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Pediatricians hold a common opinion that
breast-fed infants experience less infectious
disease than those artificially fed. The greater
resistance of the breast-fed child is especially
evident in gastrointestinal disorders, but it
extends to a wide variety of other acute and
chronic infections.

A classical British publication on the in-
cidence of illnesses and mortality of infants
according to the type of feeding (1) attests
the beneficial effect of breast milk, as op-
posed to cow’s milk. Wholly bottle-fed in-
fants had greater morbidity rates for gastro-
intestinal disorders, respiratory infections,
and otitis media. Infections tended to be of
longer duration, and mortality and case fa-
tality were notably greater. No differences
were observed according to social class as
determined by father’s occupation.

In Sweden, Sydow and Faxén (2) studied
infants from birth to 9 months; bouts of
fever were fewer in breast-fed than artifi-
cially fed infants. Similarly, Mellander et al.,
in a more extensive investigation (3), found
the incidence of acute infections, otitis me-
dia, febrile upper respiratory infections, and
acute diarrhea lower in breast-fed than in
bottle-fed infants aged 3 months to 1 year.
These studies were in populations with ade-
quate environmental sanitation. Differences
would be expectably more marked in pre-
industrial societies exposed to highly defi-
cient sanitary conditions and a greater bur-
den of infection.

No similar controlled studies have been
conducted in countries with unfavorable en-
vironmental conditions. However, it is well-
known that children have a low incidence of
diarrheal disease during the early months of
exclusive breast feeding; the attack rates in-
crease as weaning progresses, to reach a
maximum nearing the period of definitive
separation from the breast (4). It is also
known that there is greater resistance to
Shigella and other infections during the pe-

riod of intensive breast feeding (5, 6). The
remarkable association of diarrheal disease
with weaning led to characterization of the
syndrome “weanling diarrhea,” referring to
the combined action of a highly contami-
nated environment and deterioration of the
nutritional status (7). The high point on fre-
quency by geographical region occurs at dif-
ferent ages, governed by the weaning prac-
tices prevailing in the particular region: carly
in life with early weaning, much delayed with
late weaning. Infant mortality follows the
same trend with high rates in areas where
children were weaned early (8), and a con-
tinued high mortality through preschool ages
in the areas where weaning-is late (8, 9).
These field observations support an as-
sumption that human milk acts beneficially
through induced host resistance to infection.
The mechanisms have not been soundly es-
tablished, but several factors appear to be
involved, such as specific antibodies to in-
fectious agents, influences stimulating or in-
hibiting certain intestinal microorganisms, or
nonspecific antimicrobial factors.

Immunoglobulins in human milk

Schlossman and Moro (10) pioneercd the
demonstration of a relationship between pro-
teins in serum and milk. A more critical study
of the proteins responsible for humoral im-
munity had to await the development of
electrophoretic, chromatographic, and im-
munologic techniques, particularly within the
past 10 years. For a review on immuno-
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globulins, see Gitlin (11), Bellanti (12), To-
mast ¢13), and Putnam (14).

Immunoelectrophoresis revealed more
than 20 components in human colostrum
than 1 cow’s milk. Some 18 milk proteins
are related to those in serum, whereas 13 are
pecultar to breast milk (15, 16). The first
group includes the better known serum pro-
teins, indicating a structural identity between
these and milk proteins, although there may
be differences in the determinants of anti-
bodies, as with the immunoglobulins.

IgA. IgG, IgM, and IgD are all present
in human milk. Of these, IgA is the most
important in terms of relative concentration
and biological characteristics. The immuno-
logical properties and high concentration of
colostrum IgA suggested to some workers an
identity with serum IgA, However, the strong
variability in immunodiffusion tests with anti-
bodies to serum IgA indicated to Hanson
(15) a different structure than for serum
IgA. Evidence of its different nature derived
from the studies of Tomasi et al. (17) and
South et al. (18). Using autoradiography and
immunofluorescence, the first authors dem-
onstrated that most of the IgA molecule is
synthetized in lymphoid cells that underly
the duct of the human salivary gland, whereas
another component of the molecule, the
““transport piece,” is localized and synthetized
in epithelial cells lining the glandular duct.
Similar observations held for IgA secreted
by the intestine, bronchi, and mammary
elands of rabbits (19). South et al. (18) de-
tected IgA, but no IgG or IgM, in the saliva
of agammaglobulinemic patients after admin-
istration of large doses of normal blood
plasma. IgA apparently is selectively trans-
ported from blood and lymphatic tissues to
secretions of certain glands and systems.
Colostrum IgA rather assuredly is synthe-
tized in the gland from two molecules of
serum IgA linked by disulfide bonds, related
to each other by two “transport piece” mole-
cules. The result is a larger structure with a
molecular weight of approximately 375,000
(19).

Ammann and Stiechm (20) showed that
IgA is present in initial colostrum to the
extent of 17 mg/ml, and in 4-day colostrum
in concentrations of 1 mg/m]l; these amounts
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Fic. 1. Concentrations (mean = 1 sp) of 11-S
IgA in colostrum and milk of Mayan Indian
women, Santa Maria Cauqué, Guatemala, 1968.
Numbers of women studied are indicated in curve.

exceed those of IgG and IgM. The concen-
trations of IgA in bovine colostrum is less
than in serum (21); human colostrum is rich
in this immunoglobulin.

In contrast to the high concentration of
secretory IgA in breast milk, only small
amounts of IgG are present in the prepon-
derant serum immunoglobulin. Reported val-
ues gre 0.4 mg/ml in initial colostrum, and
0.04 mg/ml in 4-day colostrum (20). IgM is
present in human milk but in lesser concen-
trations than IgA, with values of 1.6 mg/ml
in initial colostrum and 0.1 mg/ml in 4-day
colostrum (20).

Immunoglobulins were investigated by ra-
dial immunodiffusion in colostrum and milk
of Mayan Indian women. A standard tech-
nique adapted to local conditions was used
(22). Commercial plates and reagents (Hy-
land) were used to measure IgG, IgM, and
the C’3 component of complement. An 11-S
serum was used to quantitate secretory IgA.
Average values are shown in Fig. 1 and
Table 1. IgA (11-S) was found in average
concentrations of 4.1 mg/ml in 2- to 4-day
colostrum, IgA decreased to an average 1.8
mg/ml 2 weeks after parturition, remaining
at similar concentrations throughout the pe-
riod of intensive breast feeding (Fig. 1). The
pattern in Guatemalan Indian villages is to
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TABLE 1

MATA AND WYATT

Total solids, IgG, IgM, and C’'3 component of complement in colostrum and milk of

Mayan Indian women®

i

Total solids, g/100 ml 1gG, mg/ml IgM, mg,'ml (3, mg/ml
Colostrum (1-4 days) 8.4b 0.063 0.095 0.044
(7.3-9.8) (0.025-0.185) (0-0.340) (0.028-0.070)
Milk 8.9 0.063 0.017 0.011
1 week (6.7-13.0) (0.030-0.096) (0-0.035) (0-0.028)
2 weeks 7.8 0.074 0.007 0
(6.3-9.0) (0.025-0.103) (0-0.035)
3 weeks 7.7 0.063 0.011 0.6
(6.8-9.1) (0.025-0.102) (0 0.055) (0 0.028)
4 weeks 7.5 0.090 0 0
(6.9-8.2) (0.025-0.150)

s All determinations were made in five women from whom colostrum and four samples of milk could

be collected.
% Average; range in parentheses.

have prolonged breast feeding, occasionally
4 years. In milk samples collected from
seven women after 1 year of lactation, IgA
was present in a concentration of 2.4 = 0.4
mg/ml (mean = SE).

Relatively small amounts of IgG and IgM
were detected in colostrum and milk, Table
1. The C’'3 component of complement, im-
portant in the lysis of bacteria, was also de-
tected in colostrum. The low levels of IgG,
IgM, and C’3 in colostrum decrease signifi-
cantly 2 weeks after parturition. This change
is not correlated with the slight decrease ob-
served in the concentration of total solids
(Table 1).

Specific antibody activity. All immuno-
globulins have antibody activity, yet a cer-
tain disagreement persists as to types of anti-
body, by serological tests, in relation to
classes of immunoglobulins. Serum IgA con-
tains antibodies of all types. IgG has a wide
variety of antibodies to viruses, rickettsiae,
protozoa, H antigens of Salmonella, as well
as bacterial antitoxins and incomplete Rh
antibodies. The IgM fraction contains Rh
agglutinins, syphilis “reagins,” cryoaggluti-
nins, and antibodies to the O antigens of
Enterobacteriaceae. Allergic “reagins” have
been reported in IgE. Recently, antibody ac-
tivity was also demonstrated in IgD (23, 24).

The main localization of antibodies in hu-

man milk is in the IgA fraction. Hodes et al.
(25), for example, determined that polio
virus neutralizing activity of colostrum had
a different sedimentation rate than scrum
antibody, and furthermore, was destroyed
by 0.1 M mercaptoethanol. Immunologically,
this colostral antibody was a beta 2A globu-
lin (IgA). Treatment with 0.2 M mercapto-
ethanol also decreased the hemagglutinating
titer to O polysaccharides of Enterobacteri-
aceae by one to three dilutions (unpublished
observations). It has been shown that the
hemagglutinin to Escherichia coli in human
colostrum is in the bulk of the IgA frac-
tion after DEAE(diethylaminoethyl)-cellulose
chromatography; in contrast, the hemagglu-
tinating activity of human serum was asso-
ciated with the IgM fraction (26). Finally,
purified IgA obtained from colostrum pos-
sessed antigenic structures characteristic of
serum antibodies (27).

Vahlquist (28) reviewed the limited litera-
ture on antibodies present in human colos-
trum and milk. Sabin and Fieldsteel (29) de-
scribed an antipolio virus active principle in
human milk from American women that
could not be differentiated from serum polio
virus antibody. Also, colostrum from women
from an industrialized society contained neu-
tralizing antibodies to at least one of eight
enteroviruses tested (polio 1, 2 and 3; Cox-
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sackie B1 and BS5; Coxsackie B9; and Echo
6 and 9) (30). Antipolio virus antibody to all
types was also reported by others (31, 32).

Human milk in the first week of lactation
strongly inhibited the hemagglutinating ca-
pacity of influenza virus (33); cow’s milk
lacked that capacity at any stage of lacta-
tion. Similarily, breast milk of women from
industrial societies possessed passive hemag-
glutinating antibodies to several serotypes of
Escherichia coli (25, 26, 34).

In general, high titers characterize initial
coiostrum and decline progressively with
time to low or undetectable levels 2 weeks
after parturition (30), a phenomenon paral-
leling the known decrease in immunoglobu-
lin content between the 3rd and 7th day (35).

The findings in milk of women from in-
dustrialized countries resemble those of
women living in a highly contaminated en-
vironment, Viral neutralizing antibodies and
passive hemagglutinating antibodies to poly-
saccharide O of Enterobacteriaceae were
demonstrated at INCAP laboratories in
colostrum and milk from Mayan Indian
women (Tables 2 and 3). These antibodies
were frequently present in colostrum in high
titcrs, but declined thereafter. However, an-
tibody could be detected sporadically by
neutralization tests even 3 or 4 years after
parturition (Table 2). Antibodies to O an-
tigens of enteric bacteria were also detected
in significant titers by the microhemaggluti-
nation test (36). In a series of 45 mothers
from whom colostrum and at least three
weekly milk samples were collected, 25
(55%) had antibody titers of at least 1:32
and 7 (15%) had titers of 1:64 to one or
more antigens. The patterns of antibody in
breast milk of five women chosen as ex-
amples are presented in Table 3. As with
viral antibody. titers declined shortly after
parturition but less rapidly, being still de-
tectable in 4-week milk from several moth-
ers. Furthermore, the mature milk of some
mothers had greater antibody activity than
colostrum, as exemplified by case 242 of Ta-
ble 3.

Significance of antibody derived from hu-
man milk. Certain antibodies are transferred
from mother to child in utero. Those that
readily cross the placenta are to be found
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TABLE 2

Viral neutralizing antibody in colostrum and
milks of Mayan Indian women

Polio Coxsackie
Number virus 1 virus B5
Lactation time Sp:(f:i- g ﬂn g <,
mens g B :‘uE: E
el & |&| &
1 to 3 day 9 8 | 10-160 | 6 | 10-640
(colostrum)
4 to 28 days 15 1 10 1 10
29 days to 52 20 1 10 0
weeks
181 and 201 5 2 10 0
weeks
Total 49 |12 7

s Measured in whey. ® Reciprocal.

in the IgG fraction, but not in significant
amounts in the IgM or IgA components.
Normally, antibodies in homologous and
heterologous colostrum and milk afe not ab-
sorbed by the human gastrointestinal mucosa
in significant am.ounts (37), yet have a role
in local immunity of importance to intesti-
nal infection. For example, Lepow et al.
(38) reported diminished effectiveness of oral
polio virus vaccination in breast-fed Ameri-
can infants, and Warren et al. (32) observed
viral interference when milk antibody levels
were above 1:16. Similarly, the rate of in-
fection with attenuated polio virus in Mulago
infants was 31% when the colostral anti-
body titer was 1:256 or more, as opposed
to 71% when antibodies were at 1:64 or less
(39). Thus, a protective effect against viral
infection correlated with the presence of
polio virus antibody in breast milk. Further-
more, Katz and Plotkin (40) demonstrated
that administration per os of antipolio virus
type 1 serum a few hours before and after
infection with attenuated polio virus 1, in-
terfered with virus replication. None of ten
children became infected when the serum
was administered 2 hr before and 2 hr after
inoculation; all of eight children became in-
fected when serum was given 6 hr before or
6 hr after inoculation. This study demon-
strated the capacity of immunoglobulins to
maintain antibody activity along the gastro-
intestinal tract. Similarly, Kenny et al. (34)
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TABLE 3

MATA AND WYATT

Passive hemagglutinating antibody to polysaccharides of enterobacteriaceae
in colostrum and milk® of Mayan Indian women

Reciprocal of antibody titer
Lg?il:lr Lactation time,
number weeks Shigella Shigella Shigella Shigella | Escherichia | Salmonella
dysenieriae 2 Sexneri 1 Slexneri 6 sonnes cols 0111:B+4 panama
240 Colostrum 64 256 256 0 J 2
1 8 64 16 16 0 0
2 4 32 32 8 0 0
3 0 64 32 8 0 0
4 0 32 16 8 0 0
241 Colostrum 32 32 2 0 4 16
1 4 8 8 0 0 0
2 0 4 8 0 0 0
3 0 16 8 0 0 8
4 0 8 4 0 3 0
242 Colostrum 8 8 0 4 0 0
1 0 4 4 ) 0 0
2 0 8 4 0 0 0
3 0 16 4 0 0 0
4 8 32 16 0 0 0
246 Colostrum 0 256 8 0 0 8
1 0 32 4 0 0 0
2 0 32 2 0 Q 0
3 0 64 4 0 0 2
4 0 16 2 0 0 0
247 Colostrum 16 32 4 4 4 2
1 8 8 4 0 0 0
2 8 8 2 0 0 0
3 4 4 0 0 0 0
4 8 4 2 0 0 0

¢ Measured in whey.

found that antibodies to Escherichia coli in
breast milk traverse the gastrointestinal tract
without appreciable change. This was con-
cluded from the similarity of titers of “copro-
antibody” and those of milk of the preced-
ing day.

This review suggests an incomplete
understanding of the significance of antibod-
ies in human colostrum and milk, although
no doubt exists of their participation in host
defense, particularly derived from their pres-
ence in the gastrointestinal lumen. Antibod-
ies with capacity to act locally are essential
to protection from continued exposure of
young children to infection, particularly in
preindustrial countries. Environmental fecal
contamination could be so great that even
breast milk often carries coliforms and other
enteric bacteria (41). That antibodies in co-

lostrum and milk act importantly in control
of invading agents is a reasonable deduction.

T he bifidus factor

Early in the history of medical bacteriol-
ogy, Tissier (42) isolated from the feces of
breast-fed infants a Gram-positive, nonmo-
tile anaerobic bacillus (Bacterium bifidum)
that predominated over all other species.
Many others confirmed that the flora of
breast-fed infants differs from that of bot-
tle-fed infants, mainly in an almost exclusive
content of bifidobacteria.

A principle in human milk (the bifidus
factor, or factors) promotes development of
the characteristic microflora. Gyorgy (43)
added breast milk to a culture medium ren-
dering it capable of supporting the growth of
a fastidious variety of the bifidus bacillus,
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namely, Bifidobacterium bifidum var. Penn-
sylvanicum. Increasing amounts of breast
milk promoted acid production by this bacil-
lus to a maximum level. Human milk was 40
to 100 times more active than cow’s milk;
other substances such as yeast, carbohy-
drates, and vegetable extracts failed to ex-
hibit this capacity.

Highly active concentrates of the bifidus
factor subjected to acid or enzymatic hydrol-
ysis produced N-acetyl-d-glucosamine, L-fu-
cose and D-galactose, but no amino acids.
The bifidus factor was characterized as a
dialyzable nitrogen containing carbohydrate
(methyl-N-acetyl-D-glucosaminide) not pres-
ent in appreciable concentrations in cow’s
milk treated similarly (43—47).

The pronounced effect of breast milk on
the intestinal flora is universally recognized
(48-53). The results of a prospective study
of Mayan Indian children (54) are presented
in illustration.

Children were studied in their natural en-
vironment from birth to 3 years. All were
breast-fed exclusively for 3 to 9 months, af-
ter which small amounts of fluids were in-
troduced. By the Ist birthday, gruels and sol-
ids were a regular supplement, although most
children continued to be breast fed through
the 2nd year of life. In this culture, the nu-
tritive value of the supplement was prac-
tically nil during the 1st year, and especially
deficient in protein of adequate biological
value (54).

Although aerobic bacteria ordinarily were
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as abundant as anaerobes in the first days of
life, by the end of the 1st week bifidobacteria
predominated over all other culturable or-
ganisms to reach average concentrations of
1011/g wet feces. Coliforms were less nu-
merous at values between 10® and 101%/g
feces. During the wholly breast feeding pe-
riod and as supplemental feeding began, bi-
fidobacteria constituted more than 99% of
the total flora. A change occurred, coinci-
dental with greater amounts of gruels and
solid foods (585, 56). Other indigenous or-
ganisms, such as Bacteroides, Veillonella,
and Streptococcus (Fig. 2), and Enterobac-
teriaceae, mainly the Escherichia coli group
(Fig. 3), progressively increased in numbers.
The fully weaned child exhibited a mixed
population of bifidobacteria and Gram-neg-
ative anaerobic organisms (Bacteroides). The
latter are the predominant component of
the fecal flora of the adult. Bifidobacteria are
present in the intestinal tract of man at all
ages; they outnumber other culturable bac-
teria only in breast-fed infants (53).
Bifidobacteria metabolize a variety of sug-
ars, producing large amounts of acetic and
lactic acid and trace amounts of formic and
succinic acid (57, 58). These products are
responsible for the low pH of feces of wholly
breast-fed infants. The relationship of bifidus
flora and pH has been derived from several
studies. Dehnert (59) placed five healthy in-
fants for 2 weeks on a formula of cow’s milk,
rice gruel, and sugar, and then transferred
them abruptly to sterile pooled human milk.

o 100% 0O 100% 0 100% 0 100% © 100% O 100%
BIFIDOBACTERIA ]
sTREPTOCOCCI | ] B ] ] ]
BACTEROIDES [ ] ] ] ] ] ]
CLOSTRIDIA | ] | ] 3
VEILLONELLAE ] B 1
MICROCOCCI | 1 ] }
ENTEROCOCCI| ] 1 ] | ] ]
E.COLI ] ] ]

0 100% 100% © 100% 0 100% © 100% 0O 100%,

5-8 13-16 21—24 29-32 37-40 45—48
AGE IN WEEKS
31 24 23 14 19 13

NUMBER OF CULTURES

Fig. 2. Occurrence of indigenous microorganisms in a cohort of breast-fed Mayan Indian infants studied
from birth to 11 months of age, Santa Maria Cauqué, Guatemala, 1967-1968. Bacterial counts of 108/g feces

or greater were used to calculate rates (56).
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Fi1G. 3. Fecal indigenous microflora in a cohort of breast-fed Mayan Indian infants studied from birth to 1
year of age, Santa Maria Cauqué, Guatemala, 1967-1968 (36).

During the 2 weeks on cow’s milk formula,
the flora was predominantly nonbifidus; it
reverted abruptly to a bifidus flora with
breast milk. This was interpreted as not in-
dicative of a promoting effect by human
milk on bifidobacteria (60), but as suppres-
sion of putrefactive orgamisms present in
the intestinal tract.

Leuterer (61) observed that 12 of 13 pre-
mature infants fed pooled, boiled breast
milk developed a bifidus flora with mean pH
value of feces of 5.3. Only three of 26 pre-
matures fed cow’s milk showed a predomi-
nant bifidus flora, with fecal pH ranging
from 5.9 to 7.8. The relationship between
breast feeding, type of flora, and fecal pH
was also demonstrated by Gyllenberg and
Roine (48), who found bifidobacteria to rep-
resent as much as 99% of the fecal flora of
breast-fed infants, in contrast to less than
60% for infants under regimens of boiled
human milk or cow’s milk. Coliforms and
enterococci proliferated to levels comparable
to those of bifidobacteria under artificial
feeding. Fecal pH increased when cow’s
milk formulae were given.

Significance of the bifidus flora. That a
human milk diet leads to bifidobacteria flora

TABLE 4

Incidence of shigelia infection in a cohort
of breast-fed children studied from
birth to 3 years of age

=

hY . N
Age, weeks m:fbﬂ }‘ e"-ki \ut‘?‘l T “l:'a::r;:?)l;‘_
children | 8t  infoctions | weeks
0-25 81 1,783 | 0.06
26-51 65 1,546 1 0.7
52-77 52 1,192 20 1.7
78-103 42 942 32 34
104 129 26 559 15 2.7
130 155 12 247 10 4.0

is certain, although mechanisms remain un-
clear. The intestinal tract of wholly breast-
fed infants is resistant to infection by path-
ogens such as Shigella, and intestinal
protozoa, as reviewed by Mata and Urrutia
(56). In rural Egypt and Guatemala, where
prolonged breast feeding is customary and
Shigellae are common, infants had few or
no infections in early months (62, 63). As
weaning progresses, incidence increases to
reach a maximum shortly after completed
weaning, as determined in a long-term pro-
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spective study, Table 4 (5). Serial examina-
tions of feces of newborns revealed early
infection, although not necessarily infectious
disease, with a variety of agents (6, 54).
Neonatal shigellosis was detected in 4 of 109
infants. In one wholly breast-fed infant, it
was transient and asymptomatic; in two re-
ceiving supplemental feeding, it was asymp-
tomatic but of appreciable duration; and the
fourth child who was born prematurely was
inadequately nursed, received poor supple-
mentary feeding, and was the only one with
diarrhea (6). That a flora of bifidobacteria is
antagonistic to certain pathogens is a valid
observation (56).

Other factors

Resistance factor. Human milk has the
capacity to emhance resistance of mice to
infection (64, 65). Injection of breast milk
mixed with sublethal doses of Staphylococ-
cus aureus and followed by challenge with
lethal doses of S. aureus 2 weeks later, re-
sulted in lower fatality of animals compared
with controls not injected with human milk.
The responsible factor was described as
nondialyzable, thermostable, and probably
residing in the free fatty acid fraction of
milk. This factor could be related to the
greater resistance of breast-fed infants to
parenteral infection, particularly due to
Staphylococcus.

Lysozyme (muramidase). Human milk is
known to contain a nonspecific antimicrobial
factor, lysozyme (66), in concentrations as
great as 0.2 mg/ml (67). This enzyme is
bacteriolytic against Enterbacteriaceae and
Gram-positive bacteria. The lysozyme from
breast milk is thermostable (100 C) at acid
pH, and twice as active as the lysozyme of
egg white (68). Lysozyme is found in large
concentrations in feces of breast-fed infants,
but not in those fed cow’s milk formula. It
is then possible that lysozyme contributes to
the development and maintenance of the
special intestinal flora of breast-fed infants
(66).

Complement. The C’3 component of
complement, important for the lysis of bac-
teria bound to specific antibody, has been
demonstrated in colostrum of Mayan women
as mentioned above (Table 1).
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Interferon. No references were found re-
garding interferon in human milk, but its
presence is expected in analogy with find-
ings in other body fluids.

Immune cells. Colostrum and milk con-
tain cells with immunological capacity.
Smith, Goldman and Murillo (69, 70) de-
scribed significant numbers of lymphocytes
capable of synthetizing IgA, and macro-
phages with the capacity to phagocytize, in
human colostrum.

Comments

Lesser attack rates of infectious disease
in breast-fed than in artificially fed infants
is evidence that breast milk protects against
infection. Protection is not only against
agents that invade the gastrointestinal tract,
but against others that induce parenteral in-
fections. Clinical and epidemiological evi-
dence and laboratory observations revealed
substances and factors in colostrum and
milk recognized as protective against infec-
tion. Mechanisms of action remain indeter-
minate.

Human colostrum and milk contain im-
munoglobulins acting against viruses and
bacteria. Except for IgA, which is synthe-
tized in the marnmary gland and has special
biological properties, all appear identical
with serum immunoglobulins. Concentra-
tions of immunoglobulins decrease regularly
and rapidly after parturition, although lev-
els of IgA and IgG persist in milk for sev-
eral weeks. Secretory IgA, and viral and
bacterial antibodies are detectable in signifi-
cant levels in milk of Mayan women 1 to 4
years after parturition.

Other protective substances in human
milk include the bifidus factor, itself related
to predominance of bifidobacteria in the in-
testinal tract. These bacteria are intimately
related to conditions unfavorable to implan-
tation of protozoa and enteropathogenic bac-
teria. Lysozyme, the C’3 component of com-
plement, antibody producing cells, and cells
with phagocytic activity, present in colos-
trum and to a lesser degree in milk, likely
play a role in the limitation of certain bac-
teria.

Human milk is definitely more effective
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than cow’s milk in protecting the newborn
infant against infection through a greater
concentration of secretory IgA, antibodies
against human pathogenic bacteria and vi-
ruses, and a greater concentration of bifidus
tactor and lysozyme.

Future research is directed advantageously
to better characterization of humoral sub-
stances in milk and investigation of pro-
tective mechanisms inherent in the gastroin-
testinal tract, as influenced by breast feed-
ing. Studies of interferon and other nonspe-
cific components will usefully complement
the existing knowledge of the uniqueness of
human milk. 3

The authors are indebted to Dr. T. B. Tomasi
for supplying anti 11-S IgA serum, and to Armando
Céceres, Bertha Garcia, Elba Villatoro, Dr. Aarén
Lechtig, and Miriam Cordén, for their coopera-
tion in the collection of data.
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