WHO Working Group to Evaluate
Influenza Data to Inform Vaccine
Impact and Economic Modelling

Bradford D. Gessner, Chair

On behalf of Working Group Activity Leads
— Niranjan Bhat, Mark Loeb, Deshayne Fell



Outline

WHO Working Group
Risk of severe influenza in pregnancy

Adverse fetal outcomes associated with
maternal influenza

Pending evaluations

Conclusion



WHO Working Group

* WHO IVR working group to advise on
influenza disease burden and vaccine impact
assessment relevant to maternal
Immunization

e Subgroup of Immunization and Vaccine-
related Implementation Research Advisory
Committee (IVIR-AC)



Working Group Objectives

1. Determine key parameters for influenza
vaccine impact and health economic
modelling studies

 focus on immunization in low-resource settings,
pregnant women

2. Determine evidence-based estimates for key
parameters

3. Evaluate quality of data informing these
estimates

4. Recommend research to address data gaps



Working Group Composition

Members
e 26 people

* Expertise in modelling, influenza epidemiology, perinatal
epidemiology, health economics

* |VIR-AC members

Work streams

* Pregnhant women

* Fetus

* <6 month old infants

Process

 Work stream leads conducted systematic literature reviews
* Findings presented to the full working group for feedback
Time period: November 2014 through June 2015



Association between pregnancy and severe
influenza outcomes

Objectives

* To quantify the effect of pregnancy on severe influenza-associated disease

Eligibility

* Observational studies reporting on pregnancy as a risk factor for severe
influenza

e Studies with no comparator arm were excluded

* Compare pregnant women to all other persons; sub-analysis women child-
bearing age

e All subjects had influenza infection

Outcomes

 Community-acquired pneumonia

* All-cause, influenza-associated, or pneumonia-associated mortality

* All cause, influenza-associated, or pneumonia-associated hospitalization
e |CU admission and need for ventilator support

Risk of Bias and Quality of Evidence Assessed



Flow diagram for systematic review of association
between pregnancy and severe influenza outcomes

Embase: 13,408
Medline: 10,013
Global health: 4,962

Cinahl: 1,586
Central: 67
TOTAL: 62,839

62,681
eliminated

Cohort or cross _ -
sectional: 143 Ecological: 10



Data source distribution
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Association between pregnancy and flu hospitalization (n=14)

pregnancy  no pregnancy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% ClI
46.3.1 Community
Buda 2010 138 514 5933 120030 8.7% 7.06 [5.80, 8.59] -
Echavarria 2010 1 5 77 270  42% 0.63[0.07,5.70] v
Gilca 2011 10 20 157 367  7.4% 1.34[0.54, 3.29] B
Gonzales-Candelas 2011 46 102 653 1300 8.4% 0.81[0.54,1.22] -
Harris 2010 9 14 22 79 6.6% 466 [1.41,15.47] -
Jamieson 2009 11 23 229 5240 7.6% 20.06 [8.76, 45.94] -
Kwan-Gett 2009 4 11 66 554  6.4% 4.23[1.20, 14.82] -
Lenzi 2012a 162 352 884 2175 8.6% 1.2510.99, 1.56] bl
Orellano 2010 87 124 4171 6742 85% 1.45[0.98, 2.14] ™
Poeppl 2011 8 15 335 525 71% 0.65[0.23, 1.82] :
Poggensee 2010 25 160 527 16957 8.4% 5.77[3.74,8.92) -
Sevencan 2011 12 18 11 59  6.7% 8.73[2.68, 28.37] -
Vaso0 2010 3 4 28 55  3.9% 2.89[0.28, 29.56) "
Zarychanski 2010 22 3 99 386 7.6% 7.09[3.16, 15.91] -
Subtotal (95% Cl) 1393 154739 100.0% 2.94[1.58, 5.47] <9
Total events 538 13192
Heterogeneity: Tau? = 1.15; Chi? = 253.69, df = 13 (P < 0.00001); I* = 95%
Test for overall effect: Z = 3.40 (P = 0.0007)
Total (95% Cl) 1393 154739 100.0% 2.94 [1.58, 5.47] <9
Total events 538 13192
Heterogeneity: Tau? = 1.15; Chi? = 253.69, df = 13 (P < 0.00001); I* = 95% 0 ” 0= 1 1 1:0 56
Test for overall effect: Z = 3.40 (P = 0.0007) ' ﬁo oregnancy  pregnancy
Test for subaroup differences: Not applicable

* Two studies with Women of Reproductive Age as comparator: OR 3.3 (0.52 to 20)
* Three studies limited to LMIC: OR 2.1 (0.49 to 9.0)



Association between pregnancy and other
influenza-associated severe outcomes

* Mortality
* 92 studies total: OR 1.0 (0.81 to 1.3)
* 17 studies Women of Reproductive Age as comparator: OR 0.94 (0.52 to 1.7)
* 36 studies from LMIC: OR 1.6 (1.1 to 2.2)

* Mechanical ventilator support
* 26 studies total: OR 1.21 (0.70 to 2.08)
* 5 studies Women of Reproductive Age as comparator: OR 0.88 (0.62 to 1.3)
* 4 studies from LMIC: OR 1.2 (0.41 to 3.2)

* Community acquired pneumonia
* 9 studies total: OR 1.80 (0.72 to 4.49)
* 3 studies Women of Reproductive Age as comparator: OR 1.1 (0.29 to 4.1)
* 3 studies from LMIC: OR 2.1 (0.49 to 9.0)
* ICU admission
* 45 studies total: OR 0.89 (0.65 to 1.2)
* 10 studies Women of Reproductive Age as comparator: OR 0.51 (0.42 to 0.62)
* 8 studies from LMIC: OR 1.4 (0.78 to 2.4)

*High heterogeneity for each analysis



Association between pregnancy and influenza associated
ICU admissions; women of reproductive age as comparator

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
46.5.1 Community

Gilca 2011 1 20 29 367 0.9% 0.61 [0.08, 4.79]

Subtotal (95% CI) 20 367 0.9% 0.61[0.08, 4.75] B —
Total events 1 29

Heterogeneity: Not applicahle
Test for overall effect. Z=0.47 (P = 0.64)

46.5.2 Hospitalized patients

Camphell 2010 13 74 23 88 57% 0.60[0.28,1.29] I
Creanga 2010 8 62 15 74 39% 0.58[0.23,1.48] e
Creanga 2011 65 639 320 1572 25.9% 0.44 [0.33, 0.59)] —
Helferty 2010 32 266 225 1034 16.7% 0.49[0.33,0.73] ——
Huang 2011 ] 10 ) 138 21% 3.451[0.94,12.70]

lorio 2013 1 8 3 17 06% 0.67 [0.06, 7.64]

Kelly 2011 47 287 242 769 20.2% 0.43[0.30, 0.60] ——
Louie 2010a 18 94 41 137 8.0% 0.55[0.30, 1.04] —
Rolland-Harris 2012 29 263 239 1341 16.0% 0.57 [0.38, 0.86] ——
Subtotal (95% Cl) 1703 5170 99.1% 0.52[0.42, 0.63] L 2
Total events 218 1139

Heterogeneity: Tau*=0.02; Chi*=10.85, df=8 (P=0.21); F= 26%
Test for overall effect. Z=6.29 (P < 0.00001)

Total (95% CI) 1723 5537 100.0% 0.51[0.42, 0.62] &
Total events 219 1168

Heterogeneity: Tau*=0.02; Chi*=10.89, df=9(P=0.28); F=17% é 02 0-1 10 5
Test for overall effect. Z=6.86 (P < 0.00001) ’ e

o+



Conclusions and interpretation

* Among persons with primarily pH1N1 infection:

* Pregnant women had a higher risk of influenza-
associated hospitalization than the general population

* Pregnant women did not have a higher risk of severe
outcomes than the general population or WRA

* Pregnant women in LMIC had a higher risk of mortality
than the general population

* Pregnant women had less risk of ICU admissions than
other WRA

* Quality of evidence low with significant
heterogeneity between studies for most analyses

* Hospitalization a marker of access and not severity?

* Women in LMIC more fragile state during
pregnancy; reason for association rather than flu?

WRA=Women of Reproductive Age



Adverse fetal outcomes associated with
maternal influenza illness and infection

* Objective: Assess association between maternal influenza illness/
ILI during pregnancy, as compared with no maternal influenza

illness during pregnancy, on the risk of adverse fetal outcomes

* Eligibility: Observational studies of outcomes among pregnant
women with influenza compared to pregnant women without
influenza

* Exposure
e Lab-confirmed influenza

* Non-lab confirmed influenza (diagnostic codes, self-reported
influenza or ILI)



Flow diagram for systematic review of adverse fetal
outcomes associated with maternal influenza

Embase: 770
Medline: 1,069

Cochrane: 38
Cinahl: 46
TOTAL: 1,923

1,845 eliminated

Case series/
reports, ecological

Comparative Systematic

reviews: 2

observational
studies: 20 time series: 56




Number of data sources

16
14
12
10

o N o O ©®

Studies reporting outcomes

12
10

Preterm birth Mean birth Low birth Fetal death  Small for
weight weight gestational
age

15



Preterm birth (n=15 Studies)

Preterm Preterm

birth—  birth — Iliness Adjusted effect
Author /year  exposed* unexposedffluenzaseverity Quality Adjusted estimate (95% Cl)
Nieto 2013 4.0 10.1 HIN1 ¢ 0.40 (0.11, 1.41)
Ahrens, 2014 4.3 5.6 Seasonal ( ¢ 0.76 (0.10, 5.94)
Tuyishime, 2003 6.4 8.1 Seasonal ¢ 0.80 (0.34, 1.90)
Hansen, 2012 9.2 9.3 Seasonal High  Yes —_— 0.82(0.55, 1.22)
Acs, 2006 8.0 9.2 Seasonal Yes =T 0.90 (0.74, 1.10)
Rogers, 2010 4.9 5.2 Seasonal Severe :l 0.94 (0.36, 2.46)
Haberg, 2013 --- 5.4 HIN1 High  Yes _I’_ 1.03 (0.85, 1.25) 2 _ o
Morken, 2011t 2.5 2.6 Seasonal Yes 'r 1.04 (0.92, 1.18) I - 97A
Hansen, 2012 110 9.3 HIN1 High Yes - 1.07 (0.82, 1.40)
Hartert, 2003 12.6 10.9 Seasonal Severe Yes -1 1.18 (0.77,1.82)
McNeil, 2011 7.2 5.4 Seasonal Severe High  Yes —_1Tr 1.20(0.72, 2.01)
Naresh, 2013 14.8 11.5 HIN1 Severe High  Yes o 1.27 (0.75, 2.15)
Doyle, 2013 23.6 10.4 HIN1  Severe High  Yes —_— 2.39 (1.64, 3.49)
Martin, 2013 25.8 7.3 Seasonal Severe Yes % 3.82(3.52,4.14)
Pierce, 2011 23.5 7.3 HIN1  Severe High  Yes —_—a 4.00 (2.71, 5.90)
Cox, 2006 --- - Seasonal Severe Yes - 4.08 (3.56, 4.67)

| | | |

0.1 0.5 1.0 2.0 10

* Risk of preterm birth per 100 among women classified as having or not having influenza illness during pregnancy
1+ Morken et al. studied spontaneous preterm birth only 16
¥ Hansen, 2012 is shown twice: one estimate for each season (first line=seasonal influenza, second line=H1N1 influenza)



Subgroup analysis to reduce clinical and
statistical heterogeneity (n=6 Studies)

Author Preterm Preterm
/uear birth— birth—  Illlness Adjusted effect
y exposed exposed  severity Qual* Adjusted estimate (95% Cl)

H1N1 pandemic studies — Severe maternal influenza illness

Naresh/2013 148  11.5 Severe High Yes —_1T— 1.27 (0.75, 2.15)
Doyle/2013 236  10.4 Severe High Yes —— 2.39 (1.64, 3.49)
Pierce/2011 23.5 7.3 Severe High Yes —— 4.00 (2.71, 5.90)

H1N1 pandemic studies — Range of maternal illness severit
Haberg/?OlS‘r 5.4 g High Yes y - 1.03 (0-85, 1-25)

Hansen/2012% 11.0 9.3 High Yes —— 1.07 (0.82, 1.40)

Seasonal influenza — Severe maternal influenza illness
McNeil/2011 7.2 5.4 Severe High Yes -t 1.20 (0.72, 2.01)

Seasonal influenza — Range of maternal iliness severity
Hansen/2012% 9.2 9.3 High  Yes T 0.82 (0.55, 1.22)

0.1 0.5 1.0 2.0 10
* Highest quality based on Newcastle Ottawa Score of 8 or 9 AND adjustment for at least some covariates AND exposure not measured using self-reported questionnaire

¥ Hansen, 2012 provided estimates for both the 2009-2010 pandemic and one non-pandemic influenza season




SGA/LBW/mean birth weight

 Small for gestational age
* Definitions differed (e.g., different reference standards)
* RRrange: 0.74 to 2.4 (3 studies no effect, 3 studies positive effect)
* Low birth weight
* No consistent effect with/without adjustment for gestational age
* RRrange:0.4t03.2

* Mean birth weight
e Adjustment for GA:

e 2 studies increased, 2 decreased with influenza
* Range: -99g to 70g
* No adjustment for GA:
* 5studiesincreased, 4 decreased, 1 no change with influenza
e -255gto117g



Fetal death (n=9 studies)

SRR —. Fetal death among Fetal death among .Crude risk Effect Crude effect Adjusted effect
S exposed unexposed difference per measure measure measure
FAER T per 1,000 (n/N) per 1,000 (n/N) 100 (95%Cl) reported (95% Cl) (95% Cl)
Nieto-Pascual 2013 * 13.2%0 (1/76) 32.6%o (3/92) -19.5(-63.9t025) RR 0.40 (0.04-3.80) ---
Nieto-Pascual 2013 * 13.3%o0 (1/75) 11.2%. (1/89) 2.1(-31.9t0 36.1) RR  1.19(0.08-18.65) ---
Martin 2013 2 19.1%o (333/17,468) ( 102’9936 /55225,557) 12‘6121.%5 to OR 2.50 (1.97-3.18)
Haberg 2013 3 4.3%0 (492/113,331) --- HR 2.00 (1.20-3.32) 1.91(1.07-3.41)
Pierce 2011 27.3%o (7/256) 5.7%o (7/1,233) 21.7 (1.3t0 42.1) OR 4.9 (1.7-14.2) 4.2 (1.4-12.4)
Hartert 2003 10.2%o (3/293) 3.4%o (2/587) 6.8 (-5.6 to 19.3) OR --- 3.03 (0.50-18.2)
Irving 2000 5.6%o (1/180) 0(0/180) - - - ---
stanwell-Smith 1994 * 91% cases Tfld history of 44% contrg]lslﬂad history . OR 12.5 (1.09-143) N
Stanwell-smith 1994+ 100 caseswere 0 controls were
Korones 1970 19.6%o (1/51) 19.6%o (1/51) 0(-53.8t0 53.8) RR  1.00 (0.06-15.56) ---
Wilson 1969 30.1%o (9/299) 13.3%o0 (2.5/188) 16.8 (-8.6 t0 42.2) RR 2.26 (0.56-9.08) ---

1 Nieto-Pascual, 2013 is shown twice: the first estimate is for abortion, and the second is for intrauterine fetal death (detailed definitions not provided)

2 Martin, 2013 only measured influenza if it was present at the time of the delivery

3 Héberg, 2013 did not provide the risk of fetal death by exposure group. Overall risk in the study population was 4.3 fetal deaths per 1,000 singleton pregnancies

4 Stanwell-Smith, 1994 is shown twice: the first estimate is for a self-reported history of influenza-like illness, and the second for serologic evidence of influenza A infection

> Crude risk differences calculated by review authors 19



Fetal death

* Inadequate documentation of outcome definitions

* Most studies had inadequate number of events for
meaningful analysis

* Most studies pH1N1, including 2/3 with adequate
event number



Prevalence of pre-existing maternal
co-morbidities

First author, year of

ST Diabetes Asthma Obesity Hypertension
Acs 2006 0.1% - - -
Naresh 2013 1.3% 11.3% -- 3.8%
Hartert 2003 2.2% 4.4% -- -
Rogers 2010 3.0% 1.0% -- 5%
Hansen 2012 13.2% 2.9% 22% --
Ahrens 2014 - -- 14.5% (BMI >30) --
Pierce 2011 - 17.0% (BMI>30) --
Doyle 2013 -- -- 19.0% (BMI1230) --
Irving 2000 -- -- -- 7.5%
11 STUDIES NO DATA - -- - --

21



Summary

Few studies

— Particularly non-pH1N1

None from resource poor settings

Notable deficits in methodologies

High heterogeneity in exposure measurement and outcome
definitions

Some evidence for increased risk of preterm birth and fetal

death associated with pH1N1, particularly severe illness;
magnitude unclear

Uncertainty

Existence of effect
Magnitude of effect

Contribution of contextual factors: influenza serotype, iliness severity,
underlying illness, trimester of infection

Contribution of nuances in outcome definition: fetal death, gestational age



Pending evaluations

Topics

Incidence of severe influenza during pregnancy
Incidence of severe influenza age <6 months

Methods

Systematic literature review
Re-analysis of Nair Lancet study for <6 month disease burden

Influenza-associated incidence outcomes

Pneumonia
Hospitalization
ICU admissions
DALYs
Mortality

Progress to date

Pregnancy: all dates, 11 relevant studies have been found
Age <6 months: from 1995-2014, 22 relevant studies have been found
Most studies from pH1N1 pandemic and high resource settings



Overall Summary

* Influenza disease burden data (particularly in pregnant
women) may not be sufficient to inform definitive decisions
regarding routine immunization of pregnant women in
some |ocales

* Few data for low-resource settings, where results may differ

* Lack of data prevents assessment of the impact of a
maternal influenza vaccine program on severe maternal,
fetal, and newborn outcomes

 Absence of evidence is not evidence of absence

* Some analyses are still ongoing



Next steps

* Work group final report expected June 2015

» Systematic reviews will be finalized and submitted
for publication in 2015

* Plan to continue the fetal effects workstream to
further assess observational literature, mechanisms
of disease and protection, clinical significance of
observed effects
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