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Summary

The possible influence of maternal antibody on the immune
response to bovine serum albumin (BSA), a normal cow’s milk
protein, was investigated in fullterm human neonates. Antibody
production to BSA of 12 infants with passively acquired anti-BSA
(Group I) was compared to the immune response of nine infants
without passive anti-BSA at birth (Group II) during the first 6
months of life. All infants were raised on commercial cow’s milk
formulas containing BSA in concentrations from 0.4-4.0 mg/dl.
From 4 wk of age concentrations of circulating anti-BSA as
measured by radioimmunoassay and enzyme-linked-immunosor-
bent-assay (ELISA) were higher in Group 11, but differences were
not statistically significant. There was no difference in the immune
response between infants ingesting formulas with high BSA con-
tent compared to infants ingesting low concentrations of antigenic
BSA. The main isotype associated with anti-BSA formation was
IgG. IgA in measurable amounts appeared later and accounted for
approximately 10% of circulating antibody in both groups at 6
months of age. Only small amounts of IgM- and IgE-anti-BSA
were detected.

Abbreviations

ABC-33, antigen binding capacity-33

BSA, bovine serum albumin

BSA-N, bovine serum albumin-nitrogen
ELISA, enzyme-linked-immunosorbent assay
EU, ELISA units

GALT, gut-associated lymphoid tissue

OD, optical density

The placental transfer of specific antibodies to pathogenic or-
ganisms and to toxins protects the neonate effectively before he
has formed active antibody. Studies in human infants and in
animals suggest that this early immune response is mainly elicited
by antigens derived from gut bacteria and from food (1, 7, 21, 26).
For example, human neonates are able to form IgM and IgG
antibody to BSA when born after 36 wk of gestation (19, 20).
Similarly, formation of antibodies to gut bacteria, e.g., to Salmo-
nella O and H antigens and to the capsular antigens of E. coli has
been demonstrated (22, 23). Natural antibodies against intestinal
bacteria are thought to provide protection against disease because
they crossreact with a number of important pathogens (1-3, 16,
22, 23).

The conditions which govern the immune response to enteric
antigens are incompletely understood. Similar to the response of
human neonates, the feeding of BSA to adult rabbits regularly
results in the formation of active anti-BSA, whereas newborn
rabbits and adult rats develop immunologic unresponsiveness
after oral application of protein antigens (17, 25).

One of the factors that may affect neonatal immune responses
is the presence of passive antibody. Studies on the effect of such
antibody in human infants have shown suppression or enhance-
ment of antibody formation to parenteral application of diphtheria
toxoid (4, 13), whereas the response to oral polio vaccine was not
affected by either circulating or secretory antibody of the mother
(10). No effect of passive antibody on the immune response to
BSA was seen in adult rabbits (18).

Interactions between passive antibody and antigen may depend
on the type of antigen, the amount of passive antibody present,
the time and mode of immunization, and the study model. Appli-
cation of results from animal studies to humans is difficult, among
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other reasons, because most neonatal laboratory animals have a
lower degree of immunologic maturity than human neonates. On
the other hand, investigation of the mechanisms operative in oral
immunization is important not only for an improved understand-
ing of physiologic and pathologic immune responses to enteric
antigens, but it is the prerequisite for the development of oral
vaccines. It was the purpose of the present study to investigate the
effect of maternal passive antibody to BSA, a normal cow’s milk
protein, on the immune response to BSA in the human neonate.

MATERIALS AND METHODS

Infants. 437 samples of maternal or cord sera of healthy fullterm
infants were screened for the presence of antibody to BSA. Anti-
BSA activity was detected in 148 sera (29.5%). After the nature
and purpose of the study was explained to those mothers, who did
not want to breastfeed, informed consent was obtained from 12
women (Group I, passive anti-BSA at birth). Similarly, nine
mothers agreed to have their babies participate as controls (Group
I1, no passive anti-BSA at birth).

Quantitation of circulating antibody to BSA. Anti-BSA was
determined by the ammonium sulphate technique (15). Results
were expressed as an ABC-33. This term represents the amount of
BSA-N that would theoretically be bound by | ml of undiluted
serum when 0.01 pg ['**I]-BSA-N per ml was the concentration of
antigen added. Anti-BSA was considered to be present, if 0.2 ml
of a 1:5 dilution of serum specifically bound at least 10% of the
labeled antigen. If sera bound more than 33% of the labeled
antigen, serial dilutions were set up, starting with a 1:5 dilution,
and an ABC-33 was calculated. All determinations were done in
duplicate.

Determination of antigenic BSA-content of formulas. Commer-
cially available formulas were chosen by the mothers. Four dif-
ferent formulas were used. The amount of antigenic BSA present
in the formulas was determined by radioimmune inhibition (15,
17). Formulas were prepared according to the manufacturers’
directions with distilled water. After two centrifugations in the
cold at 12 000 X g for 30 min to remove fat and particles, antigenic
BSA was determined in the whey fraction by comparing the
specific inhibition of a standard anti-BSA-['*’I]-BSA reaction by
each formula, with the inhibition caused by known amounts of
unlabeled BSA. Antigen content was expressed as mg BSA/dl of
prepared formula.

Determination of anti- BSA isotypes. Isotypes of anti-BSA activity
were determined using a direct solid phase ELISA (6). Polystyrol
tubes were coated with 5 ug BSA/ml in Na,COs buffer, a concen-
tration which had been shown to result in optimal binding of
serum antibody in prior control experiments. After three washes
with isotonic saline containing 0.05% polysorbate 20 serial dilu-
tions of sera were added, starting with a 1:10 dilution, and
incubated for 6 h at room temperature. After repeated washing,
alkaline phosphatase conjugated goat anti-human-antibody di-
rected against IgG, IgA, IgM and IgE (Tago, Inc. Inmunodiagnos-
tic Reagents, Burlingame, CA, U.S.A.) was added. Tubes were
then incubated overnight at room temperature. Antibody prepa-
rations were used in dilutions of 1:5000 (IgG, IgM and IgA) and
1:2500 (IgE), which had been shown to result in optimal absorp-
tion values in control experiments. After three more washes, p-
nitrophenylphosphate was added as substrate and tubes were
reincubated for 100 min at 37°C. The reaction was stopped by
adding 1 N NaOH and OD was measured in a spectrophotometer
at 405 nm against blanks, which had been handled in the same
way except that phosphate buffered saline had been added instead
of serum. All determinations were done in duplicate.

In control experiments with a direct ELISA using tubes coated
with 99% pure IgG (Behring Werke AG, Marburg/Lahn, West
Germany), crossreactivity between anti-IgM-, anti-IgA-, and anti-
IgE-conjugates with anti-IgG-conjugate was less than 1%. Antigen
specificity was tested in the following ways: (1) tubes coated with
human serum albumin gave OD values in the range of blanks; (2)
preincubation of anti-BSA containing serum with increasing
amounts of crystalline BSA (1 ng/ml-1 mg/ml) resulted in pro-
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gressive specific inhibition. Anti-BSA activity was totally inhibited
at a BSA concentration of 10 pug/ml; and (3) Forty sera, not
included in this study, were tested by the ammonium sulfate
technique and IgG-ELISA. Linear regression analysis showed a
regression coefficient r of +0.977. Anti-BSA activity as determined
by ELISA was expressed as EU, i.e., the dilution of serum that,
under the conditions described above, gave an OD of 0.5. When
OD values lower than 0.5 were found, antibody was considered to
be present if ODs of the starting dilution of 1:10 exceeded the
absorption found with 10 anti-BSA negative cord sera plus three
standard deviations of the mean. These 10 sera were considered
anti-BSA negative after they had been shown to have 0% precip-
itation by the ammonium sulfate technique.

Determination of immunoglobulins. 1gG was determined by sin-
gle radial immunodiffusion in maternal and cord sera and in the
infants’ sera at 4, 8, and 26 wk of age (Partigen plates, Behring
Werke AG, Marburg/Lahn, West Germany).

Statistical calculations. Two-tailed Mann-Whitney U-Test was
used for comparison of both groups throughout the paper.

RESULTS

Development and clinical status of infants. According to the
presence of detectable anti-BSA at birth, infants were divided into
Group I (anti-BSA present, six males and six females) and Group
II (no passive anti-BSA, two males and seven females). There
were no differences between the two groups with respect to clinical
criteria. All infants were born at term and left the nursery about
the fifth day of life. Mean weight + 1 S.D. at birth was 3274 +
400 g in Group I, and 3374 + 509 g in Group II, respectively (P
> 0.05). At 26 wk of life, mean weight = 1 S.D. was 8332 + 911
g for Group I, and 7966 = 595 g for Group II. No infant showed
any undue susceptibility to infection or any abnormality related
to the immune system with the exception of A.M., who suffered
three episodes of otitis media between 4-10 wk of age and had
transient hypogammaglobulinemia (IgG at 6 months 1.8 mg/ml,
at 2 years 6.5 mg/ml). His response to diphtheria immunization
was normal and he had no further infections.

Development of total circulating anti-BSA in the infants’ sera.
Individual responses of both groups to BSA in the milk are shown
on Table 1. At 4 wk, 10 of 12 infants of Group I had detectable
anti-BSA in their sera. The concentrations of specific antibody in
five of these infants were equal to or higher than at birth, indicat-
ing the presence of actively formed antibody. All infants of Group
II had detectable circulating anti-BSA by 4 wk of age, although
the amounts of antibody in two infants of this Group remained
too low for calculation of an ABC-33 throughout the study period.

Mean responses to BSA and mean concentrations of serum IgG
in the two study Groups are compared on Figure 1. Although
circulating anti-BSA activity in Group II was higher from 4 wk of
age throughout the rest of the study period, no significant differ-
ences could be demonstrated between the two groups. There was
no difference in the development of serum IgG concentrations.

Development of anti-BSA isotypes. Isotypes associated with anti-
BSA were determined at 4, 8, and 26 wk of age, for IgE-anti-BSA
only at 26 wk of age. Results are shown on Table 2. There were
no differences between infants of Group I and Group II. As had
been found in previous studies the main isotype associated with
anti-BSA was IgG. In fact, development of IgG-anti-BSA concen-
trations in both groups increased almost in parallel to total anti-
BSA concentrations as determined by the ammonium sulfate
technique. Measurable amounts of IgM-anti-BSA were only found
in one infant at 4 wk, traces were detected in four of the 11 infants
of Group I and in none of three infants of Group II whose sera
could be tested. With one exception, no IgM-anti-BSA was found
at 8 wk. At 26 wk traces of IgM-anti-BSA were again seen in 18
of 19 infants tested. Traces of IgA-anti-BSA were found in most
infants tested at 4 and 8 wk. At 26 wk of age, measurable
concentrations of IgA antibody were present in 10 of 12 infants of
Group I and in six of eight children of Group II. Traces of IgE-
anti-BSA were seen in eight of nine children of Group I and in
five of eight children of Group II.
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Table 1. Development of circulating anti-bovine serum albumin (BSA) in infants with and without passive anti-BSA at birth

Age (wk)
Group Infant 0 4 8 26
I, Passive anti-BSA at birth (n = 12) S.S. 0.071" 0018 0.081 ND*
K'F. +* 0.021 0254 0413
ZK. 0.028 0! 0.026 0.026
P.B. 0.028 + 0.015 0.058
G.B. + 0.028 0.152 0.142
WR. 0.035 0017 + 0.082
W.D. 0.041 0.020 0.038 0.132
Al. + 0.026 0.092 0.048
- T.N. 0.032 0.060 0.157 0.264
FS. + + 0.069 0.158
B.M. + 0 0 0.035
ST. 0.032 0.021 ND 0.439
Mean ABC-33 & S.D. range 0.023 0017 0.080 0.163
+0.022 +0.017 +0.080 +0.140
(+-0.071) (0 - 0.060) (0-0254) (0.026 - 0.439)
11, No passive anti-BSA at birth (n = 9) RJ. 0 0.056 0.244 0.497
K.T. 0 + 0.038 0.350
EL 0 0.022 0.116 ND
BA. 0 0.029 0316 0.776
DM. 0 + + +
AM. 0 0.107 0314 0.347
S.D. 0 + + +
K.A. 0 + 0.208 0.776
WA. 0 0.495 ND 0.677
Mean ABC-33 + S.D. range 0 0.078 0.152 0.425
0 +0.150 +0.123 +0.292
0 (+ - 0.495) (+-0316) (+-0.776)

! Antigen binding capacity-33 (ABC-33) in ug bovine serum albumin-nitrogen/ml of undiluted serum, when 0.01 ug {*I]bovine scrum albumin-
nitrogen/ml was the amount of antigen added.

% Not done.

3 Antibody present in insufficient amounts to calculate an ABC-33.

* No antibody present.

ug BSA-N/ 19G mg/mi Antigen content of formula. Four different formulas were used
m 15 during the study period. The concentrations of antigenic BSA in

\ 10 these formulas were found to be 0.4, 0.6, 2, and 4 mg/dl of

. ~ 5 formula. Daily intake of BSA therefore ranged from 3.6-30 mg
i _——— :—_{-I BSA per day. Because four infants in Group I ingested the formula
with a BSA content of 0.4 mg/dl and the other eight infants
ingested the formula with a BSA content of 4 mg/dl at 4 and 8 wk
of age, it was possible to compare the antibody response of these
two subgroups (Table 3). There was no significant difference
among circulating anti-BSA concentrations at birth, 4, and 8 wk.
Beyond the age of 8 wk the addition of milk cereals and other
milk products no longer allowed a fair estimation of BSA intake.

DISCUSSION

It is generally accepted that GALT within the immune appa-
ratus represents a separate compartment that is closely linked to
other compartments of the secretory immune system (24). The
recognition and processing of antigens in GALT depend on factors
such as digestion, pinocytosis, the function of secretory antibody,
and absorption into the portal system or into the chylus. On the
other hand, mechanisms that are known to affect the response to
parenteral antigens may be of minor importance in the regulation
of mucosal immunity. One such factor known to modulate the
response to parenteral antigens is passive antibody (4, 12-14). For
example, the suppressed responses to diphtheria toxoid, when

Fig. 1. Development of circulating anti-BSA and IgG in infants with  given between 6 wk and 3 months of age, or to measles immuni-
(Group I, @) and without (Group II, O) passive anti-BSA at birth. zation are attributed to the action of passive maternal antibody

ABC-33 at 0.01ug 25 1-BSA-N/ml

!
oot—7 ) 8 —26 weeks
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Table 2. Development of isotypes of anti-bovine serum albumin (BSA) activity in infants at 4, 8, and 26 wk of age with and without

passive anti-BSA at birth

4 wk 8 wk 26 wk
Isotype associated with anti-BSA IgM igA IgG IgM IgA IgG IgM IgA IgG IgE
Group I, (passive anti-BSA at birth) +! 10* 60 - ND® 180 + 215 1200 +
+ ND 60 - + 230 + 26 235 +
- ND 25 - + 30 + 26 235 +
ND ND ND - + 20 + 50 550 ND
+ 25 105 - + 19 + 30 250 +
- ND 50 - + 18 + 24 210 +
- + 50 - + 42 + 10 250 +
- + 110 - + 170 + 10 200 -
+ 10 150 - + 132 + 50 640 +
45 ND 25 - ND 170 + 32 224 +
- - - - - - + + 170 +
- + 52 ND ND ND ND + 230 ND
Mean + S.D. - - 60 - - 98 - 40 378 -
142 +77 x57 +297
Group II (no passive anti-BSA at birth) - + 120 - + 160 + 130 460 +
ND ND ND - + 58 + 10 530 +
ND ND ND - - 240 ND ND ND ND
- + 70 + + 240 + 170 660 +
- - + - - 30 + + 100 -
ND ND ND - + 550 + 39 1050 -
ND ND ND - - 40 - + 50 -
ND ND ND - + 880 + 102 865 +
ND ND ND ND ND ND + 98 990 +
Mean + S.D. - - - - - 274 - 68 588 -
+278 +60 +354
! Anti-BSA present in insufficient amount to calculate ELISA units (EU).
? ELISA-units (EU).
*Not done because of insufficient amounts of serum.
Table 3. Comparison of Group I infants ingesting formulas with different concentrations of bovine serum albumin (BSA)
Average intake/day Circulating anti-BSA
Infants (mg BSA) birth 4 wk 8 wk
Ingesting formula with high BSA content 219+53" 0018 + 0.018 0.017 £ 0.017 0.078 + 0.083
(4 mg/dl), (n = 8) (10-30)* (+°-0.041) (0-0.060) (0-0.254)
Ingesting formula with low BSA content 3610 0.024  0.022 0.017 £ 0.01 0.066 + 0.062
(0.4 mg/dl), (n = 4) (3.6) (+-0.071) (+-0.028) (0.038-0.152)
! Mean + S.D.
? Range.

3 Antibody present in insufficient amounts to calculate an ABC-33.

(4, 12). On the other hand, when infants are immunized at 6
months of age, passively transferred maternal antibody in low
concentrations may enhance the active antibody response of the
infant against diphtheria toxoid (13).

In adult rabbits, passive antibody to BSA was shown to suppress
or enhance the response to antigen given parenterally depending
on the type and route of immunization and on the amount of
passive antibody present. In the same model, passive antibody was
found not to interact with either orally applied BSA or to affect
the immune response to antigen given by this route (18). In
contrast, in mice the induction of tolerance induced by feeding of
ovalbumin was reduced by prior injection of passive antibody (9).
In the human neonate limited information exists regarding the
effect of passive antibody on active immune responses to antigens
present at surface membranes of the gut.

Studies on the development of natural antibodies to meningo-
cocci in human infants showed a nadir of mean antibody concen-
trations to the three types of bacteria investigated around 12
months of age; however, there was no period during which no
antibodies were found, which suggests that the onset of immunity
occurred in the presence of passive antibodies (7). Infants born to

mothers with agammaglobulinemia produce circulating immuno-
globulins in the low to low normal range suggesting at least that
maternal antibody does not exert a suppresssive effect on the
infant’s active antibody production (11). A steady rise of anti-
bodies to whey proteins during the first 3 months of life was
reported in a group of infants fed a commercial formula. Passive
antibody to whey proteins had been found in 23 of 25 cord sera
in this study (5). Lower IgG antibodies ta 8-lactalbumin, a-casein
and B-casein were found in the sera of infants after prolonged
mixed feeding as compared to infants who had been weaned
within less than 1 wk (8). In this study secretory antibodies to the
three milk proteins were found in all breast milk samples. These
results were interepreted as a suppressive effect of secretory IgA
on antibody formation to nutritional protein.

In the present study no significant effect of maternal antibody
was seen on the immune response to 10-fold different concentra-
tions of BSA in the infants formulas. At the age of 4 wk, circulating
anti-BSA was found in 11 of 12 infants born with passive antibody.
In five of these infants the concentrations of specific antibody
were equal to or higher than the concentrations measured at birth.
This finding and the detection of IgA- or IgM-anti-BSA in eight



728

of 10 infants tested suggest that active antibody was formed
against food antigens while passive antibody was still circulating.

The height of the immune response in infants with or without
passive anti-BSA was comparable to previous studies although no
extra BSA was added to the formulas (19, 20). This would indicate
not only minimal interaction between circulating passive antibody
and antigen presented to mucosal surfaces, but also that antibody
formation to oral protein antigens occurs over a wide range of
antigen concentrations.

No differences between groups were seen regarding the response
to the continuing antigen stimulation because both infants with
and without passive anti-BSA seemed to continuously increase
their antibody concentrations so that by 6 months anti-BSA
concentrations were 3—4-fold higher than at 8 wk of age. The main
isotype associated with anti-BSA in both groups was IgG. IgA
accounted for approximately 10% of measurable antibody. Only
traces of IgM-anti-BSA were found at 4 wk and at 26 wk of age.

The results of the present study suggest that the initiation of
antibody formation to environmental antigens in the gut occurs
relatively unaffected by the presence of circulating maternal an-
tibody. Because the importance of passive protection is as vital for
the newborn as the development of active immunity, minimal
interaction between circulating passive antibody and active anti-
body formation would seem to be a prerequisite for the immu-
nologic protection of the neonate.
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