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BACKGROUND: IgA and its secretory form slgA impact protection from infection and necrotising enterocolitis but little is known
about quantities in preterm mums own milk (MOM) or infant stool, onset of endogenous production in the preterm gut, and what

affects these.

METHODS: We measured by ELISA in MOM and stool from healthy preterm infants total IgA and slgA longitudinally and
additionally in MOM fresh, refrigerated, frozen, and after traversing feeding systems.

RESULTS: In 42 MOM (median gestation 26 weeks), we showed total IgA levels and slgA were highest in colostrum, fell over

3 weeks, and were not impacted by gestation. Median IgA values matched previous term studies (700 mcg/ml). In MOM recipients
stool IgA was detected in the first week, at around 30% of MOM quantities. Formula fed infants did not have detectable stool IgA
until the third week. Levels of IgA and slgA were approximately halved by handling processes.

CONCLUSIONS: MOM in the 3 weeks after preterm delivery contains the highest concentrations of IgA and slgA. Endogenous
production after preterm birth occurs from the 3 week meaning preterm infants are dependent on MOM for IgA which should be
optimised. Routine NICU practices halve the amount available to the infant.

Pediatric Research (2022) 92:979-986; https://doi.org/10.1038/s41390-021-01930-8

IMPACT:

® (Secretory) Immunoglobulin A (IgA) is present in colostrum of maternal milk from infants as preterm as 23-24 weeks gestational
age, falling over the first 3 weeks to steady levels similar to term.

® Gestation at birth does not impact (secretory) IgA levels in breast milk.

® |gA is present in very preterm infant stools from maternal milk fed infants from the first week of life, but not in formula milk fed
preterm infants until week three, suggesting endogenous production from this point.

® Refrigeration, freezing, and feeding via plastic tubing approximately halved the amount of IgA available.

INTRODUCTION
Mother's own milk (MOM) is optimal nutrition for all newborn
infants particularly preterm infants at risk of necrotising enter-
ocolitis (NEC) and sepsis.! In addition to nutrients for growth and
development, MOM contains bioactive components that impact
short and long-term health.? Interactions between these compo-
nents modulate microbial activity and educate the naive immune
system.> MOM contains high concentrations of immunomodula-
tory factors, including immunoglobulin, especially immunoglobu-
lin A (IgA), cytokines, growth factors, human milk oligosaccharides,
lactoferrin, and enzymes such as lysozyme.* These foster initial
development of the infant’s immune system, promoting balanced
pro- and anti-inflammatory responses, immunity and tolerance.’
Secretory IgA (slgA) is in both breast milk and mucosal
secretions and is critical in exclusion of pathogens and education
of the immune system.® slgA constitutes dimeric or polymeric IgA

bound by a “J” chain, complexed to secretory component (SC).’
The SC binds to dimeric IgA within the intestinal epithelium
during membrane transcytosis utilising a glycoprotein, polymeric
Ig receptor.” It is hypothesised that this SC delays proteolysis and
digestion in the gut lumen.” Demers-Mathieu et al. (2019)
demonstrated IgA found in 20 preterm infants (mean gestational
age (GA)30 weeks) stool is only 1% sIgA.®

Endogenous production of secretory immunoglobulin does
not occur immediately after birth and infants are reliant on
maternal transfer> Term infants rely on placental transfer of
immunoglobulin (as IgG) primarily in the third trimester meaning
significantly preterm infants miss out on this passive transfer of
other forms of immunoglobulin. Breast fed infants acquire their
slgA via MOM until endogenous production starts. Extremely
preterm infants are unable to directly breast feed and reliant on
MOM being expressed, and often stored refrigerated or frozen
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until tolerated. Some infants receive donor breast milk (DBM)
which in addition to being expressed and stored like MOM is also
pasteurised. slgA in DBM is reduced by pasteurisation® but little
data exist on the impact of storage and handling procedures on
(s)lgA in MOM.

Endogenous IgA production may commence at set postnatal
age, GA, or a combination. Studies to date mainly focus on term
infants,'® with little known about endogenous slgA production in
the significantly preterm infant. However, this is of key importance
to better understand and manage their susceptibility to infection
and mucosal inflammation, as NEC and late onset sepsis (LOS)
remain important causes of death and serious morbidity after
preterm birth. Although the pathogenesis remains incompletely
understood NEC is strongly associated with inflammation, mucosal
damage and LOS with translocation of gut organisms into
systemic circulation. A lack of endogenous mucosal slgA may
contribute to an impaired ability to bind and excrete pathogens,
leaving preterm infants susceptible.'’'?

Little is also understood about the impact of current storage
practices on concentrations of (s)lgA in MOM. In a cohort of
significantly preterm infants and their mothers this study aimed to
(1) describe the impact on IgA levels in expressed MOM of
refrigerating, freezing and feeding via a nasogastric tube (NG)
tube, (2) longitudinally quantify total IgA and slgA in maternal milk
and infant stool, and (3) determine differences between exclu-
sively MOM or formula fed infants, in a cohort of exclusively
healthy preterm infants (<32 weeks GA).

METHODS

Participants and sample collection

Participants were recruited to an ongoing REC approved sample salvage
study (SERVIS Supporting Research in Vulnerable Infants REC 10/H0908/39)
of >900 babies <32 weeks GA. Eligible infants were cared for in the
Neonatal Intensive Care Unit (NICU) at the Royal Victoria Infirmary,
Newcastle. We developed Standard Operating Procedures (SOPs) for

collection of infant stool and MOM. In brief, the bedside nurse collected
stool samples daily from the nappy into a sterile container at —20°C.
Samples were anonymised before being transported weekly to a —80°C
freezer. MOM was sampled from the residual milk in systems used to feed
babies to prevent loss of milk volume to the baby. MOM sample day thus
identifies day of life milk received by infant, and is not necessarily the day
it was expressed.

In addition, MOM was obtained fresh from ten mothers of different
preterm infants and for each sample analysis was performed on fresh,
refrigerated and frozen milk, and after fresh milk was administered via
continuous pump and syringe (n = 40 total analyses).

Longitudinal samples were selected from 42 best-matched healthy
preterm infants defined as those who did not develop NEC, LOS or focal
perforation, and survived to discharge (Fig. 1). Demographics and sampling
data are given in Table 1. For multiple births only one infant was studied.
Milk samples were analysed across six time points in the first 120 days of
life chosen to reflect colostrum, early milk, transitional milk, and mature
breastmilk expression. A single sample per subject was used in each time
point to avoid problems with repeated measures. Six additional healthy
preterm infants who only received formula milk throughout their stay, in
whom we had longitudinal stool sampling, were also selected.

Sample preparation and ELISA
Samples were thawed on ice and the total IgG, IgM, IgA, and sigA
components of breast milk (and total IgA and slgA from infant stool) were
quantified using in-house sandwich enzyme-linked immunosorbent assays
(ELISA) using standardised protocols.

Wells of 96 well microtitre plates (Immulon 4HBX, Fisher Scientific UK
Ltd) were coated with 100 pl of capture antibodies at 1 ug/ml in Coating
Buffer (35 mM NaHCOs, 15 mM Na,COs pH 9.6) and incubated overnight at
4°C. Capture antibodies were anti-human IgG (y-chain); anti-human IgM
(u-chain) or anti-human IgA (a-chain) (all Sigma).

Plates were then washed with PBS containing 0.05% (v/v) Tween 20
(PBSTw) on a plate washer and non-specific sites were blocked by
incubation with 150 pl/well PBS containing 5% (w/v) (PBSA) for 45 min at
room temperature.

After washing with PBSTw, 100 pl/well of sample or antibody standard
(diluted in PBSTw containing 0.5% (w/v) (PBSATw) was added and
incubated at room temperature for 2 h.

“Healthy” infants, n = 48

_ | Second and subsequent infants from

multiple pregnancy, n= 6

1

) | infants with no stool sample, n=6 ‘

v

“Healthy” infants with longitudinal milk data, n = 42‘

Fig. 1

|“Healthy” infants with longitudinal stool data, n= 36|

Flow chart showing the overview of recruitment and sampling data from infants in SERVIS study.

Table 1. Demographic and sample details of “healthy” infant cohort.

Infants with milk
samples (n =42)

26.1 (24.3-27.7) Range
23-30.9

794 (608-866)

Gestational age Median
(IQR?) weeks

Birth weight g

23-30.9

median (IQR)

Male n (%) 18 (43) 14 (39)
Caesarean section n (%) 16 (38) 13 (36)
Antenatal steroids n (%) 41 (98) 29 (94)
Number of samples per 3(1-7) 3 (1-5)

infant (range)

?IQR interquartile range.
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Infants with stool
samples (n = 36)

26.1 (24.3-27.7) Range

772 (590-865)

Formula milk fed
infants (n = 6)

28.7 (27.2-30.5) Range
26.3-31.7

1192 (870-1563)

Milk journey infants (fresh
breast milk samples) (n = 10)

26.6 (24.4-29)

915 (660-1198)

3 (50) 7 (70)

4 (67) 4 (40)
5(83) 10 (100)
3 (1-5) 1
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Standards used were IgG from human serum (Sigma 12511); IgM from
human serum (Sigma 18260), or IgA from human colostrum (Sigma 12636).
A broad standard curve was prepared ranging from 5000 to 0.5 ng/ml.

Following a further two washes with PBSTw, bound IgG, IgM or IgA were
detected in a 45 min incubation with 100 pl of secondary goat anti-human
IgG, IgM, or IgA peroxidase-conjugated antibodies (IgA) (all Sigma)
respectively, added at a 1:5000 dilution.

To specifically determine the slgA component of IgA, an additional step
followed the standard/sample incubation. Mouse anti-human IgA secretory
chain antibody (Sigma 16635) was added (100 pl/well at 1:10000) for 1 h
and after washing, mouse anti-human IgG peroxidase-conjugated anti-
body (Sigma) was added 100 pl/well at 1:1000.

Following two further wash cycles, bound peroxidase activity was
determined using 100 pl/well Developer (o-phenylenediamine (OPD) 4 mM
in 0.1 M Citrate Buffer pH 5.0 containing 0.012% (v/v) H,0,. The colour was
allowed to develop for 5min prior to stopping the reaction with 100 pl/
well Stop Buffer (2 M H,SO,).

Absorbance at 492 nm was measured on a BioTek MRXII plate reader
(Agilent Technologies, Harwell UK). GraphPad Prism™ software was used to
create a standard curve with a logistic curve fit and immunoglobulin
concentrations were measured using interpolated data.

Statistical analysis

Mann-Whitney tests for unpaired sample comparisons (across maternal
milk fed infants and formula milk fed infants) were applied using
GraphPad Prism™ and R studio. Differences in longitudinal IgA and slgA
concentrations were analysed using Kruskal-Wallis tests for pairwise
comparisons. Linear regression models were applied using R statistical
software (version 1.4.1717), using the emmeans package for post hoc
linear regression analysis between groups, and Dharma for testing
residuals, to determine if changes in concentrations of IgA and slgA over
time of expression remained significant when adjusted for potentially
confounding variables.

RESULTS

IgA and slgA are reduced with standard milk storage and
feeding practices on neonatal intensive care

In the ten fresh samples we demonstrated IgA and slgA levels
were reduced to below half the baseline level of the original
sample by refrigerating, freezing, or feeding via continuous
syringe feed (fresh median IgA 1859-562 pug/ml (combined
refrigerated, frozen and syringe fed), fresh median sligA
1569-740 ug/ml (combined), p <0.05) (Fig. 2a, b). IgG and IgM
levels were not impacted by the different milk storage and
feeding practices (all p > 0.05; Fig. 2¢, d).

Longitudinal total IgA and slgA in maternal breast milk and

impact of gestation

In MOM of 42 healthy preterm infants, total IgA and slgA
concentrations were highest in milk received in the first week of
life, ranging from 1047 to 1866 pg/ml (median 1488 pg/ml) then
gradually reduced to a stable concentration in milk received in
and beyond the 3 week of life of around 650 ug/ml (Fig. 3a, b).
Apart from day of life, no infant or maternal factors that we had
access to influenced IgA or slgA concentration including sex,
delivery mode, antenatal steroid receipt, multiple pregnancy or
chorioamnionitis. (Supplementary Table 1). Using data from all
infants longitudinally, plotted against corrected gestational age
(CGA), as CGA increased, the total IgA and slgA in MOM reduced
(p <0.0001) (Fig. 3¢, d).

Because of the overall impact of day of life on MOM IgA levels
we explored the impact of GA on samples fed on days
0-7 separately from those fed later (Fig. 4) using ANOVA. This
demonstrated that birth gestation did not have a statistically
significant influence on total IgA and slgA. IgA was detectable in
colostrum in even the most immature infants born as early as 23-
and 24-weeks gestation, with levels in these day 0-7 samples
higher than the median for all samples (1401 pg/ml (IQR
1261-1532 pg/ml) versus 703 pg/ml (IQR 523-930 pg/ml)) (Fig. 4a,
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Fig. 2 Impact of NICU storage and feeding conditions on
expressed breast milk immunoglobulins. a Immunoglobulin A,
(b) Secretory immunoglobulin A, () Immunoglobulin M, and (d)
Immunoglobulin G. Data depicted as Box and Whisker plots. n = 10.

b). Similarly, after the first week of life gestation at birth did not
impact IgA or slgA (Fig. 4c, d).

Impact of maternal milk on IgA and sigA in infant stool
Longitudinal analysis of stool showed IgA and sIlgA were
detectable in the stool of breast-milk-fed preterm infants from
the first week of life (IgA median concentration 403 pug/ml, IQR
162-625 pg/ml, slgA 91 pg/ml, IQR 7-138 pg/ml) increasing with
increasing postnatal age (IgA median concentration after 1 month
of life ~1000 pg/ml) (Fig. 5a, b). slgA concentration correlated to
~25-30% of IgA concentration. However, when this data is
represented by CGA no significant difference is seen in stool IgA
with time (p 0.13) (Fig. 5¢, d). Comparing MOM with correspond-
ing day of life stool over the first 21 days, correlation was
demonstrated (Pearson correlation r=0.45 (95% confidence
interval —0.06-0.77 p = 0.082)), but no correlation was seen after
this point (Pearson r=0.006 (95% confidence interval -0.3-0.3
p =0.97) (Supplementary Fig. 2).

Total IgA and slgA in formula fed infant stool

In the six infants exclusively fed formula milk, IgA and slgA were
not detectable in infant stool until 17 days of age at the earliest
(range 17-47 days). This corresponded to an earliest CGA of
31 weeks. Median detection of IgA occurred at 37 (IQR 31-45) days
of life and median CGA 34 (IQR 31-35) weeks (Fig. 6a, b). When
infant stool was compared between MOM fed infants and formula
milk fed infants, there was a significant difference (p <0.05)
between total IgA levels over the first month of life (Fig. 6¢c). In a
similar comparison using CGA, the concentration of total IgA in
stool from MOM fed infants remained static but in stool from
formula fed infants IgA increased significantly in the small number
of infants sampled beyond 34 weeks CGA (p < 0.005) (Fig. 6d).
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weekly gestational age, n = number of samples in each time cohort. Data depicted as Box and Whisker plots showing median and range.
Single sample per subject included within each time point (n = 42). Statistically significant variables shown using Mann-Whitney test.

Comparison of stool IgA in MOM fed infants with formula fed
infants suggests endogenous production from DOL 30 onwards is
likely to be contributing to levels in MOM fed infants from this
point onwards (Fig. 6c, d).

DISCUSSION

We provide data on total IgA and sIlgA concentration in MOM and
infant stool, in the largest, most immature cohort of healthy
preterm infants published to date. We have shown that IgA and
slgA are highest in colostrum even at gestations as low as
23 weeks and gradually reduce over the first three weeks. In infant
stool IgA was detectable during the first week of life in infants
receiving MOM with levels correlating to those in MOM in the first
three weeks of life but not beyond this. We demonstrated absence
of stool IgA in formula fed infants until at least day 17, and an
increase in IgA/slgA in infant stool beyond this, giving insight into
the postnatal age and gestation at which endogenous IgA
production occurs in the significantly preterm infant. We also
demonstrated significant and potentially clinically important loss
of total and slgA in MOM samples that were either refrigerated,
frozen or salvaged from feeding lines.

Milk: In term MOM the concentration of IgA in human
breastmilk varies from <1 g/l to 12 g/l in colostrum, reducing to
a more consistent 0.5 g/l in mature milk (over a month of life).'*2°
Our overall median of 700 ug/ml is in keeping with this. Previous
studies have limited breastmilk samples from mothers delivering
very immature infants (median GA of all previous preterm studies
28-31 weeks in comparison to ours of 26 weeks),'>™'® have limited
access to the earliest milk samples,>'** and have fewer preterm
infants (15-30).

SPRINGER NATURE

Older studies (1980's) using immunoelectrophoresis to quantify
total IgA in breastmilk identified higher concentrations of IgA in
milk from preterm (median GA 31 and 30 weeks respectively)
compared with term mothers,'*'® not affected by expression. Use
of immunoblotting to determine sIgA levels showed no significant
difference in slgA concentration in preterm compared with term
MOM.'® Hsu et al. (2014) used ELISA in MOM from 17 preterm
infants (median GA 30 weeks) identifying no difference in actual
values or trends over time compared to term MOM,"> confirmed
by Trend et al. (2016) analysing with ELISA MOM samples from 30
pretgrm mothers (median GA 28 weeks) over the first month of
life.

Our finding that IgA concentration decreases with increasing
postnatal age is in keeping with previously published literature,
with total IgA concentration decreasing from colostrum to mature
milk in preterm-delivering maternal breast milk, and a similar
concentration of total IgA in preterm and term delivering mothers
at older postnatal ages.'®

Stool: The median concentration of IgA in preterm infant stool
was 370 (162-625) ug/mg in the first week of life increasing to
1000 pg/mg by a month of age. Very little data exist to compare
these results to, with a review of the literature revealing only two
studies quantifying slgA in breast milk fed preterm infant stool %
In term infants, literature has previously described slgA measur-
able in MOM fed infants within the first week of life.'®

Preterm infant work published by Demers-Mathieu et al. (2019)
found that in a cohort of twenty preterm infants (30 + 3 weeks),
85% of immunoglobulin in infant stool was total IgA of which only
1% was slgA.2' They hypothesise that this is due to proteolytic
cleavage of the SC during digestion in the infant gut. We found up
to 35% as much slgA as total IgA in infant stool, possibly due to

Pediatric Research (2022) 92:979 - 986



a 2500
2000
T 1500 l =
£ 1500 @] % ;
= &
= 1000 - . —-
=)
500 -
0 T T T T T T T T T
23 24 25 26 27 28 29 30 31
Gestation (weeks)
C 2500 -
2000
E
e 1500 - e ) T
g 1000 4[] Lr . _} :|L
500 | 4 ‘ . ¢
0 T T T T T T T T

23 24 25 26 27 28 29 30
Gestation (weeks)

Fig. 4 Immunoglobulin concentrations in human milk from mothers delivering preterm (23-32 weeks) infants. First week of life (a) and (b)
and beyond first week of life (c) and (d). Concentration of total Immunoglobulin A (a) and (c) and Secretory Immunoglobulin A (b) and (d) in
maternal milk by gestational age at birth. Single sample per subject included within each time point. Data depicted as Box and Whisker plots

C.L. Granger et al.

T

2500
__ 2000
€
S 1500 - o v -
2 Mes LT
g 1000 | - | = —
[} .
500 —
0 T I T T T T T T I
23 24 25 26 27 28 29 30 31
Gestation (weeks)
d 2500
20004 Tt
E
g 1500 |-
< 1000 7 i i
G tap! < ’ b
s00{ % i L4
o T T T T T T T T

23 24 25 26 27 28 29 30
Gestation (weeks)

showing median and range n =42. No statistical differences in any analysis.

a 0.0494
2500 =
2000 -
< 1500
>
et
< 1000 ~
T
500 - | .
|
.8
0 T
0-7 815 16-29 30-56 57-95 96+
Day of life
C 2500 -
2000 |
- -
T 1500
£ .
=
< 1000
k=
- Sew
500 - - L.]
-

CGA (weeks)

b
2500 -
2000 -
T 1500 -
S 0.0201
3 :
S 1000 .
@ - |
e S -
500 - ! l: s A
> ~ - RIN \;‘ H—]
S P °o** lsa (K- £
o
0-7 8-15 16-29 30-56 57-95 96+
Day of life
d 2500 -
2000
E 1500 —
(=]
e
< 1000 .
’ . . B
500 — (= -‘ .‘
B e Lo L] Bl ]
el
0 t T ; e
S A D N D P )
[ AN S S N I .
4 7 7 e /7
DA A A N A

CGA (weeks)

Fig. 5 Immunoglobulin concentration in infant stools age 0-100 days postnatal age. a Total Immunoglobulin A concentration and (b)
Secretory immunoglobulin A concentration by Dol of sample. ¢ Total Immunoglobulin A concentration and (d) Secretory immunoglobulin A
concentration expressed by corrected gestational age. Single sample per subject included within each time point. Data depicted as Box and
Whisker plots with median and range n = 36. Statistically significant differences tested with Mann-Whitney.

improved slgA detection techniques in this study, where we
aimed to first isolate IgA then subsequently SC, and thus
identifying specifically slgA rather than a composite of slgA, sigM
and SC as has been done in previous studies. Lower gastric acidity
in preterm infants may mean digestion of sIgA may be reduced in
preterm infants compared with term®

Pediatric Research (2022) 92:979 - 986

The postnatal age at which preterm infants begin to produce
endogenous slgA is not well described in current literature.
Intestinal IgA plasma cells are not readily detected in the lamina

. . . . . 24
propria until after a month of life in term infants,” and they do
not reach adult levels until 2 years of life?®> In saliva sigA is
detected in term infants by 1 month of age.”® Mice begin to
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actively generate intestinal slgA only after weaning but young
mice lacking maternal slgA from milk generate active intestinal
slgA from a younger age,”’ suggesting that in mice at least
endogenous production is influenced by diet and not fixed. These
results are in keeping with the negligible IgA in formula fed infants
stools until 17 days of life at the earliest and similar findings have
been documented before. Eibl et al. (1988) measured total faecal
IgA in 13 preterm formula milk fed infants (gestation unknown,
birth weight 1000-2000g) of whom half were treated with oral
IgA. In control infants (not fed oral IgA) no faecal IgA was detected
before 4 weeks of age but those fed exogenous IgA had between
1 and 10mg/g of IgA measurable in stool.”® A recent study
determined bacterial binding of IgA in preterm infants’ stool and
found that in those who were formula fed in the first month of life,
<1% of bacteria were bound by IgA.>

This study presents data from the largest most immature
preterm cohort to date and includes 23 and 24 week MOM and
stool. All infants were known to be healthy as defined by rigorous
criteria, and drawn from a much bigger dataset from which infants
not fulfilling these criteria were excluded. Our cohort benefits
from analysis of MOM and infant stool samples both early in life
(28 samples in first week) and longitudinally (average sampling up
to 8 weeks). In addition, standardised sampling, storage and
analysis SOP’s were applied allowing for robust analysis. Owing to
the large overall cohort, there was availability of well-matched
stool and milk samples linked to relevant clinical data including
demographics, treatment and outcomes. Data has been presented
and analysed by day of life, gestation at birth and CGA, all of
which impact on this complex issue. The small number of
exclusively formula milk fed infants reflects our comprehensive
focus on preterm infants receiving MOM.

SPRINGER NATURE

Although early milk samples were available, these remain
limited, an inevitability as the focus for small volumes of early
colostrum is administration to the baby, often directly from
syringe rather than via feeding tubes and thus with no residual to
sample. Milk samples used in this analysis carry information only
on the day milk was fed to the infant, not when it was expressed.
Whilst it is always true that a sample received on day 0-7 must
have been expressed within this window, samples received by a
baby later in life may have been expressed and stored from any
point earlier. We now document both the day expressed and the
day received by baby. Analyses have been presented by both
DOL, birth gestation and CGA, but are not ‘adjusted’ to account for
the relative impact of DOL on CGA at different CGA’s. For example,
for a CGA of 23 weeks, given that survival before this is rare, any
sample with a CGA of 23 weeks will by definition be a day
0-7 sample. However, at a CGA of 29 weeks samples will be a
mixture of 29 week gestation infants on day 0 to 7, and more
immature infants between 8 and 42 days old. Without much
greater numbers of infants allowing separate analysis of each
gestational cohort over time this challenge in interpretation and
analysis will persist.

Small numbers of infants received no MOM and therefore were
only ever fed formula (6 from an entire cohort of over 900 babies),
meaning small number of infants contribute data pertaining to
endogenous production. These six babies do not include the most
preterm (median GA 28.7 (Range 26.2-31.7). Sampling from
multiple units to capture these unusual babies would be necessary
to improve numbers of exclusively formula fed babies in future
studies. In a small number of samples from these formula milk fed
infants we detected small quantities of IgA in the stool sooner
than in overall: we hypothesise that this may result from buccal
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colostrum administration, but never receiving enough MOM
enterally to ever be recorded as receiving MOM.

We have not included any attempt to quantify volumes of MOM
fed to the infant on any day, which may be important, given that
physiologically it is the total (s)lgA that is received that matters to
the infant. Although slgA concentration decreases over time, this
corresponds to generally increasing volumes of milk received by
the infant, and this may mean that the amount of slgA interacting
with the infant gut is relatively stable over time. In addition at the
time of this study, we did not have access to donor milk, and
therefore we have also not explored IgA in donor milk.

IgA in stool may exist bound to bacteria and as such
concentration may be underestimated by ELISA, and this may
account for some of the differences seen in the MOM-infant stool
dyad IgA concentration.

Even colostrum produced after preterm delivery as early as
23 weeks contains high levels of IgA making this an important
source of immunomodulation for preterm infants. The lack of
endogenous sIgA production in the preterm gut until at least the
3 week of life means infants are dependent on exogenous supply
until then. Until endogenous production is underway stool levels
correlate with MOM levels. Whilst MOM s likely to be the best
source, the potential role of donor milk and milk volumes received
require further exploration.

The demonstration that IgA and slgA concentrations are reduced
through refrigeration, freezing and feeding practices is clinically
important. The main function of slgA in the intestinal lumen is to
bind bacteria and either excrete pathogens or translocate commen-
sal organisms across the intestinal epithelial layer, and if less slgA
available it would be logical that less IgA binding occurs.
Mechanisms of this are not currently understood: IgA/sigA may be
being degraded by temperature changes or may bind to plastic and
IgA may be more vulnerable to these processes than other
immunoglobulins due to the higher content and glycosylation of
IgA”. Future studies should explore these aspects further in order to
identify handling practices in NICU that preserve maximal IgA levels.
We have not explored all other potential factors that may impact on
endogenous production of slgA in the infant, nor have we extensive
maternal information (for example data on body mass index, diet,
maternal drugs etc) that may be impacting on MOM IgA levels,
which could be done in future studies.

Given the data suggesting that IgA binding to gut bacteria
protect against NEC, maximising exogenous IgA delivery until
both endogenous production is established and the risk of NEC is
low (e.g. after 32-33 weeks CGA??) is sensible. Exogenous non-
MOM oral IgA has not been shown to be of benefit in reducing
NEC, but data are limited. A Cochrane review in 2016 found that
administration of oral immunoglobulins (IgG or a combination of
IgG and IgA) did not reduce NEC incidence, need for surgical
intervention or NEC-related death.?® The three included trials were
heterogenous in nature, had high withdrawal rates and incom-
plete outcome data. Administration of slgA rather than IgA,
theoretically of the greatest benefit, has not been attempted.

CONCLUSIONS
These findings have clinical and translational relevance as slgA has
been shown to be important for binding potentially pathogenic
bacteria in the preterm infant gut. In addition to ensuring all
infants receive MOM, these data demonstrate the particular
importance of successful colostrum expression and infant receipt,
and the potential to target delivery of high concentration slgA
breast milk to the most preterm infants until a postnatal age
where endogenous production increases. This is of particular
relevance to preterm infants at risk of NEC.

In addition, research should include storage and handling/
feeding practices that maximise slgA available to the infant with
potential beneficial impact.
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