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* Determine the types of glycans secreted into saliva and milk
* In milk, these glycans are called human milk oligosaccharides (HMOs)
» Categorized as fucosylated, neutral non-fucosylated, and sialylated

B1-4
2’fucosyllactose
’ al-2
(2 FL) expressed a’ -1,2-fucosyl bond
abundantly in made by FUT2
enzyme, onlyin
secretor mothers secretors. Binds to
pathogens.

SOURCE: J.T. SMILOWITZ ET AL /AR NUTRITION !

 HMOs: the 3rd most abundant solid component of milk, yet infants can’t digest them
» “Prebiotics” that shape the gut microbiome

» May block pathogens by serving as soluble receptors (“decoy receptors”)
= @Genotype-specific interactions (Laucirica, et al. J Nutr. 2017; Ramani, et al. Nat Commun 2019)

» Influence the developing immune system
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319 Nicaraguan mothers, 1-month post-partum (medians and Q1, Q3)

HMO (pg/mL) Secretor mother (n=289) Non-secretor mother (n=30) p-value*
2’FL 2916.6 [2001.1, 4149.9] 7.8[4.2,13.8] 0.001
LNFP-I 1029.5[567.2, 1604.3] 173.5[131.6, 229.3] 0.001
DFLNT 968.6 [519.6, 1572.1] 343.9[144.3, 457.4] 0.001
LNT 596.3[370.9, 888.8 ] 1232.7 [603.2, 1828.9] 0.16
LNFP-II 562.3[374.3, 815.3] 1159.7 [732.4, 1468.6] 0.045
6’SL 497.5 [330.0, 694.6] 626.8 [379.6, 887.1] 0.001
3’FL 375.7 [234.3, 587.0] 1119.4 [576.5, 1583.2] 0.068
FLNH 275.6[177.9, 377.2] 347.9[264.7, 661.3] 0.001
LSTc 285.3[196.8, 403.5] 207.6[152.1, 312.7] 0.001
DSLNH 224.2[143.4, 331.7] 217.8[162.5, 354.0] 0.62
DFLac 250.3[163.5, 439.2 ] 22.9[14.0, 28.2] 0.016
FDSLNH 193.8[132.1, 316.7] 500.5[280.9, 758.8] 0.002
DSLNT 174.1[113.9, 259.4] 167.1[112.3, 287.0] 0.001
LNNT 151.7[99.9, 219.1] 126.8[72.1, 189.1] 0.81
LNH 148.4[98.9, 220.8] 136.0[97.9, 218.6] 0.98
Hrs 113.8[84.6, 175.4] 105.7[76.1, 127.8] 0.002
LSTb 88.2[57.8, 129.3] 110.2[71.2,173.8] 0.001
DFLNH 82.2[46.4, 138.3] 205.9[122.5, 293.3] 0.001
LNFP-II 46.4[29.2, 76.5] 48.8[20.2,71.2] 0.72 -

* Group differences were tested using Kruskal-Wallis-tests.
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Determine the association between
HMO concentrations in early life and
* RV1 seroconversion

 Rotavirus AGE risk over the first 36

months of life




Sapovirus-Associated GastroEnteritis (SAGE) birth cohort in Ledn, Nicaragua
(Vielot et al., 2021 Ped Infect Dis J)

| 1) Enrolled 409 breastfed newborns born June ‘17-
July ‘18 in Perla Maria district
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s 2) Exclusion criteria:
R * birthweight <2000g; GA<36 weeks
* major health condition
e another child in household already enrolled
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3) Limited analysis to 297 children providing
complete sera set to 12 mo., were still breastfeeding

and provided a milk sample 1 mo. postpartum
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297 mother-child dyads followed weekly for 36 months

Baseline Data

Baseline Oaa\©®
household ‘.\‘
members and U
household *
characteristics

Christian
Toval Ruiz

Vielot

)

Maternal (milk) and
child (saliva) HBGA

phenotype

Filemodn
Bucardo

(¢

Breastmilk 1 month
post-partum (1 time

point)

19 HMOs measured
with HPLC-FL

Yaoska
Reyes

Lars Bode

Annalee Furst

Weekly Data

e
_@;"_rﬁ
[

LY

Gastroenteritis
Episodes

20

»

>

v

Stool pathogen
gPCR

Yaoska
Reyes

Filemdn
Bucardo

Breastfeeding assessed
weekly




¥ 19 HMOs
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Frequency (%) or median (IQRY)

~

Characteristics Seroconverted  Did not seroconvert Not assessed for
(n=103) (n=194) seroconversion
(n=84)
Child sex, female 53(51.4) 97 (50.0) 40 (47.6)
Mother is secretor 96 (93.2) 179 (92.3) 73 (86.9)
[ Child is secretor 93 (90.3) 168 (86.6) 79 (94.0) ]
Lewis phenotype (children)
Lewis A phenotype 7(6.8) 20(10.3) 4 (4.8)
Lewis B phenotype 78 (75.7) 148 (76.3) 70 (83.3)
Lewis negative 18 (17.4) 26 (13.4) 10 (11.9)
Age of child at HMO measurement (mo.) 1.3(1.2,1.5) 1.3(1.2,1.4) 1.3(1.2,1.5)
Age of child at 1% RV1 dose 2.0 (2.0,2.1) 2.0(2.0,2.1) 2.0(2.0,2.1)
Missing date of 1% dose 1 2 8
Age of child at 24 RV1 dose 4.0 (4.0, 4.2) 4.0 (4.0,4.1) 4.0 (4.0,4.1)
Missing recorded date of 2 dose 29 49 20
Number of household children <3 yrs
0-1 61(59.2) 124 (63.9) 49 (58.3)
2 42 (40.8) 70 (36.1) 35(41.7)
Mother primary caregiver 57 (55.3) 116 (59.8) 41 (48.8)
Home floor construction
Dirt 30(29.1) 59 (30.4) 27 (32.1)
Improved Floor 73 (70.9) 135 (69.6) 57 (67.9)

Mother’s age at birth of study child

Mother’s formal education (yrs)

23.7(20.3, 28.9)
13.0 (10.0, 14.0)

24.0 (19.8,27.3)
13.0 (10.0, 17.0)

23.8(19.9, 27.0)
13.0 (11.0, 16.0)

"

Median duration of any breastfeeding=>
18.7 months (8.3, 32.2)
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Seroconverted (n=97) T —
Did not seroconvert (n=185) Equine-like G3P[8], G8P[8],

G12P[8], G8P[nt], and G2P[nt]

Among the 58 children IgA seropositive
PRIOR to vaccination, 97% failed to
failed to seroconvert
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Comparison RR (95% CI*) SC less likely SC more likely
2'FL
Middle v. lowest thirds 1.31 (0.90-1.92) ®
Highest v. lowest thirds 1.21 (0.81-1.81)
3'SL
Middle v. lowest thirds 0.53 (0.35-0.80) .
Highest v. lowest thirds 0.93 (0.67-1.29) .
LNT
Middle v. lowest thirds 1.12 (0.73-1.71) -
Highest v. lowest thirds 0.61 (0.36-1.03) .
LNFP-1
Middle v. lowest thirds 0.59 (0.41-0.85) -
Highest v. lowest thirds 0.57 (0.39-0.82) o
LNFP-1I
Middle v. lowest thirds 0.75 (0.55-1.02) -
Highest v. lowest thirds 0.51 (0.33-0.79) *
LSTc
Middle v. lowest thirds 0.73 (0.54-0.98) —_—
Highest v. lowest thirds 0.65 (0.48-0.90) o
DFLNT
Middle v. lowest thirds 0.55 (0.36-0.84) .
Highest v. lowest thirds 0.38 (0.23-0.64)
DFLNH
Middle v. lowest thirds 0.89 (0.58-1.35)
Highest v. lowest thirds 0.65 (0.42-1.00) -
0.125 0.250 0.500 1.000 2.000

Relative risk of seroconversion 13



Comparison RR (95% CI*) SC less likely SC more likely
[e]
2'FL
Middle v. lowest thirds 1.37 (0.93-2.01) *
jehes st thirds 117 (077-1.78) <
3FL
Middle v. lowest thirds 1.32(0.83-2.11) .
Highest v. lowest thirds 1.42 (0.89-2.25) *
193
Middle v. lowest thirds 0.59 (0.39-0.91) ®
Highest v. lowest thirds 0.95 (0.67-1.36) ®
LNFP-1
Middle v. lowest thirds 0.52 (0.35-0.77) .
Highest v. lowest thirds 0.66 (0.47-0.93) *
LSTb
Middle v. lowest thirds 0.61 (0.41-0.93) -
Highest v. lowest thirds 0.79 (0.55-1.15) ®
LSTec
Middle v. lowest thirds 0.75 (0.56-1.01) —_—
Highest v. lowest thirds 0.63 (0.45-0.87) *
DFLNT
Middle v. lowest thirds 0.44 (0.28-0.70) °
Highest v. lowest thirds 0.44 (0.26-0.73) ®
DSLNH
Middle v. lowest thirds 1.63 (1.04-2.56) *
Highest v. lowest thirds 1.69 (1.06-2.70) -
0.25 0.50 1.00 2.00

Relative risk of seroconversion



RD (95% CI%)

Rotavirus AGE less likely

Rotavirus AGE more likely

0.161 ( 0.064- 0.258)
0.112 ( 0.024- 0.200)

-0.090 (-0.313- 0.133)
-0.158 (-0.370- 0.054)

0.0

0.1 0.2 0.3 0.4

Comparison RD (95% CI*) Rotavirus AGE less likely Rotavirus AGE more likely

2'FL
Middle v. lowest thirds 0.050 (-0.051- 0.151) —_—T
Highest v. lowest thirds 0.053 (-0.046- 0.154) o E——

3FL
Middlc v. lowest thirds 0046 (-0.247- 0.154)

Highest v lowest thirds 0045 (4.253- 0.163)

DFLac

Middle v. lowest thirds 0,006 (-0.086- 0.098) —_—

Highest v. lowest thirds 0025 (0.107- D.057) —_—

Micdkdlc v. lowest thirds 0.074 (-0.076- 0.225) —_—
Highest v, lowest thirds 0,050 (-0.096- 0.196) _ .-

6'SL .

Middle v. lowest thirds 0.063 (-0.178- 0.303) Comparlson
Highest v, lowest thirds 0,157 (40.367- 0.054)

LNT
Midkdle v. lowest thirds 00114 (40.316- 0.0K7) LNFP‘I
Highest v. lowest thirds 0,098 (-0.149- 0.346) R .

LNnT Middle v. lowest thirds
Middle v. lowest thirds (U048 (-0.239-0.142) —_—

Highest v. lowest thirds (059 (0.248- D.130) —_———| Hl “hesl v lowe*;l thlrd‘)

LNFFP-1 = . - -
Middle v. lowest thirds 0161 ( 0.064- 0.258) —_—

Highest v. lowest thirds 0112 0.024- 0.200) —— DFLNH

LNFP-1I
Middle v. lowest thirds 0,130 (0.358- 0.098) Middle v. lowest thirds
Highest v. lowest thirds 0.082 (-0.189- 0.353)

LNFP-111 1 . : 1 .
Micdklle v. Jowest thirds 0010 (-0.131-0.111) E— nghcst V. l()we.‘“ thlrds
Highest v. lawest thirds 0001 (-0.125- 0.127)

LSTh
Micklle v. lowest thirds 0022 (-0.168- 0.211) r——————

Highest v. lowest thirds 0022 (-0.221- 0.176)

LSTe
Middle v. lowest thirds 0035 (-0.172- 0.101) —_——

Highest v. lowest thirds 0026 (0.169- 0.116) —_——

DFLNT
Micklle v. lowest thirds 0,032 (-0.078- 0.142) S R

st v, lowest thirds (059 (-0.081- 0.200) —_—

LNH
Middle v. lowest thirds 0.001 (-0.105- 0.107) _—

Highest v. lowest thirds 07T (-0.044- 0.199) B ——

DSLNT
Middle v, lowest thirds 0011 (-0,206- 0.228)

Highest v. lowest thirds 013 (-0.248- 0.222)

FLNH
Micklle v. lowest thirds 0025 (-0.091- 0.141) R
Highest v. lowest thirds 0.072 (-0.071- 0.214) —_—

DFLNH
Middle v. lowest thirds 0090 (01313 0.133) -

Highest v. lowest thirds 0158 (-0.370- 0.054)

FDSLNH
Middle v. lowest thirds (L2 (0. 104- 0.099) —_—

Highest v. lowest thirds 0,008 (-0.090- 0.106) —

DSLNH
Midkdle v. lowest thirds 0,066 (-0.042- 0.174)

Highest v. lowest thirds 0.030 (-0.077- 0.136) —t
-0.4 03 0.2 0.1 0.0 0.1 0.2 03 0.4

Absolute difference in incidence proportion
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e HMOs measured at one timepoint
 Could not measure exact daily volumes of milk received

* Did not measure levels of milk IgA antibodies against rotavirus
» Secretor mothers may have higher IgA levels

 PJ[8] rotaviruses were in circulation at the time of this study;
should be repeated in a population with more P[6] genotypes



The concentrations of several fucosylated and sialylated HMOs in maternal

milk were associated with RV1 seroconversion

Less clear associations were seen with 36-month rotavirus AGE risk,
although many other factors could influence risk over this time

2@

HMOs (2’FL,
LNFP-I, etc.)
Rota IgA

VACCINE

Rota AGE
episodes
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While secretor phenotype is not modifiable, HMOs are
somewhat modifiable

e — * Breast is still best
| * HMO supplementation of formula should be

M ARTIFIDIAL o=

.|-qum:|r.-r_-=.-_.—_— gL“ded by eVIdenCe

I A o
S.' H'.ulH i »Several HMOs were associated with less seroconversion
0 Jﬂl!,ﬂc » Especially important in regions with high AGE burden
HMO
= =SS e |f found efficacious in clinical trials, HMO
E?gﬁn S supplements could be provided to breastfed babies
MR By

»Vitamin D supplementation currently recommended for
- b breastfeeding infants in the US
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Human milk

Transplacental Ab oligosaccharides

N
Breastmilk Ab

Child genetics

Rotavirus vaccine
Immunogenicity

Transplacental Ab

Human milk
oligosaccharides

AN

Breastmilk Ab

Child genetics

Oral polio vaccines

Environmental enteropathy

Rotavirus risk in
childhood

Gut microbiome
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Concentration (g/L)

Soyyilmaz et al., 2021 Nutrients
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