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Outline

e Lactation biology
* HIV breast milk transmission pre- and post-ART era

* Exclusive Breast Feeding

* bNADb vs LA vs oral



B. ALVEOLUS o
| Myoepithelial Figures Adapted from: Plastic and reconstructive surgery. 477—485 (2015)

Cell Clinical Pharmacokinetics (2024) 63:561-588

Ductule

e \ _Basement
. . Membrane
Pectoralis major muscle

Subcutaneous Fat Epithelial

Alveolar Cell

Alveoli Mammary Epithelial Transporters

(Localization of transporters may not reflect exact physiology)

IsA
lsM
(€
: FcRn

oy |

MRP1 MRP5 MCT1 GLUT1 GLUT2 3 ENT1 ENT3 OATP3A1 OATP4A1 OATP2B1
Alveolar Cells
A A
MRP2 MRP4 Pgp BCRP OCTN1 OCTN2 PEPT1 PEPT2NTCP2 SVCT2 CNT1CNT3 OATP1A2
Milk




Mammary Epithelium: Not just a barrier
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Protection: mucosal immune system
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Composition: dynamic & on demand
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— mg immunoglobulins/ protein

2 1st century antibodies

Levels of Immunoglobulins in human milk
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e >90% are epithelial (ductal, alveolar, luminal,
myoepithelial).

* Most of epithelial cells are viable, some motile

and ex-vivo can form mammospheres (not just
debris).
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PLoS One 2015 Aug 19;10(8):e0135580
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Lymphoid cells in human milk

Breast milk T cells are phenotypically distinct from those in blood. 4 expression of

mucosal and effector memory markers (HIV, CMYV, EBY, influenza, SARS-CoV-2).

In animal models breast milk cells traverse the infant intestinal epithelium and
appear to be are functional within the infant.

?? breast milk cells traverse the human infant gut, are functional in infant and/or
contribute to maternal microchimerism is controversial. Differentiating maternal
cells transmitted via placenta vs breast milk is problematic.

Role of these cells in transmission unclear. One group has reported “breast milk
HIV reservoir”.



No ART: Risk of HIV human milk transmission

Without ART, transmission rates |5-40%, € with acute infection, duration of exposure.

Highest risk early in lactation (also have intrapartum) and during weaning but risk is always
present.

Risk early transmission ~ 6% but have continuous risk of transmission throughout lactation
(0.6 to 0.9% per month).

Risk associated with 4 maternal plasma HIV RNA, ¥ CD4, breast health (mastitis: subclinical

& clinical).

Exclusive BF significantly & risk of breast milk transmission (almost 50% in multiple studies).



No ART:Temporal and Lateral Dynamics of HIV
in Auman Milk

® Breast epithelium decreases HIV RNA in breast milk by ~ 100 fold
® R and L breast highly correlated (p 0.75 to .88)

® -20% discordant, i.e., shedding in only one breast
® -30% continuous shedders

® (CD4 major correlate of viral shedding but women with high CD4 can
transmit

® Parity and breast feeding practice (exclusive or non-exclusive)

® Shedding correlates with transmission

JAIDS 2008;47:320-328,
JAIDS 2013; 62, 348-355



No ART: Risk of HIV human milk transmission

ZEBS: In univariable analysis, both BM HIV-1 RNA & DNA levels strongly

associated with postnatal transmission (N=958 women, 24m follow-up).
Sci Trans|l Med. 2013 Apr | 7;5(181):181ra51

 BUT only HIV-1 RNA concentrations remained associated with both early and
late postnatal HIV transmission after adjusting for maternal CD4+ T cell
counts and plasma HIV-1 RNA concentrations.

RSA study: (36 transmitting vs 36 non-transmitting) with BM HIV RNA & DNA
quantified at 6 wks and 6 m. After controlling for CD4 & plasma RNA, BM DNA

levels more strongly associated with 6-week postnatal transmission while BM
RNA with transmission (@ 6m. PrLosone 2012:7:e51493



On ART: Risk of HIVY human milk transmission

Limitation of most studies of breastfeeding populations on ART:
e focus on early transmission & do not cover the entire breastfeeding interval (18-24 months),

e follow women who started ART during pregnancy not on life-long ART.

With ART <1% transmission but UzU.

Maternal viremic control is critical, the extent to which infant prophylaxis can compensate
remains to be determined.

Even in viremic women, HIV RNA is rarely be detected in milk.

2 months of ART (AZT/3TC/NVP) suppressed HIV RNA but not HIV DNA breast milk (n=26 )

J Infect Dis 2005,192:713-9



On ART risk of In Utero/Intrapartum/Early Breastfeeding is low

_ _ Delivery Viral Load
,IA;I?\’(;'atltont First author (Year) [, nsmission at <50 c/| Transmission at| Transmission at Transmission at
Star 50-400 c/mL 400-1,000 c/mL >1000 c/mL

RSA all start Myer (2017) 0.25% (1/406)  2.0% (50-1,000 c/mL, 2/102) 8.5% (4/47)
during MTCT 6 wk

pregnancy

Malawi Landes (2019) 0.9% (8/902) 7.0% (6/86) 14.0% (19/136)
50% before MTCT 4-24 wk

pregnancy

South Africa Moyo (2020) 0.3% (3/946)* 3.2% (6/187) 7.9% (25/316)
Likely most MTCT birth

preconception

Uganda, RSA  Malaba (2022) 1% (3/280) 0.4% (1/280)

>28 WK (DOIPHIN-2)  started @32wks, Started @30 wks

Lockman Multi country 0.002% (1/617) 0.002% (1/617)
(2021) IMPAACT 2010 started @ 29 wks Started @ 26 wks

Slide adapted from slide from Dr. Lynne Mofenson, EGPAF



On ART Late Breastfeeding Transmission is rare

Three studies provided data on final infant infection status at the end of
breastfeeding and maternal viral load during the postpartum period.

First Author .

2 Infant infections: 1 mom on ART antepartum-postpartum,
with VL <40 at time infant infection detected; other mom
initiated ART postpartum with subsequent VL <40 cpm

Multi-country
(PROMISE study)

Flynn (2018)

1 infant infection where the maternal viral load was <1,000
Luoga (2018) Tanzania cpm but mother had a disruption in therapy

1 infant infection, mom initiated ART during pregnancy and
had a subsequent VL <37 cpm

1 infant in EFZ arm. Mom VL <60 @12, 24, 48 & 72 weeks
Infant DNA neg @ birth, 6, 12 wks (missed other visits)
DNA + 72 wks

Giuliano (2013) Malawi

Uganda, RSA

Malaba (2022) (DoIPHIN-2)

Slide adapted from slide from Dr. Lynne Mofenson, EGPAF



Why does U#U for BMT!

Non-adherence

Viral blips and low level viremia occurs in virally “suppressed” and
adherent persons

? Breast pathology
Will duration of ART and starting ART at higher CD4 make a difference?

Will ART regimen make a difference?



Exclusive Breast Feeding (EBF)
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Infant GI develOPment Major changes in post-natal gut:

e ||, permeable to macromolecules (“closure”)

* Closure delayed in preterm (<33 wks)
* Seeding by microbial communities
e Quantitative & qualitative diff in mucin
* TLR expression and response to stimulus
e Oligosaccharides on intestinal epithelium
(fetal sialyation=radult fucosylation & galactosylation)

e ||, gastric acid & pancreatic enzymes
e Prem gut ||" inflammatory response

Between 4 and 6 months
MAJOR changes

o Major determinants:

Stimulation
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e Luminal bacteria
* Dietary Antigens
* Human Milk
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EBF: No ART

ZVITAMBO 2 — EBF No ART
No ART & | e Non-EBF N=958
0.144 No = 15—
N=14,1140 - b
T
0.12 - S
J MBF 2 L
PBF ----------- 3 0 IO_ ................ E..-
8 0.10- EBF MBF - oot
© : O T
D : Q sesccscsscene ‘
= seesneced : PBF: ~ 005 ,.:.
,g: 0.08 - : non milk liquids ® i 2 ERF
o - 3 ;
8 5
£ 0.06- | 3
0.00— PLoS ONE 2(12): e1363,2007
I I I I I I
00471 .. : EBF 40 60 80 100 120 140
: " Age of child (days)
0.02 - |
: Hazard Ratio 95% CI
0.00 : AIDS19(7):699-708, April 29, 2005. Time dependent analysis 3.5 1.7-6.9
..... e — .
0 60 120 180 240 300 360 420 480 540 Adjust for maternal CD4, plasma 2.6 1 3.53
Age in days RNA, infant birth wt

No association EBF with IU or IP infection (<6 wks)



" \'
_— .~

A

Why EBF works?
Gut vs Breast

 Human gut closure and integrity:
* breast milk | gut permeability and epithelial thickness (preterm & term)
* microbiome changes associated with BM
e organoid systems: BM T epith thickness & permeability

 Mixed feeding:
e | mammary epithelial integrity
T risk of mastitis (subclinical & clinical)



“Diagnosis of HIV in infants exposed to long-
acting maternal antiretrovirals”

Edmund Capparelli, PharmD and Lisa Frenkel, MD
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Summary

Breast milk HIV RNA levels are strongly associated with transmission risk.
Breast milk HIV RNA and DNA are highly correlated in absence of ART.
Role of breast milk HIV DNA in transmission risk is uncertain.

Breast milk HIV transmission is rare in virologically suppressed women but
U=zU.

Correlates of immunologic protection are unknown.
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