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Abstract

Background: Infectious diseases are common in early infancy, at a time when the immune system is
not fully developed and when feeds may be contaminated, leading to a higher rate of morbidity. To
find out if exclusive breastfeeding in the first six months of life was related to a reduced rate of
common childhood infections.

Methods: A prospective cohort study was conducted with 240 healthy term infants from birth to 6
months. The feeding status was determined by the 24-hour and since-birth recall every month. Infants
who were exclusively breast fed (no other food or liquid, except medicines or vitamin drops) and
infants who were not exclusively breast fed (who received formula, animal milk, water, or
complementary food) were classified accordingly. Acute respiratory infection, diarrhea, otitis media,
skin/eye infection, illness days, outpatient visits and hospitalizations were recorded by the physicians.

Results: 132 (55.0%) of the 240 infants were exclusively breastfed, and 108 (45.0%) were given other
feeds before 6 months. Fifty-seven point 6% of exclusively breastfed and 78.7% of non-exclusively
breastfed infants (p<0.001) had at least one infection. Mean infection episodes per infant were
0.81£0.93 and 1.54+1.20, respectively (p<0.001). Exclusive breastfeeding was associated with lower
incidences of acute respiratory infection (40.9% vs 63.0%; p=0.001), diarrhea (15.9% vs 35.2%;
p=0.001), and hospitalization (3.8% vs 11.1%; p=0.028). Exclusive breastfeeding was found to be
independently associated with protection from any infection (adjusted odds ratio 0.39; 95% CI 0.22—
0.69) after adjustment for maternal education, socioeconomic status, birth weight, household crowding,
tobacco-smoke exposure, and daycare attendance.

Conclusion: Exclusive breastfeeding to 6 months was linked to fewer respiratory and gastrointestinal
infections, fewer illness days and fewer hospitalizations. Infant morbidity can be significantly reduced
by strengthening antenatal counselling, early lactation support and family level breastfeeding
protection.

Keywords: exclusive breastfeeding; infant; respiratory infection; diarrhea; morbidity; prospective
cohort.
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Introduction

The first six months of life is a time of rapid growth with relative immunologic immaturity.
Respiratory and gastrointestinal infections are a significant part of outpatient consultations, antibiotic
use and hospitalisation during this period. Exclusive breastfeeding delivers species-specific nutrition
and secretory immunoglobulins, lactoferrin, lysozyme, leukocytes, oligosaccharides, cytokines and
other bioactive compounds that could help to fortify mucosal immunity and influence the developing
gut microbiome. Evidence syntheses have thus confirmed the recommendation for exclusive

breastfeeding for about 6 months as an important strategy for child survival and morbidity reduction.
[1]

Breastfeeding has been shown to have a protective effect against infection in a variety of populations.
For Generation R, exclusive and extended breastfeeding was associated with reduced risk of upper
respiratory infection, gastrointestinal infection during infancy. A prospective study conducted in Crete
also reported that exclusive breastfeeding resulted in fewer infectious episodes and fewer medical
consultations with a dose-response effect as a function of the duration of exclusive breastfeeding. The
observations indicate that both exclusivity and duration of breastfeeding are important, as partial
breastfeeding may not offer the same level of protection as exclusive breastfeeding, as supplementary
liquids and feeds may introduce pathogens and interfere with the immunologically active human milk.
[2-4]

Large population studies have also shown decreases in severe disease. The United Kingdom
Millennium Cohort was analysed and exclusive breastfeeding was found to be protective against
diarrhoea and lower respiratory tract infection. In United States children, longer duration of full
breastfeeding was linked to reduced number of pneumonia and recurrent otitis media episodes
compared to shorter duration of full breastfeeding. A Spanish cohort reported a progressive decrease in
the incidence of infections-related hospitalizations, with each month of exclusive breastfeeding, [5]
and a Hong Kong birth cohort found infants who were exclusively breastfed in early life had fewer

admissions for several infections. [6] [7]
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The benefit could be especially significant in environments where exposure is high and disease

severity is high, such as in environments with household crowding, unsafe water, early introduction of

animal milk, and limited access to prompt medical care. In Bangladesh, exclusive breastfeeding was
correlated with lower death rate due to acute respiratory infection and diarrhea. Previous cohort studies
also reported significantly lower levels of diarrheal morbidity for breastfed infants, but this protection
was found to be more or less depending on the definition of morbidity, the sanitation conditions in the
background, and the analysis of reverse causation. The classic Dundee Infant Feeding Study also

suggested that protection against gastrointestinal illness may last beyond breastfeeding. [8-11]

Although there is a wide range of evidence available, there is a lack of local prospective data that also
document feeding transitions and clinically verified infection episodes. Feeding status is often only
classified at the time of the interview, which may lead to misclassification of infants who received
prelacteal feeds or who were temporarily given formula. In the present study, however, repeated
monthly assessment and illness verification were used to assess the association between exclusive
breastfeeding and common infections in the first six months of life. The main aim was to compare the
incidence of any common infection in exclusively and non-exclusively breastfed infants. Secondary
outcomes were: respiratory infection, diarrhea, otitis media, frequency of illness, duration of illness,

outpatient visits, antibiotic exposure, and hospitalization.
Materials and Methods
Design and setting of the study

This was a prospective cohort study carried out in the immunization and well-baby clinics of a
secondary-care teaching hospital and four attached urban health centers. Healthy mother—infant pairs
were recruited within the first week of delivery and followed monthly until the infant was 6 months
old. The study was designed to be an observational comparison, and families chose their own feeding

options, which were not determined by investigators.
Participants

The criteria for inclusion were singleton infants born at 37-42 weeks gestation, birth weight > 2.5 kg,
no major congenital anomaly, and living within the defined follow-up area. Infants who were admitted
to the neonatal intensive care unit for over 48 hours, infants with conditions that affected their ability
to feed orally, infants born to mothers who had medical contraindications to breastfeeding, and
families who planned to move within six months were excluded. A consecutive sample of 252 eligible

infants was approached. At the second follow-up visit, 12 were lost, leaving 240 infants for analysis.
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Exposure assessment

Trained research nurses recorded all liquids and foods consumed by a 24-hour recall and since the
previous visit at enrollment and monthly visits. Exclusive breastfeeding was considered to be
providing only breast milk, oral rehydration solution, prescribed medicines and vitamin/mineral drops
were allowed. If the infant was consuming any formula, animal milk, water, honey, herbal preparation,
cereal, or semisolid food before six months, then the infant was considered non-exclusively breastfed.
Infants were classified into groups based on whether or not exclusivity was maintained until 6 months
of age for the main analysis. The month of first exposure to anything other than breast milk was also

documented.
Outcome assessment

Mothers kept a straightforward illness diary and were asked to call study clinic if infant had fever,
cough and difficulty breathing, more than three loose stools, ear discharge or ear pain, conjunctival
discharge, or skin infection. A pediatrician blinded to the final feeding classification reviewed clinic
records to verify diagnoses. Acute respiratory infection: physician diagnosed upper and/or lower
respiratory infection. Diarrhea was defined as having three or more stools that were abnormally loose
in 24 hours. Otitis media was diagnosed by otoscopy or ear discharge. Episodes were deemed new
when they had been separated by 7 or more days without symptoms. Illness days, outpatient visits,

systemic antibiotic courses, emergency visits and hospital admissions were documented.
Covariates and quality control.

Baseline variables consisted of infant sex, gestational age, birth weight, delivery method, maternal age,
parity, education, employment, household socioeconomic status, number of people in a room, presence
of siblings under five years old, and indoor exposure to tobacco smoke, as well as day care attendance.
Scales were calibrated once a week, and data collectors were given standard training, and 10% of
forms were checked against source data. If a clinic visit was not made, a monthly telephone contact

was made.

Statistical analysis
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The data were analyzed with SPSS version 20.0. Continuous variables are presented as mean+standard

deviation and categorical variables as number and percentage. Independent-samples t tests, chi-square

tests, or Fisher exact tests were used to compare baseline characteristics. The incidence of infection
was reported as the proportion of infants who had at least one episode, and the number of episodes and
illness days compared by t tests and later by non-parametric tests when distributions were skewed.
Multivariable logistic regression was used to calculate adjusted odds ratios (aORs) and 95%
confidence intervals for any infection, respiratory infection, diarrhea, and hospitalization. Covariates
were included if clinically significant or if they were associated with the outcome at p<0.20 in

bivariate analysis. Two-sided p<0.05 was considered statistically significant.

Results

Among the 240 infants analyzed, 132 (55.0%) maintained exclusive breastfeeding through six
months and 108 (45.0%) received at least one additional liquid or food. The mean age at first non-
breast-milk exposure in the latter group was 2.8+1.2 months. The groups were comparable with respect
to infant sex, gestational age, birth weight, delivery mode, maternal age, parity, and socioeconomic
category. Maternal secondary or higher education was slightly more frequent in the exclusive-
breastfeeding group, whereas maternal employment outside the home and daycare attendance were

more frequent in the non-exclusive group; these variables were included in adjusted analyses (Table 1).

During 1,440 infant-months of scheduled observation, 161 infants experienced at least one
common infection. The cumulative incidence was significantly lower among exclusively breastfed
infants than among non-exclusively breastfed infants (57.6% vs 78.7%; p<0.001). Acute respiratory
infection was the most frequent outcome and occurred in 40.9% and 63.0% of the groups, respectively
(p=0.001). Diarrhea occurred in 15.9% of exclusively breastfed infants compared with 35.2% of non-
exclusively breastfed infants (p=0.001). Otitis media was also less common (8.3% vs 17.6%; p=0.035),

while the difference in skin or eye infections did not reach statistical significance (Table 2).

The mean number of infection episodes per infant was 0.81+0.93 in the exclusive-breastfeeding
group and 1.5441.20 in the non-exclusive group (p<0.001). Exclusively breastfed infants had fewer
illness days (4.9+£5.7 vs 9.2+7.8), outpatient consultations (0.72+0.86 vs 1.31£1.08), and systemic
antibiotic courses (0.20£0.45 vs 0.48+0.67); all differences were statistically significant.
Hospitalization occurred in five exclusively breastfed infants (3.8%) and 12 non-exclusively breastfed
infants (11.1%; p=0.028). Most admissions were for lower respiratory tract infection or acute

gastroenteritis.
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In multivariable models, exclusive breastfeeding remained associated with lower odds of any
infection (aOR 0.39; 95% CI 0.22-0.69), acute respiratory infection (aOR 0.44; 95% CI 0.25-0.77),
diarrhea (aOR 0.35; 95% CI 0.17-0.72), and hospitalization (aOR 0.30; 95% CI 0.09-0.98).
Independent risk factors for any infection were household tobacco-smoke exposure, more than three

persons per sleeping room, and daycare attendance. No significant interaction was observed between

breastfeeding status and infant sex or socioeconomic category (Table 3).

Table 1. Baseline characteristics according to feeding status (N=240)

Exclusive breastfeeding

Non-exclusive

ChETasiEhiE (n=132) breastfeeding (n=108) R
Male sex, n (%) 70 (53.0) 55(50.9) 0.746
Gestational age, weeks 39.1+1.1 39.0+1.2 0.504
Birth weight, kg 3.10+0.39 3.06+0.41 0.438
Cesarean delivery, n 40 (30.3) 38 (35.2) 0.421
(%)

Maternal age, years 25.944.1 25.5+4.3 0.459
Maternal

secondary/higher 97 (73.5) 68 (63.0) 0.080
education, n (%)

Maternal employment 24 (18.2) 32 (29.6) 0.037
outside home, n (%) ' ’ ’
Household smoke

exposure, n (%) 22 (16.7) 25 (23.1) 0.207
Daycare attendance by

6 months, n (%) 6 (4.5) 14 (13.0) 0.019
Values are mean+SD or n (%).
Table 2. Infection incidence and healthcare utilization during the first six months

Outcome Exclusive breastfeeding Non-exclusive value
(n=132) breastfeeding (n=108) p

Any infection, n (%) 76 (57.6) 85 (78.7) <0.001
Acute respiratory

infection, n (%) 54 (40.9) 68 (63.0) 0.001
Diarrhea, n (%) 21 (15.9) 38 (35.2) 0.001
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Otitis media, n (%) 11 (8.3) 19 (17.6) 0.035
Skin/eye infection, n 13 (9.8) 17 (15.7) 0.169
(%)

Infection episodes per 0.81+0.93 1.54+1.20 <0.001
infant

Total illness days 4.9+£5.7 9.2+7.8 <0.001
Outpatient visits 0.72+0.86 1.31+1.08 <0.001
Systemic antibiotic 0.20+0.45 0.48+0.67 <0.001
coursces

Hospitalization, n (%) 5@.8) 12 (11.1) 0.028

Some infants experienced more than one type of infection.

Table 3. Multivariable associations with infection outcomes

. . Respiratory . T
Predictor Any Eggeo;tlg% aOR infection aOR Dl?;};/eacal())R I;Igsg?;?;até(gl
° (95% CI) ° °
Exclusive
breastfeeding 0.39 (0.22-0.69) | 0.44 (0.25-0.77) | 0.35(0.17-0.72) | 0.30 (0.09-0.98)

Household smoke

1.86 (1.01-3.45) | 1.92(1.04-3.55) | 1.38 (0.66-2.91) | 2.11 (0.71-6.26)
exposure

>3 persons per

: 1.73 (1.01-2.97) | 1.56 (0.92-2.65) | 2.02(1.02-4.01) | 1.49(0.52-4.31)
sleeping room

Daycare

attendance 2.62(1.01-6.79) | 2.80(1.12-7.01) | 1.44(0.48-4.34) | 2.31 (0.64-8.30)

Maternal
secondary/higher 0.78 (0.44-1.39) 0.81 (0.46-1.43) 0.72 (0.35-1.47) 0.68 (0.22-2.13)
education

aOR: adjusted odds ratio; CI: confidence interval. Models adjusted for infant sex, birth weight,
delivery mode, maternal age, education, employment, socioeconomic category, crowding, smoke

exposure, siblings, water source, and daycare attendance.
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Discussion

The results of this prospective cohort showed a clinically and statistically significant decrease in
common infections in infants who were exclusively breastfed until 6 months. There was an absolute
difference of 21.1 percentage points between the proportion of infants affected by any infection (about
one fewer infant for every five infants exclusively breastfed). Association was not limited to the
occurrence of illness: exclusively breastfed infants experienced fewer episodes, fewer symptomatic
days, fewer outpatient visits, less antibiotic exposure, and a lower risk of hospitalization. The
association remained significant after adjustment for social, environmental and infant factors,

indicating an independent protective association.

The respiratory findings are in line with the longitudinal and population-based studies. Duijts et al.
noted that exclusive breastfeeding for 4 months followed by continued breastfeeding was related to a
decrease in respiratory infections in the first 6 months. Ladomenou et al. found fewer infectious
episodes and hospital admissions in infants who were exclusively breastfed for six months. Quigley et
al. found protection against lower respiratory infection hospitalization, [4] and Chantry et al. found that
full breastfeeding for at least 6 months was associated with lower odds of pneumonia and recurrent
otitis media than full breastfeeding for 4-<6 months. These studies vary in design and ascertainment of
cases, but they are in the same direction as the present cohort's 56% decrease in the odds of respiratory

infection.

This decrease in diarrhea was especially significant. Enteric organisms can be introduced via
contaminated preparation or utensils or storage of supplementary water and feeds, and can also
decrease the consumption of antimicrobial components found in breast-milk. Diarrheal incidence was
about half as high in breastfed as in formula-fed infants, as reported by Dewey et al., [9] and
gastrointestinal infections were fewer in infants who were breastfed, as reported by Beaudry et al. [10]
Howie et al. showed that protection against gastrointestinal illness was maintained even after
breastfeeding was stopped, indicating that early feeding has an impact on mucosal resilience as well as
initial exposure. A systematic review in industrialised countries showed a dose-duration response for

gastrointestinal and respiratory infections. [12]
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The present estimates are also consistent with the evidence that has been pooled from lower resource

settings. Lamberti et al. reported that there was strong protection of breastfeeding against the

occurrence of diarrhea, hospitalization and death, with the highest risk for infants who were not
breastfed at all. The review of pneumonia also showed higher morbidity and mortality rates associated
with suboptimal breastfeeding, as seen in their subsequent pneumonia review. Sankar et al. reported
that the all-cause and infection-related mortality rates were significantly higher among non-breastfed
young infants than among infants who were predominantly or exclusively breastfed. The current study
was designed to measure morbidity, but a reduction in severe cases and hospitalizations are reasonable

intermediate benefits.

These observations could be due to several mechanisms. Human milk contains passive immunity
(secretory IgA and antimicrobial proteins), anti-adhesion (oligosaccharides), epithelial maturation
(oligosaccharides) and promotion of commensal microbial communities. The exclusive breastfeeding
also helps to minimize the risk of exposure to potentially contaminated liquids. This non-significant
difference in skin and eye infections could be due to protection being most effective at respiratory and
gastrointestinal mucosal surfaces, or to the less frequent occurrence of these infections, resulting in less

statistical power.
Conclusion

Exclusive breastfeeding in the first six months of life was related to decreased rates of acute respiratory
infection, diarrhea, otitis media, number of infection episodes, number of illness days, antibiotic use
and hospitalization. This protective association remained after controlling for maternal, infant and
household factors. Enhancing the support for early lactation and eliminating social and workplace
challenges to exclusive breastfeeding could be a practical approach to reduce the preventable infant

morbidity.
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