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ABSTRACT

Purpose: Human milk oligosaccharides (HMOs) may be genetically determined based on the
secretor and Lewis status of the mother. This study aims to determine the HMO profile and
the secretor and Lewis gene status of Indonesian lactating mothers.

Methods: Baseline data of 120 mother-infant pairs between 0-4 months post-partum
obtained from a prospective longitudinal study was used. The concentrations of
2'-fucosyllactose (2’FL), lacto-N-fucopentaose I (LNFP I), lacto-N-tetraose (LNT), lacto-
N-neotetraose (LNnT), 3'-sialyllactose (3’SL), and 6'-sialyllactose (6’SL) were measured.
Genetic analysis was performed for mothers using targeted next-generation sequencing and
Sanger sequencing. Wild-type AA with the rs1047781 (A385T) polymorphism was categorized
as secretor positive, while heterozygous mutant AT was classified as a weak secretor. The
presence of rs28362459 (T59G) heterozygous mutant AC and rs3745635 (G508A) heterozygous
mutant CT genes indicated a Lewis negative status, and the absence of these genes indicated
a positive status. Subsequently, breast milk was classified into various groups, namely Group
1: Secretor+Lewis+ (Se+Le+), Group 2: Secretor-Lewis+ (Se-Le+), Group 3: Secretor+Lewis—
(Se+Le-), and Group 4: Secretor-Lewis— (Se-Le-). Data were analyzed using the
Mann-Whitney and Kruskal-Wallis rank tests, and a p-value of 0.05 indicated statistical
significance.

Results: A total 0of 58.3% and 41.7% of the samples had positive and weak secretor statuses,
respectively. The proportion of those in Group 1 was 85%, while 15% were Group 3.

The results showed that only 2'FL significantly differed according to the secretor status
(p-value=0.018).
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Conclusion: All Indonesian lactating mothers in this study were secretor positive, and most
of them had a Lewis-positive status.

Keywords: Milk; Human; Infant; Oligosaccharides

INTRODUCTION

Human breast milk is widely recognized as the primary and optimal source of nutrition for
infants because its essential nutritional contents are required for growth. Several studies
have explored the various components, benefits, and mechanisms of action of human breast
milk. However, the global prevalence rate of exclusive breastfeeding has remained low at only
41% [1]. Among the various molecules found in breast milk, lactose (70 g/L) and lipids (40
g/L) are the second and third most prevalent constituents, respectively. Previous studies have
reported that human milk oligosaccharides (HMOs) comprise an extensive array of structures
[2]. For the past few decades, extensive and continuous studies have been dedicated to
exploring the intricacies and nuances of HMOs.

Based on previous studies, two genes, namely a-1-2-fucosyltransferase (FUT2) and o-1-3-4-
fucosyltransferase (FUT3), play a significant role in determining HMO profiles. The FUT2
gene is responsible for determining secretor positive (Se+) and secretor negative (Se-)
statuses, while FUT3 determines the Lewis blood group status (Le+ or Le-) [3]. Furthermore,
reports have shown that approximately 20% of the world’s population have inactive secretor
alleles, which can be attributed to geographic and racial differences [4]. Colostrum has

been reported to have a high concentration of HMOs [5], which ranges from 20 to 25 g/L

but declines to 5-25 g/L over a six-month lactation period [6]. Although it is estimated that
there are more than 200 HMOs, only 100 have been fully characterized to date [7,8]. HMOs
can be classified into three categories [9], namely: (1) neutral fucosylated HMOs, such as
2’-fucosyllactose (2’FL) and lacto-N-fucopentaose I (LNFP I), (2) neutral non-fucosylated
HMOs, such as lacto-N-tetraose (LNT) and lacto-N-neotetraose (LNnT), and (3) acidic
sialylated HMOs, such as 3’sialyllactose (3’SL) and 6’sialyllactose (6’SL). Genetic factors have
been identified as contributors to interindividual differences in HMO profiles across various
populations [10]. Thurl et al. [11] attempted to construct representative HMO profiles by
conducting a systematic review and compiling data from 15 countries and regions except
Indonesia. Among the eleven Southeast Asian countries, only Singapore, Malaysia, and the
Philippines have conducted HMO studies, and none have been reported from the Indonesian
population. The Indonesian Health Profile 2021 [12] indicated that only 56.9% of infants
under six months were exclusively breastfed. Therefore, this study aims to determine the
HMO profiles and the secretor and Lewis gene status of Indonesian lactating mothers.

MATERIALS AND METHODS

This study used baseline data that were obtained from a prospective longitudinal study
report. Furthermore, the study procedures were carried out in primary health centers, as

well as women and children hospitals in South Jakarta from August 2021 to May 2022. The
participants provided written informed consent to participate in the study after receiving an
explanation as well as reading and understanding the purpose of the study. This study was
approved by the Research Ethics Committee of the Faculty of Medicine, Universitas Indonesia
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(No. KET-738/UN2.F1/ETIK/PPM.00.02/2020) and was registered at www.ClinicalTrial.gov
(NCT04515264).

The sample population consisted of 120 mother-infant pairs within the period from the
infant’s birth to the first month of life were enrolled in the study. This study assessed the
HMO profiles and the secretor and Lewis gene status; the relationship between HMO profiles
and maternal (methods of delivery, body mass index [BMI], and the number of children)

and infant (age, breastfeeding status, and sex) factors were also evaluated. The inclusion
criteria were singletons with an APGAR score of >7 in the first minute after birth and 9/10

in the fifth minute, birth at a gestational age of >37 weeks, birth weight >2,500 g, exclusive
breastfeeding in the first three days of life [13,14], mothers aged between 21 and 35 years, and
mothers willing to breastfeed for a minimum of four months. The exclusion criteria included
congenital illness or malformation that could affect growth, a history of type 1 or type 2
diabetes before and after pregnancy, a history of gestational diabetes, preexisting conditions
preventing breastfeeding, and smoking. Mature breast milk was obtained from mothers at
14-30 days postpartum. Exclusive breastfeeding required the infant to receive only breast
milk (expressed milk or milk from a wet nurse), oral rehydration salts, drops, and syrups
(vitamins, minerals, and medications), while predominant breastfeeding required the infant
to receive breast milk as the primary source of nutrition [15].

To rule out diurnal effects, milk samples were typically collected between 6:00 and 11:00 a.m.
[16], approximately 1-2 hours after the last feeding [17]. The mothers were trained on the
collection of breastmilk using their hands or a pump, and they were encouraged to wash their
hands before the procedure. Breast skin was cleaned with warm water to reduce bacterial
concentration, and the first drops were discarded [18]. Although manual expression was
preferred, samples obtained using pumps were also acceptable. Milk that was fully expressed
from a single breast, collected, and homogenized, and 20 mL was taken for analysis while
the remaining portion was returned to the mother [19]. The breast milk was collected

into a 15 mL polypropylene tube, stored at -18°C in a box on dry ice, and transferred to the
laboratory. Furthermore, it was stored at -80°C in the laboratory before the analysis was
performed [20]. 2’FL and LNFP I were measured as representatives for the FUT2-dependent
HMOs, 3’'SL and 6’SL for the sialylated HMOs, and LNT and LNnT as representatives of the
HMO core structures that could be further modified with sialic acid or fucose. Authentic
reference standards of 2’FL, LNFP I, LNT, LNnT, 3’SL, and 6’SL were obtained from Biosynth
Carbosynth, England. The HMO analysis was performed using the Liquid Chromatography-
Mass Spectroscopy (LC-MS/MS) method.

Targeted next-generation sequencing for the FUT2 and FUT3 genes and Sanger sequencing
for confirmation were used for genotyping. White blood cells were isolated from peripheral
blood collected in containers containing ethylene diamine tetraacetic acid. This study

used the DNA Sequencing Library Prep Kit (CUST-SEQ FUT Library Prep), which was a
customized Kkit, to purify blood genomic DNA, target and amplify human FUT2 and FUT3
genes, repair the ends of the amplicons, and ligate the amplicons with dual index adapters.
The kit was also employed to purify and enrich the prepared amplicons library to ensure its
usability in the Illumina sequencing. Secretor status was determined based on the presence
of rs1047781 (A385T). Participants with wild-type AA with the rs1047781 (A385T) variant were
categorized as secretor positive, while those with heterozygous mutant AT were classified as
weak secretors. Lewis negative status was determined based on the presence of rs28362459
(T59G) heterozygous mutant AC and rs3745635 (G508A) heterozygous mutant CT, while their
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absence indicated Lewis positive status. Based on the expression of FUT2 and FUT3, breast
milk was classified into four groups, namely: Group 1: secretor and Lewis positive (Se+Le+);
Group 2: secretor negative and Lewis positive (Se-Le+); Group 3: secretor positive and Lewis
negative (Se+Le-); and Group 4: nonsecretor and Lewis negative (Se-Le-).

Infants were weighed using a calibrated digital baby scale, Seca 334 (Germany), by placing
them in the middle of the scale without any clothes on. Furthermore, an average of two
readings was taken, and measurements were read to the nearest 0.1 kg. Infant lengths were
measured with a measuring rod for the baby scale, Seca 233 (Germany), which was attached
to Seca 334 (Germany). An average of three readings was calculated, and measurements were
read to the nearest 0.1 cm. The weight and length data obtained were then compared with
the WHO growth chart for weight-for-age z score, length-for-age z score, and weight-for-
length z score. The mother’s weight was also measured with Seca 876 flat scales for mobile
use, and the values obtained were recorded in kilograms. The height of the mothers was
measured with Seca 217, and they were required to remove their footwear (shoes or sandals)
and headgear (hats, caps, or hair bows) during measurement, with the values recorded in
centimeters. The BMI was calculated and categorized based on the classification for the Asia-
Pacific population [21].

Statistical analysis

All of the data obtained were edited, encoded, and inputted into the computer, followed by
analysis using the IBM SPSS Statistics for Windows, Version 26.0 (IBM Co.). To assess the
distribution of each variable, a univariate analysis was conducted. At a significance level
of p>0.05, the Kolmogorov-Sminov test was used to determine the normality of the data.
Continuous data were presented as mean and standard deviation for normally distributed
data and as a geometric mean and standard deviation for non-normally distributed data,
while categorical data were expressed as n (%). Furthermore, comparison of two groups
of data with non-normal distributions were performed using the Mann-Whitney test. The
means of three or more non-normally distributed data groups were evaluated using the
Kruskal-Wallis test.

RESULTS

The maternal pre-pregnancy BMI category was overweight (23.54.1) and grade 1 obesity
(25.74.5) postpartum. Most of the infants were male (54.2%), with anthropometric
assessments within the normal range at birth or at 2—4 weeks of age. The six HMO profiles
were shown as medians because the data were not normally distributed. Total HMO
concentration was 3,700 (2,097-5,878) mg/L with 2’FL having the highest level followed by
LNFP I, 3'SL, 6’SL, LNT, and LNnT, in that order. Based on genotype, all the mothers were
secretors, with 58.3% being positive secretors and 41.7% being weak secretors. Furthermore,
85% of the mothers in this study were secretors and Lewis positive (Group 1), and 15% were
secretors and Lewis negative (Group 3) (Table 1).

Table 2 shows that only 2’FL significantly differed according to the secretor status
(p-value=0.018). Interestingly, the levels of LNT and 6’SL were slightly higher in weak
secretors than in others, although this was not significant. The six HMOs had higher levels in
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Table 1. Baseline characteristics of the participants (infants aged 2-4 weeks)

Characteristics Value (n=120) 95% ClI
Maternal variables
Age (y) 29 (25-32) 97.8-29.4
Pre-pregnancy BMI (kg/m?) 23.5+4.1 22.7-24.2
Pregnancy weight gain (kg) 13 (10-16) 12.1-13.9
Weight (kg) 63.3 (54.7-71) 60.9-65.3
Postpartum BMI 25.7+4.5 24.9-26.6
Mode of delivery
Vaginal 87 (72.5)
Cesarean 33 (27.5)
Maternal education
High school or lower 55 (45.8)
Undergraduate degree 22.7 (41.7)
Postgraduate degree 15 (12.5)
Parity
1 48 (40.0)
2 39 (32.5)
3+ 33 (27.5)
Breastfeeding pattern
Exclusive 108 (90.0)
Predominant 12 (10.0)
Secretor status
Positive 70 (58.3)
Weak 50 (41.7)
Lewis status
Positive 102 (85.0)
Negative 18 (15.0)
Secretor - Lewis status
Secretor+Lewis+ (Group 1) 102 (85.0)
Secretor+Lewis- (Group 3) 18 (15.0)
Infant variables
Sex (male) 65 (54.2)
Anthropometry at birth
Weight (g) 3,100 (2,900-3,300) 3,055-3,177
Length (cm) 48 (47.1-49) 48.1-48.7
WAZ at birth -0.41+0.72 -0.54--0.28
WLZ at birth 0.24+0.94 0.07-0.41
LAZ at birth -0.62 (-1.15--0.08) -0.78--0.47
Anthropometry at 2-4 weeks of age
Weight (g) 3,590519 3,496-3,683
Length (cm) 52 (51-53.6) 48.3-63.9
WAZ -0.63+0.83 -0.78--0.48
WLZ —-0.35+0.95 -0.52--0.18
LAZ -0.78+1.18 -0.99--0.57
HMO profiles
Total HMOs (mg/L) 3,700 (2,097-5,878) 3,725-6,053
2°FL 2,124 (64.4-3,314) 2,061-3,176
LNFP | 467 (135.5-1,362) 667-2,508
LNT 108 (62-211.5) 130-228
LNNT 68.3 (37.1-114.2) 72.9-147
3'sL 188 (137-248) 174-232
6'sL 186 (137-244) 172-210

Values are presented as median (interquartile range), mean=standard deviation, or number (%).
Cl: confidence interval, BMI: body mass index, WAZ: weight for age Z-score, WLZ: weight for length Z-score, LAZ:
length for age Z-score, HMO: human milk oligosaccharides, 2’FL: 2’-fucosyllactose, LNFP I: lacto-N-fucopentaose
I, LNT: lacto-N-tetraose, LNNT: lacto-N-neotetraose, 3'SL: 3’-sialyllactose, 6’SL: 6’-sialyllactose.

the Lewis positive group than in the Lewis negative group and in the secretor Lewis positive

group (Group 1) than in the secretor Lewis negative group (Group 3).
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Table 2. HMO profiles by secretor-Lewis status

HMO profiles Secretor status’ Lewis status’ Secretor-Lewis status*

(mg/L) Secretor positive Weak secretor Lewis positive Lewis negative Secretor+newis+ Secretor+newis-
2FL 9,992 (809-4,891)* 1,900 (49-2,670)" 2,150 (64-3,284) 1,969 (65-5,643) 2,150 (64-3,284) 1,969 (85-5,643)
LNFP | 591 (169-1,503) 394 (59-977) 490 (150-1,398) 340 (35-994) 490 (150-1,398) 341 (35-994)
LNT 106 (50-185) 109 (65-215) 11 (65-215) 104 (25-160) 111 (65-215) 104 (25-160)
LNAT 76 (36-119) 65 (38-102) 76 (38-118) 63 (29-87) 76 (38-118) 63 (29-87)
3'SL 188 (132-261) 188 (142-295) 190 (140-249) 177 (58-209) 190 (140-249) 177 (58-209)
6'sL 185 (132-260) 188 (142-293) 188 (139-246) 178 (56-208) 188 (139-246) 178 (56-208)

Values are presented as median (interquartile range).

HMO: human milk oligosaccharides, 2°FL: 2’-fucosyllactose, LNFP I: lacto-N-fucopentaose I, LNT: lacto-N-tetraose, LNnT: lacto-N-neotetraose, 3’SL:
3’-sialyllactose, 6°SL: 6’-sialyllactose.

*p-value<0.05.

TMann-Whitney test.

*Kruskal-Wallis test.

Table 3. HMO profiles by maternal factors

HMO profiles Method of delivery” Body mass index (kg/m?)" Number of childrent

(mg/L) Vaginal Caesarean <18.5 18.5-22.9 >93 1 9 >3

2FL 2,017 (61-3,201) 2,437 (122-3,842) 1,934 (998-4,620) 2,094 (339-3,237) 2,150 (61-3,870) 2,409 (364-3,931) 1,666 (49-4,069) 2,150 (59-5,167)
LNFP | 439 (138-1,343) 560 (123-1,398) 135 (87-19,761) 598 (207-1,076) 317 (112-1,407) 467 (136-1,452) 500 (112-1,343) 389 (166-917)
LNT 109 (64-204) 106 (53-239) 41 (27-68) 123 (81-220) 103 (60-204) 115 (57-189) 122 (57-215) 103 (71-238)
LNnT 67 (38-114) 82 (33-116) 28 (20-33) 83 (49-118) 69 (36-109) 78 (37-111) 67 (36-118) 63 (39-126)
3'SL 188 (145-238) 184 (112-259) 128 (70-144) 183 (149-233) 195 (132-261) 188 (158-223) 181 (132-251) 209 (137-261)
6'SL 188 (144-233) 182 (112-256) 128 (70-144) 183 (148-232) 192 (132-249) 186 (154-217) 181 (132-250) 208 (136-260)

Values are presented as median (interquartile range).

HMO: human milk oligosaccharides, 2’FL: 2’-fucosyllactose, LNFP I: lacto-N-fucopentaose I, LNT: lacto-N-tetraose, LNNT: lacto-N-neotetraose, 3'SL:
3’-sialyllactose, 6’SL: 6’-sialyllactose.

*Mann-Whitney test.

TKruskal-Wallis test.

Table 4. HMO profiles by infant factors

HMO profiles Infants age (d) Breastfeeding status Sex

(mg/L) 14-91 29-31 Exclusive Partial Male Female
2FL 2,124 (60-3,291) 2,084 (80-5,267) 2,183 (76-3,314) 461 (48-2,088) 1,051 (62-3,969) 2,288 (81-3,274)
LNFP1 599 (157-1,592) 341 (64-815) 440 (136-1,319) 644 (84-1,786) 430 (72-1,039) 500 (173-1,467)
LNT 111 (76-196) 97 (46-224) 106 (58-215) 136 (98-181) 110 (59-175) 104 (65-257)
LNNT 75 (40-115) 64 (30-115) 66 (36-111) 88 (54-123) 65 (36-98) 90 (38-130)
3sL 192 (158-252) 183 (87-230) 183 (137-237) 247 (143-283) 188 (132-247) 189 (145-9251)
6'SL 190 (157-248) 184 (86-230) 183 (137-233) 246 (143-289) 185 (132-244) 188 (144-250)

Values are presented as median (interquartile range).

HMO: human milk oligosaccharides, 2’FL: 2’-fucosyllactose, LNFP I: lacto-N-fucopentaose I, LNT: lacto-N-tetraose, LNNT: lacto-N-neotetraose, 3’SL:
3’-sialyllactose, 6’SL: 6’-sialyllactose.

Mann-Whitney test.

Maternal factors (methods of delivery, BMI, and number of children) did not significantly affect the
levels of the six HMOs. Table 3 shows that normal BMI was associated with higher levels of 2’FL,
LNFP I, LNT, and LNnT, while overweight was associated with slightly higher levels of 3’SL and
6’SL. This table also showed that, regarding the number of children, 2’FL and LNnT tended to be
higher in those with one child, LNFP I and LNT tended to be higher in those with two children, and
3’SL and 6’SL tended to be higher in those with three children. Data in Table 4 shows that infant
factors (age, sex, and breastfeeding status) did not significantly affect the levels of the six HMOs.

DISCUSSION

Genetic profiles
A total of thirty unique single-nucleotide polymorphisms (SNPs) have been identified, leading
to diverse allelic variants of the secretor phenotype [22]. Furthermore, non-secretor phenotypes
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are caused by mutations in the second exon of the FUT2 gene, with the most common cause
being the presence of two alleles, namely, se**® (rs601338G>A) and se** (rs1047781, A>T; A385T,
1le129Phe). The nonfunctional allele, se**® (rs601338G>A), encodes a stop codon that inactivates
the FUT2 enzyme [21], leading to a non-functional protein and causing the European non-
secretor phenotype [23]. Based on previous studies, se*® (rs1047781, A>T; A385T, Ile129Phe) is
the most frequent cause of the non-secretor phenotype in East Asians [24].

The Lewis-null (le) phenotype may be caused by mutations in the FUT3 gene [25]. The most
prevalent gene polymorphisms of FUT3 in Asians includes the following SNPs: rs28362459
(T59G), rs812936 (T202C), rs778986 (C314T), rs3745635 (G508A), and rs3894326 (T1067G)
[26]. The substitution of amino acids due to T202C, C314T, G508A, and T1067G mutations
inactivate the FUT3 enzyme, while T59G mutation reduces the availability of a-(1,3,4)-
fucosyltransferase [27]. Genuine Lewis-negative individuals are not entirely negative because
they still express trace quantities of Lewis epitopes in other tissues.

The FUT2 rs1047781 (A385T) SNP is listed in the dbSNP and has clinical significance because
of its effect on secretor/nonsecretor polymorphism with alleles A>C/A>T. Furthermore,
FUT2 rs1047781 (A385T) is sometimes classified as secretor negative or a weak secretor and
is more commonly found in East and South East Asians [28]. The complete secretor-negative
phenotype is uncommon or completely absent in several East Asian populations [29]. Several
studies have reported that any variant of rs1047781 (A385T) TT is classified as secretor
negative, while other genotypes are classified as secretor. Soejima and Koda [28] stated

that rs1047781-385 A>T is designated as a weak secretor. The se**-encoded enzyme exhibits
weak activity compared to the wild-type enzyme (2-5% or 20%), and the SNP causes a sharp
decrease in the expression of ABH antigens [2]. The FUT2 385 AT mutation does not result in
a secretor-negative allele but leads to the occurrence of an unstable FUT2 enzyme [30].

In our study, most genotypic secretor mothers had 2’FL concentrations ranging from 0.12
to 6.4 g/L during lactation. Meanwhile, genotypic non-secretors consistently generate
concentrations less than 0.1 g/L, suggesting that 0.1 g/L of 2’FL can be used as a criterion
to distinguish secretor from non-secretor mothers phenotypically [31]. All mothers with
concentrations below 0.1 g/L also produce milk with moderate levels of 1,2-fucosylated
HMOs, including LNFP I. In studies by Durham et al. [31] and Kunz et al. [32], the
genotyping analysis of secretor status using the SNP, rs1047781, and a phenotype threshold
of 0.1 g/L of 2’FL as a marker gave similar results. Based on this finding, using rs1047781 as
the preferred SNP for genotyping FUT2 to determine the secretor status in the Indonesian
population was reasonable.

Wang et al. [33] used 15 mg/L as the indicator of a secretor in one milk sample, while 15 mg/L
served as the threshold for a negative status in all samples. Based on this cut-off level, 96.7%
of participants in the current study had a positive status. Ma et al. [34] and McJarrow et al.
[35] employed a higher cut-off level of 50 mg/L for a positive status, and based on this, our
results showed that 77.5% of the participants were secretors. Furthermore, Menzel et al. [36]
used a threshold level of 53 mg/L 2’FL, leaving the secretor-positive prevalence in the current
study at 77.5%.

Secretor status is reported to differ between ethnicities, with 74% of Caucasian mothers

having null FUT2 mutations, compared to 60% of Asian mothers [37]. Furthermore,
approximately 20% of the world’s population inheriting null FUT2 mutations are classified
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as secretor-negative [38]. According to another source, higher proportions of secretor-
negative phenotypes were found in African (30%) than in Asian (5%) populations [39]. All
samples from Mexico and Sweden and 46% from the Philippines were indicative of a positive
maternal secretor status, as reported by a comprehensive study [40]. This study was the first
publication to determine the secretor and Lewis status in Indonesian lactating mothers with
extensive SNPs. The results obtained were also different from those of other reports [37-40],
as a 100% positive secretor status was established, with 41.7% being weak secretors.

The Lewis status in this study was based on the FUT3 gene variants listed in the dbSNP
and considered to have clinical significance for the Lewis phenotype in the NCBI database.
This indicates that the decision was based on the following SNPs: rs28362459 allele AC and
rs3745635. The combination of rs28362459 allele AC and rs3745635 allele CT SNPs led to a
Lewis positivity prevalence of 85% (102 participants) and negativity prevalence of 15% (18
participants). Approximately 70-90% of populations are Lewis-positive secretors (Le+),
while 5-10% are Lewis-negative secretors (Le-) [37]. In several African nations, the Lewis-
negative phenotype is substantially more prevalent (20-33%) than in European and certain
Asian populations (6-11%) [41].

In this study, Groups 1 and 3 consisted of 102 (85.0%) and 18 (15.0%) mothers, respectively.
Human milk and blood samples used to determine the Group 1 phenotype show that between
55% and 73% of Caucasians and Asians have this phenotype. Meanwhile, Groups 2, 3,

and 4 have prevalence of 20-31%, 6-11%, and 3-5%, respectively [5,42]. The frequency of

the Group 4 (Se-Le-) phenotype is low in Caucasians and Asians [43]. These results were
relatively distinct from those obtained in previous reports. Siziba et al. [44] demonstrated
that 74%, 18%, 7%, and 1% of human milk samples belonged to milk groups I, I, I1I, and 1V,
respectively. A study by Wang et al. [33] among 116 mothers at 1-5 days, 8-14 days, four weeks,
and six months showed that 76.7%, 17.2%, 4.3%, and 1.7% of mothers were in Groups 1, 2,

3, and 4, respectively. Kunz et al. [32] were also unable to identify any samples from group 4,
as the frequency was 1%. Most of the aforementioned studies determined the mother’s SeLe
status using 2’FL, LNFP I, LNFP II, LDFT, LNDFH I, LNDFH II, and LNT. The high prevalence
of Group 1 in this study was primarily due to the absence of nonsecretors, and the non-
appearance of Group 4 was similar to the finding in other studies.

HMOs profiles

The median 2’FL concentration in the current study was higher than that in secretors with
the same age range of 2—4 weeks postpartum in Austin’s [19] study; however, it was lower
than that in other studies [19,32]. The median concentrations of 2’FL, LNT, and LNnT at
baseline were within the normal range compared to the results obtained by Soyyilmaz et
al. [45], while LNFP I, 3’SL, and 6’SL had lower concentrations. Although HMO profiles
are majorly determined by genetics, which do not change throughout an individual’s life,
the concentrations could vary with time. This is consistent with the protective functions
of colostrum and early milk when the neonate is immunologically immature and the
gastrointestinal microbiota has not yet been established [16]. The stability or increase in
HMO concentration during lactation suggests that they have vital biological functions
extending beyond the infant's first few months.

In this study, comparison between secretor statuses based on HMO profiles was made

between secretor positives and weak secretors due to the absence of secretor negative
individuals. A significant difference was only observed in the 2'FL concentration
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(p-value=0.018). Meanwhile, other HMO profiles did not significantly differ with secretor,
Lewis, or secretor-Lewis statuses. Further, all the maternal and infant factors were not
significantly different between groups. No previous studies have compared of HMO profiles
between strong and weak secretors. Most published reports only compared HMO profile
between positive and negative secretors. This study did not compare the total HMOs
between groups because it only examined secretor-negative patients. Although there was a
difference between the secretor positive and weak secretor participants, the result showed
that weak secretor fucosyltransferase was active in the mammary gland but expressed a
minimal amount of 2'FL [46]. The mutated FUT2 gene may produce a weakly active (1,2)
fucosyltransferase enzyme, but its activity is diminished [42]. Further comprehensive studies
in a larger area and among various ethnic groups is required to provide more information on
HMOs in Indonesian lactating mothers.

In conclusion, all Indonesian lactating mothers in this study were secretors, with 41.7% being
weak secretors and 85% having a Lewis-positive status. Furthermore, 2'FL was commonly
found in the breast milk of Indonesian lactating mothers and differed significantly based on
secretor status.
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