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Vaccine Importance and Strategies

 Children have benefited the most from vaccines in terms 
of declines in disability and death, primarily because 
vaccination programs are generally targeted to children
 In 1994, reported that 50,000-70,000 adults compared to 500 

children died each year from vaccine-preventable illnesses

(Fedson D, JAMA 1994)

 More than 50% of cases of significant vaccine-preventable illnesses 
reported to the CDC in 2004 occurred in individuals > 15 years old

 Many of the most vulnerable adults are seen in practices 
that provide health care to women
 Immunization services have not historically been part of obgyn care

 Need to address benefit of vaccination both for 
women and for the long-term health of their children



Pregnancy and Influenza Risks
 Pregnant women are disproportionately affected 

by severe disease in influenza pandemics
 Influenza pandemic of 1918

 50% of affected pregnant women had pneumonia
 Of those, 50% died: case-mortality rate of 25%

 Pandemic of 1957
 Among women of reproductive age, 50% of deaths 

reported were in pregnant women
 H1N1 2009

 Also showed higher morbidity and mortality among 
pregnant women



Recent Review: Pregnancy Outcomes 
of Women infected during 2009 H1N1 Pandemic

 Data accumulated from 5 local/state health depts (incl CA) 
on outcomes of infants born to women infected with H1N1, 
reported to CDC Apr-Dec 2009

 Study groups (singleton pregnancies): 
 490 women with H1N1, compared to 1451 pregnant women 

w/o flu in same year and 1440 women uninfected prior year
 Infections were confirmed cases via PCR

 Women with any severity of flu had higher rates of preterm 
birth (p < 0.01) and 5-min Apgars < 6 (p < 0.05) than same-
year and prior-year controls

 64 women with H1N1 (13%) required intensive care
 These women had higher aRRs for preterm birth (3.9: 2.7-5.6), 

LBW (4.6: 2.9-7.5) and low Apgars (8.7: 3.6-21.1) vs controls

Newsome K et al. Birth Defects Research, 2019



Maternal Flu Vaccination and Hospitalizations 

 Study looked at influenza vaccine effectiveness (IVE) 
against lab-confirmed influenza-associated 
hospitalizations in pregnancy
 Record review: 5 study sites in 4 countries, 2010-16

 19K hospitalizations in pregnancy with a discharge dx 
of acute respiratory/febrile illness
 Only 6% had PCR influenza testing (1235)
 79% of hospitalized were <  age 35, 65% in 3rd trimester, 66% 

had no high-risk medical conditions
 16% of women were vaccinated prior to their hospitalization

 Women hospitalized for ARFI were 40% less likely to 
have influenza as the discharge dx if they had been 
vaccinated (95% CI 12%-59%)

Thompson MG et al. Clin Infect Dis, Oct 2018





Importance of Vaccination
 Published data continue to show the importance of 

influenza vaccination in pregnancy and the 
importance of recommending and providing access 
to vaccine in the office

 US HHS Healthy People 2020 goal is 80% 
vaccination rate for pregnant women

 2016-2017 influenza season : 54% rate



Neonatal Benefits of Maternal Influenza Vaccination

 Flu vaccine not recommended for children < 6 months of 
age

 Pregnant women have been shown to have protective 
levels of anti-influenza antibodies after vaccination 

(Munoz FM, AJOG 2005)

 Passive transfer of antibodies that might provide protection from 
vaccinated women to neonates has been reported 

(Englund JA et al, J Infect Dis 1993; Reumen
PD et al, Ped Infect Dis J 1987)

 Retrospective clinic-based study in 1998-2003 showed 
(nonsignificant) trend toward fewer episodes of newborn 
respiratory illness among newborns of vaccinated pregnant 
women                           (Black SB ,Am J Perinatol 2004)



Neonatal Benefits of Maternal 
Influenza Vaccination (2)

 Randomized study of flu vaccine during 
pregnancy to assess neonatal impact: 

NEJM, Sept 2008, Zaman K, et al

 340 women received either flu vaccine or 
pneumococcal vaccine (Hopkins study group in 
Bangladesh)

 63% lower risk of lab-confirmed neonatal influenza in 
children of vaccinated moms, up to 6 months of age

 1st study to definitively show benefit to women and
children



Zaman K et al, NEJM 2008



Influenza Vaccination of Pregnant Women and 
Protection of their Infants (2014)

 Report on 2 double-blind R-PC trials of trivalent influenza 
vaccine in pregnant women with and without HIV infection

 Study cohorts: 2116 pregnant women without and 194 
pregnant women with HIV infection (South Africa)

 At 1 month after vaccination, seroconversion rates and 
rates of antibody titers were significantly higher for vaccine 
recipients vs placebo in both cohorts (90-97% vs 25-44%)

 Vaccine efficacy (placebo vs vaccine)

 HIV-uninfected women/infants: 3.6% infection rate vs 1.9%

 HIV-infected women: 17% infected vs 7.0%

Madhi SA, et al. NEJM, Sept 2014





So..why aren’t more pregnant women 
vaccinated against influenza?

 Confusion over recommendations

 Lack of information

 Confusion over recommendations

 Variability in flu severity year-to-year
 “Short memory” syndrome

 Concerns over risk for pregnancy

 Provider interest: concerns over 
reimbursement, litigation



Recommendations of ACIP for Maternal 
Influenza Vaccination

1964-1966:  Any stage of pregnancy
1966-1969:  HR conditions, any gestational age
1969-1974:  No mention of maternal immunization
1974-1976:  Pregnancy not an indication
1976-1977:  No evidence to document influenza a risk
1977-1981:  Evaluate pregnant as non-pregnant
1981-1986:  Vaccinate HR pregnant women 
1987-1995:  Vaccinate HR pregnant women in any age
1995-1997:  HR at any gestational age; others 3rd trimester
1997-2004:  HR at any time, other in 2nd and 3rd trimester
2004-present:  Women pregnant during influenza season in 

any trimester



Are we barriers to vaccination during pregnancy?

 Prospective survey study during 3 months of flu season
• Among responding women, only 22% reported discussing flu 

vaccine with doctor, and only 8% were vaccinated
 More physicians said they discussed vaccine with patients 

than did patients say it was discussed (74% v 22%; p<0.01)
 Physicians were more likely to vaccinate if:

 Aware of CDC guidelines (RR 2.6; 1.1-5.9)
 Gave vaccinations in their office (RR 1.2; 1.01-1.4)
 Had received flu vaccine themselves (RR 1.9; 1.3-2.8)

 Study demonstrated gaps in both groups’ understanding 
of benefit of vaccine for both pregnant women & 
newborns

Silverman NS, Greif A. J Repro Med, Nov 2001





Pregnant Women and Flu Vaccination, United States
CDC Internet Panel Survey, November 2017

 CDC conducted an Internet panel survey from November    
1–8, 2017 to provide early-season estimates of flu 
vaccination coverage and information on knowledge, 
attitudes, and behaviors related to flu vaccination among 
pregnant women.
 Women 18–49 years who were pregnant at any time since August 1, 

2017, were recruited
 Of 2,333 panel members who were eligible and started the survey, 

2,255 (96.7%) completed the online survey.
 A change in survey methodology in November 2017 allowed more 

women to participate in the survey using a smartphone or other 
handheld device (73.4% compared with 16.5% in November 2016).

 As of early November 2017, influenza vaccination 
coverage among pregnant women before and during 
pregnancy was 35.6%.





















Billing for Immunization

 CPT codes
 90471 – immunization administration
 Vaccine specific CPT code

 Diagnosis codes
 Z23 – encounter for immunization



www.health.mil/vaccines 





Medical Letter, 10/22/18



Maternal vaccine safety – newborn concerns
 Despite an absence of data, vaccine safety continues to 

be a primary reason why providers and patients choose 
not to vaccinate during pregnancy

Wilson RJ, Vaccine 2015; Chamberlain AT, Plos Curr 2015

 Recent study evaluated singleton live-birth pregnancies 
registered in the Vaccine Safety Datalink (2004-14)
 Outcomes were infant hospitalizations and mortality in the first  

6 months of life
 413,034 live births in study population: 25,522 newborns had 

hospitalizations and 157 infants died in 1st 6 months of life
 Case-control 1:1 study: maternal vaccine or not in pregnancy

 No association identified between influenza or Tdap 
vaccine during pregnancy and hospitalization or death in 
1st 6 months of life

Sukumuran L, et al. Pediatrics, 2018



Vaccine Safety – miscarriage concerns
 Numerous studies, including clinical trials and 

observational studies, have consistently shown the 
safety of flu vaccine in pregnancy 

 Only 1 small retrospective case-control report has even 
suggested a possible risk of Sab in women who got flu 
shot in 1st trimester in current pregnancy and also in 
previous flu season (Donahue et al. Vaccine 2017)

 This association not observed with flu shots in other seasons 
and raises concerns for biologic plausibility

 Because of other flaws in this study and predominance of other 
studies showing no risks, current recs have not changed

 ACOG and CDC responses emphasize the need to not change 
recs and benefits to women and children based on 1 extremely 
limited study













What about thimerosal?

 Thimerosal is a mercury-containing 
preservative used in very small amounts in 
multi-dose vials of influenza vaccine
 Thimerosal-free formulations are available but NO 

scientific evidence that thimerosal-containing 
vaccines result in health or developmental 
problems in newborns whose mothers got them 
during pregnancy *

 Single-dose thimerosal-free preps are still better 
than no vaccine, regardless of whether fears are 
legitimate

* ACOG CO 2018; CDC/ACIP MMWR 2013; WHO 2017 



Vaccines and Egg Allergy

 Newest ACOG guidelines (2018) reinforce newer data 
showing that egg allergy no longer viewed as barrier to 
influenza vaccine (Ding H et al, MMWR 2017)

 Recent study showed that rate of anaphylaxis from 
vaccine in individuals reporting egg allergy (hives) to be 
1.3 per million doses (Mc Neil MM et al, J Allergy Clin Immun 2017)

 These individuals can receive any licensed and recommended 
flu vaccine otherwise appropriate for age and health status

 Individuals with more serious egg allergy reactions may 
also receive any approved vaccine
 However, they should get their vaccine in an inpt or outpt

medical setting
 They can also get recombinant vaccine (if available)



Newer vaccine technologies
 Cell-based vaccine made by growing virus in 

animal cells: different than traditional process of 
growing virus in fertilized hens’ eggs
 Developed as alternative to egg-based process

○ Uses animal cells (canine kidney) in liquid culture as host
 Potentially more flexible than traditional technology
 Vaccine using cell-based candidate vaccine viruses 

potentially more protective: more similar to circulating
 FDA approved use of cell-isolated candidate 

vaccine influenza viruses in Aug 2016
 Clinical studies showed these vaccines to be equally 

effective
 Also approved for rotavirus, polio, rubella, varicella



 Acquisition of eggs requires significant lead time
 This potentially limits the response to unexpected 

strain changes or the ability to increase vaccine 
production during a pandemic1

 Reliability and quality of embryonated egg supply can 
be compromised by avian influenza outbreaks2

 Not all strains can grow well in eggs, creating vaccine 
production challenges3

 Mutations during egg culturing may adversely affect 
immunogenicity4

Challenges in Egg-Based Influenza Vaccine 
Production

44

1. Mabrouk T, et al. Dev Biol (Basel). 2002;110:125-134. 2. Singh N, et al. Expert Rev Mol. 2010;12:1-27. 
3. Lu B, et al.  J Virol. 2005;79:6763-677 4. Skowronski D, et al. PLoS One 2014;9(3):e92153



Influenza Antivirals and Pregnancy

 NA inhibitors are primary drugs : both A and B
 Older drugs (M inhibitors) only work against A strains
 Block the function of viral neuraminidases of the influenza virus, 

by preventing its reproduction by budding from the host cell.
 Oseltamavir, as a systemic agent, may be preferable to 

zanamivir (inhaled)
 Treat mother and, possibly, fetus: does cross placenta
 Peramivir: newer IV, used for severe illnesses, 1 dose

 Treatment dose: 75 mg BID X 5 days
 Ideally, within 2 days after onset of symptoms

 Prophylactic dose: 75 mg daily X 10 days
 Exposure window: 7 days

 If suspicion exists in flu season, do not delay 
treatment for test results (esp. rapid tests)

https://en.wikipedia.org/wiki/Viral_neuraminidase
https://en.wikipedia.org/wiki/Budding


Two newer antivirals

 Peramavir: IV neuraminidase inhibitor
 FDA approved in 2015 as single IV dose
 Similar efficacy to oseltamivir, but utility limited practically to 

hospitalized patients
 Can be used for 5 days in critically ill or immunocompromised
 $950/dose vs $98 for 5 days of generic oseltamivir

 Baloxavir: new target –viral polymerase complex
 Randomized trial controlled against placebo and oseltamivir

○ Baloxavir – single-dose oral agent     (Hayden et al, NEJM 9/6/18)

 Superior against placebo, comparable to oseltamivir against sx
 Greater reduction of viral load after 1 day with baloxivir
 Up to 10% rate of emergence of baloxavir resistance
 Single dose advantage but higher cost ($150) and resistance –

surveillance needed, FDA approved Oct 2018



Is vaccine liability a valid 
concern for providers?



Doctors ARE Covered:
National Childhood Vaccine Injury Act

www.hrsa.gov/vaccinecompensation

Established by Congress in 1986

Began operation 1988

No-fault federal compensation 
program

Alternative to tort system



NCVI Act

Table of injury established for 
each vaccine

Alleged injury must be on the 
table 

Financed by $0.75 tax per 
antigen and each tax must be 
passed by congress

Time limits for inquiries



But this is a Childhood Vaccine Injury Act, 
right?

 Yes, but it covers all vaccines that are part of the 
childhood vaccination schedule, regardless of who’s 
getting them
 e.g.: Influenza, hepatitis B, varicella, tetanus

 Requires health-care provider who administers VCIP-
covered vaccines to record, either in an office log or 
the recipient’s permanent medical record:
 Date of vaccine, manufacturer and lot #, name and title of 

person administering the vaccine
 Also requires reporting of adverse vaccination 

reactions to Vaccine Adverse Event Reporting System 
(VAERS)
 800-338-2382 or http://vaers.hhs.gov







Vaccination is 
ALWAYS 

better than 
treatment
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