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HISTORICAL NOTES ON BREASTFEEDING

Today none of us doubts the advantages of breastfeeding nutritionally, psychologically, as
well as immunologically. It is obvious that, if at all possible, an infant should be exclusively
breastfed directly from birth on.

It is remarkable that there are so many sources in history advocating that especially
colostrum is unsuitable for the infant. The Indian document Susruta Samhira from the fourth to
the second centuries B.C. prescribes that the newborn’s mouth is to be cleaned with ghee, which
is cleared butter, and salt. Then it should be given three times daily honey, ghee with certain
roots and leaf juices till lactation starts after a few days (1). Similar customs are still common
in parts of the Indian subcontinent (1, 2). Soranus of Ephesos, living around AD 100
recommended boiled honey, possibly with goat’s milk, but preferred not to give the newbomn
anything for the first two days. The mother’s milk was unsuitable for the first 20 days in his
view and he attacked a colleague who advocated immediate breastfeeding (1). Soranus was
quoted through the centuries and it seems that it took a long time before physicians and others
contemplated the idea that one reason for the very high infant mortality of that time could be that
breastfeeding in some areas was scarce. A Liverpool surgeon, W. Moss wrote in 1781 that
problems of neonatal diarrhoea decreased if the babies were put to the breast (3). The high infant
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mortality in Sweden in the late 18th century made the authorities start a school for midwives
where also the advantages of breastfeeding were taught. Data from the next several decades
showed that in some parts of Sweden where breastfeeding was rare, infant mortality due to
diarrhoea was much higher during the summer months than in areas where breastfeeding was
the rule (4). This may be the first relatively good evidence for the capacity of human milk to
protect against infections.

MODES OF FEEDING IN PAKISTAN, A DEVELOPING COUNTRY

With the aim of describing the prevalence and forms of breastfeeding today in a developing
community with many infections a field study was carried through (5). All children born during
two years among 1000 families in each of three poor areas in and outside of Lahore, Pakistan
were followed. These children from a village, a mud hut area and an urban slum were compared
with those of an upper middle class group in Lahore; altogether there were 1476 children.

First it was realized that exclusive breastfeeding was quite uncommon (6). It was seen only
initially in the village in about 18% and in the mud hut area in some 10% (Fig. 1a). Partial
breastfeeding was the major mode of feeding among the three poor groups, whereas artificial
feeding was most common in the upper middle class group (Fig. 1b). It was noted that exclusive
breastfeeding became less prevalent during the hot summer months. At the same time intake of
other fluids increased, due to the mothers’ belief that the children require extra water during that
time, something that does not find support in studies of ours and others (7). It was remarkable
that commercial formulas were rarely used in the village and just in a few percent in the urban
slum and mud hut area (Fig. 2a). Only in the upper middle class group were commercial
formulas common, but still they usually amounted to less than 50%.

Determining instead the prevalence of the use of the bottle gave a very different view (6).
Just about every child not fed exclisively with human milk was given their food by a bottle (Fig.
2b). Via the bottle they were most often fed buffalo milk, in many instances diluted with water,
which often may have been contaminated.

It is obvious that commercial formulas per se do not provide a major route of infection in
these poor population groups. However, the extensive use of the bottle mostly with other foods,
brings a risk in areas where the water is not always potable, the educational level low and the
hygiene poor.

In this situation we have tried to promote breastfeeding in a group of 300 poor mothers in
the village and the urban slum (8). A special team from the project visited each pregnant mother
and used various educational materials to illustrate the advantages of exclusive breastfeeding.
These activities turned out to be very efficient according to a preliminary analysis. The rate of
breastfeeding increased so that there was almost no control group of non breastfed left. Thus at
1 month of lactation exclusive breastfeeding had increased by about 40% both in the village and
the city slum compared to the field study. Partial breastfeeding also increased by some 40%.

Another effect was that breastfeeding was initiated much earlier in this group, than in those
of the field study where e.g. only about 50% of the newborns had received any human milk by
48 hours of age (2,6). The promotion of breastfeeding increased the percentage of neonates
started at 24 hours of age from 15% to about 75% in the city slum and from 5% to around 90%
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in the village. These observations suggest that it may be possible to enhance considerably
breastfeeding in poor populations with a high morbidity and mortality in infections and little
exclusive breastfeeding.
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Fig. 1a. Exclusive breastfeeding in relation to age in months in the four population groups
studied.
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BREASTFEEDING AND THE PROTECTION AGAINST INFECTIONS

Numerous studies have analyzed the capacity of human milk to prevent, or at least
ameliorate, the cause of infections. Critical reviews have shown that the methodological
problems with such studies are numerous and that it is difficult to control for all the confounding
factors (9-12). Still they found good evidence for breastfeeding protecting against morbidity and
mortality caused by diarrhoeal diseases.
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Fig. 1b. Breastfeeding, partial as well as exclusive in relation to age in the four population
groups.
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Recently a study of the prevalence of gastroenteritis was performed in relation to the mode
of feeding in the four Pakistani population groups referred to above (5,6). Protection against
gastroenteritis was seen for the first 24 months of life among the breastfed infants (13). This was
observed in spite of the fact that the majority was only partially breastfed as previously
demonstrated (6). Protection was evident even during the hot summer with increased risk of
diarrhoea when breastfeeding decreased in connection with the feeding of additional fluids as
mentioned above (6). Determining the prolective efficacy, i.e. the reduction in incidence of
diarrhoea in percent, showed striking effects of breastfeeding. Thus the efficacy among the
youngest infants was 60-80% in the three poor groups, the village, mud hut area and urban
slum. The protection decreased with age, but remained at 10-25% even at 24 months of age
(Table 1). Protection was also seen in the upper middle class group up towards 40% in the
youngest infants and down to 10% at 24 months.
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Fig. 2a. The extent of the use of commercial formula in the mud hut area.



50 . Nutrition and Immunology

It was suggested from an early investigation from Sweden that breastfeeding may decrease
the risk of neonatal sepsis (14). We have recently analyzed this possibility in a high risk
population in Pakistan (15). Excluding a number of potentially confounding factors such as sex,
socioeconomic situation, hygienic and other conditions at delivery etc, the only factor that
differed between the 42 cases of neonatal sepsis and the 270 controls was the mode by feeding.
Exclusive breastfeeding hardly existed and partial breastfeeding was predominant. Many more
controls than cases were partially breastfed and the odds ratio for protection by breastfeeding
against neonatal sepsis was 18. The non breastfed were mainly given buffalo milk after the initial
honey, ghee and herb extract traditionally given in this region.
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Fig. 2b. The extent of the use of bottle feeding in the mud hut area.
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In a recent review it was stressed that by now there is good evidence that breastfeeding
protects against gastrointestinal and lower respiratory tract infections, otitis media, bacteremia,
meningitis (16), and necrotizing enterocolitis (17).

Table 1

Efficacy of the protection of breastfeeding against diarrhoeal disease in poor population groups
compared to a upper middle class control, Lahore, Pakistan.

Efficacy of protection* (%) at various ages (months)

1 12 24
Village and mud hut area™* 62 24 22
Urban slum 70 10 18
Upper middle class control 32 24 10

*  Efficacy (E) of protection is the'Tatio between the incidence rate of diarrhoea in the breastfed
infants ( 1B ) and the non-breastfed infants ( rC );

E=(1-"Byx10
C

The underlying observed values have been smoothed by a third degree polynomial function.

** These two areas are combined since the results are so similar.

HOST DEFENCE FACTORS IN HUMAN MILK

How can partial breastfeeding have the capacity to prevent neonatal sepsis so strikingly in
children so heavily exposed to microbes? How can partial breastfeeding prevent up to 70-80%
of diarrhoeal diseases in such populations? This is especially surprising considering the many
pathogens which can cause diarrhcea in this region, together with the fact that human milk does
not seem to be so efficient in protecting against such a common causative agent as rotavirus.
Below a few aspects on potential protective factors are reviewed.
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BREASTFEEDING AND EFFECTS ON THE INTESTINAL GRAM-NEGATIVE
BACTERIAL FLORA

It was striking that the Pakistani infants were quickly colonized in the gut with aerobic gram-
negative bacteria after birth (18). Many Pakistani infants delivered both normally and by
caesarian scction were colonized already the first day of life. In contrast, the Swedish infants
were not always colonized with enterobacteria even on their fifth or sixth day of life. Whereas
‘the Swedish infants usually yielded only one kind of enterobacteria in their stool cultures, mainly
Escherichia coli or Klebsiella the Pakistani infants had a more variable flora; e.g. they were
more frequently colonized with Proreus, Klebsiella and Citrobacter. Breastfeeding from the first
day of life, which was rare, reduced colonization with such bacteria. It is obvious that the heavy
microbial exposure of the Pakistani infants from the milieux and the initially given foods and
fluids (2) play a major role in creating an inlestinal flora which can be an important source of
the pathogens causing neonatal sepsis and diarrhoea, which are predominant causes of the
neonatal mortality in the South Asian region studied by us (19).

In addition to the influence of breastfeeding on intestinal colonization, other effects on the
flora are also notable. Aerobic Gram-negative bacteria from the intestine of breastfed infants are
more sensitive to bactericidal antibodies than are those from formula fed infants (20). This
suggests a decrease of virulence of the bacteria. A similar conclusion might be drawn from
recent observations on the effect of breastfeeding on E.coli 083 given orally to newborns during
the first week of life (21). This strain colonizes infants very efficiently. The E.coli 083 from the
breastfed infants were often carrying type 1 fimbriae, which do not seem to be a virulence
factor. Rather they bind via mannose residues to the carbohydrate moiety of secretory IgA (22),
of which milk is a rich source. The colonization of the type 1 fimbriated 083 was in fact
favoured by breastfeeding (Table 2). As a consequence of the enhanced fimbriation the E.coli
083 from the breastfed infants also adhered better to colon epithelial cells (Table 2). This does
not have to be a sign of virulence since secretory IgA antibodies prevent the adhesion and since
such type 1 fimbriated bacteria are quickly fagocytized when exposed to granulocytes (23). This
occurs because the type 1 fimbriae bind to mannose residues on the fagocytes which therefore
can quickly engulf and kill the bacteria,

THE ANTI-INFLAMMATORY CAPACITY OF HUMAN MILK

Host defence mediated by human milk does not seem to depend on inflammatory
mechanisms (24,25). In milk there is little complement and e.g. the coagulation system,
fibrinolytic factors and kallikrein are virtually absent. Mature milk has a low concentration of
complement- activating IgM and IgG antibodies, but much of secretory IgA which does not
activate complement. The leukocytes found in milk are quite refractory to bacterial ligands such
as N-formylmethionyl peptides and the chemoattractant anaphylatoxin.

Instead human milk contains growth factors which may augment mucosal barriers. Not only
secretory IgA antibodies, but also receptor analogues such as oligosaccharides and
glycoconjugates from the milk can prevent the adherence of microbes to mucosal membranes,
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e.g. in the gut. This prevents inflammatory tissue reactions which would be initiated if the
microorganisms manage to attach to mucosal epithelium and start an infection.

Table 2

Recovery of type 1 fimbnated E. coli 083 from colonized breastfed and formula fed infants.

Recovery of Adherence to
No of No of type 1 gut epithelium
infant samples fimbriated 083 bacteria/cell
mean (SEM)
Breastfed 8 45 46% 18 (1.4)
p < 0.05 p < 0.05
Formula fed 9 40 24% 11.6 (2.7)

* HT 29 colon epithelium cell line.

Secretory IgA and lysozyme deérease the response of neutrophils to certain chemoattractants.
Lactoferrin inhibits the complement system. The milk also contains a number of factors which
act as anti-oxidants, such as catalase, lactoferrin, glutathion peroxidase etc as reviewed recently
by Goldman et al (25).

It may be that the human milk prevents the microbial flora, especially in the gut, not only
from initiating infections, but also from causing inflammatory responses. Bacterial components,
especially endotoxin or I'PS, can induce production and release of cytokines such as Interleukin-
1 (IL-1), IL-6 and TNF from macrophages and intestinal epithelium. We have been interested
in the question whether or not the colonization with gram-negative bacteria in the gut of
newborns and their release of free LPS induces cytokine production in the gut mucosa. Could
it even be that such LPS-induced release of e.g. TNF can explain catabolic effects in the
neonate, even part of the early weight loss?

To study this in vitro we exposed human cell lines of mzcrophages (U937) and of colon
epithelium (HT29) to LPS in the presence and absence of various protein fractions of human
milk and determined the release of IL-6 with a bioassay. Our preliminary data show that human,
but not bovine lactoferrin, could decrease the release of IL-6. This may agree with recent work
demonstrating that lactoferrin, both can bind to LPS and in a complex with LPS via a LPS
receptor can also bind to macrophages. In addition lactoferrin can bind directly to macrophages
(26). It is thus possible that one role of human milk lactoferrin may be to depress the infant’s
potentially harmful cytokine response to LPS.
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THE MAIN ANTIBODIES OF HUMAN MILK: SECRETORY IGA

The predominant antibody in human milk, the secretory IgA is common to all parts of the
mucosal defence system in the body. Actually, secretory IgA was first discovered in human milk
(27). The entero-mammaric link results in a close connection between the mucosal immune
system in the gut and the mammary gland. The homing of lymphoid cells to the mammary gland
after antigenic exposure in the Peyer’s patches explains the presence in milk of IgA antibodies
to numerous microbial and food antigens (28). Secretory IgA responses are usually rather short-
Jasting. Still milk samples contzain IgA antibodies against so many different antigens that it seems
unlikely that the mother can recently have met them all. The fact that we find quite high
avidities of milk IgA antibodies against e.g. diphteria toxoid and E.coli O antigens (29) may be
due to that milk antibodies are made by memory cells which produce a rather mature antibody
response with high avidity antibodies in the mammary gland. Actually the avidity of milk
antibodies to Vibrio cholerae LPS in Pakistani women did not even increase after parenteral
vaccination, suggesting an already mature response (30). Presumably the memory cells are
homing to the glands via effects of the lactogenic hormones as originally shown in mice (31).

The only human milk component that has been proven to be protective per se is secretory
IgA. Secretory IgA antibodies in milk have been related to protection against V.cholerae, ETEC
and Campylobacter-induced diarrhoea in breastfed infants (32,33,34).

In previous studies with Dr Cruz at INCAP, Guatemala we have not found evidence for
impaired milk IgA antibody levels or responses in protein undemourished mother compared to
priviledged controls (35,36,37). More recently we found, however, that milk antibody avidities
were lower in Pakistani than Swedish mothers (29). These Pakistani mothers were not overtly
undernourished, but it cannot be excluded that nutritional deficiencies still may be the most
likely explanation for the difference. Actually Dr Cruz will report a study at this meeting which
indicates a possible difference in ilk antibody avidity comparing undernourished mothers
supplemented with a high or a low calory. intake. This difference at the end of 20 weeks of
supplementation might indicate an effect, although minimal, of undernutrition on the quality of
the antibodies as to’their binding capacity, or avidity.

However, there might be other explanations since we also found lower antibody avidities in
colostrum from Costa Rican than Swedish mothers. However, in the mature milk they were not
different. There is no evidence of nutritional differences between these mothers.

VACCINATION AND HUMAN MILK

In previous studies we have noticed that parenteral vaccination of mothers e.g. with
V.cholerae or poliovirus vaccine quite consistently increase milk secretory IgA antibody titres
as well as serum titres (38-40). In contrast, live peroral vaccines against poliovirus and typhoid
bacteria, or a food protein, very often decreased preexisting milk antibody titres (37,39,40),
although the serum antibodies increased (38,39,40). The explanation is still not known.

Pakistani mothers have high neutralizing capacity against poliovirus in colostrum (41). If oral
live poliovirus vaccine is given on the day of birth as presently adviced by WHO it is likely that
this vaccine dose of virus may be neutralized if the mother starts breastfeeding at once. On the
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other hand colostrum is presently not given in many traditional societies as discussed above,
even in newboms who are to be breastfed. Advocating immediate start of breastfeeding as we
should, there may be an increased risk of interference with the first dose of oral poliovirus
vaccine.

In a preliminary study we noticed that breastfeeding seemed to enhance vaccine responses
in the infant (42). Actually the study was performed to investigate whether or not there would
be a difference in the vaccine response in infants given a low (1.1 g/100ml) or conventional (1.5
g/100 ml) protein formula. There was no difference so the formula groups were combined and
compared with the breastfed control group. The breastfed infants produced more secretory IgA
antibodies than the formula fed in the saliva against the parenteral tetanus, diphtheria and peroral
poliovirus vaccine. The fecal IghM antibody responses to the tetanus and poliovirus vaccines were
also higher among the breastfed than the formula fed infants. This was seen in the responses
shortly after the vaccination as could be expected for the short lasting local mucosal antibody
production, The serum IgG antibodies to diphtheria toxoid and the serum neutralizing activity
against poliovirus were significantly higher in the breastfed than the formula fed groups at 21-40
months of age.

The explanation how breastfeeding could enhance vaccine responses in the infant is not
obvious. Growth factors in the milk could for instance be important. Another possibility occurs
from our studies of anti-idiotypic antibodies to poliovirus. We find such antibodies in human
serum, including cord serum and commercial immunglobulin preparations (43). We have
proposed that such antibodies passing via placenta can initiate antibody production to poliovirus
in the fetus. This would explain how we can find secretory IgA and IgM antibodies to poliovirus
in newborns in Sweden, where vaccination with inactivated poliovirus vaccine has eliminated
both wild and vaccine virus strains, Such antibodies are also found in neonates of mothers who
lack them due to hypogamma-globulinemia or IgA deficiency (44). In the
hypogammaglobulinemia mothers the stimulating anti-idiotypic antibodies should come from the
immunoglobulin prophylaxis given to protect them.

We also find anti-idiotypic antibodies to poliovirus in human milk (43). With a similar
reasoning as above we would like to suggest that the anti-idiotypic antibodies present in human
milk might enhance the vaccine responses of the breastfed infant by priming its immune system.
Actually, there is support for such a concept from studies in mouse models (45,46).

INFANT MORTALITY, BIRTH RATES AND BREASTFEEDING

It is quite clear that breastfeeding can decrease morbidity and mortality among infants. A
change in nursery routines with increased breastfeeding in rural Costa Rica decreased mortality
in diarrhoea, pneumonia, bacteremia and meningitis fourfold (47). It is obvious that by
promoting breastfeeding the lives of many children can be saved and the morbidity of the
survivors can be decreased.

However, according to the disturbing note by Maurice King in The Lancet last year we may
by saving lives in many poor areas only "add to the man-years of misery” because of the drastic
population increase which ultimately results in ecologic destruction (48). Due to these ecological
effects the increasing population can no longer support itself. One conclusion of Dr King is that
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we perhaps should not try to decrease infant mortality indiscriminately. This is a serious and
important debate about one of the major problems of our time. However, we think there is a
significant factor left out in this debate: breastfeeding does not only decrease morbidity and
mortality but it is also anti-conceptional. Breastfeeding may prevent more births than all family
planning programs together in the world according to UNICEF. There are good data to show
the importance of breastfeeding to decrease fertility or fecundity in developing countries (49).
Demographers, as well as Dr King, doubt that there is a connection between the decrease of
infant mortality and birth rates. Such a lack of relation seems strange when breastfeeding so
clearly can decrease infant mortality as well as birth rates. Furthermore, with the increased
spacing between births that results from breastfeeding, there is also a decreased mortality
(49,50). Also, it has been shown that with smaller family size the risk of death in infections may
decrease, presumably due to less crowding. These factors taken together makes it obvious that
promotion of breastfeeding is an urgent and important task.

CONCLUSIONS

Exclusive breastfeeding sems to be much less common than partial breastfeeding with a
delayed onset in many poor societies. Promotion of breastfeeding was quite successful in such
a community in Pakistan. Breastfeeding clearly protects against gastroenteritis, neonatal sepsis,
lower respiratory tract infections, otitis media and necrotizing enterocolitis. Promotion of
breastfeeding could save many lives, but would also prevent many births due to the anti-
conceptional effect of breastfeeding.

The host defence factors of human milk are not all well defined. The predominant antibody,
the secretory IgA is important for.defense and the major whey protein lactoferrin may be anti-
inflammatory by preventing LPS induced cytokine release in the infant. Many other milk
components are anti-inflammatory.

Protein undernutrition does not have striking effects on the amount of milk antibodies
produced, but some data suggest that the binding capacity, or avidity of the antibodies may be
affected, although only slightly.

Breastfeeding influences the intestinal flora, both by decreasing colonization with potential
pathogens and possibly by decreasing microbial virulence.

Breastfeeding also seems to enhance the vaccine responses of infants.
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