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Maternal immunization began with the

development of vaccines

e 1879 - MI with Vaccinia protected mothers and
infants against smallpox

1940’s - M| studies with DTPw vaccine in US to
protect infants against pertussis

1960s — Influenza vaccine recommended for
pregnant women (at risk) since the 1957
pandemic

1961- M| with Tetanus Toxoid to prevent neonatal
tetanus added to WHO Expanded Program on
Immunization (EPI) in 1970’s; MNT elimination
goal set in 1980’s

espidmeeting.org

Vaccine Research Pregnancy:

1970’s Oral polio, Yellow Fever
1980’s Group B Strep (ongoing)
1990’s Pneumococcal, Hib, seasonal
influenza vaccines

1990’s RSV

2000’s Tdap

2000’s Mening A

2009 Pandemic Influenza

2018 Ebola vaccine

2020 Hepatitis E

2021 COVID-19




Antibodies and window of vulnerability

Maternal and Infant Immunization Strategies e

N=258 samples from 6 publications
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Window of
vulnernbslity

Matermal antibodies
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When should pregnant mothers be vaccinated? ey

L7
1. Mother has a high risk of exposure to the disease
2. Infection poses a special risk to the mother &
3. Infection poses a special risk to the fetus / infant @
4. Avaccine is available and is unlikely to cause harm

{ ‘% World Health
%.# Organization

Risk from Risk from
Disaasa Vaccine 3&9&
o I ety g e
sy Commioe on e e 49 |

Centers for Disease Control and Prevention. MMWR 1994;43,No RR-1-28; ACOG Committee on Obstetric Practice, Obstet Gynecol 2004;104:1125-6,
#ESPID2024 espidmeeting.org




Vaccination Strategies During Pregnancy Gy )

WHO: Pregnancy should not deter a woman from receiving vaccines that are safe and

will protect both her health and that of her unborn child.

3 T Most vaccines are not
Generally recommended Recommended for disease Contraindicated
. approved/licensed specifically for
prevention in specific situations
pregnant women
*  **RSV vaccine: First vaccine licensed (2023)
Tetanus (Td, TT) ‘ * Cholera BCG for use in pregnancy to protect infants,
Yellow Fever Measles based on phase 3 global RCT
Acellular pertussis vaccine (Tdap) * Meningitis A (meningococcal) Mumps «  One Tdap vaccine licensed in US October 7,
in areas of burden * Hepatitis A, B, E Rubella 2022 - Based on re-analysis of observational
3 * Japanese Encephalitis Varicella study and supportive data from 16 studies
Influenza inactivated (IIV) # Polio (OPV, IPV) Live Typhoid T21a (one RCT and 15 observational studies)
Rabies Live influenza mostly conducted outside US with similar
SARS-CoV-2 * formulation vaccine.
e Recommended vaccines are . :)ne influenza :/accln: Pl I?cluieid lgdlcatlon
or pregnancy in package insert in Europe
é NOT contraindicated in and Australia (2019) based on 4 RCT in Africa
pregnancy! and Asia
*2012 SAGE-WHO made Influenza vaccination of pregnant women a global priority for all countries were influenza vaccination is
administered, incorporating it into ANC; *Tdap recommended since 2012
IV, Tdap, SARS-CoV2 - Post-partum vaccination recommended if unable to vaccinate in pregnancy
MMR - Also given post-partum in non-immune mothers (rubella); most vaccines can be given w/lactation
WHO'¢ specific vaccine pasition papers: htrp://wew who int/immunization/documents/positionpapers_introfen/.

#ESPID2024 espldmeeting.org https:/fwww.cde gov/vaccines/pregnancy/hep-toolkit/guidelines. html
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Taste 1. SUMMARY OF VACCINES REVIEWED AND LEVEL OF EVIDENCE CONCERNING VACCINE SAFETY

pregnancy syndrome (CRS)

Mumps vacane IncBence not aitered by Probable increased rate of aboron n e
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* Chorioamnionitis — Tdap

* SAB-H1N1lpdm 2009
* Preterm birth? - RSV



Efficacy and duration of protection from Ml in infants correlates
with maternally-derived antibody titer - Influenza
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Impact of Maternal Immunization Timing on Efficacy \mtu

RSV Nanoparticle Vaccine RCT s
Gestational Age at Immunization ' Interval from Immunization to Delivery A
<33 weeks 233 weeks 14 to <30 days 230 days

Transfer of anti-F 1gG 138% (135, 141) 91% (88, 94) 66% (63, 70) 127% (125, 130)

Transfer of PCA 122% (119, 124) 83% (81, 86) 63% (60, 66) 113% (111, 115)

Transfer of RSV/A MN 118% (112, 125) 98% (93, 104) 85% (77, 94) 114% (104, 119)

Transfer of RSV/B MN 117% (111, 124) 97% (91, 103) 87% (80, 96) 112% (107, 117)

Efficacy vs. MS RSV LRTI* 41.4% (4.1, 64.2) 40.3% (0.9,64.0) | 11.1%(-118.9,63.9) 45.5% (19.9, 63.0)

Efficacy vs. RSV LRTI 70.2% (37.6, 85.7) 44.0 (-18.4, 73.5) -19.7% (-510.8, 65.1% (38.8, 80.1)

w/severe hypoxemia* 76.6)

Efficacy vs. RSV LRTI 53.5% (23.0,71.9)  26.3% 9-23.1, 55.9) -43.6% (-339.0, 48.7% (24.7, 65.1)

w/hospitalization* 53.0)

*expanded dataset, 90 day data

Earlier gestational age at immunization (< 33 weeks) and longer interval between immunization
and delivery (>30 days) enhance transplacental antibody transfer and efficacy

#ESPID2024 espidmeeting.org 10




Timing of administration in pregnancy
Optimal timing for infant protection \ sl

Optimal timing of influenza vaccine during pregnancy: A
systematic review and meta-analysis i ome Resi Vinses 2019.13.438 452 INFLUENZA
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Timing of administration in pregnancy

Optimal timing for infant protection

#ESPID2024

COVID-19

Subgroup Case Infants Control Infants Effectiveness of Maternal Vaccination
no. of vaccinated mothers ftotal no. (%) % (95% CI)
Overall effectiveness of maternal 87/537 (16) 147/512 (29) ; —a 52 (33 to 65)
vaccination '
Timing of vaccination '
During first 20 wk of pregnancy 46/496 (9) 62/427 (15) - —_—l 38 (310 60)
31/481 (6) 79/444 (18) ' —a— 69 (50 to 80)
Delta-predominant period 14/181 (8) 61/216 (28) —— 80 (60 to 90)
Vaccinated during first 20 wk of pregnancy 8/175 (5) 22/177 (12) @ 68 (19t0 87)
Vaccinated after 20 wk of pregnancy 5/172 (3) 377192 (19) ! —i 88 (68 to 96)
Omicron-predominant period 73/356 (21) 86/296 (29) D 38 (8 to 58)
Vaccinated during first 20 wk of pregnancy 38/321 (12) 40/250 (16) - @ 25 (~26 to 56)
Vaccinated after 20 wk of pregnancy 26/309 (8) 42/252 (17) ——— 57 (25to 75)
Type of hospital admission
ICU 11/113 (10) 147/512 (29) . 70 (42 to 85)
Non-ICU 76/424 (18) 147/512 (29) : —a— 47 (25 to 62)
25 0 25 S0 75 100
Vaccine Effectiveness (%)

Figure 3. Effectiveness of Maternal Two-Dose mRNA Vaccination against Hospitalization for Covid-19 among Infants, Stratified
According to Vaccination Timing, Variant, and Type of Admission.

*mostly nRNA vaccines

espildmeeting.org

Halasa NB, et al. N Engl J Med
2022;387:109-119.




Timing of administration in pregnancy ik

Optimal timing for infant protection

COVID-19
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Gestational age at booster dose (weeks)

) i A i Iy i R i S 5 'd. 3
COVID-19-Vaccination-and-Prevention-ol ?sutologincheck=r edirected
MOMI-VAX Study - IDCRC_DMID Presented IDWeek 2023
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Geometric mean by Visit with Confidence Intervals in Vaccine Effect Population
Assay=Live virus nAb titers for D614G

| = Two doses of MRNA vaccine '

|t Three doses of MRNA vaccine
e NO prenatal doses of mRNA vaccine

Geometric mean titers (95% ClI)
g

— - ———m
Delivery 2M Postpantum 6M Postpartum
Study Visit

A maternal booster during pregnancy was associated with a
56% (95% Cl: 8-79%) reduction in risk of infant symptomatic
infection in the first 6 months of life vs. infants of non-
boosted mothers, during a period of Omicron dominance

Munoz, FM, et al. Presented at PAS Meeting, May 5, 2023, Toronto, CA



COVID-19 Impact on Pregancy, Fetus and Newborn \“,]'D/
Not a cause of congenital infection or birth defects ® —

- Preterm delivery and stillbirths reported in women w/acute, severe COVID-19
- Postnatal transmission — increased NICU admission

« Case-based retrospective clinico-pathological analysis
« Placental and autopsy pathology findings from 64 stillborns

wesdn® . ARCHIVES and 4 neonatal deaths having placentas testing positive for
of Pathology & Laboratory Medicine SARS-CoV-2 following delivery to mothers with COVID-19.
+ Fetal death occurred at a mean gestational age of 30 weeks.
00 vl lschiomls s N SOty o 68 Covoo wat AARD-Cod Psnmins hom 23 Counvion The pathology abnormalities composing SARS-CoV-2 placentitis

T i, A o oty A vt O O Pt S, A 0 Mrenin cause widespread and severe placental destruction resulting in

Haldewnns, MD, PhO. Marie Slombery, MD, PhD; Amine Bouachba, MO, Jessica Camacho, MD, Sophie

Collrsiess Frachion, MD, PhD; Arths Casson, 1D, st Deraece Mo s cores renes o, oo, | pl@cental malperfusion and insufficiency.

SARS-CoV-2 placentitis, is defined by the coexistent Intrauterine and perinatal death likely results directly from

occurrence of 3 microscopic findings — chronic histiocytic
Intervillositis (CHI), Increased fibrin deposttion (IF), and placental insufficiency and fetal hypoxic-ischemic injury.

trophoblast necrosis (TN)

There was no evidence that SARS-CoV-2 involvement of the fetus
doi: 10.3808/arpa.2022-0029-8A had a role in causing these deaths.

#ESPID2024 espidmeeting.org




Timing of administration in pregnancy
Optimal timing for infant protection Pertussis
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Fime of Tdap Immunization (Gestationl Week)

Fig. 2 Scatter graph of the mean (+2 standard error of the mean) of umbilical
cord immunoglobulin G 1o pertussis toxin concentrations as a function of timing
of gestational tetanus, diphtheria and acellular pertussis immunization (weeks).
Aboreviations: 12G, immunogiobulin G: PT, pertussis toxin: SEM, standard error of
the mean: Tdap, tetanus, diphtheria and acellular pertussis: IU/ml, international
unat/millikter,

Abu Raya, Vaccine 2014 (Boostrix) - 63 vaccinated PW vs. 20 unvaccinated controls

#ESPID2024 espidmeeting.org

e Tidap admimistored ol 27-36 weeks (n=51)
e T idap adnimistored at ~36 woeks (n=7)
g Tidap sdmimistored at 273016 weeks (n=21)
wttbes Tikap adnimistorsd a1 1136 weeks (n+10)

i T dap ienramized dunng pregancy (s l)

@@= LUnemmunised durwng pregnancy (n=20)

IgG to PT (IU/mlL)

“q-..-.-'.-.-..E-.--..‘.-....0....-.-----
0 16 7
Age (Days)

Fig. 3. Geometric mean concentrations (GMCs) of pertussis toxin immunoglobu-
lin G in newborn cord sera interpolated up to 108 days post-partum stratified by
sequential time frames of tetanus, diphtheria and acellular pertussis administration
in late pregnancy. Confidence intervals for newborns’ umbilical cord GMCs are pre-
sented in Table 3, Abbreviations: Tdap, tetanus, diphtheria and acellular pertussis;
PT, pertussis toxin; IgC, immunoglobulin C: ILU/mL, international unit/millititer,



Antibodies and “blunting”effect on infant responses to o
active immunization \gselo)/

Pertussis Toxin

—+— Tdap Antepartum (TA)
160 = |=# Tdap Postpartum (TP)
*  p-value <001

GMC ELISA U/ml

Baseline Delivery Cord 2Months 7 Months 13 Months
TA TP TA TP TA TP

TA ™ TA ™ TA ™ A A
n=33 n=15 n=33 n=14 n=31 n=14 n=31 n=13 n=20 n=14 n=2T n=12

Munoz FM et al. JAMA 2014 Mother Infant

#ESPID2024 espidmeeting.org
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Maternal Tdap Vaccination ‘Q‘{ﬂ'/’
Incidence of Infant Pertussis - US

Figure 1. Annual Incidence of Reported Pertussis Among Infants Younger Than 2 Months and Infants Aged 6 Months
to Less Than 12 Months, 2000-2019

g

| . Maternal Tdap vaccination coverage = Age<2mo  ~—— Age61to <12 mo - 60

Maternal Tdap vaccination introduction
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Incidence of pertussis, per 100000 population
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year
JAMA Pediatrics | Original iInvestigation
JAMA Pediatr. 2023;177(4):395-400. doi:10.1001/jamapediatrics.2022.5689 US Infant Pertussis Incidence Trends Before and After
Published online February 6, 2023. Implementation of the Maternal Tetanus, Diphtheria,

and Pertussis Vaccine

#ESPID2024 espidmeeting.org Tarni H. Skofl MS; Li Derg, PHO; Catiwerie M. Batia. PHO: Susan Hariei, PHD
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Maternal Immunization Policies Vary Worldwide e,

Pertussis — Different GA of administration Covid-19 vaccine policies on Pregnancy e
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Tracking ended January 2023

Front, Immunel.,, 24 June 2020
Sec. Vaccines and Molecular Therapeutics
Volume 11 - 2020 | https://doi.org/10.3389/fimmu.2020.01282
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Pregnancy vaccination coverage - suboptimal oy

US April 2020-April 2022 ; 2023 (Internet panel survey) =
Flu e Tdap 55.4% in ‘22-23
100 100
80 80
i 3 o
E o 40
E I I " SII | ||
o Hispanic " White, Black,
Wiﬂﬂk non- Nw M"'NUPIMC non-Hispanic non-Hispanic non- Nbp.mc

Race and ethnicity Race and ethnicity

25.6 % received both influenza and Tdap

https://www.cde.gov/flu/fluvaxview/pregnant-women-apr2022.htm | Only 32.7 % of pregnant women were vaccinated with COVID-19 vaccines
https://www.cdc.gov/mmwr/volumes/72/wr/pdfs/mm7239ad-H.pdf

#ESPID2024 espidmeeting.org by end of 2021, 27.3% received Bivalent booster 2022-23

21
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Factors contributing to vaccine acceptance \MM
among pregnant women =

Patient Perspective:
OB/GYN or midwife's office h Most important maternal

concern: SAFETY of the Baby

P —
|

Most important factor for
acceptance: Provider

Family or other physician's office

Health department % Recommendation
SRove (upermerian, dug %91 L- ; B Other contributing factors:
Access, Perception of risk
o E u Tdap ’ P
0 COVID-19
Other place 5 COVID-19 booster Pl’OVldef Perspectlve:

Time, Infrastructure,
¢ " - o » o " ” | Reimbursement, Liability

Percent among vaccinated

Place of Vaccination Among Pregnant Women, US internet Panel https://www.cdc.gov/flu/fluvaxview/pregnant-women-apr2022.htm
Survey, April 2022 https://www.cdc.gov/mmwr/volumes/72/wr/pdfs/mm7239ad-H.pdf |

#ESPID2024 espidmeeting.org




Ad u It Recommended Adult Immunization Schedule by Age Group, United States, 2024

Immunization
Schedule US
2024

#ESPID2024 e adcitional sk factor or anather indkon Mok sppicatie



Adult L1+ 2P Recommended Adult Immunization Schedule by Medical Condition or Other Indication, United States, 2024

Immunization ’

muummmum'uummmwm- di often not ally exchy M multiphe medical conditions or ndications are present, refer to

Schedule US
2024

b w,

See Notes for medical conditions or indications not bsted

Routine vaccination

dote ~' mmnszwommwumn-u-

¥ o 6 days gestation from $ b y
- in most of the continental United States*: | dose

RSV vaccine (Abrysvo™). Administer RSV vaccine

regardiess of previous RSY infection

Either maternal ASV vaccination or infant
Imemunization with nirsevimab (RSY monoclonal

Top or Td ) ona Tilap, them 1 or Tilap Bawutar wvery 40 ) s recommended to prevent respiratory
syncytial virus lower respiratory tract infection in
My Infants
« All other pregnant persons: RSV vaccine not
VAR recommended
lhnv 1 currently no ACIP recomenendation for RSY
v vxtlmtlon In subsequent pregnancies. No data are
available to inform whether additional doses are
oy needed In later pregnancies
HepA - “Note: Heplisay 8§ md Mo«m are not
recommended in pregnancy due 10 lack of safety data
@ ep B W pregnant persons.
mcer —_-
Mens
« Pregnancy: There is currently no ACIP recommendation
=) for Jynneos use in pregnancy due to lack of safety data e
in pregnant persons. Pregnant persons with any risk "
Mpox factor described above may receive Jynneos,
P pasermmvion) he ol sdomy e e ] L e L] B et b of s A Proc mrans Mgt e Croem e ot 4 ps N (amtrwy
e e d SO et st of SR s T e d o Nared Sews o a3t ey s be s sted A bamate o .m et Agg gte
v 1w, OR s ronere A e wh) Dawn! or R R ] ey luned o medc sl Pt tan (A wengdn e e
o r—ay s s OR o rwaned R (v e el ey b o e e el srmd
1 by o e AR ey fwe Nomey
o s
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Maternal Immunization Implementation Challenges ,

- Increasingly complex maternal immunization schedule, with different timing of vaccines based
on seasonality and/or gestational age (with seasonal timing varying by location)

- Willingness to accept multiple vaccines in pregnancy
- Burden on OB providers, prescription, documentation of vaccination, linkage mom-baby

- Limited window for vaccine administration increases risk of missing dose, especially in some
vulnerable populations (equity), and of birth occurring soon after vaccination

/ . Gestational Weeks

CovID-19

Tdap

RSV

Source: ACIP meeting 22 SEP 2023
#ESPID2024 espidmeeting.org
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Vaccines for pregnant women and their infants \,,,7,/,
Public health potential h

Vaccines in Development for Pregnancy
In specific
sltuations recommended

Opportunities for Maternal Immunization

cMV

HSV

Malaria

Ebola (rVSV-ZEBOV vaccine)
Hepatitis E (Genotype 1 subunit vaccines)
Lassa fever

Chikungunya

Zika —
Nipah virus ‘ Risk from 1

Cholera, E.coli, Listeria [00% of < Gyr mortaiity s in Neonates |

B

#ESPID2024 espidmeeting.org

. - . - . . . . . . .

x A Adepted from : Phiipp Lambach, World Hea'th Organization. “Integration of infant and
maternal immunization - A global challenge!* INMIS 2017, Brussels, Belgum.




Optimizing Maternal Vaccine Schedules

Designed for
- Mother, infant or both
- Pathogen and risk period

Evidence-based
Burden of disease
Safety
- Immunogenicity and transplacental transfer
- Optimal time of vaccination in pregnancy
- Efficacy/Effectiveness
Integrated with infant immunization schedule

Research — Inclusion of PW/Funding
Implementable

Surveillance systems in place to assess
safety and impact on disease

- Communication strategies

#ESPID2024 espidmeeting.org

Clinical
e [nfectious
) Diseases

PREGNANT WOMEN &

VACCINES AGAINST

EMERGING EPIDEMIC

lllllllll

..........




@.
>

(g)

#ESPID2024

MATERNAL ACCEPTANCE

* Perception of risk / sevenity of infection
* Access fo vaccine provider

* Cost / health insurance

NEALTHCARE WORKER ACCEPTANCE
* Knowledge of recommendations
* Vncoine ncoess and storage

* Relmbursament

MATEANAL IMMUNE RESPONSE TO VACONATION

TRANSPLACENTAL TRANSFER OF
VACCINE-SPECIFIC ANTIBOIIES AND
THER FUNCTION

INTERFERENCE WITH SUBSEQUENT INFANT
IMMUNE RESPONSE TO VACCINATION

MATERNAL CLINICAL CONDITIONS
* Malaria, HIV infoction, gestational
hypertension, smoking

VACCINE SAFETY / ADVERSE EVENTS

TIMING OF IMMUNIZATION
* To acheeve optimad kmmunity in mother
and Jor Intant

GEOGRAPHICAL LOCATION

* Diffurent circulabing pathogen strains
* Different responses to vaccination

* Difforent local recommendations

SEASOMALITY OF PATHOGENS TARGETED
BY IMMUNIZATION
* Influenza, RSV

INDUCTION OF VACCINE-SPECIFIC ANTIBOOIES
N BREAST MILK

FIGURE 2 ] A sumrrwy of Po miskor facion sttectng sacoinalion s prognoney Crested by Oiatio Hosa
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Téma ockovaniv téhotenstvi se rychle vyviji v poslednich letech

Tetanus na Papua Nova Guinea a pak celosvétové

Koncept je jasny a zaleZi na protildtkach 1gG prochézejicich pres placentu do krve plodu

V prvnich dnech a tydnech Zivota pravé mateiské protilatky pomahaji ditéti pfeZit a odolat infekcim

Tti kategorie: doporudené, zvlastni situace, kontraindikované

Vakciny poddvané téhotnym nemaji Zadné bezpecnostni riziko (safety concerns)

U RSV, covid-19 vakcin se neprokazaly pfedcasné porody,

Jsou dulezité vysoké titry protilatek pfinarozeni

Dulezité je, kdy se matka ockuje, v kterém gestacnim tydnu a jak dlouhy jeinterval mezi ockovanim a porodem

9 U chripky se dfive predpokladal zejména benefit pro matku, ale ukazuje se Ze i pro dité, ockovani béhem 3.a 2. trimestru, vakcinace ve 3.trimestru je U¢innéjsi (52 %) nez ockovaniv 1. nebo 2. trimestru (17%). To je optimalni pro ochranu ditéte.

10 riziko chfipky pro téhotnou je zejména v pozdnim tfetim trimestru, a ochranné protilatky potfebuje zejménave 3. trimestru, ale protoZe nejsou dosud studie, jak dlouho je samotnd matka chranéna po ockovani proti chfipce, existuje moZnost vyvanuti protilatek... a pak zde
hraje roli jesté chripkova sezéna

11 Covid je na tom podobné, vy$si hladiny protildatek byly pozorovény, pokud byly matky ockovény mezi 25. a 34. gestaénim tydnem, vysoké hladiny protilatek u matky jsou dilezité, protoZe chraninéasledné dité do véku 6 mésicti nez muZe byt ockovani proti covid i chfipce.

12 covid u matky (a nemusela mit zavazny prabéh ani byt hospitalizovana na JIPu) znamenal pfitomnost virus SARS-Cov-2 v placenté, a nasledné byly popisovany abnormality, zpUsobujici placentarni destrukci, nedostatecné prokrveni a hypoxii plodu, pfed¢asné porody, pfipadné
umrti. Moina si feknete, Ze Covid neni zase tak zavazné onemocnéni, pro¢ ockovat téhotnou, ale je tady riziko poskozeni placenty v pfipadé infekce tehotné

13 timing o¢kovani proti pertusi u téhotné, aby bylo dosazeno co nejvyssich titrd protildtek u novorozence, je okolo 27 az 30 gesta¢niho tydne.

14

15 nastésti blunting nema klinicky efekt, coz dokazuje nasledujici slide

16 kde vidime nemocnost na pertusi, ktera po zavedeni ockovanitéhotnych, vyznamné klesla u déti do dvou mésicl Zivota a ani u déti ve véku 6-12 mésicl nestoupala (Zluta cara)

18 zemé se lisi v doporuceni, ale i v gestacnim véku pro ockovani

19 covid mél negativni vlivna ockovaniv USA

20 faktory spojené s pozitivnim vnimanim ockovani, hlavné bezpecnost, pro dité... ochrana ditéte

21 22 pro téhotné je tfeba vlastni ockovaci kalendar zacilené pouze nané, aby se ockovani téhotnych neztracelo v ockovani pro dospélé, aby bylo snadno vyhledatelné a srozumitelné

23 priklad ACIP
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