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INTRODUCTION

Human breast milk contains several soluble and cellular components that may counteract
microbial negative effects in the mucosae of the breastfed infants (1-3). The n vitro
antimicrobial action of these milk factors, such as receptor analogues, lipids, lysozyme and cells
of the defense system, has been well documented (4-7). Experimental studies using animals
have proven that some of the components of human milk may be important in vivo (8-10). In
the human, however, only specific IgA antibodies have been shown to be protective: Children
infected with either Vibrio cholerae or heat-labile toxin producing E. coli have a decreased risk
of developing diarrhea when they ingest milk with high titers of IgA antibodies, directed against
the respective bacterial toxins and somatic antigens (11,12). High levels of IgA antibodies
agamst cow's milk proteins also protect the breastfed child from developing allergy to the bovine
proteins (13).

Several investigators have addressed the question of the protective potential of breast milk of
women from different locations, by analyzing 1ts content of total secretory IgA and of specific
antibodies (14-17). Special attention has been given to the effect of maternal nutntional status
on these parameters and, although one report presented data indicating decreased levels of
specific antibodies in colostrum but not in mature milk of undernourished women (14), the
information available shows that there is no impairment among underprivileged women to
mount an IgA antibody response in milk (15-18). Nevertheless, none of these studies have
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investigated the quality of the specific antibodies. Recently, Roberton et al (19) reported that
the avidity of milk IgA antibodies directed against E. coli somatic antigens and diphtheria toxin
among Pakistani women, was lower than in Swedish mothers. The authors, however, clearly
state that the mothers from Pakistan were not obviously undernourished.

Antibody avidity is an estimation of its binding strength and, therefore, of its functional
capacity. Here we present information in regard to milk IgA antibody levels and avidity in
samples obtained from Guatemalan undemourished women, and the effect on these parameters
of caloric supplementation duning 20 weeks of lactation. The original protocol, a randomized,
double-blind, controlled study, was planned to evaluate the effect of supplementation of
undernourished lactating women on their milk production (20).

MATERIALS AND METHODS
Women

The study population was drawn from several communities of Quetzaltenango, a department
in the Northwest of Guatemala., Only undemourished women were considered as potential
participants. Calf circumference was used to screen the women. Previous hospital-based
comparisons showed that calf circumference was a more sensitive discriminator of
undernourished women than arm circumference, or skin folds (20). Recruitment into the study
was done during the last trimester of pregnancy, after informed consent was given. Women
were randomized, stratifying by height, into one of two groups. Starting on the fifth week
postpartum, mothers in group A were given high-calorne cookies (250 Kcal/unit) while mothers
in group B received low-calorie ones (70 Kcal/unit). The supplements, two cookies per day,
were delivered at the mothers’ homes Monday through Saturday by community distributors.
Compliance with supplement consumption was monitored daily. Women were advised to
consume these cookies in addition to their usual diets. The cookies were based on wheat, cormn
and soy flours, and contained sugar, sesame seeds and chocolate or vanilla flavor. There were
111 mothers recruited into the main study (56 in Group A and 55 in Group B); of these, 67 were
included in the immunological analyses but only 48 (28 in Group A and 20 in Group B) had
determinations done when the study was initiated, and at the three follow-up points. The
baseline characteristics of the women are presented in Table 1.

Field methodology

At five weeks postpartum, and before the supplementation was started, mothers were 1nvited
to the study clinic where they spent 28 consecutive hours. During this period, the 24hr milk
volume was estimated by the test-weighing method. Two hours after the last feeding, the left
breast was totally emptied by extraction with a mechanical pump., These procedures were
repeated at 10, 20 and 25 weeks postpartum, that is, 5, 15 and 20 weeks after initiation of the
nutritional treatments. Anthropometric measurements were also done at these times.
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Table 1
Initial characteristics of the women

With IgA Studies

Total
Broup Sugjl;cts Ilsfzesitreeds
(37/30) 28/20
Weight (Kg)
Diet A 42.2 4 3 8* 41,8 + 38 42.2 + 4.0
Diet B 43.0 +33 430+ 2.9 425 + 2.8
Height (cm)
Diet A 143.5 + 4.8  143.1 £ 5.0 1429 + 4.6
Diet B 1438 +5.2 143.6 + 5.0 142.7 + 4.7
Calf circumference (cm)
Diet A 295 + 1.4 295+ 1.4 29.6 + 1.3
Diet B 29.5 + 1.3 29.5 4+ 1.2 29.3 + 1.3
Age (years)
Diet A 24.6 + 6.0 249 1+ 6.4 253+ 7.0
Diet B 26.4 + 6.9 212+ 69 25.7 + 6.2

* Mean + Standard Deviation
No difference between diets
No difference among groups

Laboratory methodology

The milk samples were placed in glass containers, frozen at-20°C and transported to INCAP’s
central laboratory. Frozen specimens were thawed, homogenized and sonicated. An aliquote
was then taken, frozen again, and not thawed until immediately before its analysis. Levels of
IgA antibodies against E. coli 06 and against a pool of ten E. coli somatic antigens (01, 02, 04,
06, 07, 08, 018, 022, 025 and 075), hereafter called E. coli 10, were determined by the
enzyme-linked immunosorbent assay (ELISA), as previously descnibed (17). The avidity of the
antibodies was also investigated by ELISA, using the thiocyanate elution technique (21).
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Statistical methodology

Repeated measures multiple regression analyses were done (22, 23) to evaluate the effect of
treatment on immunological parameters. Maternal nutritional status, antibody values, milk
volume, and milk nutritional quality were taken into consideration when exploring the effect of
treatment through time on antibody levels and avidity. To further discriminate the effect of
initial nutritional status of the women on antibody levels and avidity, the mothers in each
treatment group were divided into two additional categories: Those whose calf circumference
was below the median (29.5 cm), and those with values above the median.

RESULTS

The levels of specific IgA antibodies against Escherichia coli 06 were similar in Group A and
Group B at baseline. These titers remained unchanged in the two groups of women at weeks
10 and 20 of the study. At week 25, however, there was a significant increase in the titers of
the mothers in Group B, while that of women in Group A did not change, making the difference
among groups highly significant (p = 0.0168, Table 2). Multiple regression analysis of repeated
measures indicated that there was an effect of diet in time, with the women in Group B showing
higher antibody levels than the supplemented ones (Table 6). The group with the highest anti-E.
coli 06 antibody levels at week 25 was that of the women with smaller calf circumference in
Group B (43 + 25; Table 4). The levels of anti-E. coli 06 IgA milk antibodies depended on
their initial values, related to the initial volume of milk produced by the mother, and to changes
in milk output during the study period. Other variables that were found related to changes in
anti-E coli 06 antibodies in mllk were initial av:dxty of the specific IgA anti-E. coli 06
antibodies, initial milk calorie content, and changes in caloric milk values.

At baseline, levels of IgA antibodies against E. coli 10 were identical in the two groups of
mothers (Table 2). Although there was a tendency for higher initial values among the mothers
with Jarger calf circumference in the two diets, the trend did not attain statistical significance
(Table 5). The levels of antibody changed s:gmf‘ icantly during the study period, but there was
no difference in these ‘titers between the two dietary groups (Table 6). Statistical analyses
showed that the levels of anti-E. coli 10 milk IgA antibodies were related to their initial value,
to the initial milk output, and to changes in milk volume (p = 0.0007).

The avidity of milk IgA antibodies directed against E. coli 06 among mothers in Group A and
among those in Group B was similar (Table 3). The mean values showed time-related changes,
but there were no differences between the two study groups of women (Table 6). The avidity
of anti-E coli 06 antibodies at week 10, 20 and 25 depended on the values observed at week 5
(Table 6).

There were differences among the two groups of women in the way the avidities of milk IgA
antibodies against E. coli 10 behaved in time: The mean avidity remained unchanged among
subjects in Group A. In Group B, the tendency was towards lower avidity at weeks 20 and 25
(p = 0.0009, Table 3). This pattern was independent of calf circumference category within each
group. Again, avidity values at weeks 10, 20 and 25 were dependent on the values observed
at the beginning of the supplementation (p = 0.0001, Table 6).
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Table 2
Milk IgA antibody levels (% of standard)

Time Postpartum (Weeks)

5 10 20 25
Antibodies against
E. coli 06
Diet A 23 4+ 14%* 20+ 15 23 4+ 22 24 + 13
Diet B 26 + 23 19 + 14 25 + 16 37 + 22
Antibodies against
E. coli 10
Diet A 51 + 21 43 4+ 16 42 + 20 44 + 21
Diet B 50 + 28 39+ 18 38 4+ 21 42 + 23
* Mean + Standard Dewviation
Table 3

Milk IgA antibody avidity (M KSCN)

Time Postpartum (Weeks)

R 5 10 20 25
Antibodies against
E. coli 06
Diet A 164+08* 16+06 17408 1.7 +0.7
Diet B 1.3+05 15+05 15406 1.3+0.56
Antibodies against
E. coli 10
Diet A 2.1 + 0.6 1.9+05 22+06 2.1+06
Diet B 1.8 + 0.4 1.8+06 14406 15+ 0.7

* Mean + Standard Deviation
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Table 4

Antibody levels(%) in relation to nutritional status! and diet?

Antibody Levels® against E. coli 06

Nutritional Diet Time Postpartum (Wk)
Status 5 10 20 25
Thin A 23 + 13 24 + 20 25 + 30 25 + 17
Thin B 21 + 14 18 + 11 23 + 16 43 + 25
Heavy A 23 + 15 18+ 9 18 + 10 23+ 9
Heavy B 30 + 28 19 + 16 26 + 16 29 + 18

I Calf circumference
2 A: High Calone Supplementation; B: Control
3 Mean + S.D.; Diet B Higher than Diet A at 25 Wk.

Table 5

Antibody levels (%) in relation to nutritional status! and diet®

Antibody Levels® against E. coli 10

Nutritional Diet

Time Postpartum (Wk)

Status 5 10 20 25

Thin A 48+722 41+18 35+ 19 37 + 18
Thin B 43+26 36+24 33+22 41+22
Heavy A 55+ 19 46+ 12 50+ 18 53 +23
Heavy B 56430 42+ 13 41 +21 42425

'Calf circumference; 2A: High Calorie Supplementation; B: Control; 3Mean + S.D.
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Table 6

Repeated measures analysis of variance*

Probability
Source Antibody Levels Antibody Avidity
E. coli 06 E. coli E. coli 06 E. coli 10
10

Between Subjects
Calf NS NS NS NS
Circumference
Diet NS NS NS NS
Calf Cir x Diet NS NS NS NS
Imitial Values 0.0001 0 0001 0.0001 0.0107
Within Subjects
Week 0.0001 0 0344 0.0003 0.0001
Week x Calf cir NS NS NS NS
Week x Diet 0.0168 NS NS 0.0009
Week x Diet x 0.0844 NS NS NS
Calf
Week x Initial 0.0002 0.0005 0.0007 0.0001
Value

* Probability, Pr > F

DISCUSSION

205

Undemounished children are restricted in their capacity to mount an appropriate mucosal IgA
immune response to measles and polio vaccines (24). The information currently available,
however, indicates that maternal under-nutrition does not have a deleterious effect on the
capacity of mothers to provide their offspring with high levels of IgA antibodies via breast milk

(15-18).

Here, we have analyzed the impact on milk IgA antibody levels of caloric

supplementation, during 20 weeks of lactation, of initially undemourished women. The results
do not show any positive effect of caloric supplementation on the levels of the specific antibodies

tested.
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It is of interest to note that the behaviour during the 20-week study period of levels of the
antibodies tested were dependent on initial values in the mothers, implying that whatever
mechanisms are important in determining the content of specific antibodies in breast milk, are
functional from the beginning of lactation and keep playing an important role throughout its
duration. Nevertheless, and as we have previously shown (235), there are fluctuations in antibody
titers during lactation. On this occasion, we noted the phenomenon among unsupplemented
women whose levels of anti-E. coli 06 antibodies increased by week 25 postpartum. Infections
in the mother may be responsible for these changes in antibody milk content.

The lack of association between maternal nutntional status and milk IgA specific antibody
content found 1n this analysis may be related to a preferential selection of IgA-committed
lymphocytes from the circulation into the mammary gland, a process which may be operational
even in undernourished subjects, at the expense of other mucosal sites such as the nasopharynx,
where JgA immune responses have been reported to be impaired during under-nutrition (24).

In terms of antibody avidity, our results do not show an unequivocal beneficial effect of
caloric supplementation. In the case of the antibodies directed against E. coli 06, where we
observed changes in antibody levels among the unsupplemented mothers, avidity also changed
in time but 1nitial values were a determining factor of subsequent ones. Caloric supplementation
did not have any effect on the anti-E coli 06 antibody avidity. In contrast, the nutritional
intervention was associated with higher avidities of anti-E. coli 10 antibodies at week 20 and 25
postpartum. The difference was due to a significant decrease in the avidity of anti-E. colt 10
antibody avidity among unsupplemented lactating women, suggesting that, in this case, the
caloric supplement prevented the deterioration seen among controls.

The reported fluctuations in milk antibody levels (25), as well as the changes in antibody
avidity presented here and by Roberton and colleagues (19), suggest that the mammary immune
system is a very dynamic one, and that nutritional status is only one of the multiple factors to
be considered as playing an important role.in its expression. Antigenic exposure has to be taken
into consideration and although infections, as monitored by morbidity, were not included in our
analyses, we observed multiple patterns of relationships between the levels and avidities of
specific IgA antibodies. There were cases among whom increases in antibody levels were
accompanied by either increases or decreases in their avidity; in other instances, a decrease in
the level of TgA specific antibody was followed by an increase in its avidity. More in-depth
studies have to be carried out in order to explore the potential determinants of the human JgA
response in the mammary gland. The value of nutntional treatment of undernourished women,
especially during lactation, must be underscored and promoted, as a means to contnibute to their
general wellbeing.
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