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B Severe Influenza

Anfluenza: Epidemiology & Seasonality
ASevere InfluenzaRisk & Definitions

o Hospitalized adults

o Immunocompromised

AChallenges to Influenza Research
o Challenges of studies in hospitalized adults
o Novel Scoring and Outcomes Measures
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A Epidemiology & Importance
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A nfluenza: Epidemic Impact

A25-50 Million influenza cases/year
AExcess mortality (25,000 excess deayiny/
AExcess hospitalization (226,000/year)
A2-3 fold increase in pneumonia rate
ATotal annual costs: $25 billion in the US

A10%: Direct costs of increased medical care
o Superinfectionsexacerbation of CHF, RAD

A90%: Indirect costs (lost productivity, employee
absenteeism)

I\\/l Northwestern Thompsoret al. Influenza and other respiratory viruses2009; 3:3749.
Medicine Thompsoret al. JAMA 2004;292:13331.340. MMWR. 2010; 59: 1051062.



I Influenza: Epidemic Impact
Age-Specific Annual Burden of Influenza in the United States

AGE (YR) Outpatient Hospitalized Days of Life Years Los
Visits Days Productivity
Lost
11

3,728 5,328
5-17 3,718 9 6,666 3
18-49 5.270 144 10,178 36
50-64 4,329 345 6,616 92
65+ 14,309 958 15,215 468
Total US 31,354 3,131 44,003 611
Burden

|\ Northwestern |\olinariet al. Vaccine 2007:25:508&096.
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An Important Impact on Life Expectancy
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B nfluenza: Seasonakpidemiology
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inf ti'evnzafPositive Specimens Reported by
U.S. Public Health Laboratories,
Cumulative, 2017-2018 season
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Rates per 100,000 population
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Sl | aboratory Confirmed Hospitalized Influenza

Selected Underlying Medical Conditions: 2017-18 Season

[ m Chnildren [/] ®Adults [/] ™ Females (15-44 yr)

Medical Condition
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% of Visits for ILI
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. Scasonal Influenzavortality
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Bl Scasonal InfluenzaHospitalizations
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A Influenza in Pregnant Womeiijospitalization
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g Influenza Mortality: Trends Over Time

FIGURE 1. Cumulative rate of hospitalizations during three influenza

seasons, by age group — Emerging Infections Program, United
States, 2007-2010
8
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* 2009 Pandemic Influenza A(H1N1) hospitalization data from September 1,
2009—January 21, 2010.
" Per 10,000 population.
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A \nfluenza Mortality: Impact of Pandemics
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Figure 1. Age distnbution of deaths associated with 3 influecnza A pandemics and interpandemic seasons in United States, 1918~ 1995, Data
from tables 1-3 are plotted graphically for influenza A (HIN1), A (H2N2), and A (H3N2). For influenza A (HIN1) scasons, only data point
for 19861987 season was included, which was the only season when excess mortality was attributed solely to A (HINT) viruses. Data points
since 1968 are based on our analysis of pneumonia and influenza (P&I) mortality data.
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s Influenza: Risk Groups

Table 1. Risk Factors for Complications of or Severe Illness with 2009 H1N1 Virus Infection.*

Risk Factor Examples and Comments

Age <5 yr Increased risk especially for children <2 yr of age; highest hospitalization
rates among children <1 yr

Pregnancy Risk of hospitalization increased by a factor of 4 to 7, as compared with age-
matched nonpregnant women, with highest risk in third trimester

Chronic cardiovascular condition Congestive heart failure or atherosclerotic disease; hypertension not shown
to be an independent risk factor

Chronic lung disorder Asthma or COPD, cystic fibrosis

Metabolic disorder Diabetes

Neurologic condition Neuromuscular, neurocognitive, or seizure disorder

Immunosuppression Associated with HIV infection, organ transplantation, receipt of chemothera-
py or corticosteroids, or malnutrition

Morbid obesityt Suggested but not yet proved to be an independent risk factor for complica-
tions requiring hospitalization or ICU admission and possibly for death

Hemoglobinopathy Sickle cell anemia

Chronic renal disease Renal dialysis or transplantation

Chronic hepatic disease Cirrhosis

Long history of smoking Suggested but not yet proved to be an independent risk factor

Long-term aspirin therapy in children  Risk of Reye's syndrome; drugs containing salicylates should be avoided in
children with influenza

Age =65 yr Highest case fatality rate but lowest rate of infection

* COPD denotes chronic obstructive pulmonary disease, HIV human immunodeficiency virus, and ICU intensive care unit.
T Morbid obesity is defined as a body-mass index (the weight in kilograms divided by the square of the height in meters)
of 40 or more.

NM Northwestern \\10 Writing CommitteeNEJM. 2010:362: 1708.719.



B InfluenzaDiagnosis & Survelllance
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B Contemporary Rapid Diagnostic#s Step Forward

Digital Immunoassays: Influenza A vs. B

Influenza A Influenza B
Shady GRsferanca), Tast e B Sy D% C) Sty s Cit Study (Reference), Test TP EN Sensitivity (95% CI) Sensitivity (95% C1)
Bt st el A, Costent St b Aol i ) fruning ot al (44), Quidel Sofla & 6 040(0.17-0.69) - -
P4 () ot s ® _Ianeeeim Busson et al (4%), Quidel Sofia 6 85 0.55(0.28-0.79) -
Dunn et al {50), Quidel Sofia 46 2 0.96(0.86-0.99)
PSR SRR s G s Dunn ot al (50), Quidel Sofla 51 1 0.98(0.90-1,00) .
Hazelton et al (57), Quidel Sofla 25 10 0.71(0.55-0.83) Hazelton et al (58), Quidel Sofla 2 4 0.33 (0.10.0.70) - -
w464 (G Bbar sas A Qe o S - Hazelton et al (57), Quidel Sofla 8 0.33(0.14-0.61) -
Lwmndionsid ot ol (65); Cuildel Sofla 260 73 078 (0702 %4 Leonardi et al (64), Quidel Sofla 26 2 0.93(0.78-0.98) R
Noh et al (75), Quidel Sofia 145 81 0.74 (0.67-0.80) PO Lowandrowski ot al (65), Quidel Sofia 211 34 0.86 (0.61-0.90) 8-
Rath et al (81), Quidel Sofia 54 15  0.78(0.67-0.86) —e— Rath et al (81), Quide Sofla 31 0.75(0.30-0.95) *
Ryu et al (84), Quidel Sofia 69 4  0.9%(0.87-0.98) Ryu et al (84), Quidel Sofia 55 5 0.92(0.82-097) e
Selave and Rao (88), Quidel Sofia 102 144 0.41(0.35-0.47) Selove and Rao (88), Quidel Sofia W 30 0.38(0.26-0.52) S —
Tuttle ot al (31), Quidel Sofia 5 12 0.81(0.70-0.89) —e— Tutthe ot al (91), Quidel Sofla 64 2% 0.72(0.62-0.80) —o—
Dunn et al (50), BD Veritor 45 3 0.94(0.83-0.98) Dunn et al (50), BOD Veritor 49 3 0.94(0.84-0.98) —e-
Hassan ot al (55), BD Veritor 83 9  0.90(0.82-0.95) Hassan ef al (55), B0 Veritor 211 0.88(0.70-0.96) .
Leonardi et al (64), BD Veritor 64 36 0.64(054-0.73) —sie Leonardi et al (64), BD Veritor 22 6 0.79(0.61-0.90) —
Mese et al (68), BD Veritor 45 10 0.82(0.70-0.50} — Maese ot al (68), BD Verltor S0 18 0.74(0.62-0.83) —e—
Ndegwa et al (72), BD Veritor 270 77 0.78(0.73-0.82) - Ndegwa et al (72), BD Veritor 46 26 0.64(0.52-0.74) -
Ryu et al (84), BO Vesitor 64 9 038079054 = Ryu ot al (84), BD Verltor 49 11 0.82(0.70-0.90) e
Pooled sensitivity (95% Crl) 0.80 (0.73-0.86) < Pooled sensitivity (95% Cr) 0.77 (0.65-0.85) =
0s7 r T T
D 013 nar
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B Contemporary Rapid Diagnostic#s Step Forward

Rapid NAAT: Influenza Avs. B

Influenza A an s
Study: Oeberamcn), Tusk O R R Study (Reference), Test TP FN  Sensitivity (95% CI) Sensitivity (95% CI)
Bell and Selvarangan (19), Alere 103 13 0.89 (0.82-0.93) - Bell and Selvarangan (19), Alere 58 0 1,00(0.94-1.00) -4
Busson et al (45), Alere 53 5 0.91(0.81-0.96) — Busson et al (45), Alere 6 5  055(028-079) — ——
Chiarella et al (46), Alere 31 16 0.66(0.52-0.78) — Chiarella et al (46), Alere 8 ? 0.53 (0.30-0.75) el e
Hazelton et al (57), Alere 28 0.78 (0.62-0.88) —_— Hazelton et al (57), Alere 9 3 0.75(047-091) -
Hurtado et al (59), Alere 30 2 0.94(0.80-0.98) = Hurtado et al (59), Alere 16 1 094(0.73-099) R B
Nguyen Van et al (73), Alere 30 2 0.94(0.80-0.98) — Nguyen Van et al (73), Alere 8 0 1.00(0.68-1.00) e
Noite et al (76), Alere 56 21 073(0.62-0.82) — Nolte ot al (76), Alers 15 1 0.94(0.72-0.99) e N
Riamicker ot al (41), cobasint: € 0 1.00(0:61-1.00) — 2 Binnicker ot al (41), cobas List 21 0 1,00 (0.85-1,00) o
‘c::: :::::: ::: 3:: :: ; ::: :::::;::: _: Chen ot al (18), cobas Liat 2 2 0.95(084-099) —
Melchers et al (67), cobas Liat 51 5 0.91(0.81-0.96) —a- ek e it o G i
Nolte et al (76), cobas List - 5 1.00 (0.95-1.00) - Melchers et al (67), cobas Liat 30 0 1.00 (0.89-1.00) —4a
Pooled sensitivity (95% Crl) 0.92 (0.85-0.96) ’ Nolte et al (76), cobas Liat 16 0 1.00(0,81-1.00) B |
Pooled sensitivity (95% Crl) 0.95 (0.87-0.99) ‘
T e = ) , , , ,
0 013 oar 1
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B Contemporary Rapid Diagnostic#s Step Forward

Table 2. Overall and Subgroup Analyses of Pooled Rapid Test Accuracy Estimates for Influenza A and B, by Index Test Type*

Index Test Type

Overall
Traditional RIDTs (94 influenza A studies;
30 influenza B studies)
DIAs (18 influenza A studies; 17 influenza
B studies)
Rapid NAATs (12 influenza A studies;
12 influenza B studies)
Difference in sensitivities, overall
Traditional RIDTs vs. DIAs
Traditional RIDTs vs. rapid NAATs
DIAs vs, rapid NAATs

|\ Northwestern
Medicine’

Influenza A
Pooled Pooled
Sensitivity (95% Crl), Specificity (95% Crl),
% %

54.4(48.9 t0 59.8)

80.0(73.4 to 85.6)

91.6(84.9 10 95.9)
~25.5(-33.4t0 -17.0)

-37.1(~44.2 to —28.6)

99.4 (99.1 10 99.7)
98.3(97.4 10 98.9)

99.2 (98.6 10 99.7)

Merckexet al. Annallnt Med. 2017:167: 39409.

Influenza B
Pooled Pooled
Sensitivity (95% Crl), Specificity (95% Crl),
% %

53.2(41.7to 64.4) 99.8(99.7 to 99.9)

76.8(65.4 t0 85.4) 98.7 (97.5 t0 99.4)

95.4(87.3t0 98.7) 99.4 (98.9 10 99.8)

-23.5(-37.9t0 -7.7) -
-41.7 (-54.0 to —28.5) -
-18.2 (-30.6 to —-6.9) -
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Ml Influenza Virus:Replication & Antiviral Targets

NS1/NS2
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I Available Agents:M2 Inhibitors

w Due to widespread
resistance, M2 Inhibitors
are not recommended

¢ Amantadine

¢ Rimantadine
100
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|\\1 Northwestern Hayden N EngJMed. 2006 354:785-788. BrightRA JAMA 2006295:891-895.
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B Available Neuraminidase Inhibitors

Laninamivir Oseltamivir Zanamivir
(Inavir®) (Tamiflu®) Peramivir (Relenza®)

Dosing 75mg BID 10mg BID
frequency Single dose 5 days 5-10 days 5 days

I\ Northwestern Bantiaet al. Antiviral Res 2006; 69: 3915. Peramivir Investigator Brochure V.4 Jul 2009;
Medicine oseltamivir zanamivir& laninamivirpackage inserts.



I Treatment EfficacyOseltamivir

|\ Northwestern _ o
Medicine Aoki et al. J Antimicrob Chemother . 2003:51:123-129



