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Background

 risk of severe influenza
liness in pregnant women
has been documented from
several influenza pandemics
over the past century

e excess deaths in pregnant
women were documented
during the influenza
pandemics of 1918/19 and
1957/58
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Background

978 INFLUENZA IN PREGNANT WOMEN—HARRIS Jour. A, M. A,

pregnant women than among nonpregnant women or
INFLUENZA OCCURRING IN PREG- men of the same age. This question cannot be deter-

NANT WOMEN mined until we have reliable statistical data con-
cerning influenza in general. Our own figures show

1 F THIRTEEN HUNDRED Dt i :
A STATISTICAL STUDY O only what happened in this group of 1,350 patients.

AND FIFTY CASES ¥

JOHN W. HARRIS, M.D. TABLE L—INCIDENCE OF PNEUMONIA AND PERCENTAGE OF
MORTALITY IN CASES OF INFLUENZA REPORTED FOR

BALTIMORE THE DIFFERENT MONTHS OF PREGNANCY

cian. With these reservations, the results of the study
are as follows:

1. Pneumonia complicated the influenza in about
one half of the pregnant women here reported ,

2. In the cases complicated by pneumonia, about
50 per cent. of the patients died, the mortality being
somewhat greater during the last three months of
pregnancy.

3. The gross mortality of all cases was 27 per cent.

4. Pregnancy was interrupted in 26 per cent. of the
uncomplicated cases, and in 52 per cent. of the cases
accompanied by opneumonia. In the cases ending
fatally, abortion or premature labor occurred in 62
per cent. Thus, in 38 per cent. of the fatal cases the
patient died without interruption of pregnancy.
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Background

e contemporary epidemiologic
studies in non-pandemic
years have corroborated the
higher risk in pregnant
women

* higher rates of hospitalization
due to seasonal influenza
IliIness compared with non-
pregnant women
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Background

Table 2: Hospital admissions because of respiratory illness during the influenza season in the year before pregnancy and during

pregnancy, by presence of comorbidities

Women with no comorbidity

Women with = 1 comorbidity

No. of admissions

No. of admissions

during influenza Rate per 10 000 Rate ratio during influenza  Rate per 10 000 Rate ratio
Period season woman-months (95% CI)* season woman-months (95% CI)*
Year before pregnancy 49 1.4 1.0 23 5.7 1.0
Pregnancy
First trimester 22 2.4 1.7 (1.0-2.8) 17 16.3 2.9 (1.5-5.4)
Second trimester 30 3.0 2.1 (1.3-3.3) 22 19.4 3.4 (1.9-6.0)
Third trimester 76 7.4 5.1 (3.6-7.3) 49 44.9 7.9 (5.0-12.5)

Note: Cl = confidence interval.

*Rate ratio of admissions during pregnancy compared with admissions in the year before pregnancy.

Dodds L, McNeil S, Fell DB, et al. CMAJ 2007; 176:463-8.
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Relative risk of hospitalization in the flu season for each trimester
compared to the year before pregnancy:
Low risk women
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Relative risk of hospitalization in the flu season for each trimester
compared to the year before pregnancy:

High risk women
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Background

adverse fetal effects of maternal influenza infection

(non-pandemic)

TABLE 2
Neonatal outcomes

Any influenza-season hospital
admission during the pregnancy

Unadjusted relative

Adjusted relative

Outcome Yes? (n = 208) No (n = 132,099) risk (95% Cl) risk (95% ClI)

Low birthweight: <2500 g, n (%) 13(6.9 6035 (4.6) 1.39 (0.80-2.45) 1.30 (0.59-2.86)°
Small fur gestatmnal age, n (%) 31 (1 5. 3] 12594 (0. ?] 1 "é'a (1.14-2.46)  1.66(1. 11—2 49)°
Preterm: <37 weeks’ gestatmn n {%} 15 72 7159 (5. '3 136(0.80-2.300 1 20 (0.71-2.04)°
Neonatal morbldlty n {%r‘- 14 ®. N 6488 (4. 9} 1 40 (0. 31—2 a) 1 13 (0.61-2.08)°

Mean birthweight, ' 3360.3 + 634.7 34683 ~ 5838 B = -108.01 B = -86.14"
(P = .008) (P = .009)

Mean birthweight, g*® 3448.5 + 498.2 3531.3 + 504.1 B =-8279 B = —86.67°
(P=.02) (P = .009)

0, confidence interval.

McNeil S, Dodds L, Fell DB, et al. AJOG 2011, doi: 10.1016/j.ajog.2011.04.031.
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Background
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recommendations for routine
vaccination of women who will
be pregnant during influenza
season with inactivated
Influenza vaccine in place in the
US and Canada

however, seasonal vaccination
rates in pregnant women prior to
2009-2010 ranged from 0.7% to
20%

no estimates for Canada prior to

2009-2010
‘born
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Background

* no evidence of serious harmful
effect of seasonal influenza
vaccination during pregnancy
has been reported

* benefit to pregnant women
through averted infection may
also benefit fetus

e mounting evidence that
antibodies may also confer
Immunity to the neonate
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Table 2. Clinical Effectiveness of Influenza Vaccine in Infants and Mothers.*

Clinical Effectiveness

Variable Episodes (95% CI)
Control  Influenza Vaccine
no. %
Infants
Person-months 870 881

Respiratory illness with fever

Any fever 153 110 28.9 (6.9 to 45.7)
Temperature =38°C 77 56 28.1 (4.6 to 50.6)
Diarrheal disease 138 137 1.9 (-30.0 to 26.0)
Clinic visit 92 54 42.0 (18.2 to 58.8)
Influenza test ordered 79 41 48.7 (25.4 to 64.7)
Influenza test positive 16 6 62.28 (5.0t0 85.4)
Mothers
Person-months 1076 1089
Respiratory illness with fever
Any fever 77 50 358 (3.7t057.2)
Temperature =38°C 33 19 43.1 (-9.0t0 70.3)
Diarrheal disease 60 49 19.3 (-24.6 to 47.8)
Clinic visit 25 19 24.9 (-43.9 to 60.8)

Risk Difference
(95% CI)i

-28.1 (-48.2 to -8.0)f
~13.7 (-28.0t0 0.5)
-1.6 (-22.1t0 18.9)
-24.5 (-39.5 t0 -9.5)§
-24.4 (-38.0t0-10.8)f
-6.4 (-12.2 t0 -0.5)]

~14.2 (-25.5t0 -2.9)§
-7.3 (-14.5 to —0.1)f
-5.9 (-16.4 to 4.5)
-3.2 (-9.8103.4)

Zaman K, Roy E, Arifeen SE, et al. N Engl J Med 2008;359:1555-64.
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Background

In March 2009, a novel HIN1 influenza A virus was

Identified in Mexico
e pandemic declared by WHO on June 11, 2009

» early case reports documented increased morbidity and

mortality in pregnant women infected with HIN1

 later reports confirmed disproportionately severe clinical

course in pregnant women infected with HIN1
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Background

« WHO, PHAC, SOGC,
CDC, ACOG, RCOG all
recommended H1IN1
vaccination of pregnant
women

* Ontario vaccination
campaign began Oct 26,
2009

e pregnant women targeted
as a high-priority group

Ontario

4 | b o rn : Better Outcomes Registry & Network ‘ b o r n



Background

 as part of the Public Health Agency of Canada’s response
to the HIN1 pandemic, BORN Ontario received financial
support to add 3 new data elements on HIN1 exposures

during pregnancy to the routine perinatal data collection

* there was limited pregnancy information within the
national influenza surveillance system, and no clinical

data on safety of HIN1 vaccine in pregnant women
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Background

« data collection began Nov 2, 2009 and continued until Oct
31, 2010:

1. influenza illness during pregnancy
2. antiviral medication during pregnancy

3. Influenza vaccination during pregnhancy

e data were collected from all pregnant women who gave

birth in an Ontario hospital during this one-year period
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Research objectives

1. To determine which characteristics predicted uptake of

17

any influenza vaccination _ during pregnancy during the

pandemic.

To evaluate the relationship between maternal HIN1

vaccination and fetal and infant outcomes among

singleton births during the HIN1 pandemic.



Methods — Data source

 BORN perinatal database began in one region in 1997

* as of November 2009, all 109 Ontario hospitals with obstetrical

services were contributing

* home births in the Ontario Midwifery Program database were not

included in the analysis (less than 2%)

* Information available:

— maternal demographic characteristics, health behaviours, reproductive history,

clinical information such as labour, birth, fetal and neonatal outcomes
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Methods — Study design and population

* population-based retrospective cohort study of hospital

births to Ontario residents

 live births and stillbirths 20 weeks’ gestation and birth

weight 500 grams
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Methods — Data collection

Is there evidence (either from the maternal admission history and/or antenatal
record) that the mother received vaccination for prevention of HIN1 influenza or
seasonal influenza AT ANY TIME DURING THE PREGNANCY?

SELECT ONE:
No
H1N1 vaccination only
Seasonal influenza vaccination only
H1N1 vaccination AND seasonal influenza vaccination

Received influenza vaccination, but unsure what type

Unknown

20




Methods — Objective 1

21

all women who gave birth in first 6 months of data
collection (Nov 2, 2009 — Apr 30, 2010)

calculated rates of any influenza vaccination _ (H1IN1

and/or seasonal vaccination) according to maternal and

pregnancy characteristics

log binomial regression used to explore the relationship
between each characteristic with receiving influenza

vaccination during pregnancy



Methods — Objective 2

» all singleton births In first 6 months of data collection

(Nov 2, 2009 — Apr 30, 2010)

e analyzed fetal and infant outcomes according to H1IN1

Influenza vaccination _ among singletons 500 grams

« multivariable regression models were used to estimate
risk ratios (RR) and 95% confidence intervals (ClI)
comparing outcomes for vaccinated mothers with those

among unvaccinated mothers

22
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Results — Objective 1



Number of women
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Total number of women who gave birth in
an Ontario hospital between Nov 2, 2009
and Apr 30, 2011
63,994

Total number of records with valid
vaccination information

56,454



Influenza vaccination type
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Any influenza vaccination: 42.6%




Rate of influenza vaccination by month

42.6%
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Rate of influenza vaccination by public health
region

PH region of residence Adjusted RR, 95% CI
North West 1.02,0.95-1.10
North East 1.11,1.06-1.17
Eastern 1.16, 1.12-1.19
Central East 0.95, 0.92-0.97
Toronto 1.00

27 South West 1.05, 1.02-1.09

Central West 1.03, 1.00-1.06




Rate of influenza vaccination by maternal age

Maternal age Adjusted RR, 95% CI
<20 0.80, 0.76-0.84
20-24 0.85, 0.82-0.87
25-34 1.00
35-39 1.06, 1.03-1.08
40 1.02, 0.98-1.06
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Rate of influenza vaccination by antenatal HCP

29

Health care provider

Adjusted RR, 95% CI

None

GP

Midwife

Nurse practitioner
Obstetrician
Other

0.72, 0.59-0.88
1.08, 1.06-1.10
0.86, 0.83-0.89
1.04, 0.94-1.15
1.00

1.05,0.91-1.21




Rate of influenza vaccination by maternal
smoking

Maternal smoking Adjusted RR, 95% CI
No 1.00
Yes 0.92, 0.89-0.95
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Rate of influenza vaccination by high-risk
comorbidity

High-risk comorbidity* Adjusted RR, 95% CI
No 1.00
Yes 1.10, 1.07-1.13

* Insulin dependent diabetes, non-insulin dependent diabetes, asthma, heart disease or chronic hypertension
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Rate of influenza vaccination by education quintile

Education quintile Adjusted RR, 95% ClI
Q1 (lowest) 0.85, 0.83-0.88

Q2 0.85, 0.83-0.88

Q3 0.87, 0.85-0.89

Q4 0.88, 0.86-0.90

Q5 (highest) 1.00
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Rate of influenza vaccination by income quintile

Income quintile Adjusted RR, 95% CI
Q1 (lowest) 0.93, 0.90-0.96

Q2 0.94, 0.92-0.97

Q3 0.96, 0.93-0.99

Q4 0.97, 0.95-1.00

Q5 (highest) 1.00
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Rate of influenza vaccination by immigrant

population
Immigrant population Adjusted RR, 95% CI
quintile
Q1 (lowest) 1.00
Q2 0.98, 0.95-1.00
Q3 0.96, 0.93-0.99
Q4 0.91, 0.88-0.93
34 Q5 (highest) 0.83,0.81-0.86




Discussion — Objective 1

* much higher rates of vaccination than documented in

previous influenza seasons

* In our study, 43% of pregnant women received any
Influenza vaccination during the pandemic (mostly HIN1)
— 46.6% in US
— 37.1% in French population
— 6.9% to 10.3% in Western Australia
— 12.9% in Denmark
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Discussion — Objective 1

e vaccination rates increased with maternal age and were

higher in women with chronic health conditions
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Discussion — Objective 1

 our finding that women from neighbourhoods with lower

socioeconomic status is consistent with previous surveys
* lower rates among women who smoked during pregnancy

* |ower rates among women from neighbourhoods with a

higher concentration of immigrant population
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Results — Objective 2



Number of women

Total number of women who gave birth in
an Ontario hospital between Nov 2, 2009
and Apr 30, 2011
63,994

Total number of records with valid
vaccination information

56,454

Total number of women with a singleton birth

55,570
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Preterm birth <37 weeks

H1N1 vaccination Adjusted RR, 95% CI
No 1.00
Yes 0.95, 0.88-1.02
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Preterm birth <32 weeks

H1N1 vaccination Adjusted RR, 95% CI
No 1.00
Yes 0.73,0.58-0.91
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SGA <10 percentile

H1N1 vaccination Adjusted RR, 95% CI
No 1.00
Yes 0.90, 0.85-0.96
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SGA <3" percentile

H1N1 vaccination Adjusted RR, 95% CI
No 1.00
Yes 0.81,0.72-0.92
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5-minute Apgar <7

H1N1 vaccination Adjusted RR, 95% CI
No 1.00
Yes 0.97,0.82-1.14
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Fetal death ( 500 Q)

H1N1 vaccination Adjusted RR, 95% CI
No 1.00
Yes 0.66, 0.47-0.91
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Relationship between outcomes and H1IN1
vaccination

P
<

Favours vaccination

Outcome Adjusted RR, 95% CI
Preterm birth <37 wks 0.94,0.87-1.01 —
Preterm birth <32 wks 0.73, 0.58-0.91 | | I
SGA 10™ percentile 0.90, 0.85-0.96 —@—
SGA 3" percentile 0.81, 0.72-0.92 — —
5-min Apgar score <7 0.96, 0.81-1.13 I
Fetal death ( 500 g) 0.66, 0.47-0.91
o.zlm o.elso o.slso 1.00 1.|10 1.éo

All models adjusted for maternal age, smoking, neighbourhood family income and neighbourhood education.
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Discussion — Objective 2

 no evidence of increased risk for adverse outcomes with

2nd/3rd trimester H1N1 vaccination

« pregnant women who had 2"9/3'd trimester HIN1
vaccination were less likely than non-vaccinated women
to have (1) a very preterm infant, (2) an SGA infant, or (3)
a fetal death 500 g
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Discussion — Objective 2

e (1) preterm birth:

— pre-pandemic studies: Omer et al, 2011; Steinhoff et
al, 2012; Dodds et al, 2012; Sheffield et al, 2012 have
also found lower PTB rates among vaccinated women

— pandemic studies of HIN1 vaccine: Pasternak et al,
2012 found no effect on preterm birth while Kallen et
al, 2012 and Heikkinen et al, 2012 found a decreased
risk
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Discussion — Objective 2

¢ (2) SGA/low birth weight:

— pre-pandemic studies: Omer et al, 2011; Steinhoff et
al, 2012; Dodds et al, 2012; Sheffield et al, 2012 have
found lower SGA rates among vaccinated women

— pandemic studies of HIN1 vaccine: Pasternak et al,
2012, Heikkinen et al, 2012 and Kallen et al, 2012
found no effect in Denmark, Netherlands/Argentina or
Sweden, respectively
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Discussion — Objective 2

e (3) fetal death 20 weeks:
— pre-pandemic studies: none

— pandemic studies of HIN1 vaccine: Kallen et al, 2012
found a lower risk of FTD in vaccinated women but not
statistically significant; Pasternak et al, 2012 found a
significantly reduced risk of stillbirth in vaccinated
women compared with non-vaccinated women
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Discussion — Objective 2

o stillbirth: adjusted HR: 0.44 (95% CI: 0.20 to 0.94)

Pasternak B., et al. BMJ. 2012 May 2;344.:e2794. doi: 10.1136/bmj.e2794.
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Discussion — Objective 2

« a word on adverse events (AE) following HIN1
vaccination in pregnant women:

— CDC/FDA: rapid surveillance of adverse events in pregnant
women in US from Oct 1, 2009 to March 1, 2010 (post-licensure of
adjuvanted H1N1 vaccine) (Moro et al. AJOG 2011)

— GSK: prospective, post-authorization safety study of 267 women
known to be pregnant when they received H1N1 vaccine found no
Increased risk of adverse pregnancy outcomes (Tavares et al,
Vaccine 2011)
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Discussion — Objective 2

« taken together, results are reassuring:

— most importantly, no evidence of increased risk for preterm birth,
small for gestational age, low birth weight, stillbirth, AEs

— some evidence of decreased risk for preterm birth, small for
gestational age, low birth weight, stillbirth

— Pasternak et al, 2012 also found no increased risk of miscarriage
(fetal death prior to 20 weeks)
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American Journal of Public Health.
2012 Jun;102(6):e33-40. Epub 2012 Apr 19.
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In press: Canadian Journal of Public Health.




Strengths

 large birth cohort
e population-based
e unprecedented vaccination rates

e strong match between circulating virus and vaccine
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Limitations

vaccination selection bias — “healthy vaccinee effect”
 residual confounding

* no dates for vaccination

* missing values for exposure

* degree of benefit from influenza vaccination is specific to
each season
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Final conclusions

59

understanding the characteristics of pregnant women with
low influenza vaccination uptake can help planning for
future public health vaccination campaigns

no evidence of adverse effects of HLN1 vaccination on
PTB, SGA and FTD in this cohort is very reassuring

potential protective effects of influenza vaccination on
fetal and infant outcomes need to be confirmed In
additional studies
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