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Development of secretory immunity in breast fed and
bottle fed infants
S STEPHENS

Division of Communicable Diseases, Clinical Research Centre, Harrow, Middlesex

SUMMARY Samples of saliva and nasal secretions were collected sequentially from 15 breast fed
and 15 bottle fed infants on five occasions between 6 days and 9 months of age. Total
immunoglobulin concentrations of G, M, and A classes, and class specific antibodies to tetanus
toxoid and a pool of commensal strains of Escherichia coli were measured by solid phase
radioimmunoassay and expressed per milligram of total protein. There were significant
differences between feeding groups, which changed with age. Total IgM and IgA concentrations
and IgA antibodies to E. coli were higher in the saliva and nasal secretions of breast fed infants at
6 days. There followed a rapid increase in IgM and IgA concentrations in secretions from all
infants, and between 6 weeks and 9 months concentrations were higher in the saliva (but not in
the nasal secretions) of the bottle fed group. There were no significant differences between the
feeding groups for total IgG, specific G, M, and A antibodies to tetanus toxoid, and G and M
antibodies to E. coli.
These results suggest that breast feeding enhances secretory immunity in the early neonatal

period only. By 6 weeks, local antigens are the main source of stimulation for production of
immunoglobulin in the respiratory mucosa and thus may be obscuring any additional stimulation
by growth factors in breast milk.

The lower morbidity and mortality found in breast
fed infants conmpared with bottle fed infants is a
consequence not only of a reduction in the incidence
of gastrointestinal tract infections but also of a
reduced incidence of respiratory tract infections.) 2
Human milk contains a number of antimicrobial
compounds, including specific antibodies to respira-
tory pathogens, which are thought to be important
in conferring this increased protection. Although
milk contains large quantities of immunoglobulins
(particularly IgA), their absorption into the blood of
the neonate has been reported as low or absent in
full term human infants,4 and a local passive
protective role for the immunoglobulins and other
antimicrobial proteins in milk has been postulated.5
A third possibility is that other soluble factors in
breast milk might be absorbed and enhance the
development of active immunity in the breast fed
infant. Factors in breast milk with such potential
have been shown in vitroi''0 Studies of infant
mononuclear cells indicate these factors have a role
in vivo," but enhancement of secretory immunity in
breast fed infants has been disputed. 12-16 The
secretory immune system is relatively immature at

birth, and when IgM and IgA are measured by
immunodiffusion they are often below the level of
detection. 12 16 In this study, therefore, we have used
a more sensitive radioimmunoassay to determine
the development of immunoglobulin and specific
antibody concentrations in the saliva and nasal
secretions of 30 breast and bottle fed infants
followed from birth until 9 months of age.

Materials and methods

Subjects and samples. All subjects were healthy full
term infants born at Northwick Park Hospital.
Twelve of 15 breast fed infants were fed exclusively
on breast milk from birth to 4 months of age and
fully weaned beyond 71/2 months; the other three
were fully weaned at 2 months. All bottle fed infants
received cow milk formula from birth (SMA Gold
Cap). Infants were vaccinated from 3 months of age
with triple vaccine (diphtheria, tetanus, pertussis)
containing 60 IU adsorbed tetanus toxoid. Mothers
were requested not to feed their infants for at least
two hours before collection of samples. Nasal
secretion samples were collected by placing a
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264 Stephens

polyvinyl catheter (Blue line umbilical cannula,
Portex Ltd, Hythe, Kent) into the nasopharynx and
applying gentle suction. Catheters were rinsed in
200 tl1 phosphate buffered saline, and washings were
stored at -70°C. Samples were tested for con-

tamination with blood using Hemastix (Ames).
Mucoid samples were homogenised with 10 mM
dithiothreitol in Tris/HCl buffer, pH 8-0.
Whole saliva samples were collected by placing a

polyvinyl catheter under the tongue and applying
suction. Samples were stored at -70°C. Thawed
saliva was homogenised by forcing it repeatedly
through a fine bore pasteur pipette. When insuffi-
cient saliva was available to test undiluted, samples
were diluted in phosphate buffered saline and
results expressed per milligram of total protein.

Total protein estimations. Total protein was esti-
mated using a protein dye binding assay based on
the principle that the binding of Coomassie brilliant
blue dye to protein causes a shift in the absorption
maximum of dye from 465 to 595 nm. The Bio-Rad
protein kit (Bio-Rad Laboratories, W Germany)
was used with a bovine y globulin standard. Stan-
dards or samples were diluted to give 1-30 pg

protein in 1 ml phosphate buffered saline. To this
was added 250 ,ul Bio-Rad reagent. Samples were

vortex mixed, and colour development was

measured 10-60 minutes after at 595 nm on a

spectrophotometer (Perkin-Elmer model 6/20).

Solid phase radioimmunoassay. The method for
quantitation of total immunoglobulins and specific
antibodies to tetanus toxoid and E. coli is described
in detail elsewhere.'7 Briefly, flexible plates (Lin-
bro) were coated with rabbit antihuman IgG, IgM,
or IgA (a chains and secretory component) (Dako-
patts, Copenhagen), tetanus toxoid (2 ng/ml), or E.
coli 'O' antigen pool, extracted from six commensal
strains common in the London area. Remaining
sites were blocked with a buffer containing 0-2%
bovine serum albumin, 0-2% gelatin, and 0-1%
sodium azide concentrations. Serial dilutions of
standards, infant saliva, nasal secretion, or serum

samples were added. Standards used were a human
IgG monoclonal antibody to tetanus toxoid, an IgM
myeloma, IgA purified from colostrum, and an

affinity purified anti-E. coli serum. Bound im-
munoglobulins or antibodies were measured by
addition of 1251 labelled anti-IgG, -IgM, or -IgA
(100 cps). A control row was included for each
sample, and this non-specific binding was subtracted
from test results. The minimum sensitivity of this
technique for detecting immunoglobulin or specific
antibody was 10-20 ng/ml of undiluted sample. For
washings of nasal secretions, the minimum sensi-

tivity per mg of protein was inevitably reduced. The
specificity for the relevant immunoglobulin class was
high, with less than 0.1% binding to other immuno-
globulin classes.

Statistics. Results of tests for immunoglobulin and
specific antibody concentrations were log trans-
formed to normalise the distribution and expressed
as geometric means with 95% confidence intervals.
Comparisons between feeding groups were made
using analysis of variance, and significance was
assessed by the F test.

Results

Total immunoglobulins in saliva samples. Figure 1
shows the geometric means of the results expressed
per mg of total protein. IgG concentrations declined
from 1 6 ,ug/mg at 6 days to 0-3 rig/mg between 3 and
6 months then rose to 0-5 ,ug/mg by 9 months. There
were no significant differences between feeding
groups. IgM was detectable (> 20 ng/mg) in 12 of 23
infants at 6 days; concentrations increased between
6 days and 6 weeks but remained fairly stable from 6
weeks to 9 months. There was a significant effect of
feeding group, which changed with age (F=4-76,
p=0.0013). At 6 days IgM concentrations were
higher in the breast fed than the bottle fed infants
(0.14 rig/mg and 0-024 [tg/mg, respectively). By 6
weeks, concentrations of IgM were higher in the
bottle fed group (0-55 .Lg/mg for breast fed and 1-6
pg/mg for bottle fed), and this difference was
maintained beyond 9 months. IgA was detectable at
6 days in all the breast fed and in six of 13 bottle fed
infants. IgA concentrations also increased dramati-
cally from 6 days to 6 weeks and then declined
slightly between 6 weeks and 9 months. Again there
was a highly significant difference between the
feeding groups, which changed with age (F= 17,
p<00001). IgA was significantly higher in the
breast fed group at 6 days (2-2 p.g/mg for breast fed
and 0 05 Rg/mg for bottle fed) but by 6 weeks was
slightly higher in the bottle fed group (37 R,g/mg for
breast fed and 54 rig/mg for bottle fed).
Although at 6 days no samples of saliva were

obtainable in sufficient quantity to test undiluted,
between 6 weeks and 9 months enough sample
material was available from most infants to make
measured dilutions and express the results per
millilitre of saliva. These figures showed a similar
pattern to results expressed per mg total protein,
with greater IgM concentrations in the bottle fed
group on all occasions after 6 weeks (Table). Most
undiluted samples of saliva contained 1-2 mg/ml
total protein.
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Development of secretory immunity in breast fed and bottle fed infants 265

Correlation of serum and salivary IgA concentra-
tions. For breast fed infants there was a significant
correlation between serum and salivary IgA concen-
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trations on three of five sampling occasions (6 weeks
and 6 and 9 months) and a high degree of overall
correlation (r=0-579, p<0001). There was, how-

Ig A

Age (months)
Fig. 1 Immunoglobulin concentrations in saliva samples from breast (0) and bottlefed (0) infants. Results are expressed
as geometric means with 95% confidence intervals (n = 12-15).

Table Immunoglobulin concentrations in infant saliva expressed per millilitre undiluted sample. Values are geometric
means (95% conJidence intervals) in iglml

Age: Feeditng groulp n= tgG IgM IgA

6 weeks:
Breast 1(M 10 (05-924) 0-47 (0 1-19) 617 (263-141-3)
Bottle 12 0(89 (0-5-1-7) 1-14 (04-4-8) 93-3 (45-7-190-6)

3 months:
Breast 14 ()9(0(0(3-8) 0X53 (02 -1.5) 33s1 (186-6)-3)
Bottle 14 0-68(() 3-1 4) 3 31 (1 0-10.5) 77 6(10-7-151-4)
p value ()017 0-048

6 months:
Brcast 15 0(42 (0-3-4)6) 1 0) (0-.61-7) 25-7 (16 2-39-8)
Bottle 15 (-45 ((0-34).7) 251 (1.3-4.9) 263 (162-41-7)
p value 0-0212

9 months:
Breast 15 0(72 ((1 -1*)) 0-96 (0(6-1-8) 24-55 (14-8-40-7)
Bottle 14 (082X (()-t11) 2'4( (13-4.-5) 28-84 (19 5-427)
p value ((040

Diffcrences hctwceni groups on individuull ocecasions wcre assessed hy pooled t test.
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ever, no correlation in the bottle fed group, either
overall (r=0092) or on any individual sample
occasion.

Total immunoglobulins in nasal secretion samples.
Figure 2 shows IgG, IgM, and IgA concentrations
per mg protein in nasal secretions. Proportions of
IgG were 10-fold higher in nasal secretions than in
saliva (15 kg/mg nasal secretion; 1-6 ig/mg saliva at
6 days). The change in IgG concentrations with age
was similar to that found in saliva, with a decline
until 3 months (5 [tg/mg) and then a gradual increase
up to 9 months. Concentrations were greater in the
breast fed group on all occasions, and when the
changes with age were taken into account the
difference between feeding groups was significant
(F=3.95, p=0049). Concentrations of IgM were
slightly higher in nasal secretions than in saliva on
each occasion. IgM was detectable in all infants by 6
days of age (all > 40 nglmg) and increased with age
up to 3 months. IgM concentrations were slightly
higher in the breast fed than the bottle fed group,
but this difference was not significant. IgA concen-
trations in nasal secretions were similar to those in
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saliva. At 6 days IgA was detectable in samples from
all but one (bottle fed) infant. There was a rapid
increase in IgA between 6 days and 6 weeks, then
concentrations remained stable between 3 and 9
months. The difference between feeding groups was
highly significant and changed with age (F=4-91,
p=00011). This difference was maximal at 6 days
when IgA concentrations were higher in the breast
fed group (1 tg/mg for breast fed and 0-07 [tg/mg for
bottle fed).

Correlation of IgM and IgA in samples from 6 day
old infants with time since last breast feed. Although
mothers were requested not to feed their infants for
at least two hours before sample collection, this did
not always prove practicable, and 6 day samples
were collected between one and four hours after
feeding. To determine whether those samples col-
lected soonest after feeding contained the highest
concentrations of IgM or IgA, immunoglobulin
concentrations in saliva were correlated with the
time since the last intake of breast milk. No
significant correlation was found for IgM (r=0.039)
or IgA (r=0-004).

Ig A

I I I I I I I
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Fig. 2 Immunoglobulin concentrations in nasal secretion samples from breast and botilefed infants (O=breastfed,
*=bottlefed). Results are expressed as geometric means with 95% confidence intervals.
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Development of secretory immunity in breast fed and bottle fed infants 267

Specific antibodies in saliva and nasal secretions.
Twenty saliva samples from breast and bottle fed
infants aged between 6 weeks and 9 months were
tested for class specific antibodies to tetanus toxoid.
No IgM or IgA antibodies were detected (>10
ng/ml), but one infant had low concentrations of
IgG antibodies to tetanus toxoid (135 ng/ml). This
infant also had the highest response of serum IgG
antibody to tetanus toxoid of all the infants (315
,ug/ml). Twenty six samples of nasal secretion were
tested for IgM and IgA antibodies to tetanus toxoid.
None had IgM antibody, and three had low concen-
trations of IgA antibody (mean 190 ng/mg). Of 96
samples tested for IgG antibody, nine had detect-
able antibodies (mean 37 ng/mg). There were no
significant differences between the feeding groups.
IgG antibodies to E. coli were detectable in only

one of 20 saliva samples tested (90 ng/ml), and IgM
antibodies to E. coli were detected in four of 32
samples (60-100 ng/ml). IgA antibodies to E. coli
were detectable in 127 of 141 saliva samples. Figure
3 shows the geometric means. At 6 days IgA
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Fig. 3 Specific IgA antibodies to lipopolysaccharide
antigens from a pool ofsix commensal Escherichia coli
strains. Results are expressed as geometric means with 95%
confidence intervals (O=breast fed, *=bottle fed).

antibody was detectable (> 10 ng/mg) in seven of 11
breast fed and two of 13 bottle fed infants. The
higher concentration found in breast fed infants was
significant (p=0.0089). By 6 weeks IgA antibodies
to E. coli were detectable at low concentrations in
all infants (10-300 ng/mg). There were no significant
differences between the feeding groups between 6
weeks and 9 months.

Nasal secretion samples contained low concentra-
tions of E. coli antibodies: three of 88 had detect-
able IgG antibodies (mean 31 ng/mg) and four of 88
had detectable IgM antibodies (mean 32 ng/mg).
IgA antibodies were detected in 16 of 88 nasal
secretion samples (nine breast fed, mean 83 ng/mg;
seven bottle fed, mean 64 ng/mg). These specific
antibodies were short lived, generally being unde-
tectable by the next sampling occasion. There were
no significant differences between the feeding
groups.

Discussion

Studies on secretory immunity in breast and bottle
fed infants have given conflicting results due to
differences in the time and method of sample
collection, sensitivity of techniques used, and
methods of expressing results.12 16 In this study we
have used a sensitive radioimmunoassay technique
capable of detecting as little as 10 ng/ml immuno-
globulin or specific antibody and have compared the
development of secretory immunoglobulins and
specific antibodies in saliva and nasal secretions
from 30 infants studied sequentially from 6 days to 9
months of age. Results have been expressed in
relation to total protein, but comparison with
concentration per millilitre of undiluted sample
showed similar results.
At 6 days IgM and IgA were detectable (>40

ng/mg) in nasal secretions from all but one infant
and in saliva from most breast fed and half the bottle
fed infants. Concentrations increased dramatically
in both feeding groups between 6 days and 6 weeks
and remained fairly constant from 6 weeks to 9
months. The differences between the feeding groups
were highly significant and changed with age. The
largest differences occurred in the early neonatal
period (6 days), when breast fed infants had
significantly more IgM and IgA in both types of
secretion than bottle fed infants. Other workers
have also found significantly more IgA in saliva and
nasal secretions from breast fed infants during the
first week of life. l-l1 Contamination of infant
secretions by milk IgA is one possible reason for
these findings, but even when food was withheld for
over four hours before sample collection Gross and
Buckley found IgA concentrations were still three to
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six times higher in breast fed infants during the first
week of life. 13 Other investigators who have claimed
to have found no difference between the feeding
groups have often used techniques that were insuffi-
ciently sensitive to detect the small amounts of IgA
or IgM present in the secretions of newborn
infants.12 16 In this current study, although mothers
were requested not to feed their infants for as long
as possible before sample collection, it was con-
sidered impracticable to withhold food when the
infants were obviously hungry, and some samples
were therefore collected within two hours of breast
feeding. There was no significant correlation,
however, between the time since feeding and the
concentrations of IgA or IgM in the secretions of
exclusively breast fed infants, and some 6 day old
breast fed infants still had high concentrations of
IgA four hours after feeding. Clearly, if this is due to
residual milk IgA then the passive protective effect
is lasting well beyond the disappearance of milk
from the oral cavity, possibly helped by the attach-
ment of milk IgA to buccal epithelial cells.'8 The
possibility of milk being regurgitated into the
nasopharynx has been discussed by other workers.'5
Although contamination by milk immunoglobulins
may account for some of the higher IgA concentra-
tions, the question of enhanced IgA secretion by the
breast fed infant remains. The demonstration of
several growth factors and lymphocines in human
milk,7-10 including a factor that stimulates cord
blood cells to differentiate into IgA secreting cells,8
may be significant. The enhanced proliferative
responses of peripheral blood mononuclear cells
from these infants at 6 days" gives further support
to this theory.
The dramatic increase in IgM and IgA in nasal

secretions and saliva from both breast and bottle fed
infants between 6 days and 6 weeks is almost
certainly due to a response to environmental anti-
gens and colonisation of the respiratory mucosa by
micro-organisms, with a resulting polyclonal expan-
sion of lymphoid cells. The response seems rela-
tively greater in bottle fed infants, who had lower
baseline concentrations at 6 days. Certainly, by 6
weeks IgA concentrations in nasal secretions and
saliva were comparable for the two feeding groups,
in spite of the fact that 12 of the 15 breast fed infants
were still being exclusively breast fed at this time
and were therefore passively receiving large quanti-
ties of milk IgA. This milk IgA, in addition to
providing passive protection, will also shield the
mucosal immune system of the breast fed infant
from antigenic stimulation by preventing adhesion
and replication of micro-organisms on the mucosal
surface. The significantly greater IgM concentra-
tions in the saliva (but not nasal secretions) of the

bottle fed infants compared with the breast fed
infants may be caused also by the constant stimula-
tion of lymphoid cells in their oral cavities by cow
milk proteins, which are known to be highly
antigenic and to give rise to large quantities of serum
antibodies in bottle fed infants. 19 The strong correla-
tion of salivary and serum IgA in the breast fed but
not the bottle fed infants, is unlikely to be due to
absorption of IgA4 but could be due to absorption of
soluble factors that may regulate both local and
systemic IgA secretion. Lack of correlation in the
bottle fed group may simply reflect the independent
routes of local and systemic antigenic stimulation.

Specific antibodies to tetanus toxoid, an antigen
administered as part of the infants' vaccination
protocol, were low or undetectable in saliva and
nasal secretions. The one infant who had IgG
antibody to tetanus toxoid in saliva also produced
the largest serum IgG response to this antigen,'7 and
the IgG antibody in saliva is, therefore, likely to be
due to transfer from serum rather than local
synthesis; the concentration of specific antibody in
saliva represented only 0 04% of the serum concen-
tration. Specific IgA antibodies to a pool of com-
mensal E. coli '0' antigens were detectable in
secretions from all infants by 9 months of age but
only at low concentrations (<0-1% total IgA), in
spite of the presence of a large serum IgM and lower
serum IgA response to these antigens. 17 Other
workers have also shown low concentrations of
antibodies to E. coli in the saliva of European
infants.20 Comparisons between the feeding groups
indicated significantly higher antibody concentra-
tions in the breast fed group at 6 days of age only.

Breast feeding may therefore have contrasting
effects on the development of secretory immunity.
Growth factors in milk have the potential to
stimulate proliferation and differentiation in lym-
phoid tissue6 10 and may be an important aspect of
the protective benefits of breast feeding, particularly
in the early neonatal period. At the same time,
immunoglobulins and specific antibodies in human
milk, while conferring passive protection, will shield
the local immune system of the breast fed infant
from antigenic challenge, which would itself cause
specific and non-specific proliferation of lymphoid
tissues. Such antigenic stimulation may be relatively
harmless when caused by commensal gut flora or
cow milk proteins, but the implications are more
serious when potential pathogens are involved.

The author thanks Dr R F Tiebout and Dr W P Zcijlemaker of the
Netherlands Red Cross for the IgG monoclonal antibody to tetanus
toxoid and Dr P K Lakhani and Dr C R Kennedy for their help with
the clinical aspects of this study. The work was approved by the
ethical committee of Northwick Park Hospital (EC 772).
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