal persons
(0.1 to 0.8 per cent of nucleated cells) the
presumption must be made on the basis
of an extreme scarcity of these cells or on
the basis of their complete absence from
the marrow smear.

Neuhauser* has called attention to a
screening test based on almost complete
absence of adenoid tissue in these patients.
Roentgenograms of the nasopharynx in
children with agammaglobulinemia reveal
no evidence of adenoid tissue. Thus the
nasopharynx appears similar to that of chil-
dren previously subjected to adenoidec-
tomy. Although not of great practical im-
portance, the deficiency of lymphoid tissue
thus revealed is of fundamental significance
in this disease.

Since none of the presumptive diagnostic
procedures nor any combination thereof
provides conclusive proof of agammaglob-
ulinemia, the final diagnosis depends on
electrophoretic or immunochemical analy-
sis of the serum proteins.

True Gamma Globulin Concentration

Although present nomenclature based on
clectrophoretic analysis of the serum labels
these patients as agammaglobulinemic, this
concept is probably in error. Both free and
paper electrophoretic methods fail to de-
tect small amounts of gamma globulin.
More precise analysis based upon extremely
sensitive immunochemical studies'> *° re-
veals that all of the patients studied possess
minute amounts of gamma globulin in their
serums. Listed in Table I are the results of
immuncchemical measurements carried out
in 6 of our patients. Three of these had the
acquired form of agammaglobulinemia and
3 had the congenital disease. These ob-
servations indicate that gamma globulin in
measurable amount is present in each of
these patients. Although it follows that ex-
treme hypogammaglobulinemia is a more
accurate term for this disease, popular us-
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TABLE I

CONCENTRATION OF GAMMA GLOBULIN BY IMMUNOLOGIC
MEeTHOD IN PATIENTS WITH AGAMMAGLOBULINEMIA

| !

Patient ! : | Cone. of
Age | D ! ‘orm of ; Gamma
and | ate | isease | Globulin
Sex ; ' " mg. 100 ml.

WAL 11-12-54 i Congenital 4.4
6 yr. male 4.0
E.S. 2-17-35 | Congenital | 13.8
7 yr. male 3- 9-55 | 13.1
3-24-55 | 10.0
4- 455 | 9.1
T.A. 11-20-54 ' Congenital 13.1
1 yr. male 11-29-54 14.1
L.L. | 9-22-54; | Acquired 12.2
30 yr. female I 11- 5-34 | 10.0
F.H. ‘ | Acquired i 40.0

58 yr. male | ‘ '
M.O. | 5-27-5¢ | Acquired | 40.6
adult female . 6- 7-54 28.1

Normal

children 600-1300

age dictates that “agammaglobulinemia” be
retained.

Survival of Gamma Globulin in Patients
with Agammaglobulinemia

Gamma globulin tagged with I-131 when
injected into normal persons has an appar-
ent half-life of 14 to 20 days. Lang et al.,"”
injecting gamma globulin tagged with I-131,
found no significant deviation from the nor-
mal decay time in patients with agamma-
globulinemia. Gitlin et al.,* using an im-
munologic method to quantitate gamma
globulin concentration, reported that the
half-life of gamma globulin in agamma-
globulinemic subjects ranged from 25 to 30
days.

In the patients with agammaglobulin-
emia whom we have studied,* the half-life
of unlabeled and presumably unaltered
gamma globulin quantitated electrophore-
tically, immunologically and turbidimetri-
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Fic. 3. Survival of gamma globulin in a patient with agammaglobulinemia injected intramuscularly
with 4 ml./kg. of 15 per cent gamma globulin (Red Cross). The scrums from serial bleedings were

analyzed by paper zone electrophoresis.

cally has been found to be approximately
30 days. A typical experiment performed on
a 16-month-old child is illustrated in Figure
3. T.A. was given an intramuscular injec-
tion of 50 ml. of concentrated solution of
gamma globulin (Red Cross 15 per cent
gamma globulin). Four days later the cir-
culating gamma globulin concentration had
risen from the base-line value of 12
mg./100 ml. to 460 mg./100 ml. After 120
days the gamma globulin concentration
was found to be 38 mg./100 ml. The decay
curve obtained by quantitative measure-
ment of gamma globulin at weekly in-
tervals described a logarithmic decline with
half-life of 30 days. Similar findings have
been obtained in 3 other cases. From these
observations one can be certain that the

low levels of gamma globulin in the serum
of these patients are due to failure of pro-
duction of this protein and not to enhanced
destruction or loss.

Other Diseases Featured by Hypogamma-
globulinemia

Electrophoretic agammaglobulinemia or
extreme hypogammaglobulinemia occur as
concomitants of several human diseases
other than the one associated with isolated
failure of gamma globulin synthesis. Such
instances have been described in patients
failing in the general fabrication of serum
protein, patients destroying the serum pro-
teins with inordinate rapidity and in pa-
tients losing large amounts of protein in
the urine. Krebs* described agammaglob-
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ulinemia among the defects of protein
metabolism in a severely malnourished pa-
tient. In the syndrome first described by
McQuarrie et al.,*' studied by others**->!
and defined electrophorvtlcall\ bv Fried
and Henley,** hvpogammaglobu]memm oc-
curs as a part of a disease featured by gen-
eralized failure of protein fabrication. This
syndrome may be transient or permanent.

Pathologic study of McQuarrie’s case
provided evidence that the disturbance of
protein synthesis was due to hepatic ab-
normality. Although the clinical problem in
these patients is usuallv formation of edema
due to the albumin deficit, increased sus-
ceptibility to infection and death from
bronchopneumonia have been described.*!
Ulstrom® has recently studied a case in
which hypoalbuminemia, edema, hypogam-
maglobulinemia and anemia were all tem-
porary, apparently interrelated defects of
protein synthesis in an infant. Recently he
has studied 3 additional patients with this
syndrome.®

In the nephrotic syndrome hypogamma-
globulinemia may occur along with hypo-
albuminemia as a reflection of the loss of
these protein constituents in the urine.’
Patients with nephrosis are not lacking in
ability to synthesize serum protein; indeed,
evidence® % indicates that increased fab-
rication of both albumin and gamma glob-
ulin occurs in patients with this disease.
That the extremely low concentrations of
gamma globulin in patients with nephrosis
may be responsible for their susceptibility
to bacterial infection seems likely.

In a few patients®*-®! increased destruc-
tion of serum proteins may be responsible
for gamma globulin deficit but thus far
this disturbance too has been associated
with deficiencies in the other serum pro-
teins, and the gamma globulin defect is only
one of the abnormalities demonstrable.

Hypogammaglobulinemia is a frequent
concomitant of multiple myeloma?® -6
and in this discase the gamma globulin
deficit may be associated with immunologic
failure.” The deficiency c¢f normally mi-
grating gamma globulin” in patients with
multiple myeloma appears to be a price

DISTURBANCES IN GAMMA GLOBULIN SYNTHESIS

paid for the synthesis of inordinate amounts
of abnormal globulms by these patients.””
The latter compounds, a]though migrating
abnormally on electrophoretic analysis, are
immunologic relatives of the normal gamma
globulins.®® % Like the children and adults
with isolated agammaglobulinemia, these
patients may experience frequent, severe
bacterial infections.

Perhaps the most frequent form of iso-
lated agammaglobulinemia as determined
electrophoretically is the transient form
which occurs in infants between the second
and sixth months of life. In these babies
there is an apparent delay in assumption
of immunologic responsibility. Normally
newborn infants are born with a comple-
ment of gamma globulin in their serums at
least equal to and usually greater than that
of the maternal serum.”-** During the first
weeks of life a rapid decrease in gamma
globulin concentration takes place which
follows a logarithmic decay curve with a
one-half survival time of approximately 20
days.”™ From these data and those to be
presented later in this report it can be
reasoned that for a variable period during
the neonatal period the infant does not pro-
duce significant amounts of gamma glob-
ulin. If this nonproductive period is inor-
dinately prolonged and production of
gamma globulin begins late, the concen-
tration of gamma globulin may decrease to
levels that are pathologically low. Recently,
Spain et al.™ have attributed some cases of
pneumonia resulting in crib death to this
form of agammaglobulinemia. Several such
cases have been studied in our clinic and
laboratory. In each of these infants, over-
whelming and sometimes recalcitrant pneu-
monia has been associated with the ex-
tremely low levels of gamma globulin. This
disease may occur in either sex and appears
to be self-limited as indicated by Kelley’s
study,”® Martin’s observations’® and our
own recent experiences.

During the past 2 years we have had
the opportunity to study 10 patients with
isolated agammaglobulinemia. Eight of
these patients were children. All the children
were males and in 3 families male siblings
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were affected. In each of the children symp-
toms referable to the metabolic abnormality
had been present dating back to the second
half of the first year of life. Two of the pa-
tients were adults, one a male and the other
a female. In both instances the history pro-
vided strong presumptive evidence that the
agammaglobulinemia and immunologic ab-
normality had been acquired. In both the
adults and the children the clinical disease
was featured by recurrent bacterial infec-
tion due primarily to the pyogenic patho-
gens. Thus, recurrent attacks of meningitis,
otitis media, bronchitis, pneumonia, and
septicemia due principally to pneumococci,
streptococci, staphylococci and Hemophilus
influenzae were recorded. However, on sev-
eral occasions infections with gram-negative
organisms, e.g., Pseudomonas, Proteus, or
Neisseria intracellularis occurred.

Eight of our patients have been subjected
to intensive immunologic, biochemical and
hematologic study. From analysis of the
unique experiment of nature posed by these
patients much that is new concerning im-
munologic mechanisms and immunologic,
biochemical and hematologic interactions
has been learned. It is our attempt to in-
terpret this incisive experiment which fol-
lows.

The Immunologic Handicap in
Agammaglobulinemia

The immunologic handicap in patients
with agammaglobulinemia has been re-
vealed in the following ways:

Search for immune response to ubiqui-
tous antigens.

Search for natural agglutinins.

Study of the primary response.

Stimulation with potent bacterial anti-
gens.

Stimulation with
group antigens.

Stimulation with potent virus antigens.

heterologous  blood

Study of the secondary response to the
antigens employed in stimulation with po-
tent virus antigens.

In Table II is summarized the response
of the patients with agammaglobulinemia

TABLE 11

IMmMUNE REspronse To UBIQUITOUS ANTIGEN IN
PATIENTS WITH AGAMMAGLOBULINEMIA

Schick test positive R/8

Dick test positive 5/5
ASO titer <1 u./ml. 6/8
ASO titer <1.6 u./ml. 2/8
Streptococcal antihyaluronidase present 0/8
Streptococcal antidesoxyribonuclease present  0/4
Mumps C.F. antibody present 0,8
Herpes neutralizing antibody present 0/7
Polio neutralizing antibody (all 8 types) 0/4

to antigens ubiquitous in the environment.
These studies represent search for evidence
of immunologic response to anitgens which
might be expected to produce an immuno-
logic response in most persons in our cul-
ture during the course of their maturation.
In none of the patients with agammaglob-
ulinemia were significant amounts of these
antibodies to be found in the serum. We
interpret these observations as a strong in-
dication that each of the patients with
agammaglobulinemia is suffering from a
profound immunologic handicap since the
immunologic response anticipated in nor-
mal persons has not occurred.

Following completion of this study 6 of
the patients with agammaglobulinemia
were subjected to intensive stimulation with
potent bacterial antigens. These results,
summarized in Table III, establish the se-
verity of the immunologic defect in these
patients. The most intensive stimulation
with polysaccharide antigens, protein poly-
saccharide complexes and protein antigens
derived from bacterial sources were em-
ployed in the immunologic challenges. Fail-
ure of antibody production was the result
in each instance.

The natural isoagglutinins against the
heterologous blood groups were next
studied in the patients with agammaglob-
ulinemia, It has long been known that in
normal patients of blood group O, A and
B, isoagglutinins against the heterologous
blood group substances are absent at birth
and uniformly appear in the serum in
appreciable concentration during the first
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TABLE III

RESPONSE OF PATIENTS WITH AGAMMAGLOBULINEMIA TO POTENT BACTERIAL ANTIGENS

Stimulation

Result

DPT,* pneumococeal polysaccharide type 1 and 2.
Primary, secondary and tertiary stimulation with TAB,
DPT,* pneumococcal polysaccharide type 1 and 2.
Primary, secondary and tertiary stimulation with TAB,
DPT,* pneumococcal polysaccharide type 1 and 2.
Primary, secondary and tertiary stimulation with TAB,
DPT,* pneumococcal polysaccharide type 1 and 2.

Primary, secondary and tertiary stimulation with TAB,

No responset
Noresponset
Noresponset

Noresponset

Primary, secondary and tertiary stimulation with TAB,
DPT,* pneumococcal polysaccharide type 1 and 2.
Primary, secondary and tertiary stimulation with TAB,
DPT,* pneumococcal polysaccharide type 1 and 2.

Noresponset

Noresponset

: — - —
| K {

Group | Patient ! Age Sex |

I | (yr.) |

SN SR SO
Congenital | B.H. 5 M i
agamma- | |
globu- ks 07 M
linemia | | ‘
i WA 6 M |

CrA o1 M

o |

Acquired | FIL | 58 | M |
agamma-| l f
globu- ‘ L.L. i 30 L
linemia | | :

* Diphtheria, pertussis and tetanus antigens.

t Antibody response measured by agglutinin titer vs. TAB, Shick test and agglutinins vs. DPT and quantitative

precipitin vs. pneumococcal polysaccharide.

year of life. Consequently in both normal
children and normal adults the “natural”
isoagglutinins against heterologous blood
groups are readily demonstrable. In con-
tradistinction, antibodies against the heter-
ologous blood group substances were either
completely absent or present in extremely
low titer in the patients with agammaglob-
ulinemia. The results are summarized in
Table IV. Four of our patients with agam-
maglobulinemia were of blood group O.
None of these possessed detectable anti-
bodies against either A or B cells. One pa-
tient with congenital agammaglobulinemia
was of blood group B and possessed no
antibody against group A cells. One of the
patients with acquired agammaglobulin-
emia was of blood group A as were 2 pa-
tients with the congenital form. Each pos-
sessed minute amounts of agglutinating
antibody against group B cells. In no case
did the antibody titer overlap that observed
in a large group of normal children studied
as controls. The results are summarized in
Table IV.

After these observations were available,
6 of the patients with agammaglobulinemia
were stimulated by the intravenous or in-
tramuscular injection of varying amounts
of mismatched cells. Whereas small

TABLE 1V

Broop Group AND I80AGGLUTININ TITERS IN
PATIENTS WITH AGAMMAGLOBULINEMIA

Group Patient Blood Isoagglutinin Titer
Age and Sex | Group Anti A Anti B
] B.H. B no titer —
£ 5 yr. male
:% E.S. (0] no titer no titer
2 7 yr. male
';i: W.A. (0] no titer no titer
g 6 yr. male
a T.A. 0 no titer no titer
& 1 yr. male
,—g F.T. A — pos. in 1-5
a 2 yr. male dilution
=3 T.T. A — pos.in 1-5
o 1 yr. male dilution
2
T é £ L.L. O | notiter | no titer
‘5 Z :£ |30 yr. female
g&3 F.H. B — pos.in 1-2
< &9
0 | 58 yr. male dilution
Normal 0 1:843.0* | 1:185.1*
— 20 cases
g Normal A — 1:179.0*
B
2 18 cases
Normal B 1:194.0* —
15 cases

* Geometric mean titer.
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amounts (1 to 2 ml.) of such mismatched
cells produced febrile reactions, fall in
platelets, sudden decrease in polymorpho-
nuclear leukocytes and malaise upon their
intravenous injection into immunologically
normal recipients; up to 20 ml. of packed
mismatched cells were injected intraven-
ously into the patients with agammaglobu-
linemia without reaction (Table V).

The intensive antigenic stimulation af-
forded by the intravenous or intramuscular
injection of mismatched blood cells failed
to induce antibody production in 4 of 5
cases in which it was tried. In 1 case, a
patient with acquired agammaglobulinemia
of blood group A who possessed a low
titer of anti B antibody initially, intramus-
cular injection of 2 ml. mismatched blood
cells (group B) resulted in feeble 1-tube
antibody response. In 4 cases repeated in-
jections of varying amounts of mismatched
cells were given, employing the several dif-
ferent routes for administration of antigen.
No response was obtained. The results are
summarized in Table VI.
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For comparison, a sharp 3-tube rise in
anti-B antibody titer was obtained in a
normal patient who was immunologically
group A and who was given an intramus-
cular injection of 2 ml. of group B cells.

Response of the Patient with Agamma-
globulinemia to Virus Infections
and to Viral Antigens

A clinical paradox noted in patients with
agammaglobulinemia concerns virus infec-
tions. Children with agammaglobulinemia
have a surprising ability to cope success-
fully with most virus infections in spite of
their immunologic handicap. Children with
congenital agammaglobulinemia may de-
velop virus diseases, express the usual
symptoms and clinical course, recover from
them, and even appear to resist recurrences.
For example, patients with agammaglobu-
linemia whom we have studied have suf-
fered from rubeola, rubella, varicella, the
common cold, nonbacterial upper respira-
tory disease (ARD), mumps and polio.
These infections have not been different

TABLE V

RESPONSE OF PATIENTS WITH AGAMMAGLOBULINEMIA TO THE INTRAVENOUS INJECTION OF MisMaTcHED BLoop

Pre-injection l 2 Hours Post-injection
|
Patient Age Sex Diagnosis Inlrr}rerfoua | v [
yr. Injection ‘ Temp. | Neutro- Jatel Temp. | Neutro- N
oC. phils Platelets °(. phils Platelets
i

M Agammaglobulinemia, | 20 ml. packed ! !

E.S 7 Blood Group | immunologic paralysis | group A 37.4 | 8200 ' 850,000 37.6 3000 365,000
[§] | cells { |
M Aga lobulinemia, | 15 ml. packed

WA (] Blood Group | immunologic paralysis | group A 37.6 2000 420,000 | 87.6 3320 | 385,000
(0] cells |
M Agammaglobulinemia, | 10 ml. packed

T.A. 1 Blood Group | immunologic paralysis | group A 37.8 2250 | 302,000 | 87.6 2640 | 410,000
0 cells
F Agammaglobulinemia, | 15 ml. packed

L.L. 30 Blood Group | immunologic paralysis ! AB cells 37.0 4240 | 315,000 | 37.0 4050 | 285,000
o |
M 2 ml. group A

R.N. 5 Blood Group | Leukemia in remission | blood cells 37.4 2250 225,060 38.6 550 115,000
(0]
M 2 ml. group A

B.H. 8 Blood Group | Brain tumor blood cells 37.8 4580 | 265,000 | S88.8 740 185,000
(o]
M 2 ml. group A

R.T. 4 Blood Group | Hydrocephalic infant blood cells 87.6 8950 | 212,000 | 87.9 1250 126,000
0
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TABLE VI

ErrecT or PARENTERAL ADMINISTRATION OF HETEROLOGOUS BLOOD GROUP CELLS ON THE
[80AGGLUTININ TITERS OF PATIENTS WITH AGAMMAGLOBULINEMIA

’ . ‘ Titer*
. { S Tert .. .
i | et | P | Sl | Tl g |
)| D 0O D D
rroup tm { L ' After 1 ! After @ | After 3
F.S. 7 years old, male I 1 ml. packed
Congenital 0 20 ml. packed | 10 ml. packed | A cells i.d. | no titer no titer no titer no titer
agammaglobulinemia A cellsi.v, A cells i.m. 10 ml. packed
A cells i.m.
|
W.A. 6 years old, male I 1 ml. packed
Congenital 15 ml. packed | 10 ml. packed | A cells i.d. no titer no titer no titer no titer
agammaglobulinemia A cellsi.v. A cells i.m. 5 ml. packed
A cells i.m.
T.A. 1 year old, male 1 ml. packed
Congenital [§] 10 ml. packed | 10 ml. packed | A cells i.d. no titer no titer no titer no titer
agammaglobulinemia A cellsi.v. A cellsi.v. 10 ml. packed
i A cells i.m,
L.L. 30 years old, | O | 15 ml packed | 20 ml. packed | 10 ml. packed no titer no titer no titer no liter
female, acquired B cells i.v. AB cellsi.v. A cells i.m. i
agammaglobulinemia ’
F.H. 58 years old, male | A I 2 ml. packed — — 1/2 1/4 |
Aequired | . Beellsim. |
agammaglobulinemia | |
R.G. 32 years old, male A 2 ml. packed — — 1/160 1/1280 |
| Bcellsi.m. | |

* Antibody titer measured 10 days after each antigenic stimulation.

from those occurring in normal persons. Al-
though the observations of Keiden and
McCarthy,”” Kempe and others™ ™ that
certain infants with agammaglobulinemia
or hypogammaglobulinemia developed vac-
cinia gangrenosa kept us from vaccinating
the children in our series, 5 of our patients
had been vaccinated prior to consulting us.
In 4 of these children the reaction to vac-
cination described was typical of the pri-
mary response. One of the children,
however, failed to react and on 3 different
occasions vaccination has produced no re-
sponse in this child. In 2 of the others,
repeated vaccination produced an acceler-
ated response. These observations are sim-
ilar to those of Janeway et al.® Re-exposure
to exanthematous infections indicates that
appreciable clinical resistance is induced by
a previously occurring virus infection. For
example, a 7-year-old boy with agamma-
globulinemia (E.S.) who had never been
given gamma globulin, had typical rubeola
when he was 5 years old. The illness was
featured by coryza, cough, typical rash and
fever up to 39.8°C. He recovered from this

infection after the usual stormy febrile
course of 6 days duration. During his sixth
and seventh years of life while he was be-
ing studied on our clinical service, he was
re-exposed by intimate contact with in-
fective cases of measles on 3 separate occa-
sions. No gamma globulin was given. In
spite of his known immunologic handicap
he did not develop measles after any of
these exposures. Similar exposure occurred
in another 6-year-old boy with agamma-
globulinemia (W.A.) who had not had
measles. This boy developed typical rubeola
14 days after exposure to one of the same
patients to whom E.S. had been exposed.
His disease differed in no way from that
of several other children who developed
the infection after exposure to the same
contact. Figure 4 shows this child during
the exanthematous phase of measles. Subse-
quent intimate re-exposure of this second
child to measles on 2 occasions did not pro-
duce disease. This same 6-year-old boy with
agammaglobulinemia developed chicken
pox at the age of 4 years. This illness was
unusual in that he had a mild secondary
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Fic. 4. Patient with agammaglobulinemia at the
height of an attack of measles. Note the character-
istic morbiliform rash.

outbreak of skin lesions 2 weeks after sub-
sidence of the initial infection. Subsequent
intimate re-exposure to chicken pox both in
the hospital and at home, however, failed
to produce a recurrence of this disease.

During the 2-year period of observation
of 8 patients with agammaglobulinemia,
susceptibility to virus infections has not
been notable. Clinically these patients have
not been inordinately susceptible to the
common cold, or infections with the A.P.C.
group of viruses. They have not developed
atypical pneumonia, influenza or other rec-
ognizable virus infections. In contradistinc-
tion, during periods when gamma globulin
is not being administered or antibiotics are
not being given as a prophylactic measure,
they begin again to experience frequent,
life-threatening bacterial infections.

Like the children with the congenital
disease, adults with acquired agammaglob-
ulinemia tolerate certain virus infections
and resist their recurrence. For example,
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the 7-year-old daughter of a 30-year-old
female with agammaglobulinemia de-
veloped both measles and chicken pox dur-
ing the period when the patient was known
to be agammaglobulinemic without trans-
mitting the disease to her mother.

Some evidence suggests that generaliza-
tion from these observations to all virus
disecases may be erroneous. For example,
repeated episodes of mumps have been re-
ported in agammaglobulinemic patients.*
Whether these be true recurrences of
mumps is of course open to question be-
cause other forms of parotitis may have
been confused with the epidemic discase,
no virus studies have been done, and the
immune response is not helpful in these
patients. In addition, one of our patients
with acquired agammaglobulinemia de-
veloped what appeared to be homologous
serum hepatitis which took a fulminant
course with death in hepatic coma 2 weeks
after the onset of the jaundice.*" Janeway*!
also has observed the development in a
child with agammaglobulinemia of hepati-
tis which became chronic and ultimately
led to the death of the patient after a
prolonged illness. It may be that some virus
infections are handled well by these pa-
tients while others, in which circulating
antibody or gamma globulin play a vital
role in recovery, are handled with lesser
facility.

In an attempt to unravel the paradox
presented by these observations we have
studied the immunologic response of pa-
tients with agammaglobulinemia to virus
antigens.

Influenza  vaccine, mumps vaccine,
spotted fever, Q fever, typhus, western
equine encephalitis antigens and all 3 types
of poliomyelitis virus were injected repeat-
edly into each of 4 patients with agamma-
globulinemia. In only 1 instance was there
any evidence of antibody production. The
58-year-old man with acquired agamma-
globulinemia produced antibody  against
type I poliomyelitis virus in 1:4 titer. This
patient and the 3 others produced no neu-
tralizing, complement fixing, or hemagglu-
tination inhibiting antibodies against any of
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the other antigens employed. The results are
summarized in Table VII.

It must be concluded from these data
that patients with agammaglobulinemia do
not respond to virus antigens by antibody

GOOD —- DISTURBANCES IN GAMMA GLOBULIN SYNTHESIS

tected by the most delicate in-vitro tech-
niques can protect against virus infection
or that mechanisms other than those in-
volving antibody production operate in
clinical expression of, recovery from, and

production any more satisfactorily than resistance to certain virus diseases.
they do to bacterial antigens, simple pro-
tein antigens or blood cell antigens. In
light of these observations it must now be
reasoned either that minute amounts of

anti-virus antibody which cannot be de-

The Nature of Bacterial Type
Hypersensitivity

Although most reports on agammaglob-
ulinemia emphasize that repeated tuber-

TABLE VII

REsPONSE OF PATIENTS WITH AGAMMAGLOBULINEMIA TO STIMULATION WITH VIRUS AND RICKETTSIAL ANTIGENS

Patient and Antibody Response Obtained*
. .. Acquired
Congenital Agammaglobulinemia Agam m.a;llo bulinemia
Antigen Used | Test Used to Detect Response _
E.S. W.A. T.A. F.H. L.L.
7 years old, | 6 years old, | 1 year old, | 58 years old, | 30 years old,
i male male male male female
1. Influenza 8 injections of 1 ml. each, No No No No No
vaccine hemagglutination inhibition response response response responset | responset
Lederle
2. Mumps 8 injections of 1 ml. each, No No No No No
virus vac- | complement fixation response response response response response
cine Lederle
3. Spotted 8 injections of 1 ml. each, No No No No
fever group | complement fixation, hemag- | response response response response
antigens glutination inhibition
4. Typhus Same as 8 No No — No
vaccine response response response
3. Q fever Same as 3§ No No — No —
antigen response response response
6. Western 8 injections of 1 ml. each, neu- No No — No —
equine en- | tralization, complement fixa- | response response response
cephalitis | tion
7. Polio virus | 1 ml.X2 at weekly intervals, No No No 1:4 titer to No
types I, I, | then 1 ml. 1 month later, neu- | response} | response** | response | typel, no | response
and IIT tralization of cytotoxic effect response to
on Hela cells other
antigens

* Immune response to each antigen was obtained in simultaneous controls.

t Had previously had mumps.

** Had previously had clinical poliomyelitis which left residual paralysis in both lower extremities.

t This patient was injected with 1 cc. Salk polio vaccine on 5 separate instances without ever producing detecta-
ble antibody.
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culin reactions have been negative in these
patients, the problem of bacterial or de-
layed type hypersensitivity is brought into
focus by 2 case reports. Zinneman et al.*?
described an adult male with acquired
agammaglobulinemia who was tuberculin
positive and Seltzer et al.* studied a patient
with the acquired disease who possessed a
positive histoplasmin skin test in associa-
tion with calcified pulmonary lesions. We
were provoked to investigate this matter by
the observation of a questionably positive
tuberculin reaction in a 6-year-old boy
with congenital agammaglobulinemia.'*

In another instance we observed the de-
velopment of an angry inflammatory skin
lesion in the diaper area of an infant with
agammaglobulinemia having an infection
with monilia (Fig. 5). This lesion did not
look like the usual ammoniacal diaper rash
but rather like the periorificial rash seen in
generalized moniliasis. That this skin lesion
might reflect bacterial-type hypersensitivity
to the fungus was considered likely. Two
weeks following initiation of treatment of

Fic. 5. Patient with agammaglobulinemia suffer-
ing from monilia infection. Note the erythematous,
indurated, inflammatory reaction which we attrib-
uted to bacterial type hypersensitivity to the
monilia. The reaction disappeared upon treatment
with Mycostatin®.

the monilia infection with Mycostatin™,
the skin lesion abated.

Our experimental approach to this ques-
tion has been fourfold.

To study the delayed reactivity of pa-
tients with agammaglobulinemia to anti-
gens which commonly produce bacterial
type hypersensitivity in the population at
large.

To attempt passively to transfer delayed
hypersensitivity in these patients by injec-
tion of circulating leukocytes from a sensi-
tive donor.

To attempt to induce the development of
delayed type hypersensitivity in these pa-
tients by skin sensitization.

To attempt to transfer bacterial-type hy-
persensitivity from patients with agamma-
globulinemia to normal persons.

Although results of the study appear to
be somewhat contradictory they are pre-
sented because of their importance in un-
derstanding the relationship of the classi-
cal immune response to bacterial or de-
layed type hypersensitivity. In Table VIII
are presented data showing the skin reac-
tion to tuberculin, streptococcal products,
pneumococcal and streptococcal vaccines
in these patients.

As may be seen in this table, all except
one of the patients were clearly tuberculin
negative. This patient developed erythema
without significant induration with each
dose of tuberculin used. The erythema per-
sisted for 3 davs on each test. Simultaneous
saline controls were negative. The lack of
induration made it impossible to define
this reaction as a positive tuberculin skin
test. None of the patients developed signif-
icant delayed reaction to the streptokinase-
streptodornase antigen, to the whole group
A streptococcus vaccine,® or to pneumococ-
cus vaccine.

In Table IX the incidence of bacterial
type hypersensitivity to the streptococcal

° Prepared from suspension of 8 different types
of group A streptococci, this vaccine produced +
delaved skin reactions in 40 to 50 per cent of
normal adults.
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TABLE VIII

DELAYED (BACTERIAL-TYPE) HYPERSENSITIVITY IN PATIENTS WITH AGAMMAGLOBULINEMIA

Patient, Age, Sex

Test Performed B.H. ES. W.A. T.A. T.T. F.T. L.L. F..
S5 yr. 7 yr. 6 yr. 1yr. 15 mo. 20 mo. 30 yr. 58 yr.
male male male male male male female male

Tuberculin

1:10,000 neg neg 4+ neg neg neg
1:1,000 neg neg 4 neg neg neg neg neg
1:100 neg neg 4+ neg neg neg neg neg
1:10 neg — neg neg neg
P.P.D.

1st strength neg neg neg neg neg neg neg
2nd strength neg neg 4+ neg neg neg neg
SK-SD

10 USK—2.5 USD neg neg neg neg — — neg neg
100 USK—25 USD neg neg neg neg — — neg neg
1000 USK—250 USD neg neg neg neg — — neg +

Whole group A strepto-
coccus vaccine® neg neg neg neg — — neg neg

Whole pneumococcus
vaccinet neg neg neg neg — — neg neg

* Prepared from a washed suspension of 8 different types of group A streptococci. This vaccine produced a delayed
skin reaction in 40 per cent of hospitalized children more than 5 years of age and in 50 to 60 per cent of healthy
adults.

t Prepared from a washed suspension of a rough strain of pneumococci. This vaccine produced a positive delayed
skin reaction in approximately 25 per cent of healthy adults and older children.

TABLE IX

BacreriaL Type HYPERSENSITIVITY TO STREPTOCOCCAL PrODUCTS IN PATIENTS WIiTH
AGAMMAGLOBULINEMIA AND NorMAL PERsONS*

Vaceine Injected . Number Number Per Cent
Intradermally Group Number Positive Negative Positive
Streptokinase i Agammaglobulinemia 6 0 6 0
10 units i
Streptodornase Hospitalized children 2-5 years 31 16 18 47.0
2.5 units
in physiologic Hospitalized children 7-16 years 44 40 4 90.9
saline
Healthy adults 16 14 2 87.5
Streptokinase Agammaglobulinemia 6 0 6 0
100 units
Streptodornase Normal adults 16 14 2 87.5
25 units
in 0.1 ml. Normal children 2-16 years 78 60 18 76.9
physiologic saline

* Test read 24, 48, 72 and 96 hours after injection of antigen.
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antigens, S.K. and S.D., in the patient with
agammaglobulinemia is compared to that
of normal children and adults. It may be
seen that the patients with agammaglobu-
linemia do not react to the intradermal in-
jection of these antigens whereas most nor-
mal children and adults possessed delayed
sensitivity to them. Assuming that the in-
fections producing hypersensitivity to these
antigens have occurred at least as fre-
quently in the patient with agammaglobu-
linemia as in the normal person, it follows
from these data that a deficiency in de-
velopment of bacterial type hypersensitiv-
ity must also be a feature of this disease.
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Passive Transfer of Delayed Type Hyper-
sensitivity to Patients with
Agammaglobulinemia

In an attempt to initiate immunologic
responsiveness in patients with agamma-
globulinemia, 3 of them were given sub-
cutaneous injections of leukocytes from
donors sensitive to the streptokinase-strep-
todornase antigen and one was given leu-
kocytes from a patient sensitive to tuber-
culin. In this same experiment, to gain
information concerning cellular basis of an-
tibody production, these cells were taken
from donors who had received 3 prior in-
jections of typhoid-paratyphoid antigens.

TABLE X

TrANSFER OF BACTERIAL TYPE HYPERSENSITIVITY TO PATIENTS WITH AGAMMAGLOBULINEMIA

Skin Reaction to
SK-SD Prior to
Injection of
Leukocytes

Patient

Skin Reaction to
SK-SD 48 Hours
After Injection of
Leukocytes from
Sensitive Donor

Skin Reaction
4 Months After
Injection of
Leukocytes

Skin Reaction
1 Year After
Injection of
Leukocytes

ES.
7 years old
male— neg
congenital
agammaglobulinemia

W.A.
6 years old
male— neg
congenital
agammaglobulinemia

4+

I
' _

IS +++

+-+ + ‘ neg

F.H.

58 years old
male— neg
acquired

agammaglobulinemia

ot } -- --

Not Given Injections of Leukocytes

T.A.
1 year old
male— neg
congenital
agammaglobulinemia

neg neg neg

L.L.
30 years old
female— neg
acquired
agammaglobulinemia

neg neg neg
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The leukocytes were separated from the
erythrocytes and serum by a modification
of the fibrinogen precipitation technique
of Lawrence® Between 2 and 4 ml. of
packed leukocvtes (the leukocyvtes from
1000 ml. of freshly drawn blood) were re-
suspended in 20 ml. of saline and divided
into 2 equal portions. One portion was in-
jected intravenously and the other sub-
cutaneously. With the method used, 90
to 95 per cent of the cells were viable when
injected into the recipients. Although the
donors of the white cells were shown to be
producing antibody vigorously against ty-
phoid H, O and B antigens at the time
of the transfer, no circulating antibody or
detectable gamma globulin was produced
in the recipients following transfer of the
leukocytes  from the circulating  blood.
These data provide evidence that none of
the leukocytes from the peripheral blood
are capable of producing agglutinins in
amounts  detectable by the immunologic
methods emploved.

On Table X are summarized results show-
ing that sensitivity to streptococcal anti-
gens was readily transferred to the agam-
maglobulinemic patient by the injection of
viable leukocytes. A similar experiment
carried out with leukocytes from a tuber-
culin sensitive donor showed that delayed
sensitivity to tuberculin could also be pro-
duced in patients with agammaglobuline-

DISTURBANCES IN GAMMA GLOBULIN SYNTHESIS

mia in this way. The delayed sensitivity
lasted between 3 months and 1% years. In
Figure 6 are shown pictures of the skin re-
action to streptococcal products prior to the
injection of leukocytes, 72 hours after the
injection, and 1% years alter the “passive”
sensitization.

Because it is inconceivable that the leu-
kocytes originally injected could survive
as long as 1% years in the agammaglobuline-
mic recipient, it must be concluded from
these observations that patients with agam-
maglobulinemia can, at least, sustain a
state of hypersensitivity.

Development of Sensitivity to 2-4,dinitro-
fluorobenzine in the patient with
Agammaglobulinemia

Skin sensitivity to 2-4,dinitrofluoroben-
zine (DFNB) is readily produced by ap-
plication of this compound in vesicant
doses to the skin of normal human sub-
jects.* Studies in our laboratory indicate
that similar skin sensitivity to DFNB is
readily produced in patients with agam-
maglobulinemia. We have further observed
that this reactivity can be transferred to a
nonsensitive recipient by the subcutaneous
injection of viable leukocytes from the ac-
tively sensitized child with agammaglobu-
linemia. On the other hand, sensitization to
DFNB was not produced by the transfer
of a large volume of serum from the sensi-

Fic. 6. Skin reactions to streptokinase-streptodornase (SK-SD) in a patient with agammaglobulinemia:
(a) prior to injection of leukocytes; (b) 72 hours following subcutaneous and intravenous injection of 0.5
ml. of leukocytes from a donor sensitive to SK-SD; (c) 18 months following subcutaneous and intravenous
injection of 0.5 ml. of leukocytes from donor sensitive to SK-SD.
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tized agammaglobulinemic donor. These
findings confirm the observations of Porter*?
that the properly stimulated patient with
agammaglobulinemia can develop delayed
skin sensitivity to chemicals in spite of his
complete refractoriness to the formation of
circulating antibodies in response to anti-
genic stimulation. Figure 7 illustrates the
reactions produced before and after sensiti-
zation with DFNB in patients with agam-
maglobulinemia.

These results make it necessary to pro-
pose that development of skin sensitivity
must either be independent of the synthesis
of circulating antibody and gamma globu-
lin or reflect a stage of the latter process
proximal to the metabolic block responsible
for agammaglobulinemia. If either be the
case, then explanation of the infrequent oc-
currence of the naturally developing sensi-
tivity to streptococcal products becomes
difficult. Two possibilities seem to be com-
patible with the facts and may be sug-
gested. It might be that with delayed hyper-
sensitivity, as with gamma globulin and
and antibody synthesis, a quantitative but
not qualitative deficiency of responsiveness
exists in the patients with agammaglobu-
linemia which is expressed in the failure to
develop hypersensitivity to streptococcal
products in the course of natural experience
with streptoceccal infection. If this were
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the case, a sufficiently intense natural or
artificial sensitizing stimulus might be able
to induce the hypersensitivity state whercas
the naturally occurring stimulation might
be ineffective.

Another possible explanation for this
discrepancy could be that in patients with
agammaglobulinemia, hypersensitivity to
streptococcal and pneumococcal products
fails to develop because the patients do
not receive adequate stimulation from pro-
longed infection. A reason for failure of
stimulation might be that the immunologic
handicap demands effective antibiotic
therapy and consequent elimination of in-
fecting streptococci. Studies to clarify this
relationship are in progress.

Since this study was completed, Walden-
strom et al** have reported that vaccina-
tion with BCG produced bacterial type
hypersensitivity in 2 of 3 patients with
congenital agammaglobulinemia. Immuni-
zation with BCG in each case was com-
pleted long before any gamma globulin was
administered to the patients.

In an effort to complete the immunologi-
cal investigation on patients with agamma-
globulinemia, 4 additional studies were
performed:

Search for immediate type skin sensitivity.

Production of the Prausnitz-Kiistner re-
action in the agammaglobulinemic patient.

b

Fic. 7. Skin reaction to 2,4-dinitrofluorobenzine: (a) before stimulation with vesicant dosce of 2.4-
dinitrofluorobenzine; (b) 14 days following stimulation with vesicant dose of 2,4-dinitrofluorobenzine to
the skin of the back.
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Measurement of the serum complemcnt
concentration.

Attempt to inhibit the immune response
by the intravenous injection of serum from
a patient with agammaglobulinemia.

Because in several instances members
of the families of patients with agamma-
globulinemia gave histories suggestive or
definitive of allergy and because the rela-
tion of atopic type hypersensitivity to the
formation of other forms of circulating anti-
body has not been established, it seemed
of interest to search for atopic sensitivity
among patients with agammaglobulinemia.
Skin testing with 114 different allergens
including all of the food, pollen and in-
halant antigens employed in our allergy
clinic, were applied to the skin of each of
6 patients with agammaglobulinemia. In
no instance did a significant immediate
skin reaction develop. That this result could
not be attributed to failure of responsive-
ness was established when immediate type
wheal and flare reactivity to egg white and
cotton seed was passively transferred from
a child allergic to these antigens to the skin
of a child with agammaglobulinemia by
the classical Prausnitz-Kiistner test. These
studies do not signify that the patient with
agammaglobulinemia is unable to develop
spontaneously the immediate wheal and
flare type hypersensitivity but so far as we
know this phenomenon has not yet been
demonstrated in patients with this disease.

Finally, using a modification of the
method of Wedgwood and Janeway,*
serum complement values were measured
in 6 of the patients with agammaglobu-
linemia. In Table XI these values are com-
pared to normal values obtained in our lab-
oratory and the mean normal complement
value obtained by Wedgwood and Jane-
way.*> As may be seen from the tables,
normal or slightly elevated complement
concentrations were present in each of the
patients with agammaglobulinemia studied.

Because it is conceivable that agamma-
globulinemia is due to the production in
the patient with agammaglobulinemia of a
circulating substance which inhibits the
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TABLE_XI

SERUM COMPLEMENT CONCENTRATION IN PATIENTS
WITH AGAMMAGLOBULINEMIA

| Complement o .
Patient C'oncentration (las.vzf.ic ation of
. Disease
units/ml.
E.S.

7 years old 62.0 Congenital
male agammaglobulinemia
B.H.

5 years old 84.0 Congenital
male agammaglobulinemia
WAL

6 years old 96.0 Congenital
male agammaglobulinemia
T.A.

1 year old 80.0 Congenital
male agammaglobulinemia
L.L.

30 years old 74.0 Acquired

female agammaglobulinemia
F.H.
58 years old 80.0 Acquired
male agammaglobulinemia
Normal
values 60-75 units normals
Wedgwood
and Janeway8| Mean 47.7 units normals
Normals

formation of antibody and gamma globulin,
it was deemed important to search for such
a compound by administering agamma-
globulinemic blood to an immunologically
normal recipient.

An 8-year-old boy with congenital agam-
maglobulinemia was bled of 200 ml. of
blood, the plasma removed and 75 ml.
injected intravenously in a 3%-year-old child
with irreversible hydrocephalus. Immedi-
ately following injection of the plasma the
recipient child was injected with 0.5 ml.
T.A.B. vaccine and 0.5 ml. D.P.T. vaccine.
Prior to the injection of plasma the recipi-
ent child was skin tested and found to be
Schick positive. Samples of blood were
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taken from the recipient child prior to and
at weekly intervals after the injections of
vaccine. Serial studies of the gamma globu-
lin concentration and determination of
antibody titer to typhoid-paratyphoid vac-
cine revealed vigorous antibody response
and maintenance of normal gamma globulin
concentration over a 1-month period follow-
ing injection of the plasma. The Schick test
performed 1 month after injection of DPT
antigen had converted from positive to
negative.

Similar studies performed in an adult
human volunteer who was the recipient
of a subcutaneous injection of leukocytes
from a child with agammaglobulinemia
revealed no effect of the leukocytes on the
antibody response or the gamma globulin
concentration of the immunologically nor-
mal person.

Results of Antigenic Stimulation After
Injection of Gamma Globulin

The association of agammaglobulinemia
with generalized immunologic paralysis as
demonstrated in this study focuses atten-
tion on the relationship between antibody
and gamma globulin. Although small
amounts of antibody occur in fractions
other than the gamma globulin fraction, it
has been well established that the bulk of
serum antibody in man is contained in the
gamma and beta, globulin fractions. These
are the protein components of the serum
which are lacking in patients with agamma-
globulinemia. It has further been shown
that proteins immunologically related to
the gamma globulins exist throughout the
globulin spectrum as it is defined electro-
phoretically. It thus is possible that all anti-
body is gamma globulin even though some
is found with other electrophoretic com-
ponents.

With respect to the relationship between
gamma globulin and antibody, at least 3
possibilities exist:

All gamma globulin is antibody and
hence failure in formation of one would be
associated with failure of formation of the
other.
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Some gamma globulin is antibody under
which hypothesis the synthesis of the com-
ponents might be independent.

Antibody is formed by modification of
existing gamma globulin under which cir-
cumstance failure of formation of gamma
globulin would result in failure of forma-
tion of antibody because the essential pre-
cursor would be lacking.

If the latter were true and if the meta-
bolic defect in agammaglobulinemia in-
volved synthesis of the gamma globulin
but not formation of antibody, one might
anticipate that the block to antibody syn-
thesis might be overcome by the administra-
tion of preformed gamma globulin from
healthy persons. This possibility was sug-
gested by the dramatic protection afforded
patients with agammaglobulinemia by the
administration of gamma globulin. That this
is not the case was shown in the following
experiment.

Two children with congenital agamma-
globulinemia were given gamma globulin
intramuscularly in large dosage (4 ml./kg).
This injection resulted in a rise of serum
gamma globulin concentration from less
than 12 mg./100 ml. in both children to
levels between 400 and 500 mg./100 ml.
The latter concentration approaches the
concentration of gamma globulin observed
in immunologically normal children.

Following injection of the gamma globu-
lin, each child was given a series of 3 in-
jections of typhoid, paratyphoid vaccine,
mumps vaccine and diphtheria toxoid.
Bleedings were taken 5, 10, 15 and 25 days
after the injection of the vaccine.

Just as had been the case prior to ad-
ministration of gamma globulin, no detecta-
ble antibody was formed when the immuni-
zation was attempted while these patients
had serum concentrations of gamma globu-
lin which were close to the normal levels.

Reaction to Gram-Negative Bacterial
Endotoxin

Parenteral injection of endotoxins derived
from gram-negative bacteria produces in
man and animals a stereotyped series of
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TABLE XII
REACTIONS OF PATIENTS WITH AGAMMAGLOBULINEMIA AND NORMAL PERsoNS TO
GRAM-NEGATIVE BACTERIAL ENDOTOXINS
Intradermal Injection Intravenous Injection
. 0.2 ml. 2.5 pg. 10" Typhoid-para- _ . ®
Patient Typhoid Vaccine Piromen® typhoid Organisms 50 ug. Piromen
Group Age
Sex | . .
i Max:- . Maxi- .
Erythema I m?ura- Erythema I nd ura- mum S ysteffl ic mum Syslerfnc
tion 1 tion Temp. °C. Reaction Temp. °C. Reaction
ES. ‘ Chills, Chilliness,
7yr. 44 S+ 3+ 24 39.6 headache, 39.2 malaise
male l nausea
R.H. X Chills,
58 yr. 44 44 4+ | e+ 39.3 headache, 39.0 _
male i weakness
2 | LL ! Chills,
£ 30 yr. 4+ 4+ 2+ 2+ 89.2 | weakness 38.8 —
E female |
2 i
g | wa \ Chills,
g 7yr. 3+ 3+ 2+ i 24 40.9 headache, 39.6 Chilliness
& male | 104.8 malaise
<
TA. ! | Chills,
1yr. 3+ 2+ 2+ 2+ 40.2 — } 89.7 malaise
male | l
B.H. } Chills,
6 yr. 44 3+ S+ @ 24 39.9 malaise 39.0 —
male
R.G. | Chills,
32 yr. 4+ 4+ 2+ 2+ 39.3 headache, 38.7 Chilliness
male weakness
J.P. Chills, | Chilliness,
12 yr. 4+ 3+ 1+ 1+ 39.6 headache 89.1 | malaise
" male { i
2 |
2
!8'. R.L. | Chills,
= 9 yr. S+ 3+ 24+ | 14+ 40.2 Headache 39.0 —
g male
bs 1
“ | ra ‘ Chilis, 1
7yr. 3+ 3+ 24 |1+ 40.1 malaise 39.6 Chills
female |
W.0. i Chills,
7yr. 44 44 24 I 24 40.7 headache, 39.0 —
female I 105.2 malaise
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responses.®® The effects of endotoxin which
have been most extensively studied in man
are the pyrogenic effect, the local inflam-
matory reaction and the phenomenon of
refractoriness. Although the relationship
of these reactions to classical immune
phenomena have been much discussed it
must be stated that dissociation of the
local and systemic reactions to gram nega-
tive bacterial endotoxins from classical im-
mune phenomena and from bacterial type
hypersensitivity cannot be made unequivo-
cally on the basis of available evidence. It
seemed of interest then to determine
whether patients with agammaglobulinemia
who were completely lacking in circulating
antibodies and capacity for their produc-
tion, would react in the usual way to gram-
negative endotoxin.

In order to investigate the nature of re-
actions of human hosts to parenteral ad-
ministration of endotoxin as well as to gain
information concerning the reactivity of
patients with agammaglobulinemia to bac-
terial products, preparations containing
gram-negative bacterial endotoxins were
injected into normal adults and children
and into subjects with agammaglobu-
linemia. The results summarized in Table
XII indicate that, just as normal persons,
patients with agammaglobulinemia develop
an intense delayed inflammatory reaction
to intradermally injected endotoxin, and
develop headache, chills, fever and malaise
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in response to the intravenous injection of
endotoxin. In Figure 8 are illustrated the re-
actions of a normal child and of a child with
agammaglobulinemia to the intradermal in-
jection of endotoxin from Pseudomonas
aeruginosa (Piromen®). Additional experi-
ments established that refractoriness to the
pyrogenic actions and intoxicating effects
of endotoxin develop equally well in the
patient with agammaglobulinemia and the
immunologically normal patient (Fig. 9).

These observations must be taken as sub-
stantial support for the concept that both
local and systemic reactions to gram-nega-
tive bacterial endotoxins are independent
of mechanisms based on anaphylactic typz
hypersensitivity. It can be further con-
cluded that refractoriness to the febrile and
intoxicating effect of endotoxins may occur
in the complete absence of circulating anti-

body.

Acute Phase Reactants

Study of the patient with agammaglobu-
linemia has provided evidence concerning
the relationship between acute phase reac-
tions and antibody production. During the
acute phase of many unrelated diseases,
changes occur in the circulating blood
which in the aggregate have been referred
to as the acute phase phenomena. The sedi-
mentation rate is the acute phase reaction
most widely used in clinical medicine and
is the prototype of this group of reactions.

Fic. 8. Comparison of reactions of patient with agammaglobulinemia and normal child to intradermal
injection of gram-negative bacterial endotoxin. (a) Child with agammaglobulinemia 36 hours following
intradermal injection of 2.5 ug. Piromen®. (b) Normal child 36 hours following intradermal injection of

2.5 ug. Piromen®.
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Fic. 9. Development of refractoriness to endotoxin in normal child and in child with agammaglobu-
linemia. (a) (Upper) Serial daily temperature responses to intravenous injection of 20,000,000 typhoid-
paratyphoid organisms in a child with agammaglobulinemia. (b) (Lower) Serial daily temperature responses
identical stimulation in immunologically normal child. Refractoriness to febrile and intoxicating effects of
endotoxin developed in the absence of immune response in the patient with agammaglobulinemia.
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Also included among the acute phase reac-
tions are the appearance in the blood of the
C-reactive protein,®” increase in serum con-
centration of mucoproteins and alpha glob-
ulins®®® and increase in plasma concen-
tration of fibrinogen and heparin precipi-
table factor of Thomas et al.?>°' At one
time or another, each of these acute phase
reactions has been related to the immune
response. For example, it has been proposed
that C-reactive protein represents a kind
of natural antibody.®*°* Further, evidence
has been presented indicating that produc-
tion of antibody is correlated with the prior
appearance of C-reactive protein in the
serum,®* % and these observations have
been interpreted as indicating that the ap-
pearance of C-reactive protein in the serum
reflects an essential step in the formation
of antibody. Consequently, we postulated
that should any of the acute phases reac-
tions reflect an essential event in the forma-
tion or release of antibody, the patients with
agammaglobulinemia with their immuno-
logic paralysis might show abnormalities
in the formation or liberation of these re-
actants.

Our studies of acute phase phenomena in
agammaglobulinemia have included the
following:

Observations of acute phase reactions
during steady state of good health in pa-
tients with agammaglobulinemia.

Observation of acute phase reactions dur-
ing acute bacterial infections in patients
with agammaglobulinemia.

Observations of response of some of the
acute phase reactions to intradermal, intra-
muscular and intravenous injections of
typhoid paratyphoid vaccine and polysac-
charide pyrogen from Pseudomonas (Piro-
men®).°®

Serial observation of C-reactive protein
concentration during the development of
refractoriness to endotoxin of gram-nega-
tive bacteria.

° Generously supplied for these studies by Dr.
Harry L. Fevold of the Baxter Laboratories, Mor-
ton Grove, Illinois.
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In patients with agammaglobulinemia
who are free of infection, the acute phase
reactions did not differ from those ob-
served in a large group of normal persons
(Table XIII). For example, the sedimenta-
tion rate varied from 3 to 13 mm. in 60
minutes (Westergren), C-reactive protein
was absent from the serum, the serum con-
centration of mucoprotein and alpha globu-
lins and the plasma concentration of fibrino-
gen and heparin-precipitable fraction were
within the normal range.

As in normal persons, acute disease in
the patient with agammaglobulinemia pro-
duced a rise in sedimentation rate, and in
the concentrations of mucoprotein, fibrino-

TABLE XIII

AcUTE PHASE REACTANTS IN PATIENTS WITH
AGAMMAGLOBULINEMIA FREE oF DisEAsE

|
| . ‘ Muco- | .. . |
Patient iSedz{nen- (- i protein Fibrin- - HPF*
Age ‘ taRI;on Reactive Tyrosine og/enm) mg./ 100
Sex | {e Protein ' mg./100 | mg./1 ml.
mm./hr. | | ! | ml
| ! | mi. i
| | ! .
Es. | | 5 |
Ty | 7 0 neg | 2.89 | 258 | 130
male | i l
4 _ ]
BH. | |
6 yr. ‘ 6 neg | 2.90 240 220
male | { i
T.A. ! | :
lyr. | 10 | neg | 3.00 | 3822 | —_
male ! i '
l ! [
} |
WA | t
6 yr. 8 neg | $.20 320 | 150
male ’
i —
L.L. |
30 yr. 13 neg 3.30 320 —
female ’
F.H. | | 5 ]
58 yr. | 4 . neg 2.70 262 —
male | I | ‘ ?
\ | i 1
Normal, 0-15 | neg | 2.10- | 250- |40-200
| | | 3.50 | 350

* Heparin precipitable protein of Thomas, Smith &
Von Korff.
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TABLE XIV

AcuTE PHaSE REACTIONS IN PATIENTS WITH AGAMMAGLOBULINEMIA DURING AcUTE DISEASE

|
Patient I ('-Reactive Sedimentation Mucoprotein
q a “;" Clinical Disease | Protein Rate Tyrosine
<ige, nex i 0-4+ mm./hr. mg./100 ml.
ES. Congenital agammaglobulinemia,
7yr. Pneumococcus pneumonia 3+ 42 8.7
Male
W.A. Congenital agammaglobulinemia,
6 yr. Staphylococcus pneumonia and 14+ 38 9.2
Male otitis media
F.T. Congenital agammaglobulinemia,
23 mo. bacterial pneumonia 4+ 94 10.8
Male : !
T.T. Congenital agammaglobulinemia,
15 mo. Streptococcus pharyngitis, otitis 24 34 6.7
Male and cervical adenitis
F.H. Acquired agammaglobulinemia,
58 yr. Staphylococcus septicemia ++ 28 8.8
Male
L.L. Acquired agammaglobulinemia,
80 yr. bacterial lobar pneumonia 3+ 22 7.2
Female
Normal — 0 0-15 2.51+0.3
1-60

gen, heparin precipitable protein, and alpha
globulins (electrophoresis) in the serum
(Table XIV). In addition, C-reactive pro-
tein regularly appeared in the serum dur-
ing acute infection in these patients.
Similarly, intradermal, subcutaneous or
intravenous injections of typhoid-paraty-
phoid vaccine and Piromen® resulted in
the appearance of C-reactive protein in the
serum of both patients with agammaglobu-
linemia and normal persons. Finally, as re-
fractoriness to the effects of endotoxin de-
veloped in both normal persons and in
patients with agammaglobulinemia, the C-
reactive protein disappeared from the
serum even though a stimulus was being
used which previously resulted in the ap-
pearance of this protein in the serum. Thus
from these studies it was established that
with respect to the behavior of the acute
phase phenomena, the patients with agam-

maglobulinemia did not differ from the
normal persons. Conversely, it could be
reasoned that the acute phase reactions
studied probably did not represent anti-
body production nor did they reflect the
operation of mechanisms resulting in the
actual formation and release of the anti-
body and gamma globulin.

The possibility still exists that any of the
acute phase reactions, e.g., C-reactive pro-
tein formation, might reflect an essential
process in preparation for antibody syn-
thesis and still lack relationship to the
elaboration or liberation of the antibody
itself which appears to be deficient in pa-
tients with agammaglobulinemia.

Sufficient, however, for present considera-
tion is the observation that all of the acute
phase reactions thus far studied are en-
tirely normal in patients completely lack-
ing in ability to synthesize gamma globulin
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and circulating antibody. During the course
of these studies it was also observed that
3 of 4 patients with agammaglobulinemia
had normal concentrations of properdin in
their serums.® One of the patients with
agammaglobulinemia lacked properdin on
2 occasions. This relationship is being in-
vestigated further.

The Function of the Adrenal Gland in
Agammaglobulinemia

Treatment of animals or humans with
cortisone or compound F results in lym-
phopenia,®® eosinopenia,®” inhibition of
antibody production,”® decreased gamma
globulin concentration®® and enhanced sus-
ceptibility to infection.*® Agammaglobu-
linemia as a clinical entity has been asso-
ciated with each of these phenomena. For
example, Young and Wolfson,?* Keiden and
McCarthy™ and Rhon et al.** reported re-
duced numbers of lymphocytes as a char-
acteristic feature in their cases of agamma-
globulinemia. One of our patients showed
complete absence of eosinophils from the
peripheral blood and virtually complete
absence of these cells from the bone mar-
row. The enhanced susceptibility to in-
fection, absence of antibody response and
deficient gamma globulin level represents
the essence of the disease. On the basis of
these observations it seemed pertinent to
determine so far as possible the status of
adrenal-pituitary function in patients with
agammaglobulinemia. Consequently, in co-
operation with Kelley,"** we studied adrenal
function in 5 cases of agammaglobulinemia.
The methods used to assay the function of
this system included serum concentrations
of 17-hydroxycorticosteroids obtained in the
fasting state and total eosinophil counts,
response of serum concentrations of 17-
hydroxycorticosteroids to intramuscular in-
jections of 25 mg. of adrenocorticotrophic
hormone (ACTH), per cent fall in absolute
eosinophil count following intramuscular

° The authors are indebted to Dr. Louis Pillemer
of the Institute of Pathology, Western Reserve
University, Cleveland, Ohio, for the performance
of the properdin determinations.
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injection of ACTH, and diurnal variation of
eosinophil concentration.

In 4 of 5 cases studied, the total absolute
eosinophil count was normal and in 4 of 4
cases studied the concentration of 17-hy-
droxycorticosteroids in serum was found to
be well within the normal range. Each of
the patients with agammaglobulinemia
tested showed a sharp rise in serum concen-
tration of 17-hydroxycorticosteroids and a
sharp fall in total eosinophil count follow-
ing stimulation with ACTH.

The results are summarized in Table XV.
It was further observed that 4 of the pa-
tients with agammaglobulinemia had nor-
mal diurnal variations in eosinophil counts,
significantly higher absolute counts being

TABLE XV
ApRrENAL FuncTioN IN PATIENTS wWiTH
AGAMMAGLOBULINEMIA
| Increase i
Patient Eosinophil nerease
. 17-OHCS
Age % Depletion 4 Hours 100 ml
Sex After ACTH* (mg./100 mL)
After ACTHt
F.H.
58 yr. | No eosinophils in the blood 7.0
male or bone marrow.
E.S.
7yr. | Test1 82 —
male | Test 2 79 27.2
WA.
6 yr. | Test1l 77 27.6
male | Test 2 96 14.6
T.A.
1yr. 81 30.2
male
B.H.
5 yr. 74 —
male
Mean 81.5 21.7
Normal <50 17.8 (mean)

* Total eosinophil count done prior to, 2 hours and
4 hours after injection of 25 mg. ACTH intramuscu-
larly.

t Blood for 17-hydroxycorticosteroid determination
was collected prior to and 2 hours after injection of 25
mg. ACTH intramuscularly.
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observed at 6 A.nM. than at 12 noon on
each instance.

These observations must be interpreted
as indicating that pituitary-adrenal corti-
cal function is regularly normal in patients
with agammaglobulinemia and that the
hematologic and immunologic abnormali-
ties observed in these patients are based
on other mechanisms.

Liver Function Studies and Hemostatic
Mechanisms

Although much evidence indicates that
the production of gamma globulin and
antibodies is extrahepatic,’*? previous
studies by McQuarrie et al.** suggest that

GOOD — DISTURBANCES IN GAMMA GLOBULIN SYNTHESIS

certain patients with deficient production of
both albumin and globulin have an ab-
normality of hepatic structure. Conse-
quently, it seemed prudent to study thor-
oughly the hepatic function in patients with
isolated agammaglobulinemia. Summarized
in Table XVI are the results of a battery
of liver function tests on 8 patients with
agammaglobulinemia. Six were patients
with congenital agammaglobulinemia and
2 suffered from the acquired form of the
disease. It is clear from these data that
hepatic function in agammaglobulinemia
is entirely normal. Even the most delicate
tests of liver function available, e.g., the
content of urobilinogen in a 24-hour speci-

TABLE XVI

LiveEr FUNCTION IN AGAMMAGLOBULINEMIA

. e g ' | | .
v |
Patient Nerum Bilirubin | Cholesterol | Thyfn?l Chole ol Cholesterol ! 4 r.obul'm.ogen | Cholinesterase | Bromsulfalein
Age my./100 ml. | Floccula- | Turbidity mg./100 ml. | Esters [ in Urine ApH [kr 9% Retention
Sez 1 min. Total tion Unit v me | mg./100 ml. | my./d. P ° ° ¢
Congenital Agammaglobulinemia
| |
B.H. | |
5yr. 0.1 0.8 0 1 212 155 0.3 1.07 >1%
Male
E.S.
T vr. 0.1 0.4 (1] o 108 70 0.8 0.74 1%
Male
TA. |
lyr. ' 0.3 0.4 0 1 77 57 trace 0.81 1%
Male !
WA, | -
7yr. 0. 0.3 1 0 0 175 122 i 0.4 0.45 1%
Male | | |
1 ' ' :
FT. | l f ,
28mo. | 0.1 0.3 0 (1} -— _ i 1.0 - 0%
Male ! |
T.T. ’ |
15mo. 0.2 0.5 0 0 - - 0.8 — 1%
Male | ‘
Acquired Agammaglobulinemia
F.H. < | l
58 yr. 0.1 oy | o | o 212 | 160 0.3 0.61 0%
Male ‘ 1 | '
1 |
LL | i | ‘ | :
Soyr. | 0.1 0.4 o | o 250 ‘ 189 ‘ 0.4 0.86 0%
Female | | ;
Control
|
Normal | 0.0-0.2 0.2-1.0 ‘ 0-2+ l 1-4 ' 150-250 ‘ 68-76% ' 0-3 ‘ 0.52-1.08 l >5%
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men of urine and bromsulfalein retention,
fell within the normal range. This observa-
tion is supported by histologic studies of
the liver tissue from 2 patients with agam-
maglobulinemia. Sections of liver were ob-
tained at biopsy in one and at post-mortem
examination in the other. Both of the biop-
sies showed normal morphology of the
hepatic cells, normal organization of the
liver tissue and normal staining character-
istics of the histologic components of the
liver. These observations, supported by the
finding that all tests of hemostatic function
are normal in patients with agammaglobu-
linemia and that all proteins other than
gamma globulin are present in normal con-
centration in the serums of these patients,
must be taken as evidence that isolated
failure of gamma globulin synthesis is not
attributable to generalized hepatic malfunc-
tion. These observations are likewise con-
sistent with the inference that gamma
globulin and antibody formation are both
dependent on extrahepatic mechanisms.

Hematologic Disturbances

With the observations of Young and
Wolfson,?® Keiden et al.”” and Rhon et al.**
that agammaglobulinemia may be associ-
ated with lymphophenia of the peripheral
blood it became necessary to make a syste-
matic study of the hematologic aspects of
this disease. In the course of our investi-
gation it was discovered that hematologic
disease is a regular accompaniment of
agammaglobulinemia. Listed in Table
XVII is a summary of the hematologic ab-
normalities observed in our patients. Four
of the nine studied had episodic neutro-
penia which had been observed by reliable
physicians or were observed in the course
of our studies. In the 3 whom we studied
during episodes of transient neutropenia
the hematologic disturbance was featured
by the virtual disappearance of neutrophils
from the peripheral blood. Bone marrow
examination revealed a marked shift to the
left and hypoplasia of the precursor cells
in the neutrophilic series. No circulating
leukocyte agglutinins could be found in
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TABLE XVII
HEMATOLOGIC ABNORMALITIES IN PATIENTS
WITH AGAMMAGLOBULINEMIA
Hematologic Disorder Incidence
Our Cases

Transient aregenerative neutropenia re-

current 3/8
Persistent aregenerative neutropenia 2/8
Cyeclic aregenerative neutropenia 1/8
Aregenerative eosinopenia 1/8
Thymic tumor 1/8
Benign diffuse proliferation of reticulum

(mesenchyme) 1/8
Hemolytic anemia, negative Coombs’ test 1/8
Deficient plasma cells in bone marrow and

lymph nodes 8/8
Failure of plasma cell response to antigenie

stimulation 6/6
Lymphopenia 0/8

From experience of others
Cyeclic neutropenia
Profound aregenerative lymphopenia
Thymic tumor
Aregenerative anemia and neutropenia
Hypersplenism
Deficieney of plasma cells

any instance. On the basis of these findings
the neutropenia was classified as aregen-
erative in type. According to the history
provided by the referring physician the
neutropenia in several instances, although
transient, tended to be recurrent. When
these episodes were first discovered, oc-
curring as they did in these patients who
were subject to recurring, sometimes over-
whelming, bacterial infection, we attri-
buted the hematologic disease to the in-
fections or the associated antibiotic or
chemotherapy. However, in 2 instances we
observed the development of the transient
neutropenia in patients having no overt
signs or symptoms of infection. One of these
patients was being treated with only small
amounts of penicillin orally, the other was
being given no antibiotics at the time the
neutropenia occurred.

As we have studied these patients we
have become more and more inclined to
the view that the transient episodes of
neutropenia reflect a significant underlying
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disturbance of hematopoietic function
which is often associated with agammaglob-
ulinemia.

Support for this concept has come from
study of several other cases. For example,
2 male siblings with agammaglobulinemia
each had a persistent blood dyscrasia in-
volving the polymorphonuclear leukocytes.
In 1 instance extreme neutropenia per-
sisted at levels often approaching zero and
regularly below 1000 leukocytes/mm.® ex-
cept for a brief period after splenectomy at
11 months of age following which a signifi-
cant leukocytosis occurred. Within 1 month
after splenectomy, however, the neutrophil
count dropped to the low levels present prior
to surgery where it persisted until the child’s
death 10 months later. The persistent neu-
tropenia in this patient was associated with
apparent arrest in development of the neu-
trophilic precursors in the bone marrow.

Both members of another sibling pair
from a different family suffered from com-
bined neutropenia and agammaglobu-
linemia. In 1 instance the neutropenia was
transient and was associated with and
attributed to the severe recurrent bacterial
infections and the necessary intensive anti-
biotic therapy. However, when we dis-
covered that the 3-month-old sibling also
had agammaglobulinemia we began to
study his blood count regularly 2 times
each week. After a period of observation
of approximately 1 month this child de-
veloped a profound neutropenia lasting ap-
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proximately 60 days. The neutropenia, dis-
missed when it occurred in the older child
as a possible reflection of bacterial or viral
trauma to the hematopoietic tissues, de-
veloped in this instance in the apparent
absence of infection. The extreme neutro-
penia in both children appeared to result
from the failure of the bone marrow to pro-
duce neutrophils. Figure 10 illustrates the
cyclic neutropenia, persistent neutropenia
and prolonged transient neutropenia ob-
served in patients with agammaglobu-
linemia.

Recently other authors have described
cases of agammaglobulinemia associated
with disturbances in production of neu-
tl‘OphilS.w’ 18,103

F. H., a 58-year-old male with acquired
agammaglobulinemia, possessed almost no
eosinophils in either his peripheral blood
or bone marrow. In this instance the failure
to form eosinophils was apparently
analogous to the neutrophilic dyscrasia de-
scribed above. The bone marrow revealed
almost complete failure of maturation along
eosinophilic lines and very few of the earli-
est stages in neutrophilic development
could be found.

This same patient was discovered to have
a huge thymoma at the time he developed
the recurrent respiratory disease associated
with agammaglobulinemia. A thymus tumor
weighing 540 gm. removed at surgery was
described pathologically as a tumor of the
thymus due primarily to a benign pro-

-
tronsent neutropenio

YT TR < A

Time m dors

Fic. 10. Serial neutrophil counts on 3 patients with agammaglobulinemia. (a) Cyclic neutropenia with
agammaglobulinemia. (b) Persistent neutropenia with agammaglobulinemia. (c) Prolonged transient

neutropenia with agammaglobulinemia.
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liferation of the thymic reticulum. Recently
another patient having acquired agam-
maglobulinemia, blood dyscrasia and large
benign thymoma has been discovered.*"*

In Loeb’s case persistent agranulocytosis
and aregenerative anemia were the blood
dyscrasias associated with the thymoma
and agammaglobulinemia while in our case
a persistent aregenerative eosinopenia was
observed.

Finally, the adult female with acquired
agammaglobulinemia whom we have
studied has still another hematopoietic
dyscrasia. Three years prior to our study
and 4 years following the apparent onset
of agammaglobulinemia she developed
hemolytic anemia with a negative Coombs
test and associated with a large spleen. At
this time she also had leukopenia and
thrombocytopenia. A diagnosis of hyper-
splenism was made and splenectomy was
performed. This operation cured the hemo-
lytic anemia, leukopenia and thrombopenia.
On morphologic study the splenomegaly
was found to be due to a pronounced
benign hypertrophy and proliferation of
the recticulum. Histologic study suggested
that the reticular proliferation might be
associated with a granulomatous process
but none could be clearly defined. Similarly,
recent study of the liver, bone marrow and
lymph nodes from this patient reveal that
the hematologic abnormality is widespread
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since in each of these organs a generalized
hyperplasia of the mesenchymal cells is to
be seen. In Figure 11 are illustrated the
proliferation of the splenic and lymph node
reticulum which featured the hematologic
abnormality in this case.

Response of Hematopoietic Tissue to
Antigenic Stimulation

In extensive hematologic studies re-
ported elsewhere'** we have compared the
bone marrow and the lymph nodes of pa-
tients with agammaglobulinemia to those of
normal children and adults. Wheras normal
numbers of lymphocytes were to be found
in the peripheral blood and bone marrow
of our patients with agammaglobulinemia,
a clearly defined deficiency in the numbers
of plasma cells was discovered in the bone
marrows of these patients. In the lymph
nodes of the patients with agammaglobu-
linemia, morphologic abnormalities were
regularly present. In the children with
congenital agammaglobulinemia the lymph
nodes were smaller than normal and micro-
scopic study revealed a relatively thin cor-
tex with few primary follicles and no sec-
ondary follicles. In Figure 12 lymph nodes
from agammaglobulinemic and normal chil-
dren are compared.

Antigenic stimulation using potent bac-
terial antigens administered subcutaneously
and intravenously regularly produced sig-

Fic. 11. Benign proliferation of the reticulum in an adult female with acquired agammaglobulinemia.
(a) View of spleen. (X 50, reduced %.) (b) Low-power view of the lymph node. (X 8, reduced 1;.) Note
proliferation of reticulum in both areas.
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a b

Fic. 12. Comparison of low power views of the regional lymph nodes, stimulated by intradermal in-
jection, from normal child and from child with agammaglobulinemia. Note the deficiency of lymphoid
follicles, thinness of the cortex and the relative acellularity of the medullary portion of the node from the
patient with agammaglobulinemia (a) as compared to the node from the normal child (b). (X 10, re-

duced 13.)

nificant increases in number of plasma cells
in the bone marrows of normal children.
However identical antigenic stimulation of
the patient with agammaglobulinemia did
not result in formation of plasma cells. In
Figure 13, bone marrow from a normal
child following antigenic stimulation is
compared to bone marrow from a child
with agammaglobulinemia. The prolifera-
tion of plasma cells following antigenic
stimulation featuring the bone marrow re-
sponse of the normal patient is to be noted.

Similarly, when the response of the
lymph nodes to antigenic stimulation was
studied, striking differences were found be-

tween normal children and children with
agammaglobulinemia. Four to six days after
injection of antigen into the skin and sub-
cutaneous tissues of the medial aspect
of the thigh, the inguinal lymph nodes of
the normal child revealed proliferation of
lymphatic tissue reflected in an increased
thickness of the cortex and the formation
of secondary follicles.

In addition, the sections and imprints
from the node revealed proliferation of the
reticulum (mesenchyme), budding of the
lymphocytes, plasma cell proliferation,
and maturation especially marked in the
medullary portion of the nodes. In the

= e r L

Fic. 13. Comparison of bone marrow from immunologically normal child (a) and from patient with
agammaglobulinemia (b) 8 days following a series of 5 intravenous injections of T.A.B. antigen. Note
accumulation of plasma cells in the bone marrow of the normal child (arrows) and their absence from the

marrow of the patient with agammaglobulinemia.
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nodes taken from the patients with agam-
maglobulinemia provided identical stimula-
tion, similar changes had taken place.
Enlargement of the node, increased num-
bers of lymphocytes and developing
lymphocytes, proliferation of the reticulum
and budding of the lymphocytes, all could
be readily identified as the result of the
antigenic stimulation. In 2 particulars, how-
ever, the lymph nodes of the patients with
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agammaglobulinemia failed to respond,
namely, the formation and proliferation of
plasma cells did not occur and secondary
follicles did not develop in response to
antigenic stimulation. These differences
were all the more striking as the secondary,
tertiary and quarternary responses to anti-
gen were studied. In Figure 14 high power
views of sections and imprints from the
medullary portion of the lymph nodes of the

Fic. 14. Comparison of the response of lymph nodes from an immunologically normal child and from
a child with agammaglobulinemia following antigenic stimulation. (a) Section from node removed from
the inguinal region of a normal child 4 days after injection of typhoid-paratyphoid antigen into the skin
and subcutaneous tissues of the medial aspects of the thigh. Note proliferation of plasma cells in the
medullary cords. (x 400, reduced 14.) (b) Comparable area from node of a child with agammaglobulinemia
stimulated in the same way. (X 400, reduced 14.) Note absence of plasma cells. (¢) Imprint from the
lvmph node of a normal child 6 days after antigenic stimulation. Plasma cell accumulation is clearly
shown. (X 800, reduced 13.) (d) Imprint from the lymph node of a child with agammaglobulinemia 6
days after injection of antigen. Plasma cells are absent.
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normal child 4 days after antigenic stimula-
tion are compared to the sections and im-
prints from the medullary portion of the
lvmph node of the patient with agamma-
globulinemia after comparable stimulation.

In nodes from persons immunologically
normal, repeated exposure to antigenic
stimulation (anamnestic response) leads to
striking secondary follicle formation in the
cortex and extraordinary plasma cell pro-
liferation in the medullary cords, whereas
the patients with agammaglobulinemia hav-
ing been subjected to the same stimulation
still lack secondary follicles and medullary
plasmacytosis.

The absence of plasma cells and failure
of plasma cells to develop in the bone
marrow and lymph nodes in response to
antigenic stimulation was present in each of
the patients with agammaglobulinemia
studied. Thus, unlike the other hemato-
logic disturbances described above, failure
of secondary follicle formation and failure
of plasma cell development are common to
all the patients with agammaglobulinemia.

On the basis of these studies elucidating
the hematologic disturbances which may be
observed in patients with agammaglobu-
linemia, it is attractive to attempt to define
the disease itself in terms of a cellular
deficit. For example, it seems reasonable to
postulate that in agammaglobulinemia we
are dealing with an abnormality of reticular
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cell (multipotent, mesenchymal cell) func-
tion. This disturbance may be reflected in
failure of heteroplastic metamorphosis of
the reticulum toward mature neutrophils,
mature cosinophils, mature lymphocytes or
even erythrocytes in some patients. How-
ever, the deficit gains its ultimate and uni-
form expression as failure of antibody and
gamma globulin synthesis as a consequence
of failure of the reticulum to mature along
the plasma cell line in response to antigenic
stimulation in all of these patients.

Support for this hypothesis was gained
from 2 additional studies. One of the chil-
dren with agammaglobulinemia was sub-
jected to pulmonary lobectomy following
the development of bronchiectasis. Because
lobectomy was performed after a long
period of uncontrolled infection, the tissue
obtained for study was considered to be
representative of the response of a patient
with agammaglobulinemia to a chronic
suppurative process. Comparably diseased
tissue from an immunologically normal
child was obtained for comparison. The
difference in appearance of the exudate in
the 2 children was striking. The accumula-
tion of numerous plasma cells featured the
chronic inflammatory exudate of the bron-
chiectatic process of the immunologically
normal child whereas no plasma cells were
to be found on extensive search of the in-
flammatory exudate of the patient with

Fig. 15. Comparison of the exudate from chronic inflammatory process (bronchiectasis) in the im-
munologically normal person (a) and in a patient with agammaglobulinemia (b). Note the abundance of
plasma cells in the exudate from the immunologically normal person and their complete absence from a
comparable process in the patient with agammaglobulinemia.
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agammaglobulinemia. In all other respects
the 2 exudative processes were comparable.
This observation is illustrated in Figure 15
where the plasma cell-poor exudate from
the bronchiectatic process of the patient
with agammaglobulinemia is compared to
the plasma-cell rich exudate from the bron-
chiectatic process of the immunologically
normal person. The exudate of the bron-
chiectatic process of the patients with
agammaglobulinemia contained lympho-
cytes, monocytes, macrophages and some
epithelioid cells but contained no plasma
cells whatsoever.

Similarly, the interstitial tissue of the ap-
pendix of adults and older children always
contains an abundance of plasma cells.
Study of the appendix from the 58-year-old
man with acquired agammaglobulinemia
who died of hepatitis showed that in this
location, as in the other areas, plasma cells
are completely lacking in patients with
agammaglobulinemia. In Figure 16 the
appendix from a patient with normal im-
munologic capacity (a) and one with
agammaglobulinemia (b) are illustrated.

Numerous other studies designed to in-
terpret the incisive “experiment of nature”
represented by the agammaglobulinemic
state have been carried out, but space does
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not permit their detailed documentation
here. Brief mention of 3 of these, however,
seems in order.

Transplantation of Skin to Patients
with Agammaglobulinemia

Recent evidence indicates that homo-
transplantation failure has an immunologic
basis.’o>-1 Transplantation of skin from
unrelated donors to 2 children with con-
genital agammaglobulinemia resulted in
what now appears to be permanent sur-
vival of the homotransplant. In 1 child the
transplanted skin has persisted 21 months
while in the other the transplant has re-
mained in place 1 year. In contradistinction,
skin from the children with agammaglobu-
linemia transplanted to immunologically
normal persons was accepted initially and
rejected in the usual fashion between 12
and 37 days after application. In an adult
with acquired agammaglobulinemia and
associated immunologic paresis rather than
paralysis, prolonged survival of the graft
occurred. However, ultimately the trans-
plant sloughed between 11 and 16 weeks
after its application. In contrast, this pa-
tient’s own skin was rejected by an im-
munologically normal person beginning 14
days after application and completed 10

Fi1c. 16. Comparison of the appendix from an immunologically normal person (a) and from a patient with
agammaglobulinemia (b). Note the accumulation of plasma cells in the normal appendix and their com-
plete absence from the appendix of the patient with agammaglobulinemia.
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Fic. 17. Homotransplant of skin on the thigh
of a child with agammaglobulinemia 1 vear follow-
ing transplantation. The distal tattooed portion is
full thickness and the proximal portion is split thick-
ness. This graft appears to have grown with the
patient during the 2 vears following transplanta-
tion.

days later. In Figure 17 the successful trans-
plantation of skin to a child with agamma-
globulinemia is illustrated. The transplant
shown had been in place 6 months at the
time the photograph was taken.

Occurrence of Pregnancy in a Female
with Agammaglobulinemia

A 30-year-old female, with acquired
agammaglobulinemia of 8 vears’ duration,
became pregnant during the period of our
study. Electrophoretic analysis of the serum
proteins, immunochemical determinations
of the gamma globulin concentration, and
studies of the immunologic response were
carried out prior to pregnancy, during the
first trimester, during the third trimester and
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following delivery. The patient was given no
gamma globulin or blood during the preg-
nancy but instead was kept free of infection
by continuous prophylaxis with oxytetra-
cycline. The concentration of gamma globu-
lin remained relatively constant between 10
and 15 mg./100 ml. during the entire period
of pregnancy and in the neonatal period.
No antibody was produced in response to
multiple injections of typhoid-paratyphoid
vaccine or diphtheria, pertussis and tetanus
vaccine prior to pregnancy, or to typhoid-
paratyphoid vaccine given during the first
and second trimester. During the third tri-
mester, however, injections of typhoid-
paratyphoid antigen resulted in production
of a small but significant amount of anti-
body against H, O and B antigens. Follow-
ing delivery of the baby and placenta, the
concentration of antibody in the serum de-
clined rapidly and immunologic responsive-
ness disappeared completely. Studies of the
mother’s bone marrow and regional lymph
nodes after each antigenic stimulation re-
vealed no evidence of plasma cell prolifera-
tion, and hence, according to our view, no
morphologic basis for the immunologic re-
sponse was observed.

Further, the baby possessed no demon-
strable serum antibodies against any of the
antigens administered and lymph nodes
and bone marrow of the baby contained
no plasma cells. Study of the placenta, how-
ever, was of great interest. Suspensions of
placenta showed antibody to H, O and B
antigen even after dilution to 1:40. Finally,
morphologic study of the placenta from this
patient revealed plasma cells to be present
in the interstitial tissue.

Consequently, we have inferred from this
study that a patient with agammaglobu-
linemia becomes capable of antibody pro-
duction during the third trimester and that
the production of antibody is not a function
of the fetus but probably can be at-
tributed to local antibody production within
the placenta itself.

Using immunologic, immunochemical,
electrophoretic and morphologic methods,
study of the baby born of this pregnancy
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provided information to support this con-
cept. For example, the baby was agamma-
globulinemic in the neonatal period and
failed to respond to stimulation with several
different antigens. This condition of im-
munologic unresponsiveness persisted for
approximately 50 days. During the second
neonatal month, however, the baby began
to form both gamma globulin and anti-
body. Now at 1 year of age this child is in
every respect biochemically and immuno-
logically normal. Extensive study of the
hematopoietic system revealed through
bone marrow and lymph node biopsies that
the hematopoietic tissues do not respond to
antigenic stimulation with plasma cell for-
mation in the immediate neonatal period or
during the first neonatal month. In contra-
distinction, when the baby was 3 months
of age, the development of plasmacytosis
both in bone marrow and in regional lymph
nodes draining the site of antigenic injec-
tion revealed the immunologic responsive-
ness acquired through maturation.

SUMMARY AND CONCLUSIONS

The experiment of nature presented by
patients with agammaglobulinemia is dis-
cussed and related to other syndromes as-
sociated with disturbance in gamma globu-
lin metabolism,

Measurement of serum gamma globulin
concentration by an immunologic method
revealed minute amounts of gamma globu-
lin to be present in the serum of each of the
patients with agammaglobulinemia. Meas-
urement of the survival time of intramus-
cularly injected gamma globulin indicated
that in patients with agammaglobulinemia
this protein has a half-life of approximately
30 days.

The immunologic handicap in patients
with agammaglobulinemia is defined in
terms of response to ubiquitous antigen, the
presence of “natural antibodies” and the
primary, secondary, and tertiary responses
to bacterial antigens, heterologous blood
group antigens and virus antigens. The
clinical paradox posed by the apparently
satisfactory resistance of patients with
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agammaglobulinemia to certain virus infec-
tions and the failure of their response to
virus antigen is discussed. The capacity of
patients with agammaglobulinemia to de-
velop bacterial-type hypersensitivity is
documented. This observation dissociates
bacterial type hypersensitivity from the
classical immune response which results in
accumulation of antibody in the circulating
blood.

The development of immediate-type
sensitivity in patients with agammaglobu-
linemia after intradermal injection of serum
from a patient known to be atopic is de-
scribed. Serum complement, acute phase
reactants and properdin are present in nor-
mal concentrations in the serums of patients
with agammaglobulinemia. The acute phase
responses to infection and intoxication are
normal in patients with agammaglobu-
linemia. The persistence of immunologic
paralysis after the administration of gamma
globulin to patients with agammaglobu-
linemia is documented.

Skin reactions, febrile and toxic response
of patients with agammaglobulinemia to
gram-negative endotoxin do not differ from
those of immunologically normal persons.
Refractoriness to the toxic and pyrogenic
effects of gram-negative endotoxin develops
in patients with agammaglobulinemia just
as in normal persons.

The normal function of the pituitary-
adrenal system in patients with agamma-
globulinemia is established.

Multiple hematologic disturbances ob-
served in patients with agammaglobu-
linemia are described. These include
transient neutropenia, cyclic neutropenia,
persistent neutropenia, eosinopenia, lym-
phopenia, aregenerative anemia, benign pro-
liferation of the hematopoietic reticulum
and thymoma. Virtual absence of plasma
cells from the hematopoietic tissues and in-
flammatory exudates of patients with
agammaglobulinemia is described. Failure
of plasma cell formation in response to
antigenic stimulation is reported as a con-
stant characteristic of the patient with
agammaglobulinemia. That all the hema-
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tologic abnormalities in agammaglobu-
linemia have a common basis in a func-
tional abnormality of the hematopoietic
reticulum is proposed.

Successful homotransplantation of skin in
the patient with agammaglobulinemia is
described. Transplantation of skin from 4
patients with agammaglobulinemia to 4
immunologically normal children resulted
in the expected homotransplantation failure.

Immunologic, biochemical and hema-
tologic studies of a woman with agamma-
globulinemia during pregnancy are briefly
described.

Immunologic, biochemical, and hemato-
logic investigations of a child born of a
mother with agammaglobulinemia are
mentioned.
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