
ORIGINAL PAPER

Breastfeeding protects against acute gastroenteritis
due to rotavirus in infants

Anita Plenge-Bönig & Nelís Soto-Ramírez &

Wilfried Karmaus & Gudula Petersen & Susan Davis &

Johannes Forster

Received: 20 January 2010 /Accepted: 21 June 2010 /Published online: 9 July 2010
# Springer-Verlag 2010

Abstract To assess whether breastfeeding protects against
acute gastroenteritis (AGE) due to rotavirus (RV) infection
compared to RV-negative AGE (RV−) in children age
0–12 months. Data from a community-based study of
children with AGE from 30 pediatric practices in Germany,
Switzerland, and Austria were evaluated. A case–control
design was conducted with RV-positive AGE (RV+) cases
and RV− AGE as controls. Odds ratios and 95% confidence
intervals were estimated using log-linear regression models
adjusting for child’s age, family size, number of siblings,
child care attendance, and nationality. A total of 1,256 stool
samples were collected from infants with AGE; 315 (25%)
were RV+ and 941 RV−. Being breastfed in the period of
disease inception reduced the risk of AGE due to RV+
(OR, 0.53; 95% CI, 0.37–0.76). In infants 0–6 months of
age, the protective effect was stronger (OR, 0.33; 95% CI,
0.19–0.55) than in 7–12-month-old children. Our study

adds to the evidence of a protective concurrent effect of
breastfeeding against rotavirus infection in infants, partic-
ularly in children 6 months and younger. Breastfeeding is
important to diminish rotavirus-related gastroenteritis in
infants before vaccination can be introduced.
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Abbreviations
AGE Acute gastrointestinal enteritis
ELISA Enzyme-linked immunosorbent assay
IgA Immunoglobulin A
OR Odds ratio
95% CI 95% confidence interval
RV− Rotavirus negative
RV+ Rotavirus positive

Introduction

Rotaviruses are one of the leading infectious agents
causing gastroenteritis in children and are a relevant
cause of community-acquired gastroenteritis in children
aged 4 years and younger [12]. It has been estimated that
about 3.6 million episodes of rotavirus (RV) disease
occurs annually among the 23.6 million children younger
than 5 years of age in the United States [32]. Prevention
can be achieved by vaccination; however, not in the first
2 months. Breastfeeding is considered to protect against
infections [15, 28]. However, epidemiological findings on
the protective effect of breastfeeding are inconsistent.
Some studies did not show an effect of breastfeeding
against rotavirus infection [2, 14, 16, 23, 25] and others
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found that breastfeeding may alleviate the severity of
symptoms [5, 35]. However, a majority of investigations
reported a protective effect against RV infections [4, 6, 13,
20, 24, 26, 33].

Several studies did not report an association between
breastfeeding and RV-related diarrhea [2, 14, 16, 25]. One
study from India had a small sample size (n=34); only three
infants were not breastfed [25]. In another study from
Brazil, the total sample included 403 infants, but only 46
were RV-positive. There was an overall statistically signif-
icant protective effect of breastfeeding; however, in the 46
RV-positive infants, the association did not gain statistical
significance [2]. In a Canadian study, 16 of 29 infants not
breastfed contracted a RV infection (55%), but only 29 of
75 breastfed infants (39%) [16]. Again, the sample size was
too small to detect a statistically significant protective
effect, but not in an investigation from Bangladesh (n=
2,276) that found that 77% of the infants 0–5 months of age
without diarrhea were breastfed, but 88% of 89 children
were with RV-related diarrhea. The respective proportions
in children 6–11 months of age were 88% and 92%,
respectively [14].

Two studies reported that breastfeeding alleviates the
severity of symptoms compared to community-based
healthy controls or controls in a cohort study [5, 35]. Six
studies reported a protective effect of breastfeeding. Two of
the investigations compared infants with RV infection with
infants hospitalized with other diseases [20, 24]. Another
two projects compared infants in newborn nurseries [4, 33]
and one from 15 days to 2 years of age [13]. Finally, one
study followed up children residing in Abu Homos, Egypt
[26], and compared RV-infected infants under 1 year of age
with those without RV infection.

Since the findings of these studies are inconsistent, the
role of breastfeeding against RV infection is still inconclu-
sive. The discrepancy of these studies may be due to the
age of the children and the selected references (healthy
controls, sick controls, and AGE controls). Contradictory
findings were reported for infants [2, 13, 24, 25] and also
mixed groups of infants and toddlers [5, 14, 16, 23].

The aim of this analysis was to determine whether
concurrent breastfeeding (in the time window in which new
infections occurred) reduced the risk of rotavirus positive
(RV+) AGE in infants age 0–12 months compared to
infants with other AGE.

Materials and methods

A community-based study of children 0–4 years of age
with AGE from 30 pediatric practices in Germany in
May 1997–April 1998 and Switzerland and Austria
(December 1997–May 1998) was analyzed [9, 12, 22].

Stool samples of a total of 3,465 cases with AGE were
tested. The analysis was restricted to children 0–12 months
of age with 1,256 children. Study procedures and data
handling were approved by the ethics committee of the
main referral hospital in the different areas; the principal
vote was obtained at the University of Freiburg.

Collection of data and sample testing

Written informed consent was obtained from the parents
before the collection of data.

Acute gastroenteritis was defined as the occurrence of
vomiting and/or diarrhea not resulting from other evident
causes. Diarrhea was defined as passing of two or more
liquid or semi-liquid stools or a single watery stool per day
by a child [12]. The severity of diarrheal episodes was
assessed using the numerical score of Vesikari et al. (0–20
points) [31], which took into account the duration and
frequency of diarrhea and vomiting, fever, dehydration, and
treatment. The assessment was conducted by the respective
pediatrician, all following the same protocol. Stool speci-
mens were obtained and analyzed by trained physician
assistants to determine the presence of rotavirus using an
enzyme-linked immunosorbent assay (ELISA) test kit
(TestPack Rotavirus; Abbott, Delkenheim, Germany). The
test was performed according to the manufacturer’s proto-
col. The sensitivity of this test was stated to be 95% and the
specificity 90% [3]. Infants with missing stool samples or
missing informed consent were not included.

Parents of children with AGE were asked using a
standardized questionnaire. The following variables were
considered in this analysis: child’s gender (female, male),
child’s age (0–6 and 7–12 months), family size (two
persons, three persons, and more than three persons),
siblings (none, one and two or more), child care (parents
and others versus only parents), nursing (nursed in the
period of disease inception versus not nursed), nationality
(foreign versus one of the three respective nationalities),
season when the child had AGE (summer and winter), and
date of visit.

Data quality assurance was done through weekly
monitoring of data collected. Core checks for all patients
(birth date and presence of AGE) and full check of 10% of
data through the monitor and of all data simultaneously
with the data entry for completeness and plausibility were
performed. Data corrections were implemented through
queries.

Data analysis

A nested case–control design within a cohort of AGE
cases was applied to assess the effect of breastfeeding.
Cases were RV+ AGE children, controls were RV-negative
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AGE (RV−). Odds ratios (OR) and 95% confidence
intervals (CI) were estimated using logistic regression
models. For rotavirus-infected children, the odd ratio
provides the chance of being at risk compared to children
with other gastrointestinal infections. Regarding breast-
feeding, a lower odds ratio indicates that children with
rotavirus infection had a lower chance of being exposed to
breastfeeding compared to children with other AGEs. The
regression models were adjusted for child’s sex and age,
family size, number of siblings, child care, season, and
nationality. In addition to using the whole sample, we
stratified for age of the child (0–6 months and 7–12 months)
and time of the year (October–March and April–Septem-
ber). The SAS statistical package, Version 9.2, was used to
conduct the data analysis.

Results

Of 1,256 children with AGE, 315 cases with rotavirus antigen
in stools were detected (25.1%). Infants between 0 and
6 months of age accounted for 35.6% of the RV+ AGE+ cases
and infants between 7 and 12 months of age for 64.4% of all
RV+ AGE+ cases (Table 1). For children 0–12 months of
age, 17.1% of the RV+ cases and 28.6% of the RV− controls
were breastfed. For the age group 0–6 months, 21.4% of the
RV+ cases were breastfed and 45.0% of the controls. For the
age group 7–12 months, the proportion of breastfed children
was not different in the RV+ and RV− cases (14.8%
compared to 16.7%). There was no difference in the odds
ratios for breastfeeding in October–March and April–
September (data not shown).

Of the confounders, nationality, child care, siblings,
family size, season, and infants’ age had no measurable
influence (Table 2). In the period of RV+ inception, for
RV+ cases compared to RV− AGE+ controls, the odds of
concurrent breastfeeding is lower (OR, 0.53; 95% CI, 0.37–
0.76), indicating a protective effect. Stratification by age
(0–6 and 7–12 months) showed that the protective effect of
being breastfed for children 0–6 months of age (OR, 0.33;
95% CI, 0.19–0.55) is stronger than in the group of 7–
12 months (OR, 0.83; 95% CI, 0.52–1.33). Testing the
interaction between these two age groups and breastfeed-
ing showed a statistically significant difference (p=
0.009).

In addition, all cases of gastroenteritis were characterized
using the Vesikari Score. Among RV-positive infants who
were not breastfed, 24.5% had a Vesikari score of more
than 10; among those who were breastfed, only 9.3% of
RV-positive infants had a Vesikari score more than 10 (p=
0.02). Using the score as continuous variable, the non-
parametric Kruskal–Wallis test showed a statistically
significant difference (p=0.01).

Discussion

The results of this case–control analysis nested in a
community-based study on rotavirus morbidity of infants
0–12 months of age suggest a protective role of concurrent
breastfeeding on acute gastroenteritis caused by rotaviruses
compared to other AGEs. The protective effect was
confined to children 6 months and younger.

There is no indication of a selection bias. A total of
29,092 children age 0–4 years were under observation in 30
pediatric practices in Germany, Austria, and Switzerland—
3,465 cases of AGE+ were detected. We focused on
children 0–12 years of age with 1,256 children. Also, a
recall bias is less likely because information on breastfeed-
ing was recorded by the pediatrician at the first consulta-
tion. RV infection was determined by trained physician’s
assistants by ELISA test kit, whose sensitivity and
specificity provided by the manufacturer were 95% and
90%, respectively [3]. Since the ELISA kit used (TestPack
Rotavirus) may have resulted in at least 10% false-positive
RV children, we assessed the potential effect of this bias.
We assume that the misclassification of the ELISA kit is not
different in breastfed and non-breastfed children (non-
differential misclassification). Originally, we have 315
infants who were RV-positive (54 breastfed) and 941 who
were RV-negative (269 breastfed; Table 1). These numbers
result in an unadjusted OR of 0.52 (54×672/261×269).
Considering that 10% of the infants were RV false-positive,
we would have 49 breastfed and 235 non-breastfed RV-
positive children. The corrected numbers of RV-negative
children thus comprise 274 breastfed and 698 non-breastfed
infants. The adjusted numbers result in an odds ratio of 0.53
(49×698/235×274). Hence, when we correct for a 10%
false-positive proportion, the OR does not deviate substan-
tially (0.52 compared to 0.53), suggesting that the protec-
tive effect of breastfeeding cannot be explained by a
misclassification due to the ELISA test used in this study.

A limitation of our study is that we do not have the
intensity of breastfeeding. Also, information on breastfeed-
ing duration does not exist if the child was not breastfed at
the time when the diarrheal episode occurred.

Given the community-based screening for rotavirus
cases among AGE, we did not compare RV+ AGE+ cases
with children having no gastroenteritis but with RV− AGE+
children. The disadvantage of this approach is an underes-
timation of the protective effect of breastfeeding, since
breastfeeding is known to protect AGE in general [29]. The
advantage of this approach is that we exclude a Berkson’s
bias that may result if we have compared different diseases
with different probabilities of visiting pediatricians [11].
Given this setting, our approach assesses the protective
effect of breastfeeding above and beyond the general
protection of AGE by breastfeeding.
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Our analyses focused on incidence, not on severity;
however, using Vesikari scores, we additionally analyzed
whether breastfeeding mitigates the severity of the infec-
tion. Our findings suggest that breastfeeding may diminish

the symptom score of RV infection. Likewise, in a rotavirus
vaccine study, children who received the vaccine had an
infection prevented or its severity modified [30]. Also, a
prior study demonstrated that children who received RV

Table 1 Distribution of potential confounder variables in children with AGE from pediatric practice, all children 0 to 12 month, May 1997 to
June 1998 (N=1,256)

Risk factor and confounders RV-positive (ELISA), n=315 RV-negative (ELISA), n=941 p-values

Age 0–6 months 112 (35.6) 396 (42.1) 0.041

7–12 months 203 (64.4) 545 (57.9)

Child gender Female 145 (46.0) 443 (47.2) 0.71

Male 170 (54.0) 495 (52.8)

Missing 3

Family size 2 persons 5 (1.6) 29 (3.1)

3 persons 146 (46.3) 459 (48.8) 0.22

More than 3 persons 164 (52.1) 453 (48.1)

Siblings None 150 (48.2) 472 (51.7)

One 120 (38.6) 313 (34.3) 0.39

Two or more 41 (13.2) 127 (13.9)

Missing 4 29

Child care Parents and others 15 (4.8) 27 (2.9)

Parents 298 (95.2) 899 (97.1) 0.11

Missing 2 15

Nursing Nursed at disease

Inception 54 (17.1) 269 (28.6) <0.001

Not nursed 261 (82.7) 672 (71.4)

Nationality Other than below 28 (9.3) 71 (8.0)

German, Swiss, or Austrian 272 (90.7) 815 (92.0) 0.48

Missing 15 55

Time of the year October–March 200 (63.5) 552 (58.7) 0.13

April–September 115 (36.5) 389 (41.3)

RV rotavirus, ELISA enzyme-linked immunosorbent assay

Risk factorsa Odds ratio [95% CI] p-value

Breastfed at disease inception No 1

Yes 0.53 [0.37, 0.77] 0.0004

Child age 0–6 months 0.83 [0.62, 1.11] 0.21

7–12 months 1

Family size 2 persons 0.37 [0.09, 1.48] 0.16

3 persons 0.63 [0.23, 1.71] 0.36

More than 3 persons 1

Siblings None 1.54 [0.53, 4.42] 0.43

One 1.17 [0.76, 1.82] 0.46

2 or more 1

Child care Parents and others 1.50 [0.77, 2.92] 0.23

Parents 1

Nationality Other than below 1.13 [0.70, 1.80] 0.62

German, Swiss, or Austrian 1

Time of the year October–March 1 0.12

April–September 0.80 [0.60, 1.05]

Table 2 Relation between risk
factors and RV+AGE infection
(n=1,142)

aMissing complete data for logis-
tic regression in 12 children
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vaccine had lower hospitalization rates [7], a marker for
severity. Regarding breastfeeding, in a case–control study
from the United States, breastfeeding was protective
against hospitalization for RV AGE for infants <6 months
of age [8]. Comparing a community-based birth cohort in
South India (n=351) to a sample of children admitted to
the hospital with gastroenteritis (n=343), the proportion of
breastfed participants was higher in the community cohort
than in children admitted to the hospital (73% versus
34.8%) (P<0.001) [1]. The authors suggested that in-
creased viral replication in non-breastfed children led to a
greater severity of rotavirus diarrhea resulting in hospital
admission.

In addition, since all children were AGE+, all were
likely to be exposed to some microbial agents. The majority
of AGE cases were RV− (74.9%). Evidence suggests that
microbial agents that cause AGE+ are predominately
viruses (70%) [10]. The proportion of gastrointestinal
infections with bacteria and parasites is higher in develop-
ing countries [34]. Acute gastrointestinal infections due to
bacteria and parasites are acquired often by contaminated
water or food. Regarding rotavirus, because it is stable in
the environment, transmission can occur through ingestion
of contaminated water or food and contact with contami-
nated surfaces. We adjusted to child care and number of
siblings which may be sources of microbial contamination.
Since a lower odds ratio for breastfeeding was identified for
RV+ infants, our findings suggest that breastfeeding has a
specific protection against rotavirus infections.

Possible explanations for the protective effect of breast-
feeding on RV+ include a number of substances found in
breastmilk. First, human milk possesses a protein known as
lactoferrin which impairs the function of surface-expressed
virulence factors, thereby decreasing the ability to adhere to
mammalian cells in vitro. Hence, lactoferrin may protect
infants by inhibiting the adhesion of rotavirus in their gut
[27, 29]. Breastmilk is also believed to protect infants from
infectious diseases through immunoglobulin A (IgA) and
trypsin inhibitors [17–19]. Jajashree and colleagues found
that the acquisition of rotavirus infection during early
neonatal period (initial 5 days of life) depends on the
concentrations of antirotavirus IgA and trypsin inhibitors in
human milk [19]. In addition, the inhibitory effects of
lactadhedrine, a human milk-fat globule protein, on the
binding capability of rotavirus has been suggested [21].
Another study demonstrated that human milk mucin can
bind to rotavirus and as a consequence inhibits viral
replication [36].

In conclusion, our study adds to the evidence of a
protective effect of breastfeeding against RV infection in
infants. Of particular importance, the protective effect of
breastfeeding was confined to children 6 months and
younger. Currently, vaccination against rotavirus is offered

at 2, 4, and 6 months of age. In the period from 0–2 months
of age, infants seem to be best protected by breastfeeding.
Hence, breastfeeding may diminish rotavirus-related gas-
troenteritis in infants before vaccination can be introduced.
Promotion of breastfeeding and information on rotavirus
vaccination should emphasize that also breastfeeding
reduces the risk of RV infections.
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