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The human neonate and its mammalian counterparts have for 
millions of years received balanced nutrition during early infancy 
exclusively through breast feeding. It is safe to assume that ma- 
ternal milk has represented the sole source of infant feeding until 
a few thousand years ago when man learned to domesticate cattle, 
and nonhuman milk became available to supplement or replace 
traditional nursing. One can only speculate about the possible 
reasons underlying the introduction of nonhuman milk as a 
substitute source of nutrition in early infancy in ancient civiliza- 
tions. Such alternate feeding practices, although uncommon, may 
have been related to the spontaneous cessation of the lactational 
process, maternal disease or death, insufficient milk syndrome, 
and early discontinuation of breast feeding of one infant to make 
room for a newly arrived sibling. These possibilities are supported 
by the existing practices of infant feeding, especially in technolog- 
ically underprivileged countries, where the traditional approach 
to infant nutrition has been significantly altered by such factors 
(1, 2). 

In addition, modern day societies are overwhelmed by other 
circumstances that adversely affect the extent of maternal-neonatal 
interactions as well as the process of breast feeding. These include, 
rapid urbanization, overpopulation and environmental pollution, 
increased participation of women in the industrial work force, 
changing concepts of family units, and an imbalance between the 
availability of a wide variety of infant formula and the financial 
inability to afford their prolonged use in many underprivileged 
socio-economic settings. The existing prevalence of acute mucosal 
viral and bacterial infections, especially infantile diarrhea and 
acute respiratory infections, and malnutrition often associated 
with high mortality and morbidity appear to be the result of the 
interplay among the complex set of problems identified above (3, 
4). However, sufficient scientific data do not exist at this time to 
dissect out the relative role of each of these factors in the decline 
of breast feeding practices in many parts of the world, and in the 
prevailing patterns of diarrheal disease and malnutrition. 

The current debate over the relative merits of breast versus 
formula feeding is not new. It dates back over three decades when 
it was first demonstrated that feeding of cow's milk formula to 
low birth weight infants provided higher protein intakes and 
resulted in better weight gain than observed with human milk (5- 
7). Although a final resolution of this debate seems unlikely in the 
immediate-future, sufficient information has become available 
during the past decade to provide a more scientific perspective of 
the nutritional and other biologic aspects of human milk, and its 
potential role in the maturation of the human neonate. 

The current approaches to infant feeding have been based, on 
the level of available knowledge of nutritional requirements of 
full term and low birth weight (LBW) infants, and on established 
cultural traditions in many-contemporary societal settings. Exist- 
ing information about infant nutrition and immunobiologic as- 
pects of human milk, which may influence the choice of breast 
versus bottle feeding of infants in different parts of the world, is 
summarized. 

NUTRITIONAL AND OTHER REQUIREMENTS OF NEONATES 

The growth and development of an infant is a dynamic process. 
Although the requirements for normal growth are complex and 
poorly defined, a variety of intrinsic host factors and a multitude 
of nutritional and other environmental factors must contribute to 
the process. It is generally accepted that physical growth of the 
body and development of the central nervous system are deter- 
mined by adequate intake of calories, protein and other essential 
nutrients. Practical guidelines based on available scientific data 
have been developed by the Committee on Nutrition of the 
American Academy of Pediatrics (8). It is doubtful that these 
guidelines are uniformally applicable in all parts of the world; 
however, they provide a framework of reference standards for 
minimal and maximal requirement for a variety of nutrients, and 
have been extremely helpful in evaluating nutritional needs of 
growing normal and LBW infants in the United States. 

The average caloric requirement for a normal full term infant 
from the second day of age through the first year of life is 
estimated to be about 100-1 10 Kcal/kg/day. Caloric intake of less 
than 80 Kcal/kg/day is usually insufficient for physiologic needs, 
and intakes over 120 Kcal/kg/day may be associated with obesity 
(9). The minimum requirement for protein has been estimated to 
be about 1.8 g/100 Kcal and protein intake of over 4.5 g/100 Kcal 
may result in increased urea nitrogen retention. It has been 
recommended that fats constitute 30% to 54% of caloric intake. 
Although no specific requirements for fats has been demonstrated, 
a minimum of 3.38 g/100 Kcal and a maximum of 6.0 g/100 Kcal 
have been proposed as reasonable limits. Recommendation has 
been made to provide 3% of total calories (or 300 mg/100 Kcal) 
as linoleic acid. Adequate amounts of readily digestible carbohy- 
drates are needed to maintain normal blood glucose levels and to 
prevent ketoacidosis. Calcium and phosphorus are required in 
larger amounts during early infancy. In addition, specific recom- 
mendations have been made for the minimal intake of fat soluble 
vitamins (A, D, E, K); water soluble vitamins (ascorbic acid, 
thiamine, riboflavin, pyridoxine, vitamin B12, niacin, folic acid, 
biotin, choline, inositol); minerals (manganese, zinc, iron, copper, 
magnesium, iodine); and the major electrolytes such as sodium, 
potassium and chloride (1 0). 

The nutritional requirements of premature and LBW infants 
have not been clearly established; however, hypothetical models 
of postnatal weight gain, in which it is assumed that the chemical 
composition of a growing LBW infant and its rate of weight gain 
should be similar to that of a normal fetus of a similar weight, 
have provided valuable insight into the potential nutritional needs 
of LBW infants (1 1, 12). The nutritional needs of a LBW infant 
appear to be significantly higher than the requirements of a 
normal full term infant. Based on the requirement of a normal 
neonate, it has been estimated that the daily requirements of a 
growing LBW infant of 1200 g are approximately 144 Kcal of 
calories, 2.54 g/100 Kcal of protein, 132 mg/100 Kcal of calcium 
and 2.3 mg/100 Kcal of sodium (13). On the other hand, there are 
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certain environmental conditions that may influence these require- 
ments. For example, it is known that substantial positive nitrogen 
balance can be achieved with 80 Kcal of calories in a thermoneu- 
tral environment (14). 

Although environmental factors and intact mechanisms of de- 
fense are important in the long term growth and developmental 
process, little or no information is available regarding the quan- 
titative requirements of such ingredients as antimicrobial defense, 
specific immunocompetence and the level of maternal-neonatal 
emotional interaction, for optimum growth and development. 

COMPOSITION OF HUMAN MILK 

Nutritional components. The chemical composition of human 
milk exhibits considerable variation between different individuals 
and in the same individual at different times of lactation (15), as 
well as between samples obtained from mothers of LBW infants 
and full term infants (16, 17). Mature human milk contains the 
following average amounts of the various chemical constituents 
per 100 ml: total solids, 11.3 g, fat, 3.0 g; protein, 0.9 g; whey 
protein nitrogen, 76 mg; casein nitrogen, 41 mg; a-lactalbumin, 
150 mg; serum albumin, 50 mg; lactose, 7.2 g; lactoferrin, 150 mg; 
lysozyme, 50 mg; sodium, 15 mg; potassium, 55 mg; calcium, 43 
mg; vitamin C, 4.3 mg; and retinol, 54 pg (9) (18, 19). Human 
milk contains little or no p-lactoglobulin. The fat globule mem- 
brane of human milk appears to have a high content of oleic acid, 
linoleic acid, phosphatidopeptides and inositol (20). In addition, 
a zinc binding ligand, which promotes absorption of zinc, has 
been identified & the human milk (21, 22): Human milk is 
considered to be deficient in vitamin D (9). Temporal studies of 
human milk have indicated that the concentration of many chem- 
ical components, especially nitrogen, calcium, and sodium de- 
crease significantly as the duration of lactation increases (9, 10); 
however, several components have been found to change in con- 
centration as a function of water content, because their total daily 
output appears to be remarkably constant at least during the first 
8 wk of lactation (23, 24). 

Host resistance factors. Fresh human milk contains a wealth of 
components that provide specific as well as nonspecific defenses 
against infectious agents or other macromolecules (25, 26). These 
include immunocompetent T and B lymphocytes, polymorpho- 
nuclear leukocytes, macrophages (27-29), immunoglobulins, es- 
pecially secretory IgA (29, 30), and components of complement 
system (25, 31, 32). Additional soluble factors which are active 
against streptococci, staphylococci and tumor viruses (33-35) have 
also been identified. Of these components, the developmental 
characteristics of secretory IgA in the human colostrum and milk 
have been studied most extensively. Based on the available infor- 
mation, it is reasonably certain that IgA producing plasma cells 
observed in the milk derive their origin from the precursor im- 
munocompetent cells in the gut-associated (GALT) and bronchial- 
associated lymphoid tissue (BALT). It is believed that exposure of 
IgA precursor B lymphocytes in GALT or BALT to microbial and 
dietary antigen in the mucosal lumen is an important prerequisite 
for their initial activation and proliferation. Such antigen-sensi- 
tized cells are eventually transported via the systemic circulation 
to other mucosal surfaces, including the mammary glands, and 
initiate as plasma cells synthesis of immunoglobulin against spe- 
cific antigens previously experienced in the mucosa of respiratory 
or alimentary tracts (30, 36, 37). It has been proposed that the T- 
cell reactivity observed in the milk may also be derived from 
GALT and BALT, in a manner similar to the appearance of IgA 
producing cells (29). Little or no information is available regarding 
the site or origin of other cellular or soluble immunologic com- 
ponents normally present in human milk. Specific antibody and 
cellular immune reactivity against many bacteria, viruses, respi- 
ratory and enteric pathogenic organisms (hemophilus influenzae, 
salmonella, shigella, rotavirus), fungi, parasites, and ingested food 
proteins have been repeatedly demonstrated in the human breast 
milk (27-30). Other soluble milk factors with potential irnplica- 

tions in host defense include bifidus factor, which promote growth 
of bifidobacteria (20), and an epidermal growth factor (38, 39), 
which promotes growth of mucosal epithelium and maturation of 
intestinal brush border enzymes. 

Infectious organisms. Samples of human milk obtained from 
recently infected or vaccinated lactating mothers have been found 
to contain appreciable number of infectious microorganisms (29). 
Recovery of rubella virus (40), cytomegalovirus (41, 42), hepatitis 
B surface antigen (43), mycobacteria tuberculosis, pathogenic 
staphylococcus, streptococci and enteric pathogens (44) have been 
demonstrated on several occasions in freshly collected human 
milk. 

Other chemical components. To date, little information has been 
accumulated regarding the presence and significance of environ- 
mental pollutants, toxins, chemicals and therapeutically adminis- 
tered drugs in the human milk (45); however, a number of 
chemical contaminants have been observed in the breast milk. 
These include organohalides (polychlorinated biphenyls-PCB, 
and dichlorodiphenyl trichloroethane-DDT) and a number of 
other chlorinated pesticides (46), drugs and antibiotics (47, 48), 
caffein (49), nicotine (50), lead (5 1) and radiopharmaceuticals (52, 
53). In general, the environmental contaminants observed in breast 
milk have high lipid solubility, resist physical degradation and 
biologic metabolic activity, and are slow in their rates of excretion 
from the human body (46). Many environmental chemicals are 
present in breast milk in concentrated amounts as a result of well 
known bioconcentration phenomena (46). 

COMPARISON OF HUMAN MILK WITH COW'S MILK AND PREPARED 
FORMULA PRODUCTS 

Cow's milk. The chemical composition of cow's milk, which has 
been a standard food for infant nutrition for many years, differs 
in a number of ways from human milk. The concentrations of 
protein, whey protein nitrogen, sodium and potassium in cow's 
milk are two to three times higher than in human milk. Cow's 
milk contains larger quantities of p-lactoglobulin, methionine and 
phenylalanine, and adequate amounts of vitamin A, B vitamins 
and vitamin K. Cow's milk is usually fortified with vitamin D 
before human use. Evaporated cow's milk fails to meet the mini- 
mum requirements of vitamin C, vitamin E, and essential fatty 
acids (54). The concentrations of carbohydrate, lactose, p-lactal- 
bumin, lysozyme, cysteine, taurine, and secretory IgA in cow's 
milk are significantly lower than in the human milk (20). Despite 
the reduced level of secretory IgA, cow's milk contains large 
quantities of IgG, which appears to function as a source of 
secretory antibody for the calf in a manner similar to IgA in the 
human infant (36). Although complement activity has been ob- 
served in the cow's milk (55), little or no information is available 
regarding the amount and function of other soluble or cellular 
mechanisms of host defense. A number of pathogenic microorgan- 
isms have been observed in fresh bovine milk. These include 
salmonella (56), campylobacter fetus (57), and yersinia enteroco- 
litica (58). In addition, anecdotal observations have also reported 
the presence of other organisms in bovine milk. It is believed that 
cow's milk contains more excreted tissue metabolites than human 
milk (20).. Only limited information is available about the spec- 
trum of environmental chemical and toxins present in cow's milk. 

Milk formula. It is beyond the scope of this review to discuss 
details of the numerous commercially available milk formulas, 
although certain general aspects will be mentioned. First, the 
nutrient content is standardized, and by measuring the amount an 
infant consumes, the energy-protein intake can be accurately 
calculated. Second, the most frequently used formulas are pre- 
pared from nonfat cow's milk, vegetable oils and added carbohy- 
drate-usually lactose but occasionally corn syrup solids. Third, 
the formulas are supplemented as necessary to meet or exceed the 
recommended intake of vitamin and minerals, and are generally 
available in the form of a powder, concentrated liquid or ready- 
to-feed liquid. Fourth, most products contain a casein protein to 
whey protein ratio of 82: 18% although some of the "humanized" 
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milks have a casein protein to whey protein ratio of 60:40%, 
similar to human milk (10). 

In addition to the more standard milk formulas, a number of 
modified formulas designed for infants with special needs have 
been made available. These formulas are usually lactose-free, with 
glucose polymers as a carbohydrate source. Other formulas may 
have a portion of the long chain fatty acids replaced by medium 
chain fatty acids; and still other formulas may have nitrogen 
source consisting of hydrolyzed protein, or in some instances 
crystalline amino acids. These formulas have been extremely 
advantageous in increasing the absorptive potential of infants with 
bowel disease. or normalize blood glucose and amino acid levels 
in patients with inborn errors of mGabolism (59). 

BENEFICIAL EFFECTS OF BREAST FEEDING 

Nutritional benefit. The composition of human milk meets the 
minimum requirements for protein and calories for a growing full 
term infant, despite the fact that protein content of pooled human 
milk is low (0.9 g/ml). Breast feeding seems to result in a more 
balanced solute load because breast fed babies appear to require 
less water than babies fed on cow's milk. Human milk contains 
far less amounts of nonhuman proteins (bovine serum proteins 
and a-lactoglobulin) than observed in the milk of domestic ani- 
mals. Due to the quantitative differences in the content of protein 
between human milk and milks from other mammalian species, 
the relative amount of aminoacids is also different. Human milk 
contains greater amounts of cholesterol, and cysteine and taurine 
amino acids thought to be important for growing neonates and 
infants (60). On the other hand, the amounts of methionine and 
phenylalanine, which are poorly tolerated by some infants, are 
found in lower concentrations in human milk (20,60). It has been 
suggested that the fat absorption of infants on human milk may 
be greater than in infant's fed cow's milk or artificial formulas, 
with the possible exception of infants fed formula products con- 
taining medium chain triglycerides (6 1,62); however, this does not 
appear to be a significant argument in favor of breast milk, in 
view of the fact that fat preparations used in most currently 
available formula products are well absorped. Breast feeding has 
also been suggested to confer some nutritional advantages in later 
life. Limited and somewhat circumstantial observations suggest 
that breast fed infants may develop more effective mechanisms 
for cholestrol handling in later life and may tend to be less obese 
as adults (63-65). However, more recent studies have not con- 
firmed these observations. 

Commercial formula products frequently require reconstitution 
and supplementation with certain additives during manufacture 
or at the time of its feeding to the infant. Unless carefully 
controlled, such manipulations can result in accidental imbalance 
of certain constituent components in the infant formula. Recently, 
at least two formula products were found to contain levels of 
sodium and chloride below the standards recommended by the 
Committee on Nutrition of the American Academy of Pediatrics 
(8). Such imbalances in infant formula products although very 
rare, have however, been associated with limited morbidity in 
some infants in the United States (66, 67). The accidental use of 
such imbalanced formula products, in the face of inadequate 
regulatory mechanisms for quality control, may result in potential 
problems in developing countries where such infants may not be 
brought to medical attention promptly and the feeding may even 
be continued for long periods. 

Role of defense factors. Careful, albeit sparse epidemilogic stud- 
ies conducted recently in several rural and urban settings have 
demonstrated a striking resistance of breast fed infants to coloni- 
zation by coliform organisms especially enteropathogenic Esche- 
richia coli, shigella, Vibrio cholera and protozoa, even under field 
conditions when the risk of natural infection is high (3, 20, 68- 
71). It is however, not known whether such protection is mediated 
by microbial specific immunologic components or nonspecific 
defense factors present in the milk. It has also been proposed that 
as a result of the proliferation of bifidobacteria exclusively in the 
intestine of breast fed infants and the subsequent accumulation of 

short chain fatty acids and other bacterial metabolites, the intes- 
tinal milieu in such infants may be antagonistic to the replication 
of other invasive enteric pathogens (69, 72). Frequently, infant 
formula products require reconstitution in water before its inges- 
tinn by the infant. Because of poor sanitary conditions in many 
devej~ping countries, such reconstitution introduces potential risk 
of p a t h o ~ n i c  microbial contamination in the infant feeds. On the 
other hand, breast feeding is not subject to latrogenic contamina- 
tion by such pathogenic organisms, often endemic in the drinking 
water in many underdeveloped nations. 

Breast milk has a l s ~  been shown to prevent the development of 
hypoxia-infection induced necrotizing enterocolitis in a rat model 
(73), but controversial data exist on the role of breast feeding in 
the human form of the disease (74, 75). The information about 
the protective role of breast feeding in neonatal sepsis, acute 
respiratory infections, and intestinal viral infections is conflicting, 
or presumptive at best (7 1, 76-79). 

Other beneficial aspects. Ingestion of early colostrum in beagle 
puppies has been shown to have profound influence on the 
maturation of intestinal brush border enzymes and growth of 
intestinal mucosal epithelium in the neonatal period (39). This 
activity appears to be related to the presence of epidermal growth 
factor (EGF). It has been identified in the human breast milk (14) 
and appears to stimulate fibroblast proliferation in vitro (80). A 
few clinical studies have suggested that breast feeding may de- 
crease the frequency of eczema or other allergic reactions and 
improve the long term prognosis of childhood asthma (37, 81). 

Recent observations have raised the possibility that the active 
process of breast feeding favors maternal-neonatal emotional 
"bonding," and thus foster strong social interactions between the 
child and the parent at later stages of the child's life (82, 83). Such 
interactions may have a positive impact on cultural endowment of 
the child in traditional societies. 

In modern day society perhaps, the single most important 
consideration for the use of breast feeding is its cost. An analysis 
of the cost effectiveness of the available modalities of infant 
nutrition carried out recently has concluded that "breast feeding 
is the cheapest means of feeding a child during the first six months 
of life" (84, 85). It has been estimated that the cost of artificial 
feeding of an infant is far more than it would require to provide 
sufficient caloric intake to the lactating mother to secrete adequate 
amounts of milk (86). It is particularly important to note that the 
monthly cost of breast feeding in Costa Rica has been estimated 
to be about 5% of the minimum wage compared to about 18% of 
the minimum wage for the cost of feeding formula (20). The cost 
of infant feeding by artificial means in other underprivileged 
countries of Africa and Asia may be even higher. Such an expense 
makes routine use of formula feeding obviously unrealistic in 
these countries. 

LIMITATIONS OF BREAST FEEDING 

Nutritional limitations. Term infants: Although breast feeding 
provides recommended levels of nutrition to a normal neonate, 
there seems to be little doubt that infants fed human milk do not 
grow as rapidly as those fed most commercial formulas (5, 6, 87- 
89). There is, however, no evidence to suggest that rapid growth 
is a desirable goal of nutrition for normal neonates. Nutritional 
deficits, including deficiency of pyridoxine, thiamine, vitamin B12 

and vitamin D in certain population of breast fed infants is also 
well known (90-92). 

Low birth weight infants: As discussed earlier, the nutritional 
requirments of LBW infants are quite different from those of the 
term infants. Specific studies in low birth weight infants have 
shown that formula with a high energy-protein density promotes 
more rapid growth than observed with feeding of human milk 
(93). From these studies and other reference models of body 
analysis, some authors have concluded that pooled human milk, 
when fed in the usual amounts, does not provide sufficient 
amounts of protein, calories, minerals and solutes to allow accre- 
tion of these nutritional elements at the intrauterine rate when 
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nutritional requirements are considered for a LBW infant (13, 94). 
As a result, several proprietary formulas have been designed to 
meet the projected needs of this unique infant population. Recent 
data from analysis of milk from mothers delivering prematurely 
suggest that the use of LBW infant's own mothers milk may 
pro;ide gross and metabolisable energy intakes similar to the 
infant's calculated needs (95). In addition, feeding of such milk in 
LBW infants appears to result in plasma protein and albumin 
concentrations, and weight gain during the first 2 wk of life similar 
to those observed after feeding of an infant formula (95). 

Breast feeding failures. Insufficient milk syndrome and breast 
feeding-failure is a common experience in all parts of the world, 
particularly in primiparous women (96-98). It has been estimated 
that at least 20% of primiparous women may have complete failure. 
of breast feeding and up to 50% of lactating women may exhibit 
significant nursing difficulties (99). Recently, critical malnutrition 
characterized by hypothermia, azotemia, and severe dehydration 
has been observed in a few full term otherwise normal first-born 
infants nourished solely through breast feeding (100). 

Transmission of infectious organisms. Several recent reports have 
indicated that microorganisms excreted in the breast milk of 
infected or vaccinated mothers can result in the development of 
serologic evidence of specific infection in the neonate, possibly via 
the process of breast feeding (29, 42, 101, 102). Such acquisition 
of immunologic reactivity is often associated with recovery of the 
infectious agent in the mucosal surfaces of the neonate (101, 102). 
Despite these observations, acquisition of clinical disease in the 
suckling infant has not been clearly documented (101-103). 

Transmission of chemical contaminants. The role of milk contam- 
inants in production of disease in breast feeding infants has not 
been carefully studied to date, and as a result it is difficult to assess 
their risk for the neonate. A single case of neonatal obstructive 
jaundice due to chlorinated hydrocarbon in the milk has been 
reported (104); however, it is encouraging to note that no other 
cases of defined illnesses due to breast milk contaminants have 
been reported in the suckling neonates and infants. It is also not 
known whether environmental chemicals or drugs alter the im- 
munologic defense mechanisms in the human milk. 

OVERVIEW OF THE STATE OF THE ART 

It is clear on historical grounds alone that breast feeding has 
served mankind well in promoting the survival of the neonates 
through the ages. Based on the recently acquired knowledge 
concerning the content and functional role of nutritional, bio- 
chemical, microbial and immunologic components in human milk, 
the adequacy of breast feeding in promoting growth and devel- 
opment of a normal infant is well established. There are, however, 
a- few exceptions. Deficiencies of pyridoxine, thiamine, and vi- 
tamin B1:! have been observed in breast fed infants whose mothers 
consumed insufficient amounts during lactation (105-107). The 
development of vitamin D deficiency has been observed exclu- 
sively in breast fed infants (log), although it has been seen more 
frequently in infants in whom exposure to sunlight is restricted by 
cultural or climatic conditions. Breast feeding failures and insuf- 
ficient milk syndrome have been frequently observed in prirna- 
parous women. Infant malnutrition as a result of such inadequacy 
of milk supply, although rare, has also been reported in the first 
born infants. Evidence has been presented to indicate that the 
caloric content, and the concentrations of protein, calcium, and 
sodium in human milk are inadequate for the optimal estimated 
growth of LBW infants. Many of these calculations are based on 
growth requirements of very small premature infants, particularly 
those weighing 1100 to 1800 g at birth. The inadequacy of breast 
milk for LBW infants is accentuated if nutritional requirements 
are calculated on the basis of weight gain of 30.7 g/day (13). 
However, in bigger premature infants in whom the calculations 
for weight gain are restricted to 20 g/day, the feeding of human 
milk has been estimated to meet the recommended nutritional 
requirements for protein and sodium, but not for calcium (13). 
Clearly, the nutritional comparisons of human milk and formula 

feeds become extremely complex when viewed in the context of 
ideal growth requirements and metabolic costs of normal versus 
LBW infants, and biologic value of human versus nonhuman milk 
for nutritional support of human infants. Formula feeds appear to 
offer the advantage of enhanced growth and weight gain for a 
LBW infant; however, cow's milk, although having higher protein 
and a higher caloric load, may not provide sufficient amounts of 
all aminoacids required by the LBW infant. Such feeding may 
also promote fluid and electrolyte imbalance (20). One of the 
major diff~culties in meaningful comparisons of nutritional value 
of human and nonhuman milks is related to the fact that precise 
requirements for the ideal growth and developmental profile of a 
noimal or LBW infant are hot known at this time, and until such 
information becomes available, it is difficult to foresee a resolution 
of this argument. 

Although not a limitation of human milk per se, it must be 
realized that with increasing frequency, many mothers may not 
be able to sustain lactation, produce milk in sufficient amounts, 
and breast feed at optimal frequencies for a variety of physical or 
societal reasons (95-98). In addition, the increased survival of 
many high risk LBW infants have created unique nutritional 
demands, which often have to be tailored to the caloric require- 
ments of individual infants. Availability of highly specialized 
formula products in recent years has been of immense value in 
providing nutritional supPo& to infants with inborn or acquired 
errors of metabolism and with other disease states that ~reclude 
the use of human milk (10). 

It has been suggested that breast feeding may provide protection 
against the development of allergic disease; however, data on 
which such belief is based are highly presumptive, and other 
laboratory studies have suggested that IgE levels and specific 
reagenic antibody activity against egg proteins and bovine milk 
proteins may be even higher in breast fed allergic infants than in 
nonbreast fed infants (109, 110). 

Recent epidemiologic studies in several tropical countries have 
provided strong evidence for a protective role for breast feeding 
especially against enteric infections. On the other hand, little 
information is available to support a beneficial role of breast 
feeding against respiratory infection and neontal sepsis. In fact, a 
few clinical case reports have raised the possibility that ingestion 
of human milk contaminated with group B beta hemolytic strep- 
tococcus may be associated with development of clinical disease 
in the neonate (1 11, 1 12). These observations need to be confirmed 
and much needs to be learned about the anti-infective aspects of 
human milk and breast feeding in additional controlled studies. 
Somewhat stronger evidence is presented in other scattered cases 
for the development of salmonellosis, brucellosis, campylobacter 
fetus and yersinia enteritis, in the human infants after ingestion of 
contaminated raw nonhuman milk. Therefore, the potential for 
transmission of disease-producing pathogens via fresh'human milk 
should not be overlooked especially in situations of actively 
infected lactating mothers nurskg susceptible neonates and in thk 
distribution of milk products from milk banks. 

It is evident that a number of environmental pollutants and 
chemotherapeutic agents are excreted in the milk. Their potential 
role in the production of disease and their pharmacologic impli- 
cations in breast feeding infants remain to be determined. 

As a result of continued physical contact between the mother 
and suckling infant, the psychologic impact of breast feeding is 
believed to be profound; however, specific prospective data are 
not available at this time to clearly delineate its role in the long 
term emotional development and social adaptability of the breast 
fed child in later life. 

The cost effectiveness of breast feeding for normal term infants 
is obviously superior to that of formula feeding. The available 
experience with breast feeding in providing adequate nutritional 
support for millions of normal infants born in families with very 
sparse financial resources, represents a strong argument in support 
of breast feeding, especially in the many economically underpri- 
vileged countries of the world. 

Despite the wealth of available scientific data, significant gaps 
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remain in the existing knowledge concerning infant nutrition, 
infection-mal~iutrition axis and immunobiologic aspects of human 
milk. Although breast milk is uniquely designed for the human 
infant, conclusive evidence of overwhelming nutritional advan- 
tages of human milk and breast feeding over commercial milk 
products (which are properly reconstituted under sterile condi- 
tions) is not available at this time. 

The regulation of marketing practices for the use of breast milk 
substitutes, and adoption of measures designed to promote breast 
feeding, may to be appropriate albeit, transitional measures to 
combat infant malnutrition. It is apparent that a massive global 
effort must be mounted to seek more specific and viable solutions 
for the complex basic problems underlying the nutritional depri- 
vation in millions of infants and children all over the world. 

In view of its universal availability, lack of any manufacturing 
costs, absence of overt nutritional limitations for normal infants, 
and the abundant content of many host-defense factors, it is 
recommended that human milk and breast feeding should con- 
tinue to remain the cornerstone of nutrition in early infancy, at 
least, until the complex mechanisms of global malnutrition are 
better defined. Promotion of breast feeding should constitute a 
major goal of the professionals involved in maternal and child 
health care, especially in low socioeconomic settings and in un- 
derprivileged countries. At the same time, it must be emphasized 
that the commercial formula products have sewed as valuable 
nutritional supplements, and in certain situations, as effective 
replacement to human milk when breast feeding is not available, 
inadequate or difficult to implement. As a result, the importance 
of commercial formula products for infant nutrition must not be 
ignored as efforts are made to encourage reinstitution of breast 
feeding in different parts of the world. 
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