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Breast Milk Reduces the Risk of Illness in Children of
Mothers With Cholera
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Background: A protective effect of breastfeeding against cholera

has been demonstrated in areas endemic of cholera. To assess the

protection offered by breast milk from mothers living in an area that

had been free from cholera for 7 years, we investigated mothers with

cholera and their children during an epidemic with Vibrio cholerae

El Tor in the capital of Guinea-Bissau.

Methods: Eighty mothers with clinical cholera and their children

were identified, and interviewed. Blood samples for vibriocidal and

antitoxin antibodies were collected from mother-and-child pairs.

Breast milk samples were collected from lactating mothers.

Cholera was defined as acute watery diarrhea during the epi-

demic and a vibriocidal reciprocal titer of 20 or above.

Results: Three (7%) of 42 breastfed children had cholera as defined

above compared with 9 (24%) of 38 nonbreastfed children (RR for

breastfed children, 0.19; 95% CI, 0.04–0.91, adjusted for age). The

3 breastfed children who developed cholera received milk contain-

ing lower concentrations of anticholera toxin IgA/total IgA (median,

2.0 units/mL) than 14 children who had serologic signs of coloni-

zation but did not develop the disease (median, 17.4 units/mL).

Conclusions: The protective effect of breast milk against cholera is

not confined to endemic areas. Lactating mothers with cholera

should receive supportive care to continue breastfeeding.
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Cholera is a threat to the health of the populations in Asia,
Africa, and the Americas.1–4 In areas where cholera is

endemic, the disease primarily affects nonimmune segments

of the population, including children. In addition, individuals
heavily exposed to fecal matter, such as mothers of young
children, can have high rates of cholera.5 By contrast, when
introduced to nonimmune populations, cholera affects per-
sons of all ages, although the highest morbidity usually is
recorded among adults.6 Common for both cholera-endemic
and -epidemic settings is the observation that infants and
children of breastfeeding age usually have mild disease or
low disease rates.5,7

Two major factors contribute to the low disease rates.
First, young children may be protected against severe disease
because of cross-protection from recent infections with ente-
rotoxigenic Escherichia coli (ETEC) producing heat-labile
toxin (LT), a toxin almost identical to the cholera toxin.6,8

Second, protection offered by the anti-infective properties of
maternal milk, both nonspecific and specific factors, may
mitigate disease after exposure and colonization with Vibrio
cholerae.9–12

A study from Bangladesh showed that specific breast-
milk antibodies against cholera toxin protected infants from
disease but not from colonization with V. cholerae.9

It is conceivable that the breast-milk antibody response
is most efficient in populations where exposure to V. cholerae
is endemic and less efficient in settings where V. cholerae is
introduced after several years of absence. Furthermore, vac-
cinated lactating mothers have a higher secretory IgA re-
sponse in breast milk among naturally primed mothers than
among nonprimed mothers.13,14

The objective of the present study was to determine
whether or not there is an association between specific breast
milk antibodies and risk of colonization by and disease from
V. cholerae in a population that had been free from cholera
for almost 7 years.

MATERIALS AND METHODS

In October 1994, cholera was reported for the first time
since 1988 in the West African country of Guinea-Bissau.
During the epidemic, which was caused by V. cholerae O1
biotype El Tor serotype Ogawa and lasted for 6 months,
15,719 cases were reported.15 Molecular studies of the im-
plicated strain suggested that it was epidemiologically unre-
lated to the strain that caused the previous epidemic.16 The
Bandim health project, an ongoing demographic surveillance
in the periurban areas of Bandim and Belem (population
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approximately 40,000), in the capital Bissau, organized sev-
eral activities during the epidemic. Daily assistants from the
project reviewed consultations books and discharge list from
the city hospital and the 2 health centers in the study area to
identify persons with cholera. This identification enabled a
home-based follow-up of mothers with cholera and their
children. In addition, a house-to-house-based survey in the
areas of Bandim and Belem identified additional suspected
cases of cholera missed by the official reporting.

Mothers who had reported cholera or acute watery
diarrhea during the epidemic and with children below 3 years
of age were eligible for the study. We excluded women who
were visitors or were traveling during the epidemic period or
from whom we could not obtain a blood sample.

The Research Committee of the Ministry of Health in
Guinea-Bissau approved the study. The respondents were
asked for informed consent before the interview and the
collection of approximately 1 mL of capillary blood from the
mother and her child. A 5-mL volume of milk was obtained
by manual expression of one breast from lactating mothers
before the child was breastfed. All samples were kept on ice
in an insulated box. Specimens were placed in a refrigerator
within 3 hours.
Laboratory Methods. Blood samples were centrifuged and
serum was frozen. Breast-milk samples were centrifuged at
2500 rpm for 10 minutes to remove cells and lipids and then
frozen at �20°C.

The response of specific IgA antibodies against chol-
era-toxin subunit B (anti-CTB IgA) in the milk samples was
tested by means of GMI enzyme-linked immunosorbent assay
(ELISA) method.13

Total IgA concentration was measured by a total IgA
ELISA using a Swedish breast-milk sample with a known
IgA concentration as reference. The anti-CTB IgA titer was
divided by the total IgA concentration to adjust for variations
that might be ascribed to dilution.

The IgA and IgG antibody responses against CTB in
serum were measured by GMI-ELISA.17 The vibriocidal
antibody responses in serum were measured by a microtiter
technique, as described. Titers were determined against El

Tor serotype Ogawa, as well as El Tor serotype Inaba V.
cholera O1.17,18

Case Definitions and Statistical Methods. A case of clinical
cholera was defined as a person who had acute watery diarrhea
during the epidemic and had a vibriocidal reciprocal titer against
V. cholerae O1 serotype Ogawa or Inaba of 20 or above.

Comparing proportions in age groups of children was
by �

2 for trend and adjusting for age in estimation of the
relative risk of cholera was done by Mantel-Haenszel tech-
nique. We used nonparametric methods (Kruskal-Wallis test)
to compare antibody titers among age groups. Linear regres-
sion of log-transformed values was used to correlate amounts
of anti-CT IgA/total IgA against maternal vibriocidal and
antitoxin antibody titers.

RESULTS

The study included 80 mother-child pairs, of whom 74
were officially notified cases of cholera-patients and 6 were
identified in the house-to-house survey. The median age of
the mothers was 27 years (range, 16 to 39 years), 66 (82.5%)
had sought health care at a hospital, and 41 (53.2%) were
admitted as inpatients. The median serum vibriocidal recip-
rocal antibody titer against serotype Ogawa was 1280 (inter-
quartile range, 320 to 5120), median IgG reciprocal titer
against CT was 410 (interquartile range, 205 to 878), and
median IgA reciprocal titer against CT was 35 (interquartile
range, 16 to 69).

Forty-two (51%) of the children of these mothers had
vibriocidal titers of �20. Fifteen (19%) had had a diarrhea
episode during the epidemic, and 12 of these had vibriocidal
titers of antibodies �20 and were thus considered cholera
cases (Table 1). With increasing child age, there were in-
creased proportions of children who had samples positive for
vibriocidal antibodies (P � 0.003, �

2 for trend), and the titers
of antibodies against cholera toxin were higher by increasing
child age (P � 0.001 for IgG and P � 0.014 for IgA). By
contrast, there was no significant increased disease rate by
age. Among 38 weaned children, 9 (24%) had cholera,
compared with 3 cases among 42 (7.1%) breastfed children

TABLE 1. Results From Examination of 80 Children Whose Mothers Had

Cholera During the 1994/1995 Epidemic in Guinea-Bissau

Variable

Child Age

2–11 mo
(n � 28)

12–23 mo
(n � 22)

24–36 mo
(n � 30)

Blood samples
No. (%) with vibriocidal antibodies �20 11 (39) 8 (36) 22 (73)
No. (%) with cholera* 4 (14) 2 (9) 6 (20)
Geometric mean (25%–75%)
Vibriocidal antibodies† 12.5 (5–560) 5 (5–640) 640 (5–1280)

Anti-CTB IgG 132 (43–503) 324 (140–615) 585 (278–2162)
Anti-CTB IgA 10 (5–25) 30 (15–43) 33 (15–100)

Milk samples
No. (%) breastfed 25 (89) 15 (68) 2 (7)
Geometric mean (25%–75%) of breast

milk anti-CTB IgA/total IgA
16.7 (2.5–25) 7.7 (1.7–14.3) 0.5 (0.5–0.5)

*Children who experienced a diarrheal disease plus vibriocidal antibodies �20.
†Against serotype Ogawa or Inaba.
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(RR, 0.30; 95% CI, 0.09–1.03) (Table 2). After adjusting for
age, the relative risk of cholera among breastfed children was
0.19 (95% CI, 0.04–0.91). Among breastfed children, 17 of
42 (40%) had vibriocidal titers �20, compared with 24 (63%)
of the nonbreastfed children.

Breast-milk samples were available from all 42 lactat-
ing mothers. With increasing child age, the titers of anti-CT
IgA/total IgA in breast milk decreased (P � 0.0001, Kruskal-
Wallis test, Table 1). This was due to larger amounts of total
IgA/mL with increasing age of the children (geometric mean,
0.85 mg/mL among infants compared with 1.08 mg/mL
among children 12–36 months of age �P � 0.01�), whereas
anti-CT IgA titers were independent of child age. Three
breastfed children who had cholera received milk with a
median anti-CT IgA/total IgA of 2.0 units/mL (range, 1.3 to
2.4) compared with an anti-CT IgA/total IgA of 17.4
units/mL (range, 2.5 to 28.6) in milk consumed by 14 chil-
dren who were seropositive for vibriocidal antibodies but had
no diarrhea. Among the total of 39 children who had vibrio-
cidal antibodies titers �20 or were vibriocidal-positive but
had no diarrhea, the geometric mean milk values were 14.0
units/mL (range, 2 to 20).

The concentrations of anti-CT IgA/total IgA in milk
correlated with maternal vibriocidal antibodies titer (correla-
tion coefficient r � 0.40, P � 0.009, linear regression, Fig.
1), as well as with maternal blood IgA titers against cholera
toxin in serum (r � 0.51, P � 0.001, linear regression).

DISCUSSION

During the 7-year interepidemic period of this study there
were no notified cases of cholera, and microbiologic studies
carried out in that period did not isolate V. cholerae from
patients with gastroenteritis (A. Dalsgaard, unpublished data).

A study from Chile showed low preimmune titers
(GMT approximately 10 a.u.) in infants and toddlers before
vaccination.19 It is known that a small percentage of persons
from nonendemic areas have naturally occurring low titers of
vibriocidal antibodies.20

During an epidemic of cholera, it is reasonable to
assume that the presence of vibriocidal antibodies �20 a.u.
by and large is due to clinical or subclinical infection with
V. cholerae. We therefore assume that the presence of vibrio-
cidal antibodies was due to exposure from V. cholerae in the
present epidemic, and our working definition of cholera may
thus be valid for epidemiologic purposes. According to these
assumptions, we show that approximately half of the children
of mothers with cholera may have been colonized with
V. cholerae and that colonization frequency increased with
increasing child age. The study also suggests that breast milk,
even in an epidemic situation, may protect against cholera.
There was a higher risk of disease from cholera among
nonbreastfed children, and there was also an indication that
children who developed cholera in spite of breastfeeding
were fed with breast milk with a low content of specific
cholera-toxin antibodies. Breastfeeding did not seem to pro-
tect against colonization with V. cholerae, only against de-
veloping the disease. Our data from a cholera epidemic
corroborate previous data from a highly endemic setting in
Bangladesh.9

Previous studies with focus on the protective effects of
breastfeeding against cholera have mainly been made in
endemic areas or after vaccine induction. Vaccination may
induce an IgA antitoxin-response in milk in only 27% of
women versus 80%–90% of women with naturally induced
cholera.13,14 The present study is one of the first studies
measuring specific anticholera IgA antibodies after natural
cholera disease in an epidemic setting.

There were lower titers of anti-CT IgA/total IgA in
breast milk of mothers of older than younger children. This
should not be regarded as an “inferior immunologic quality”
of breast milk from mothers who feed their children after 1
year of age. Rather, this finding was due to increased amounts
of total IgA with increasing age, perhaps because of less milk
production in mothers of partially weaned children. This
observation is corroborated by a Guatemalan study that re-
ported a higher concentration of IgA in the milk samples from
mothers with more than 1 year of lactation.21

Large amounts of anticholera toxin antibodies secreted
in breast milk were related to maternal antitoxin antibody
concentrations of IgA but also of IgG in serum and, to a
certain degree, also to maternal vibriocidal antibody titers.
These findings suggest that heavily exposed mothers can have
powerful breast milk antibody responses, which in turn may
protect their children from cholera. Similar observations have
been made in Bangladesh.9

TABLE 2. Attack Rate of Cholera in the 80 Children, by

Age and Breastfeeding Status, Guinea-Bissau, 1994–1995

Age Group
Cholera (%)

Breastfed Not Breastfed

2–11 months 2/25 (8%) 2/3 (67%)
12–23 months 1/15 (7%) 1/7 (14%)
24–36 months 0/2 (0%) 6/28 (21%)
Total 3/42 (7%) 9/38 (24%)

FIGURE 1. The correlation between maternal anti-CTB IgA
milk antibodies vs. maternal anti-CTB IgA serum antibodies.
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It is a limitation of the study that specimens were
collected at a variable interval of 2 weeks to 3 months after
illness. Another limitation is that it is not possible to measure
the amount of milk consumed by the children.

Immunologic memory from the 1987/1988 epidemic in
Guinea-Bissau may have played a role in the maternal serologic
response observed in the present study. Because anti-CT is
strongly cross-reactive with the heat-labile enterotoxin (LT) of
ETEC and ETEC are highly endemic in Guinea-Bissau,8,22 it is
possible that previous exposures to LT producing ETEC en-
hanced maternal antibody responses to cholera toxin during the
recent epidemic.

Even gravely undernourished women are capable of
producing high titers of anti–V. cholerae enterotoxin IgA in
their milk.14 All mothers should be encouraged to continue
breastfeeding even if they become ill. We believe that guide-
lines for the control of cholera should emphasize the positive
value of breastfeeding, and lactating mothers with cholera
should receive the necessary supportive care to continue or
restart breastfeeding as soon as possible.

REFERENCES

1. Swedlow DL, Isaacson M. The epidemiology of cholera in Africa. In:
Wachsmuth IK, Blake PA, Olsvik O, eds. Vibrio cholera and Cholera:
Molecular to Global Perspectives. American Society for Microbiology;
1994:297–307.

2. Glass RI, Claeson M, Blake PA, et al. Cholera in Africa: lessons on
transmission and control for Latin America. Lancet. 1991;338:791–795.

3. Miller CJ, Feachem RG, Drasar BS. Cholera epidemiology in developed
and developing countries: new thoughts on transmission, seasonality,
and control. Lancet. 1985;1:261–263.

4. St. Louis ME, Porter JD, Helal A, et al. Epidemic cholera in West
Africa: the role of food handling and high-risk foods. Am J Epidemiol.
1990;131:719–728.

5. Glass RI, Becker S, Huq MI, et al. Endemic cholera in rural Bangladesh,
1966–1980. Am J Epidemiol. 1982;116:959–970.

6. Butterton JR, Calderwood SB. Vibrio cholera O1. In: Blaster MJ, Smith
PD, Ravdin JI, et al, eds. Infections of the Gatrointestinal Tract. New
York: Raven Press, Ltd; 1995:649–670.

7. Clemens JD, Sack DA, Harris JR, et al. Breastfeeding and the risk of
severe cholera in rural Bangladeshi children. Am J Epidemiol. 1990;131:
400–411.

8. Holmgren J, Soderlind T. Cross-reactivity between heat-labile entero-
toxins of Vibrio cholerae and Escherichia coli in neutralization test in
rabbit ileum and skin. Acta Pathol Microbiol Scand. 1973;section B
81:757.

9. Glass RI, Svennerholm AM, Stoll BJ, et al. Protection against cholera in
breast-fed children by antibodies in breast milk. N Engl J Med. 1983;
308:1389–1392.

10. Mitra AK, Rabbani F. The importance of breastfeeding in minimizing
mortality and morbidity form diarrhoeal diseases: the Bangladesh per-
spective. J Diarrhoel Dis Res. 1995;13:1–7.

11. Holmgren J, Hanson LA, Carlson B, et al. Neutralizing antibodies
against Escherichia coli and Vibrio cholera enterotoxins in human milk
from a developing country. Scand J Immunol. 1976;5:867–871.

12. Stoliar OA, Pelley RP, Kaniecki-Green E, et al. Secretory IgA against
enterotoxins in breast-milk. Lancet. 1976;1:1258–1261.

13. Jertborn M, Svennerholm AM, Holmgren J. Saliva, breast milk, and
serum antibody responses as indirect measures of intestinal immunity
after oral cholera vaccination or natural disease. J Clin Microbiol.
1986;24:203–209.

14. Svennerholm AM, Hanson LA, Holmgren J, et al. Different secretory
immunoglobulin A antibody response in Swedish and Pakistani women.
Infect Immun. 1980;30:427–430.
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