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Abstract
Objectives: Breast‐fed (BF) have lower risk of infections during infancy com-
pared to those formula‐fed (FF). A higher content of alpha‐lactalbumin (α‐lac) in
breast milk, which may promote a more favorable gut microbiota, could be one
reason. In this study, we evaluated whether increased concentration of α‐lac in
low‐protein infant formula affects the immune response and the incidence of
infections during infancy.
Methods: In a double‐blinded randomized controlled trial, healthy‐term infants
(n = 245) received low‐protein infant formulas with α‐lac‐enriched whey (α‐lac‐
EW; 1.75 g protein/100 kcal, 27% α‐lac) or casein glycomacropeptide‐reduced
whey (CGMP‐RW; 1.76 g protein/100 kcal, 14% α‐lac), or standard formula
(SF; 2.2 g protein/100 kcal, 10% α‐lac) from 2 to 6 months. BF constituted a
reference group. Cytokines and high‐sensitivity C‐reactive protein (hsCRP)
were measured during intervention and infection‐related morbidity, and treat-
ment was evaluated until 12 months.
Results: Serum interleukin‐6 (IL‐6) was lower in BF than in all FF groups
during intervention (p < 0.001). No other differences in cytokines (tumor
necrosis factor alpha [TNF‐α], transforming growth factor beta 1 [TGF‐β1],
TGF‐β2, IL‐1, IL‐10, IL‐12, interferon gamma [INF‐γ]) or hsCRP were found
among the study groups. Infection‐related morbidity did not differ among study
groups, except slight differences in the use of antibiotics during (α‐lac‐EW vs.
CGMP‐RW [p = 0.008]) and after intervention (α‐lac‐EW vs. BF [p = 0.016]).
Conclusions: Increased α‐lac concentration in low‐protein infant formula to
levels similar to breast milk did not affect the cytokine profile and had minor
effect on infection‐related morbidity. The higher IL‐6 concentrations in FF than
in BF needs further investigation.
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1 | INTRODUCTION

Breast milk is not only important for infant growth,1 but also
plays a key role in protecting the infant from infections,
mainly gastrointestinal‐ and respiratory infections, and otitis

media.2‐7 Multiple bioactive components in breast milk are
involved in the maturation and function of the immune
system of the infant. Their complex interactions and activity
enhance the development of immunity in early life.8,9

However, despite international recommendations,10 less
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than 50% of infants worldwide are exclusively breast‐fed
(BF) during the first 6 months of life, and depend on infant
formula to varying degrees.6

Early life nutrition has a great impact on the estab-
lishment of the gut microbiota,11‐15 and hence on the
development and function of the infant's immune sys-
tem.16,17 The gut microbiota is important for protection
against pathogens and infections.18 According to previous
research the gut microbiota in formula‐fed (FF) infants is
more diverse and has a different composition compared to
BF infants, with higher abundance of Bacteroidetes and
Firmicutes.12,19 Importantly, breast milk, in contrast to
cow's milk, contains high concentrations of oligosacchar-
ides that promote colonization of beneficial bacteria such
as Bifidobacterium.15 The different composition of the gut
microbiota in FF compared to BF infants,11,20,21 could be
one reason for the increased susceptibility to infections
during infancy in FF than in BF infants.

Alpha‐lactalbumin (α‐lac) is the main whey protein in
breast milk, comprising 25% of total protein, compared to
the much lower (3%–5%) concentration in cow's milk, and
thus in standard infant formula.22 Bioactive peptides
derived from α‐lac have been suggested to promote the
establishment of a favorable gut microbiota composition,
more similar to that of BF infants.23‐25 In preclinical studies,
acute diarrheal illness, caused by infection with enteric
pathogens, was prevented by feeding an α‐lac‐enriched
formula.23,26 Possible bactericidal effects of α‐lac peptides
against several bacteria species,27 as well as potential
antiviral and various immune‐modulating effects of α‐lac
peptides have also been reported.22,28,29 Many interac-
tions between and within different parts of the immune
system are regulated by cytokines. We and others have
previously reported different cytokine profiles in FF and BF
infants,30 and that addition of bioactive components to
infant formula can alter the immune response.31‐34 We
recently reported effects on growth and metabolism dur-
ing35 and after the intervention36 from the ALFoNS study
where infants were fed low‐protein infant formula with
increased concentrations of α‐lac during early infancy.

In this study, as secondary outcomes of the AL-
FoNS study, we investigated if increased α‐lac con-
centration in low‐protein formula, closer to that of
breast milk, affects the cytokine profile during inter-
vention and decreases infection‐related morbidity and
related treatment during and after intervention to
reduce the gap between FF and BF infants.

2 | METHODS

2.1 | Ethics statement

The study was approved by the Regional Ethical
Review Board in Lund (ref: 2014/14) and registered at
ClinicalTrials.gov (NCT02410057). Written parental in-
formed consent was obtained before inclusion.

2.2 | Design and study population

This double‐blinded randomized controlled trial (RCT)
was conducted in Malmö/Lund and Umeå, Sweden.
Infants were recruited by invitation letters to all families
with a 4‐week‐old infant between December 2014 and
November 2019.

Full‐term infants with birth weight 2500–4500 g,
absence of chronic illness or disease that could affect
normal growth and nutrition, and either exclusively BF
or exclusively FF at inclusion date, were included in the
study. Infants who had received probiotics (Limosi-
lactobacillus reuteri) could be included provided a
“washout” period of 7 days, while antibiotic treatment
and delivery by cesarean section were exclusion
criteria.

2.3 | Intervention

In total, 245 FF infants were stratified by sex and assigned
into random blocks of 6 or 12 with computerized ran-
domization to receive low‐protein infant formulas with ei-
ther α‐lac‐enriched whey (α‐lac‐EW; 1.75 g protein/
100 kcal, 27% α‐lac), or casein glucomacropeptide‐
reduced whey (CGMP‐RW; 1.76 g protein/100 kcal, 14%
α‐lac), or standard infant formula (SF; 2.2 g protein/
100 kcal, 10% α‐lac), from 2 to 6 months. BF infants
(n=83) served as a reference. The study formulas were
blinded at the production site (Laiterie de Montaigu); and
whey protein fractions provided by Arla Foods Ingredients

What is Known

• Breast‐fed (BF) infants have fewer infections
during infancy, mainly respiratory and gas-
trointestinal, than those being formula‐
fed (FF).

• Alpha‐lactalbumin (α‐lac) concentration in
infant formula is much lower than in
breast milk.

• Preclinical studies indicate that enrichment of
infant formula with α‐lac reduces the risk of
gastrointestinal infections.

What is New

• Increasing α‐lac concentration in low‐protein
infant formula did not change the inflamma-
tory response or the incidence of infections
compared to those fed standard infant
formula.

• The higher concentration of interleukin‐6 in
FF than in BF infants during intervention
remains to be further investigated.
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Group P/S, Denmark. Nutritional composition is pre-
sented in Supporting Information S1: Table S1. Fam-
ilies, study nurses, and investigators were blinded to
group allocation and unblinding of investigators oc-
curred when all infants had completed the intervention
(March 2020) and statistical analyses up to 6 months
of age had been completed.

2.4 | Data collection

Background data of infants and parents were obtained
at inclusion, as previously presented.35 At monthly
study visits from baseline (6–8 weeks) to 6 months and
at follow‐up at 12 months of age, anthropometric
measurements were performed, and 3‐day‐dietary
record collected.35,36 In symptom diaries morbidity
was reported on a daily basis. Evaluated outcomes
were; days of fever (≥38.0°C), respiratory tract infec-
tion, gastroenteritis, diagnosis of otitis media, rash or
eczema, use of any medication, doctor's visits and
hospitalization. Morbidity and treatment data are pre-
sented as cumulative incidence; the proportion of par-
ticipants presenting a specific outcome at least once,
and as longitudinal prevalence; the proportion of days
with a specific outcome. Study visit was rescheduled if
the infant had symptoms of ongoing infection.

Venous blood samples were obtained at baseline,
4 and 6 months of age at least 2 h postprandially.
Anesthetic topical cream was used before sampling.
Blood was centrifuged for 10 min at 1300 × g, and
serum then separated into microtubes and stored at
–80°C. When all infants had completed the inter-
vention, the tubes were transported frozen on dry ice
to the Pediatric Research Laboratory at Umeå Uni-
versity for analyses. High‐sensitivity C‐reactive pro-
tein (hs‐CRP) was determined by enzyme‐linked
immunosorbent assay (ELISA) (human CRP Quanti-
kine® ELISA, R&D Systems Inc.). Before cytokine
analyses, serum samples were thawed, shaken, and
centrifuged at 10,000 × g for 10 min. Cytokines were
assayed in duplicate, according to the manufacturer's
instructions. Concentrations of interleukin (IL)‐6, IL‐
10, IL‐12, interferon gamma (INF‐γ), and tumor
necrosis factor alfa (TNF‐α) were measured using
Milliplex Human High Sensitivity T Cell Magnetic
Beads (HSTCMAG‐28SK; EMD Millipore) and TGF‐
β1 and ‐β2 using a TGF‐β Magnetic Bead Kit
(TGFBMAG‐64K; EMD Millipore) from Merck KGaA.
Cytokine measurements were performed using a Bio‐
Plex 200 instrument (Bio‐Rad Laboratories). Con-
centrations of IL‐6, IL‐10, IL‐12, IFN‐γ, and TNF‐α
were read from a 7‐point calibration curve and TGF‐
β1 and ‐β2 from a 6‐point calibration curve, and cal-
culations were made with Bio‐Plex Manager 6.2 (Bio‐
Rad Laboratories). Samples with coefficient variation
above 10% were re‐assayed.

2.5 | Sample size and power calculation

The overall aims of the ALFoNS study were to evaluate
growth and metabolic profile of the study population. As
previously reported,35 sample size was calculated to
include 80 infants in each study group, allowing a drop‐
out rate of 20%, to detect a difference in weight (primary
outcome) of 400 g (0.5 SD) at the end of intervention,
with 80% power using a significance level of 0.05. Due
to a short period of a higher drop‐out rate than expected,
eight additional infants were included to the study,
resulting in 328 infants included. Based on previous pre‐
study calculations in a recent RCT on cytokines in
infants a minimum sample size of 64 infants per ran-
domized group was required to detect a difference of
0.5 SD in TNF‐α concentrations between groups, with a
power of 80% and a significance level of 0.05.37

2.6 | Statistical analyses

SPSS IBM Statistics version 28 was used for statistical
analyses. Cytokine concentrations were assessed in all
infants, whereas morbidity and treatment data were
evaluated in infants who completed the entire interven-
tion period, and during the follow‐up period in those who
completed their 12‐month visit. For group comparison of
continuous data Kruskal–Wallis test was used and for
categorical data chi‐square or Fishers exact test.
Results are presented as mean ± SD as median with
25th and 75th percentiles, or as frequencies.

3 | RESULTS

A total of 328 infants were included in the study groups
(Figure 1). Thirty‐three FF (13%) and 10 BF (12%)
infants were lost to follow‐up during the intervention
period (2–6 months), with no differences among for-
mula groups in drop‐out frequency due to gastro-
intestinal adverse event. During the follow‐up period
(6–12 months), there were few additional drop‐outs
(FF = 4, BF = 2), with no difference among the groups
(Figure 1). Background and baseline characteristics of
infants and parents are presented in Table 1.

3.1 | Morbidity

During the intervention period, the cumulative use of
antipyretics was higher in all three FF groups than in
the BF group (SF vs. BF p < 0.001, α‐lac‐EW vs. BF
p = 0.008 and CGMP‐RW vs. BF p = 0.028, respec-
tively), however the longitudinal prevalence of fever
was not significantly different among the study groups
(Table 2). Few infants received systemic antibiotics
during the intervention, but fewer in the α‐lac‐EW group

NILSSON ET AL. | 3
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compared to the CGMP‐RW group (p = 0.008). We also
observed a trend toward a lower incidence of acute
otitis media in the α‐lac‐EW compared to the CGMP‐
RW group (p = 0.053) (Table 2). During follow‐up, the
incidence of otitis media was higher in α‐lac‐EW than in
BF infants (p = 0.046) as was the use of antibiotics
(p = 0.016). No other significant differences in cumula-
tive incidence or in longitudinal prevalence of infection‐
related morbidity or treatment outcomes, doctor's visits
or skin problems were found among study groups
during the intervention or follow‐up (Table 2). The

analyses from the total study population did not differ
from the group of infants that had completed the
intervention study with full compliance to the study
protocol. Adverse events during the intervention period,
that is, hospitalization, including noninfectious causes
occurred in three infants in the SF group (perianal
abscess, pylorus stenosis and apnea) and in three
infants in the CGMP‐RW group (bronchiolitis = 2, fever
of unknown etiology = 1), as previously reported.35 One
infant was hospitalized during the follow‐up period,
diagnosed with febrile seizures (CGMP‐RW group).

F IGURE 1 Study flowchart from inclusion to follow‐up visit at 12 months of age. Reasons for loss to follow‐up: GI adverse events; vomiting,
stomach ache, and flatulence. α‐lac‐EW, α‐lactalbumin‐enriched whey; BF, breast‐fed; CGMP‐RW, casein glycomacropeptide‐reduced whey;
GI, gastrointestinal; SF, standard formula.

4 | NILSSON ET AL.
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3.2 | Cytokines and hsCRP

The results from the cytokine analyses are presented in
Table 3. During the intervention there were no signifi-
cant differences in cytokine concentrations among the
FF groups. The concentration of IL‐6 was similar in all
study groups at baseline, but then increased during the
intervention period in all formula groups compared to
the BF group. Concentration of hsCRP was low in all
study groups and did not differ among the FF groups or
between FF and BF groups at baseline or during the
intervention (Table 3).

4 | DISCUSSION

In the present study, we evaluated possible effects of
feeding α‐lac‐enriched low‐protein infant formula on
inflammatory response and infection‐related morbidity
and treatment compared to feeding standard infant
formula or breast milk during infancy. We observed
only minor possible impact on infection‐related mor-
bidity during and after the intervention period among
the study groups. We found no differences in cytokine
profile between the study groups during the interven-
tion period, except for increased IL‐6 in all FF groups

compared to the BF group, where concentrations
remained at pre‐intervention level.

During the study period, there was a low con-
sumption of antibiotics overall in the study population.
However, we found a lower use of antibiotics in the α‐
lac‐EW than in the CGMP‐RW group during the
intervention, and a higher use in α‐lac‐EW than in the
BF group during follow‐up, probably due to differ-
ences in the acute otitis media incidence between the
groups during these periods. Acute otitis media is
one of the most common reasons for antibiotic
treatment during early childhood in developed coun-
tries.38 In this study, 47% and 75% of all antibiotic
treatment during and after intervention, respectively,
were due to this diagnosis.

Despite similar incidence and prevalence of fever in
the study groups, the use of antipyretics was found to
be higher in all FF groups compared to the BF group
during the intervention. However, antipyretics can also
be used for treatment of pain and sometimes against
“discomfort” during infection even if fever is not present.
In the present study, we do not have enough detailed
information to distinguish between the different reasons
for giving antipyretics.

Our findings with no differences in the incidence of
fever or respiratory tract infections between the study

TABLE 1 Background and baseline characteristics of the study population.

SF n = 83 α‐lac‐EW n=81 CGMP‐RW n = 80 BF n = 83

Infants

Gestational age (week) 39.5 ± 1.2 39.7 ± 1.3 40.1 ± 1.2 40.0 ± 1.1

Boy, n (%) 43 (52) 40 (49) 40 (50) 40 (48)

Birth weight (kg) 3.47 ± 0.45 3.53 ± 0.44 3.61 ± 0.44 3.54 ± 0.42

Birth length (cm) 50.2 ± 2.2 50.1 ± 1.9 50.5 ± 1.7 50.4 ± 1.9

Birth head circumference (cm) 34.6 ± 1.2 35.0 ± 1.3 35.0 ± 1.2 35.0 ± 1.5

Age at baseline (days) 49.3 ± 5.0 49.4 ± 4.1 49.2 ± 5.8 50.5 ± 4.5

Ever breastfed before inclusion, n (%) 63 (76) 66 (78) 70 (88) 83 (100)

Days of breastfeeding (n) 15.5 ± 14.6 18.0 ± 15.2 17.5 ± 13.9 50.4 ± 4.6

Probiotics before inclusion,a n (%) 28 (34) 24 (30) 23 (29) 13 (16)

Mothers

Age (years) 31.5 ± 4.8 31.1 ± 4.6 31.1 ± 4.6 32.6 ± 4.2

Non‐Nordic origin, n (%) 6 (7) 11 (14) 6 (8) 8 (10)

Education at higher level,b n (%) 45 (54) 47 (58) 57 (71) 66 (80)

Smoking during pregnancy, n (%) 3 (4) 4 (5) 3 (4) 0 (0)

BMI (kg/m2) 27.9 ± 5.2 27.9 ± 5.6 26.1 ± 4.2 25.2 ± 3.7

Note: Data presented as mean ± SD or as number (%).

Abbreviations: α‐lac‐EW, α‐lactalbumin‐enriched whey; BF, breast‐fed; BMI, body mass index; CGMP‐RW, casein glycomacropeptide‐reduced whey; SF, standard
formula.
aProbiotics: Limosilactobacillus reuteri Protectis®, wash‐out period of 7 days before inclusion.
bUniversity‐ or higher professional education.
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groups are supported by another study,39 where infants
were fed infant formulas supplemented with α‐lac
(25%) but with various concentrations of CGMP (15%
or 10% of protein content, respectively), standard for-
mula or breast milk. Furthermore, no effect on infection‐

related morbidity was seen in infants fed lactoferrin‐
enriched infant formula.37

The similar cytokine concentrations as well as
clinical presentation of morbidity outcomes in all study
groups in the present study, except for IL‐6 in the BF

TABLE 3 Serum cytokine and hsCRP concentrations and at 2, 4, and 6 months of age in infants fed infant formula or breast milk.

n SF n α‐lac‐EW n CGMP‐RW pa n BF

TNF‐α (pg/mL)

2 months 71 26.1 (21.7; 31.0) 66 29.1 (24.8; 35.4) 71 26.1 (22.4; 33.0) 0.065 67 26.7 (23.4; 33.5)

4 months 64 25.8 (19.7; 31.9) 65 25.6 (21.2; 30.6) 64 25.9 (21.1; 35.0) 0.52 62 26.6 (21.7; 33.4)

6 months 65 26.5 (21.4; 31.1) 65 24.3 (19.0; 29.6) 64 23.9 (18.7; 29.2) 0.17 61 25.6 (20.9; 31.3)

INFγ (pg/ml)

2 months 71 4.1 (1.6; 6.1) 66 4.5 (2.3; 6.1) 71 4.8 (2.9; 8.3) 0.06 67 4.4 (2.9; 6.6)

4 months 64 7.5 (5.3; 10.3) 65 6.4 (3.6; 9.6) 64 8.1 (4.4; 11.5) 0.14 62 6.5 (4.6; 8.4)

6 months 65 7.2 (5.3; 10.6) 65 8.4 (5.2; 10.7) 64 7.0 (4.5; 10.1) 0.68 61 6.8 (4.7; 11.0)

IL‐6 (pg/ml)

2 months 71 0.4 (0.1; 6.1) 66 0.1 (0.1; 3.4) 71 0.5 (0.1; 4.8) 0.53 67 0.1 (0.1; 4.0)

4 months 64 10.5 (2.1; 24.5)b 65 4.3 (0.1; 21.2)b 64 7.7 (2.1; 20.1)b 0.28 62 0.1 (0.1; 2.1)

6 months 65 13.4 (2.6; 37.0)b 65 20.2 (2.2; 66.5)b 64 9.0 (2.8; 31.2)b 0.19 61 0.2 (0.1; 8.4)

IL‐10 (pg/ml)

2 months 71 8.4 (4.0; 11.9) 66 8.0 (5.1; 11.3) 71 9.8 (5.5; 14.6)b 0.12 67 6.7 (4.0; 10.5)

4 months 64 9.3 (5.6; 14.2) 65 8.5 (4.8; 12.9) 64 9.3 (5.3; 16.4) 0.28 62 7.6 (4.5; 12.7)

6 months 65 9.2 (6.1; 15.0) 65 8.3 (5.0; 15.7) 64 8.9 (5.9; 12.8) 0.54 61 8.3 (5.3; 13.2)

IL‐12 (pg/ml)

2 months 71 1.1 (0.5; 1.6) 66 1.1 (0.6; 1.7) 71 1.3 (0.7; 1.8) 0.09 67 1.0 (0.6; 1.5)

4 months 64 2.2 (1.4; 2.9) 65 1.7 (0.9; 2.7) 64 2.4 (1.3; 3.2) 0.15 62 2.1 (1.1; 3.1)

6 months 65 2.2 (1.4; 3.5) 65 2.2 (1.2; 3.3) 64 2.0 (1.4; 2.9) 0.63 61 2.2 (1.6; 3.2)

TGF‐β1 (ng/mL)

2 months 71 59.8 (52.7; 65.0) 66 60.3 (53.7; 65.3) 71 58.5 (48.2; 67.4) 0.63 67 55.3 (50.8; 66.7)

4 months 64 57.2 (50.0; 67.6) 65 59.3 (53.1; 72.1) 64 61.3 (56.1; 69.1) 0.13 62 57.2 (51.5; 62.1)

6 months 65 54.7 (47.5; 61.6) 65 57.7 (49.5; 67.2) 64 57.3 (52.1; 65.7) 0.13 61 52.3 (46.0; 62.2)

TGF‐β2 (ng/mL)

2 months 71 1.2 (1.0; 1.4) 66 1.2 (1.0; 1.4) 71 1.2 (1.0; 1.3) 0.13 67 1.1 (1.0; 1.3)

4 months 64 1.3 (1.1; 1.7) 65 1.3 (1.1; 1.8) 64 1.4 (1.1; 1.8) 0.70 62 1.2 (1.1; 1.5)

6 months 65 1.3 (1.1; 1.6) 65 1.3 (1.1; 1.8) 64 1.3 (1.0; 1.5) 0.91 61 1.2 (1.0; 1.4)

hsCRP mg/L

2 months 78 0.1 (0.1; 0.4) 71 0.1 (0.0; 0.2) 74 0.1 (0.1; 0.2) 0.58 72 0.1 (0.1; 0.3)

4 months 66 0.2 (0.1; 0.6) 68 0.1 (0.9; 0.3) 66 0.2 (0.1; 0.9) 0.56 67 0.2 (0.1; 0.6)

6 months 66 0.2 (0.1; 2.0) 69 0.2 (0.1; 0.9) 64 0.2 (0.1; 0.7) 0.70 66 0.2 (0.1; 0.5)

Abbreviations: BF, breast‐fed; CGMP‐RW, casein glycomacropeptide‐reduced whey; hsCRP; high‐sensitivity CRP; IL, interleukin; SF, standard formula; TGF,
transforming growth factor; TNF, tumor necrosis factor; α‐lac‐EW, α‐lactalbumin‐enriched whey.
ap‐Values; differences between FF groups using Kruskal–Wallis test, post hoc Bonferroni. Data presented as median (25th; 75th percentiles).
bSignificantly different versus BF (p < 0.05).

NILSSON ET AL. | 7

 15364801, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jpn3.70189 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [02/10/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



group, could indicate that other bioactive components
than α‐lac do influence the immune physiology to be
more similar to BF infants. For example, the addition of
human milk oligosaccharides (HMOs) to infant formula
has been shown to reduce the incidence of respiratory
tract infections and result in lower use of antipyretic and
antibiotics compared to feeding standard formula, with
incidences closer to those of BF infants.40 The reasons
for these findings are probably related to the ability of
HMOs to affect gut microbiota composition41 and the
cytokine profile31 to be more similar to BF infants. The
addition of milk fat globule membrane (MFGM) to infant
formula has also been found to have protective effects
in infants against infections, resulting in lower incidence
of otitis media,7 respiratory tract infections, diarrhea42

and fever, as well as lower usage of antibiotics32

compared to feeding standard infant formula. Enrich-
ment with MFGM also resulted in a cytokine pattern
closer to BF infants when compared to infants fed
standard formula.32 MFGM has been shown to have
modulatory effects on humoral immunity7 and the gut
microbiota.43 Furthermore, addition of osteopontin to
infant formula has been found to lower the pro‐
inflammatory cytokine TNF‐α levels compared to stan-
dard formula,33 and to increase the levels of circulating
immune cells.44 However, the addition of lactoferrin to
infant formula did not result in any anti‐inflammatory
cytokine profile.37 Our finding of similar cytokine pro-
files among the study groups in the present study also
differ from a previous case‐control study,30 where FF
infants were found to have higher concentrations of the
pro‐inflammatory cytokines TNF‐α, IL‐2, and lower
concentrations of the anti‐inflammatory cytokine TGF‐
β2 compared to BF infants. However, their study pop-
ulation was recruited from a selective sample of infants
with high genetic risk for atopic disease which might
have influenced their results. Furthermore, formula
composition in that study was not described, which
makes it difficult to compare the results. Previous data
on possible effects of α‐lac enriched formula on
infection‐related parameters and immune modulation
are from in vitro or animal studies.22,23,26,28 Only
modest findings are reported in human studies, such as
a minor impact on gut microbiota45 and in a previous
study,46 no differences in distribution of white blood
cells was found in infants fed α‐lac‐enriched formula up
to 6 months of age compared to those fed standard
infant formula.

IL‐6 is produced in response to infection or injury
and promotes recruitment and activation of immune
cells and helps regulating the acute phase response.
The lower IL‐6 concentrations in BF than in FF groups
is supported by a previous study,33 evaluating enrich-
ment of osteopontin to infant formula. The lower IL‐6 in
BF infants may be part of the protective effects of
breast milk leading to reduced inflammatory activity. In
the present study, we did find reduced use of

antipyretics in BF compared to FF groups, but no dif-
ferences in incidence or prevalence of infections
between BF and FF infants during intervention, as was
found in the study by Lönnerdal et al.33

Despite the higher IL‐6 concentrations in FF infants,
there was no difference in hsCRP compared to the BF
group during intervention in the present study (Table 2).
This could indicate that the higher IL‐6 in all FF groups
throughout the intervention period is related to other
underlying mechanisms than infections, such as low‐
grade inflammation. Elevated IL‐6, as a potential indi-
cator of low‐grade inflammation, has also been asso-
ciated with overweight in older children.47,48 Additional
studies are needed to further investigate the cause of
the higher IL‐6 concentrations in the FF groups.

The lack of observed beneficial effects on morbidity
and cytokine profile of α‐lac‐enriched formula in the
present study may also have other explanations. In our
study population, about 80% of FF infants had been BF
to some extent before inclusion. Since type of feeding,
breastfeeding or formula feeding, directly following birth
will impact the composition of the gut microbiota,49 this
early exposure to breast milk may have altered the
early development of the gut microbiota among FF
infants. In addition, our study was conducted in a set-
ting with a high socioeconomic status, a low burden of
pediatric infectious diseases, good access to modern
healthcare and with high coverage of childhood
immunization, all factors contributing to favorable
health outcomes in infants. Thus, to be able to detect
any potential differences in infection‐related morbidity
between study groups under these circumstances, a
larger sample size may have been needed.

A strength of this study is the RCT design with a
large number of participants and a low drop‐out rate. To
our knowledge, no previous RCT has evaluated the
cytokine profile in infants fed formula enriched in α‐lac
with concentrations more like that of breast milk, and
with blood sampling both at baseline and during the
intervention period. This study thus adds new infor-
mation on the effects of α‐lac on the inflammatory
response. Although cytokines were analysed as sec-
ondary outcomes in the ALFoNS study, the required 64
samples or more were reached in all FF at all ages.

In summary, no specific effect was found on
infection‐related morbidity or immune response of an
increased concentration of α‐lac in low‐protein infant
formula to levels similar to that of breast milk when
compared to the feeding of standard formula or breast
milk. Reasons for the elevated serum IL‐6 in FF com-
pared to BF infants remain to be investigated in further
studies.
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