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Breastfeeding during the first 12 months of life confers demonstrable
immunologic benefit against infective pathogens, including those of the
respiratory tract. However, the mechanism by which the ingestion of
human milk modifies immunologic defense against such pathogens
remains elusive. Bronchiolitis, caused predominantly by respiratory
syncytial virus, is the most common clinical presentation of severe upper
respiratory illness requiring hospitalization in infants and remains one
of the developed world’s leading causes of infant mortality and mor-
bidity over both the short and long term. The mechanism by which an
early, severe case of bronchiolitis can result in the development of
recurrent childhood wheeze or asthma is unclear; however, mucosal
inflammation and pulmonary neutrophilia are believed to play a sig-
nificant role. The aim of this study was to examine the immune response
of breastfed infants hospitalized with severe bronchiolitis, compared
with formula-fed controls. Nasopharyngeal aspirates (NPA) were col-
lected from 18 infants (aged < 12 months), seven breastfed and 11
formula fed and assayed by enzyme immunoassays for chemokines
interleukin (IL)-8 and monocyte chemotactic protein (MCP)-1. NPA
cellular component was quantified by light microscopy. Breastfed in-
fants had lower levels of the chemokine IL-8 in their nasal airways with
a concurrent decrease in cellular infiltrate (p < 0.04). NPA cell number
correlated with lactoferrin concentration (p = 0.02) but not with
myeloperoxidase, suggesting the predominance of mature, secondary
granule laden neutrophils. These findings indicate a potential mecha-
nism of protective immune regulation during bronchiolitis in the
breastfed infant.
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Bronchiolitis, primarily the result of infection
with the respiratory syncytial virus (RSV),
remains one of the developed world’s leading
causes of infant mortality and morbidity in both
the short and long term. Despite this, neither an
effective vaccine or treatment for active bron-
chiolitis nor a preventative for the development
of recurrent childhood wheeze subsequent to
infant bronchiolitis has been found (1, 2).

The etiology by which bronchiolitis predis-
poses infants to the development of recurrent
wheeze or asthma is unclear. However, the
extensive damage caused to the respiratory air-
ways by acute inflammation is a probable caus-
ative factor. It is now recognized that initial
exposure to pathogens such as RSV in the
airways induces an acute mucosal inflammatory
response including up-regulation of chemokines
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such as interleukin (IL)-8, resulting in an influx
and degranulation of polymorphonuclear granu-
locytes, particularly neutrophils, in the airways
(3-5). Prolonged airway inflammation and tissue
neutrophilia results in airway edema, sensory
nerve stimulation and triggering of reflex bron-
choconstriction, leading to airway hyper-respon-
siveness and persistent wheeze (6), as well as
increased permeability of the airway mucosa to
allergens (7).

Epidemiology of bronchiolitis has identified a
number of risk factors including that of exclusive
formula feeding. Breastfeeding, whether exclu-
sively or partially and for variant periods of time,
has been consistently demonstrated to confer
benefit against both incidence and severity of
bronchiolitis in infants (6-9). Human milk pro-
vides protection for the recipient infant by the
transfer of a number of factors including anti-
infectious agents such as immunoglobulins, lac-
toferrin and oligosaccharides, as well as immuno-
modulatory agents such as cytokines and viable
leukocytes (10). However, the specific mechanisms
by which human milk confers protection against
bronchiolitis have yet to be elucidated.

In this study, we aimed at examining the effect
of human milk feeding on chemotactic factors in
the airways of infants with severe acute bron-
chiolitis. Therefore, nasopharyngeal aspirates
(NPA), providing samples representative of the
upper and lower airways (11, 12), were collected
from infants hospitalized with bronchiolitis over
a single winter season. NPA concentrations of
the chemokines IL-8 and monocyte chemotactic
protein (MCP)-1 and the neutrophil products
myeloperoxidase (MPO) and lactoferrin were
determined by immunoassay, and results were
analyzed based on infant feeding regime.

Materials and methods
Subjects

Eighteen bronchiolitic infants provided a single
NPA sample during the first 24 h of hospitaliza-
tion in the pediatric ward of Flinders Medical
Centre, Adelaide, South Australia. Clinical diag-
nosis of bronchiolitis was defined as wheezing
illness in an infant (£ 12 months of age) caused
by a viral respiratory tract infection associated
with hyperinflation. Information regarding
current feeding regime including introduction of
solids was obtained from each infant’s mother at
the time of enrollment, and infants were grouped
as breastfed, if currently receiving any human
milk, or formula fed, if only receiving formula or
cow’s milk, at the time of admission.
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Clinical scores were calculated using the respi-
ratory distress assessment instrument (RDAI)
(13) within 6 h of sample collection. Briefly,
clinical assessment of the respiratory variables
wheezing and retraction was performed by a
senior pediatric registrar trained in the use of this
instrument, and a clinical score allocated. The
maximum total clinical score was 8 (wheez-
ing) + 9 (retractions) = 17. Demographic data
and information relating to illness severity were
collected post hoc from patient’s medical records.

The study was approved by the Flinders
Clinical Research Ethics Committee of Flinders
Medical Centre, and infants were included in the
study with the informed consent of each parent
or guardian.

Collection and processing of NPA samples

All infants underwent a routine NPA for viral
identification. The remaining aliquot of NPA not
required for the purposes of diagnosis was made
available for the study. For the nasal wash,
infants were placed in the supine position, and
one or two drops of sterile normal saline placed
in each nostril. The nasal airway was suctioned
with a fine catheter and fluid collected into a
mucus trap (Busse Hospital Disposables, Hau-
ppauge, NY, USA). About 0.5 ml of NPA from
both nostrils is collected using this method. This
fluid was diluted with 1-2 ml phosphate-buffered
saline (PBS) and cells released from mucus by
gentle pipetting prior to transfer into a centrifuge
tube. Samples were made up to a final volume of
10 ml with PBS before centrifugation (800 g,
5 min) and aspiration and storage of supernatant
at —80°C.

Viral assays

The NPA cell pellet, obtained as described
previously, was resuspended 1:2 in PBS and an
aliquot taken for standard diagnostic immuno-
fluorescence for viral detection (RSV, human
metapneumovirus [hMPV], influenza virus A and
B, adenovirus, para-influenza viruses 1-3; South-
Path, Adelaide, South Australia). A further
aliquot was stored at 4°C prior to cell count by
direct light microscopy. The remaining cells were
snap frozen in liquid nitrogen and stored at
—80°C until assay by standard diagnostic viral
PCR for the viral panel, as above, with
the addition of Mycoplasma pneumoniae (Micro-
biology and Infectious Diseases, Women’s &
Children’s Hospital, North Adelaide, South
Australia).



Immunoassays

NPA supernatant was assayed for total soluble
protein (BioRad DC Protein Assay; BioRad
Laboratories, Hercules, CA, USA) and for IL-8
and MCP-1 by enzyme linked immunosorbent
assays (ELISA) developed in our laboratory
using matched antibody pairs at concentrations
recommended by the manufacturer (R&D Sys-
tems Inc., Minneapolis, MN, USA), as described
previously (14). Subsequent assay for MPO and
lactoferrin was performed on NPA samples by
commercially available ELISA kits (R&D Sys-
tems Inc).

Statistical analysis

Samples below the detectable limit for MPO
(250 pg/ml) were assigned a value of half that
level for statistical analysis. Because of the small
sample size and divergent group sizes, difference
between breastfed and formula-fed groups was
determined by Mann—Whitney U tests with data
presented as median (25th, 75th percentiles) or
Spearman rank tests with data presented as
percent of group (yes/total), as appropriate.
Relationships between variables were assessed
by Pearson correlation. Post hoc analysis of
statistical power found a level of 84% for the
primary outcome measure 1L-8 with an alpha of
5%. A probability level of < 0.05 was considered
statistically significant, and all analyses were
performed using spss for Windows 15.0 (SPSS
Inc., Chicago, IL, USA).

Results
Subject characteristics
Despite demographic similarity (Table 1), for-

mula-fed infants tended toward greater disease
severity, indicated by significantly longer total

Table 1. Demographic characteristics of infants with bronchiolitis by feeding
type (median [25th—75th percentiles] or percentage [yes/no])

Breastfed Formula fed p
n 7 "
Age (months) 7 (4-9) 6 (4-6) 0.3*
Gestation (weeks) 40 (38-40) 39 (37-40) 0.4*
Male gender 71% (5/7) 82% (9/11) 0.6+
Weight (percentile) 75th (20th=90th)  78th (60th—95th) 0.6*
Family history of atopyf ~ 71% (5/7) 55% (6/11) 0.5+
Length of breastfeeding 7 (4-9) 0 (0-1) <0.001*

(months)8

*Mann—Whitney U test.

TSpearman rank test.

‘tImmediate family member with asthma or allergic rhinoconjunctivitis.
8At the time of sample collection.
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length of illness (first symptoms to discharge)
than breastfed infants, with a trend toward a
more common requirement for supplemental
oxygen and intravenous therapy (IVT), and
longer hospital admission (Table 2). While 72%
(13/18) of all infants required some period of
supplemental oxygen via nasal prongs, none
required any form of mechanical ventilation.
There was no difference in tachypnoea, oxygen
saturation (SpO,) or temperature between feed-
ing groups at presentation in the emergency
department (data not shown, p > 0.3) or in
RDAI score at sample collection (Table 2).

Length of breastfeeding demonstrated a neg-
ative relationship with total length of illness
(* = —0.376, p = 0.003). Infants in the for-
mula-fed group had ceased breastfeeding
1-5 months prior to onset of illness or had never
received any breast milk (45%, 5/11). Four
infants in the breastfed group were exclusively
breastfed, receiving no other forms of milk, and
three infants were partially breastfed, receiving
either formula or cow’s milk complimentary
feeds. Solids were introduced to all infants over
the age of 6 months (61%, 11/18) and two
infants (11%) under 6 months.

As expected, the most common causal virus
detected was RSV (Table 2). Two infants were
positive for multiple viruses; RSV + hMPV and
RSV + adenovirus, respectively. However, over
a quarter (28%, 5/18) of infants had no detect-
able virus by either immunofluorescence or PCR.

Table 2. Infection status and severity measures in infants with bronchiolitis by
feeding type (median [25th—75th percentiles] or percentage [yes/no])

Breastfed Formula fed p

n 7 "
Previous admission with URTI  43% (3/7) 55% (6/11) 0.6*
Duration of illness (days) 5 (4-6) 8 (6-11) 0.003}
Length of admission (days) 3 (2-4) 4 (3-5) 0.1F
Severity (RDAI score 1-17) 10 (7-12) 9 (6-12) 0.7%
Oxygen saturation (SpQ,) 97 (91-98) 96 (93-96) 0.3t
Tachypneai 71% (5/7) 82% (9/11) 0.6*
Fever (>38°C) 43% (3/7) 18% (2/11) 0.3*
Supplemental oxygen >24 h 29% (2/5) 73% (8/11) 0.07*
Intravenous therapy NIL 27% (3/11) 0.1
Virus

RSV+ 57% (4/7)8 36% (4/11) 0.4*

MPV+ 14% (1/7) 27% (3/11) ND

Othere] 29% (2/7) 9% (1/11) ND

All viruses negative 29% (2/7) 27% (3/11) ND

RDAI, respiratory distress assessment instrument; RSV, respiratory syncytial
virus.

*Spearman rank test.

TMann-Whitney U test.

1Respiratory rate > 50 breaths/min at >1 observation.

80ne RSV+ also MPV+, one RSV+ also adenovirus+. ND — not done as n < 3.
4/0ther — parainfluenza 3, adenavirus.
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Those infants who were negative for all viruses
had significantly lower RDAI score (6 [4-7] vs.
11 [9-12], p < 0.001) and were less likely to
require IVT (0% [0/5] vs. 44% [4/9]), than their
positive counterparts.

Inflammatory mediators in NPA

Total soluble protein was unrelated to feeding
group (breastfed 321 [234-514] vs. formula fed
168 [54-574] ug/ml, p = 0.4) or any subject
variable listed in Table 1 or Table 2 (p > 0.09)
and was therefore used for normalization of
soluble mediators to account for potential vari-
ability in sample dilution.

The neutrophil chemokine IL-8 was signifi-
cantly decreased in NPA from breastfed infants
when compared with formula-fed infants
(Fig. 1a). However, the monocyte/macrophage
chemoattractant MCP-1 was not different
between breastfed and formula-fed groups
(Fig. 1b). NPA IL-8 concentration was inversely
related to degree of breastfeeding when the
breastfed group was divided into exclusively
and partially breastfed groups (exclusively BF
135 [24-206], partially BF 218 [176-218], formula
fed 304 [270-388] pg/ml; p = 0.003), while
length of breastfeeding tended toward a negative
correlation with IL-8 concentration (r* = 0.178,
p = 0.08).

Cell counts were decreased in NPA from
breastfed versus formula-fed infants (Fig. 2a).
However, there was no correlation between IL-8
concentration and cell count (r* = 0.02,
p = 0.6). NPA were then assayed for neutrophil
products of degranulation, primary (azurophilic)
granules containing MPO and secondary (spe-
cific) granules containing lactoferrin. Cell counts
were not related to NPA MPO concentration
(> = 0.05, p = 0.9) but were to lactoferrin
(Fig. 2b), indicating a predominance of mature,
secondary granule laden neutrophils in the cellu-
lar infiltrate.

Discussion

Neutrophils are the primary leukocyte present in
NPA from bronchiolitic infants (4, 5), with a
contribution of sloughed epithelial cells in those
with most severe infection (15). This pattern of
cell prevalence in severe bronchiolitis concurs
with our previous findings in vitro of the exten-
sive epithelial damage resultant from neutrophil
activation with RSV infection (16) and in vivo of
markedly increased levels of plasma surfactant
protein-B, a marker of alveolar epithelial damage
(17). Therefore, it is not remarkable that the
benefit of breastfeeding on infant bronchiolitis
may be elicited via decreases in the neutrophil
chemoattractant IL-8 and in airway cellular
infiltrate and, or epithelial damage.

Both respiratory epithelial cells and alveolar
macrophages are primary sources of IL-8 in RSV
infection (18, 19), with subsequent addition by
infiltrating neutrophils (20). Human milk con-
tains many factors acting on both the innate and
acquired immune responses which may regulate
the production of IL-8 and subsequent neutro-
phil chemotaxis, as well as neutrophil activity
(21). Milk-derived lactoferrin, present in quanti-
ties over 1000-fold greater than plasma (22), not
only decreases epithelial production of IL-§8 by
inhibition of NF-«B activation (23, 24) but may
also decrease neutrophil response to this potent
chemokine (25). Similarly, milk-derived oligosac-
charides and procathepsin D alter the expression
of neutrophil adhesion molecules (CD11b and
L-selectin), thereby decreasing neutrophil traffic
(26-28). In addition to these innate factors, we,
and others, have demonstrated the presence of
large amounts of immunomodulatory cytokines
and functional, cytokine-producing leukocytes in
human milk, some of which are altered in
response to maternal RSV exposure (14, 22),
and which can modify epithelial IL-8 production
(23).
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Fig. 1. Chemokines in nasopharyngeal aspirates (NPA) samples from bronchiolitic infants by feeding type. (a) NPA inter-
leukin (IL)-8 was significantly decreased in infants who were breastfed when compared with those who were formula fed
(p = 0.01). (b) NPA monocyte chemotactic protein (MCP)-1 was not different between the groups (p = 0.8). The median is
represented by a black line, and data were compared with Mann—Whitney U non-parametric analysis.
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Fig. 2. Cellular infiltrate in nasopharyngeal aspirates (NPA) samples from bronchiolitic infants was decreased with breast-
feeding and positively associated with concentration of lactoferrin, a product of neutrophil degranulation (a). NPA cell count
was significantly decreased in infants who were breastfed when compared with those who were formula fed (p = 0.04). The
median is represented by a black line, and data were compared with Mann—Whitney U non-parametric analysis. (b) NPA
cellular infiltrate was directly related to the concentration of the neutrophil secondary granule mediator lactoferrin
(p = 0.02). The relationship was examined with Pearson correlation.

Because of small sample size, a thorough
analysis of the effect of exclusivity of breastfeed-
ing and of various potential environmental con-
founders is not possible. Nishimura and
colleagues (9) found that exclusive breastfeeding
reduced the duration of hospital admission as
well as the risk of respiratory failure, demon-
strated via decreased requirement for supplemen-
tal oxygen because of hypoxemia (low SpO,),
while partial breastfeeding only partially con-
ferred benefit. A similar pattern with degree of
breastfeeding and IL-8 concentration, as well as
requirement for oxygen (exclusively BF 25%, 1/
4; partially BF 33%, 1/3; formula-fed (FF) 73%,
7/11; p = 0.07), was reflected in our smaller
study group, adding to the proposition that
exclusivity of breastfeeding relates to degree of
protection. It should be noted that while there was
only a trend toward lesser oxygen requirement in
the breastfed groups for our study, supplemental
oxygen was not administered solely in response to
low SpO, but also to reduce work of breathing.
Roine and colleagues (29) similarly found that
exclusive breastfeeding decreased concentration
of the activation marker sCD25 in association
with RSV disease severity beyond that of partial
breastfeeding. However, a number of environ-
mental contributors such as parental smoking and
respiratory illness in sibs were also identified.

Although a potent neutrophil chemoattrac-
tant, the concentration of IL-8 did not correlate
with cells in NPA. Noah and colleagues (2002)
demonstrated a weak correlation between IL-8
and neutrophil counts, but not epithelial counts,
in NPA of bronchiolitic infants (15). Unfortu-
nately, because of diagnostic protocols, differen-
tial cell counts were not obtained in our study;
however, based on these data, we may hypoth-
esize a contribution of epithelial cells to our total

NPA cells. As these two cell types are recognized
as predominant in bronchiolitic airway aspirates
and the presence of substantive numbers of
epithelial cells is subsequent to increasing neu-
trophil infiltration and degranulation, a reduc-
tion in total cells relating to decreasing disease
severity remains plausible.

Although no statistical difference was found in
length of admission between feeding groups, the
total length of illness was greater in formula-fed
infants. This raises the possibility that IL-8
concentration is related to stage of illness at
sample collection rather than feeding type.
However, despite formula-fed infants presenting
at the emergency department following longer
duration of symptoms, there was no difference in
disease severity by any clinical marker at this
time. While it may be suggested that parents of
breastfed infants attended the emergency depart-
ment with their infant at an earlier stage of their
bronchiolitic illness, similarity in both disease
severity resulting in admission as well as in length
of subsequent hospitalization does not support
this. Therefore, the clinical parameters available,
tachypnoea, SpO,, temperature and RDAI score,
all suggest that sample collection occurred at the
same point of acute disease in this group of
infants.

This study provides the first clinical evidence
for a potential link between breastfeeding and
protection against neutrophil-mediated damage
in infant bronchiolitis. Future studies utilizing
larger cohorts will enable further examination of
these findings, as well as investigation into the
specific mechanisms involved.
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