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Investigations were carried out to examine the possible causes of the low incidence
and low levels of anti-BSA in human adults as compared to those of normal children.
To determine if the reduced amount of BSA in the adult diet was an important
factor, childhood levels of dictary BSA in the form of oral supplemental doses were
administered to 17 normal human volunteers for 21 days. To learn if the manner
i which dietary protein was catabolized by the gastrointestinal tract of the adult
was a determining factor, selected indiwviduals were also stimulated by intradermal
injections of BSA. When anti-BSA was present before the experiment, there was a
measureable antibody response following both methods of stimulation. The respon-
siveness of this group indicates that, among adults who retaimed the capacity to
produce amti-BSA, the dose of antigen was an important variable in determining
the amount of antibody actually produced. When no anti-BSA or wvery low levels
existed before the experiment, the adults were unresponsive or hyporesponsive to both
methods of stimulation. At least 80 per cent of these unresponsive adults had been
synthesizing anti-BSA during childhood and showld have resumed amtibody production
had their adult unresponsiveness been due to either a low dietary intake of BSA or
the gastrointestinal conditions umigue to adults. Circulating antigen was demonstrated
in the sera of individuals without anti-BSA for as long as 21 deys after iniradermal
injections of BSA. In subjects with trace amounts of amiti-BSA prior to the intrader-
mal injection of BSA, both BSA and anii-BSA were demonstrated to exist simul-
taneously in the serum for a minimum of 21 days. These data suggest that antigen-
antibody complexes can sometimes persist in the circulation for prolonged periods
following the injection of relatively small doses of antigen into humam subjects. None
of the subjects demonstrated an immediate wheal-and-flare response, an Arthus reac-
tion, or o tuberculin type of response when tested either before or after the experi-
ment. Thus it appears that the low incidence of detectable anti-BSA among adulls
8 due in part to an acquired immunological hyporesponsive state to BSA.
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Circulating antibodies to dietary antigens have been demonstrated in
many human sera, suggesting that immunization to proteins ingested as food
is a frequent and natural occurrence.* In one study, antibodies against a pro-
tein in cow’s milk, bovine serum albumin (BSA), were found in the sera of
more than 80 per cent of normal children between 4 months and 5 years of age.*
In contrast, anti-BSA activity was found in only 29 per cent of sera from adults
between 16 and 40 years of age and in only 7 per cent of persons over age 40.
Similar observations were also made with a seecond milk antigen, alpha-lact-
albumin.® Possible explanations for the decline of anti-milk antibodies in the
mature age groups are (a) a decrease in eonsumption of milk and milk products
among the older age groups; (b) changes in the gastrointestinal tract that would
reduce the availability of antigen from the lumen of the gastrointestinal traet;
and (e) establishment of an immunologic hyporeactive state following long-term
ingestion of antigen. The present study was designed to examine which, if any,
of these mechanisms may be responsible for the reduction of anti-milk protein
antibodies in persons over 20 years of age.

METHODS
Subjects

The persons involved in this study were 17 adults, 9 men and 8 women,
ranging in age from 22 to 50 years. Three persons (P. H., P. F. K., and L. G.)
had allergie rhinitis or bronchial asthma associated with reagin and 14 were in
good health and free of allergic disorders. P. F. K. and L. (. were receiving
hyposensitization injections with antigens not of mammalian origin. A history
of reecent daily ingestion of foods containing BSA was obtained from each sub-
jeet, and the daily BSA intake was calculated on the basis of previous immuno-
logie measurements of the BSA content of eertain beef produets.* Subjeet B. S.
had earefully avoided milk and milk proteins for 10 years before this experiment,
and the remaining 16 individuals ingested between 0.1 and 1.5 mg. per pound
per day, as noted in Tables I, TI, and 1T1.

Oral immunization

Fifteen subjects were given supplemental dietary BSA* (fraction V) for
21 days, and in two subjects (B. 8. and K. H.) it was continued for 35 days.
The supplemental dose was 12 mg. per pound per day, which represents one
and one-half times the BSA per pound per day that would be ingested by a
two-year-old child drinking the minimal daily recommended amount of milk.’
These caleulations were based upon the average weight of a two-year-old child
as 27 pounds® and the coneentration of BSA in skimmed milk as 0.29 mg. per
milliliter.* This supplemental dose represents considerably more milk than the
average adult ingests in 24 hours. For example, a person would have to drink
8.3 L. of milk every 24 hours to ingest this calculated dose of BSA. Other
sources of BSA in the adult diet are negligible, since cooking destroys up to
95 per cent of the native antigenicity of BSA extractable from beef* Tt is

*Armour Pharmaceutical Co., Kankakee, Il
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also unlikely that these individuals were exposed to other mammalian albumins
that cross react with BSA, such as sheep or horse albumin. Sera were obtained
from each individual prior to ingestion of supplemental BSA and on the seventh,
fourteenth, and twenty-first days of the experiment. Selected individuals were
also bled on the twenty-eighth, thirty-fifth, and sixty-fifth days.

Parenteral immunization

One month following the cessation of supplementary BSA ingestion, 7 sub-
jects were bled and skin tested with 0.02 ml. intradermal injections of a solution
containing 1 mg. of crystallized BSA per milliliter of normal saline. No immedi-
ate wheal-and-flare, Arthus, or delayed types of reactions were observed. These
subjects were then given intradermal injections of 0.1 mg. of erystallized BSA
solution in ten separate sites (total dose = 1.0 mg. of BSA), and sera were ob-
tained on days 7, 14, and 21. Two weeks after the day 21 bleeding, 4 subjects
who had failed to respond to either the oral or intradermal challenges of BSA
were again bled and skin tested. These individuals were then given further
intradermal injections of 1 mg. of erystallized BSA (ten sites of 0.1 ml. each)
every other day until they had received a total dose of 3 mg. of BSA. Sera were
obtained at 2 and 72 hours following the last injection and weekly for 3 weeks.

Antibody detection

Each serum was studied in duplicate for anti-BSA by a modification® of
the ammonium sulfate technique.” Crystallized BSA* was labeled with I'** by
a modified chloramine-T method® and diluted in 1:100 normal human serum in

*Armour Pharmaceutical Co., Kankakee, Il

Table 1. BSA binding in sera from eight individuals having no anti-BSA prior to

experiment
BSA4
content
of
regular
diet
(mg./
pound/ Day Day | Day Day Day Day Day
Subject | Age | day) 0 7 14 21 28 35 65
J.M. 47 11 0.6* (-)t 0.2 0.3 0.0 (-) 0.1 (-)
V.L. 28 0.1 0.4 (-) 0.2 03 0.1(-) 0.1 (-)
P.F.K. 31 1.5 0.4 (-) 0.1 01 02(-) 03() 05(-) 08¢(-)
T.N. 23 0.7 0.2 (-) 02 06 09¢(-) 06(-) 08¢(-)
8.C. 23 0.5 0.9 (-) 06 09 07() 07()
P.K. 30 0.1 0.8 (-) 0.3 0.6 14(-) 27(-)
K.H. 24 0.6 4.0 (-) 2.5 38 41(-) 43(-) 56(-) 56(-)
B.8.} 35 0.0 2.6 (-) 25 57 48(-) 66(+) 84(+) 84(+)
*Per cent of 0.02 ug of I-BSA N specifically bound by 0.5 ml of a 1:5 dilution of
antisera.

tThe presence (+) or absence (-) of the capacity to bind BSA as demonstrated by
radioimmunoelectrophoresis.

1This subject had not ingested foods containing BSA during the 10 years preceding
this experiment.
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borate buffer so that the final coneentration of I'8'-labeled BSA (I-BSA) was
0.04 ug of I-BSA nitrogen (N) per milliliter. The per cent of labeled BSA
bound by a 1:5 dilution of each test serum was ealeulated and compared with
the per cent of labeled antigen bound by antiserum to which unlabeled BSA
antigen had been previously added. The antigen specifieally bound by the anti-
sera was determined by subtracting the per cent I-BSA N bound by the aliquots
to which unlabeled antigen had been added from the per eent of I-BSA bound by
the test antiserum. Anti-BSA activity was considered present when this value
was greater than 5 per cent, and capacity to bind I-BSA was confirmed by
radioimmunoelectrophoresis. All samples from a given individual were studied
on the same day with the same lot of I-BSA to minimize experimental variations.
Under these eircumstances, 5 separate determinations performed on 4 serum
samples from different subjeets varied from 0.2 to 2.5 per cent. When the
quantity of antibody was sufficient to bind greater than 33 per cent of the anti-
gen emploved, the antigen-binding capacity of the serum (ABC-33) was also
determined with the use of 0.04 ug of T-BSA N per milliliter as the test antigen.?

Immunoelectrophoresis and radioimmunoelectrophoresis were carried out as
previously deseribed.’

Detection of circulating antigen

Studies to deteet the presence of BSA or antigenic BSA fragments were
performed on selected sera following oral and parenteral immunization. The
specific inhibition of a standard human anti-BSA :I-BSA reaction by each serum
sample was compared with similar inhibition by normal sera to whieh known
amounts of unlabeled BSA had been added. Under these experimental conditions,
when 0.5 ml. of a 1:2 dilution of the test serum produced more than 20 per cent
inhibition, it was considered to indicate the presence of at least 0.08 pg of BSA
per milliliter of undiluted serum. Details of this procedure have previously
been deseribed.®

RESULTS
Oral immunization

Data from eight subjeets whose sera contained no detectable anti-BSA
activity prior to ingesting supplemental BSA are presented in Table 1. The in-
gestion of BSA did not stimulate the production of detectable anti-BSA in
any of these subjects by day 21. However, two (K. H. and B. 8.) sera hound
4.1 and 4.8 per cent of labeled antigen. Sinece this was only slightly less than
the 5 per cent end point indicative of antibody activity, BSA ingestion was
continued in these two subjects for another 14 days. The serum of K. H. even-
tually bound 5.6 per cent of the I-BSA, but this did not represent antibody be-
cause anti-BSA aectivity was not confirmed by radicimmunoelectrophoresis. In
contrast, antigen bound by B.S. increased from 2.6 to 6.6 per cent on day 28
and to 8.4 per cent by day 35. Thirty days after the cessation of supplemental
BSA, serum obtained from B. S. continued to bind 8.4 per cent, and antibody
activity was eonfirmed by radioimmuncelectrophoresis. Thus B. S., the ounly in-
dividual on a BSA-free diet previous to the experiment, was the only individual
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in Table I to initiate or reinitiate production of detectable anti-BSA following
the oral challenge.

Data from four subjects whose sera contained trace amounts of anti-BSA
prior to the ingestion of supplemental BSA are presented in Table II. Two of
these (M. Y. and P. H.) demonstrated small but significant increases of anti-
BSA activity.

Sera from five subjects bound enough I-BSA prior to the experiment to allow
ABC-33 determinations. Data from these sera are presented in Table III. Four
of these individuals responded with greater than a 25 per cent increase in anti-
body activity. A brisk rise characteristic of the temporal pattern of an
anamnestie response was observed in one serum (D. R.). In contrast, the increase
in three of the individuals was not detected until 14 to 21 days after the initia-
tion of the oral challenge. The fifth serum (R. M. R.) did not demonstrate a
significant increase in anti-BSA activity during this phase of the experiment, but
a signficant increase of antibody activity was observed 44 days after the cessa-
tion of high doses of supplemental BSA.

Table 1Il. BSA binding in sera from four individuals having trace amounts of
anti-BSA prior to experiment

BSA content
of regular
diet
(mg./pound/ Day Day Day Day Day
Subject Age day ) 0 7 14 21 28
R.F. 44 0.5 5.2% (+)t 5.8 5.9 7.3 7.5 (+)
M.Y. 50 0.6 9.0 (+) 9.0 9.5 124 18.4 (+)
N.B. 50 1.1 15.9 (+) 14.3 17.6 18.6 16.9 (+)
P.H. 35 0.4 189 (+) 17.6 18.1 20.5 24.4 (+)

*Per cent of 0.02 ug of I-BSA N specifically bound by 0.5 ml. of a 1:5 dilution of antisera.
1The presence (+) or absence (—) of the capacity to bind BSA as determined by radio-
immunoelectrophoresis.

Table lll. BSA binding in the sera from five indsviduals having larger amounts of
anti-BSA prior to experiment

BSA content
of regular
diet
(mg./
pound
Subject Age /day) Day 0 Day 7 Day 14 Day 21 Day 28
S.R. 22 1.5 0.05* (+) 1t 0.05 0.12 0.13 0.15 (+)
DR. 53 1.2 0.38 (+) 0.47 0.46 0.42 0.40 (+)
L.G. 26 14 0.59 (+) 0.54 0.59 0.60 0.99 (+)
R.T.R. 35 0.4 0.53 (+) 0.54 0.57 0.90 (+)
R.M.R.1 33 0.2 0.10 (+) 0.11 0.12 0.12 0.12 (+)

*Micrograms of I-BSA N bound per milliliter of undiluted serum (ABC-33 at 0.02 ug
of I-BSA N).

tThe presence (+) or absence (-) of the capacity to bind BSA as demonstrated by radio-
immunoelectrophoresis.

tOn day 44 this serum had ABC-33 of 0.15 ug of I-BSA N, a significant increase in
antibody activity.
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As noted in Tables I, II and III, radioimmunoelectrophoresis was used to
confirm the presence or absence of antibody in the sera of all subjects. With the
one exception previously discussed (K. H., Table 1), yG with capacity to bind
I-BSA was detected in all persons whose sera bound more than 5 per cent of
the antigen added in the ammonium sulfate test. No antibody activity was ob-
served by radioimmunoelectrophoresis in any of the subjects whose sera bound
less than 5 per cent. In one subject (L. G., Table I1I), I-BSA binding was also
noted in the yA immunoglobulins, but in no instance was anti-BSA activity
observed in the yM immunoglobulins.

Since it has been demonstrated that trace amounts of antigenically recoy-
nizable BSA or BSA fragments can be detected in the sera of rabbits fed BSA,®
similar studies were performed on the day 7 and day 14 sera presented in Tables
I, II, and II1. Free BSA was not detected in any of these sera.

Parenteral immunization

Seven of the subjects presented in Tables I, II, and 11T were injected intra-
dermally with 1 mg. of BSA, and subsequent studies of their sera are shown
in Table 1V. Three subjects (J. M., T. N., and P. . K.) who had no anti-BSA
before the experiment and who had not responded following the ingestion of
BSA again failed to manifest an increase in anti-BSA after the intradermal
injections. B. 8., who had developed an antibody response after oral BSA, did
not show further increase in antibody production after intradermal challenge.
The other subject (R. F.), who had only trace amounts of anti-BSA hefore
and after the oral challenge, also failed to respond to the intradermal challenge.
The two remaining subjects, D. R. and R. M. R., who had considerable anti-BSA
before the experiment and responded to the oral challenge, again demonstrated
signficant inereases in anti-BSA activity after intradermal stimulation.

Four of the five subjeets in Table IV who did not respond to the intradermal
injections of 1 mg. of BSA were given additional doses of 1 mg. of BSA intra-
dermally every second day for a total of 3 mg. Their sera were studied for the

Table V. Effect of intradermal injection of 1 my. of BSA on the [-BSA-binding
capacity

i Time after intradermal BSA

Subject I Day 0 | Day ? |  Day1¢d | Day 21
JM 1.1% (-)t 0.2 0.5 0.1 (- )
T.N. 0.8% (=) 0.5 0.4 0.5 (=)
PF.X. 0.5* (-) 0.4 0.5 0.6 (-
R.F. 7.5% (+) 35 7.6 8.2 (+)
BS. 8.4% (+) 2.8 7.7 7.6 (+)
R.M.R. 0.15% (+) 0.12 0.17 0.19 (+)
DR. 0.321 (+) 0.25 0.48 0.53 (+)

*Per cent of 0.02 pg of I-BSA N specifically bound by 0.5 ml. of a 1:5 dilution of
antisera.

tThe capacity to bind I-BSA as demonstrated by radioimmunoelectrophoresis.

{Micrograms of I-BSA N bound per milliliter of undiluted serum (ABC-33 at 0.02 pg
of 1-BSA N),
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Table V. Effect of intradermal injection of 3 mg. of BSA on the [-BSA-<binding

P.F.K. T.N.

Time after last Anti-BSA
injection of BSA BSA4 in serum* determinations BSA4 in serum”

Pre-bleed Negative 0.5t (-)% Negative

2 hours ND 0.7 Positive

3 days Positive 0.3 Positive

7 days Positive 0.6 Positive

14 days Positive 0.5 Positive

21 days Positive 1.1 Positive

25 days Negative 0.8 (=) Negative

ND = not done.

*A positive result represents a minimum of 0.08 g of unlabeled BSA per milliliter of undi
fPer cent of labeled antigen specifically bound by 0.5 ml. of a 1:5 dilution of antisera.

tThe capacity to bind I-BSA as demonstrated by radioimmunoelectrophoresis.

presence of free circulating antigen as well as for the presence of antibody, and
results are presented in Table V. Free antigen was expressed as either positive
or negative, and a positive result signified the presence of at least 0.08 pg of
BSA per milliliter of undiluted serum. Despite the presence of free antigen in
the serum of all four individuals for a minimum of 21 days, only one (J. M.) re-
sponded with antibody production. The presence of anti-BSA in this 35 day
serum was demonstrated by both the ammonium sulfate test and radioimmuno-
electrophoresis. One subjeet (R. F.), who had not had urticaria in more than
20 years, developed a transitory facial urticarial reaction after the last dose of
BSA. Serum samples from this individual contained both BSA and anti-BSA
on the two occasions studied, suggesting the possibility that cireulating antigen-
antibody eomplexes may have been responsible for the urticaria.

None of the subjects responded with an immediate wheal-and-flare reaction,
an Arthus reaction, or a tuberculin-type response when tested by the intrader-
mal injection of BSA (1 mg. per milliliter), either before or after oral and
parenteral stimulation.

DISCUSSION

Seven of the eight individuals in Table T who had no detectable circulating
anti-BSA prior to these experiments were unresponsive to BSA despite the fact
they had been ingesting 0.1 to 1.5 mg. of BSA per pound per day. The eighth
subject (B. S.) was different in that she had not been exposed to oral BSA for
10 years. It has been previously reported that detectable amounts of anti-BSA
are not present unless there is BSA in the diet.’® On the basis of previous studies
concerning the incidence of antibodies to BSA as it varies with age,® it may be
assumed that an average of five of any seven unresponsive adults in the age
group presented in Table I had been producing anti-BSA during childhood.
Accordingly, if the amount of BSA in the diet were the controlling factor that
determined the incidence of circulating anti-BSA in adults, approximately five
of the seven unresponsive individuals in Table T should have resumed production
of detectable antibody after the oral dose of BSA was restored to childhood



Volume 41 Immune responses to BSA 233

Number 4
capacity
[ J.M. R.F.
Anti-BSA Anti-BSA Anti-B8A
determinations BSA in serum® determinations | BSA in serwm* determinations

0.5t (=) ND 0.31 (=)t Negative 7.5 ($)¢
0.2 Positive 0.2 Positive 6.5 (ND)
0.3 Positive 0.3 ND 7.2 (ND)
0.0 Positive 0.2 Positive 7.6 (+)
0.0 Positive 1.2 Positive 6.8 (NI)
0.3 Positive 2.3 Positive 74 (+)
0.8 (=) Negative 5.8 (+) Negative 5.7 (+)

luted serum.

levels. With the use of chi-square with the Yates correction for continuity be-
cause of the small sample size, the difference between the predietion that five
individuals should have resumed detectable antibody produetion and the ob-
servation that none actually did so is significant (P < 0.05). These data indicate
the low incidence of anti-BSA in adults is not the result of merely a low dietary
content of BSA.

Only two of the four adults in Table IT who were producing trace amounts
of anti-BSA prior to the experiment could be induced to have even feeble

- anamnestic responses when the ingested dose of BSA was restored to childhood
levels. Neither of these individuals produced enough additional anti-BSA to
reach an ABC-33 end point, and thus the persons in Table II must be considered
hyporesponsive to BSA. It is known that sera from one of these subjects (R.F.)
had enough anti-BSA to reach an ABC-33 end point eight years before the
present experiments, at a time when he was ingesting comparable amounts of
BSA. Thus, it would appear that this individual may be in the process of con-
verting from a moderately responsive type of person as presented in Table TIT
to an unresponsive state as represented by the individuals in Table 1.

TFour of the five persons in Table I1I responded relatively well to the oral
challenge of childhood doses of BSA, indicating that oral administration of
antigen can be effective in most adults who are currently producing moderate
amounts of antibody. Antibody production was also stimulated by orally
administered antigen in Subject B. 8. (Table T), who had not ingested BSA for
the past ten years. Although the data in Table I would implicate factors other
than total daily dose of BSA as the reason for the low incidence of detectable
anti-BSA among adults, the data in Table III strongly indicate that the daily
dose of BSA is an important variable with regard to the amount of anti-BSA
produced once antibody produection was underway.

The experiments reported in Tables IV and V were designed to learn if
representative subjects from Tables I, 11, and 111 would respond to parenterally
injected BSA in a different way from their response to orally ingested BSA.
If the manner in which the gastrointestinal tract of the adult cataholized
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dietary protein antigens was the major factor that determined the absence
of detectable anti-BSA among adults in Table T and the hyporesponsive state
observed in Table II, then parenteral injection of BSA to bypass the gastro-
intestinal tract should have resulted in a marked immune response. However,
none of the three individuals tested from Table I responded to 1 mg. (Table IV)
and only one (J. M.) had a weak response to the 3 mg. intradermal course of
injections (Table V). Neither of the two hyporesponsive individuals (R. F. and
B. 8.) had significant responses to 1 mg. of BSA intradermally (Table IV). On
the other hand, two of the moderately responsive individuals tested from Table
TIT (R. M. R. and D. R.) had modest responses following 1 mg. of intradermal
injections (Table 1V). Thus it would appear that neither gastrointestinal factors
or the relatively low dietary intake of BSA play a major role in determining the
low ¢ncidence of anti-BSA among adults.

It is of interest that detectable circulating antigen was present in the sera
of all four subjects for 21 days following the intradermal injection of 3 mg. of
BSA (Table V). This long half-life for BSA injected into humans without
detectable anti-BSA is compatible with a previously reported case in which the
half-life was 24 days.* It is also significant that the scra of Subject R. F. had
detectable amounts of both antigen and antibody for at least 18 days. This
phenomenon had oceasionally been observed in rabbits following single injections
of milligram amounts of BSA'? and more reeently has been observed in many
rabbits following large doses of parenteral BSA during immunological un-
responsiveness.?

The eapacity of a given individual to maintain or reinitiate anti-BSA pro-
duction is a multifaceted phenomenon subject to many variables, such as: (A)
immunological eapacity to respond to the antigen in question,** ** (B) exposure
of gastrointestinal lymphoid tissue to antigen,> 1% ® (C) denaturation of antigen
due to cooking,* (D) the presence or absence of concomitant symptomatic allergie
states associated with reagin to antigens other than BSA,** (E) gastric acidity,*
and (F) the age of the individual.® The present experiments indicate that in
adults where antibody production is underway, another significant variable is
the dosage of antigen.

The data presented above suggest that the hyporesponsiveness of most adults
to BSA cannot be aceounted for by a reduced dietary intake or by changes in the
gastrointestinal tract. As a possible explanation for the hyporesponsiveness ob-
served in these experiments, consideration is warranted of a recent proposal by
Talmage and Claman?? that acquired immunologic tolerance may occur following
continuous minimal antigenie stimulation. Aceording to this postulate, active
antibody synthesis by mature antibody-producing cells is associated with an in-
hibition of replication of this eell population with reduction in eapacity to syn-
thesize the antibodies in question. The cireumstances under which the present
data were obtained suggest the attractive but unproven possibility that prolonged
minimal antigenie stimulation via the oral route may be an important factor
that in some way is responsible for the hyporesponsiveness of adults to BSA.

The authors wish to acknowledge the excellent technical assistance of Miss Susan Rice
and Mrs. Drusilla Richardson.
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