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Key Objectives
Early Indicators of High Mortality
Influenza Seasons in the U.S.

1.Describe how influenza is monitored globally over
the course of a year
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Founder and CEO, BlueDot
Infectious Disease Physician, St. Michael’s Hospital
Associate Professor of Medicine and Public Health, University of Toronto

2.Discuss predictors of influenza mortality at the
population level
3.Present a model to help anticipate high mortality
influenza seasons in the United States

Influenza Impact
• An average influenza season in the U.S. results in:
• 25.3 million infections
• 650,000 emergency room visits
• 247,000 hospitalizations
• 36,300 deaths
• 20.1 million days of lost productivity
• $11.2 billion in healthcare & societal costs ($6.3 - $25.3 billion)
Putri WCWS et al. Vaccine. 2018 Jun 22;36(27):3960-6.
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Influenza Primer
•The 2017-2018 influenza
season was one of the most
severe in recent years
•Influenza transmission was
widespread & intense, the
season was long, morbidity
and mortality were high
•Employee absenteeism
adversely impacted business

• The 2017/18 influenza season broadly impacted life and
health insurance sectors

• Could a severe influenza season be better anticipated?
• Could actions be taken in advance to mitigate its impacts?
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Hemagglutinin
Neuraminidase

Drift and Shift
Minor Mutations

Major Mutations

Antigenic Drift

Antigenic Shift

Diﬀerent Influenza Vaccine Every Year

Vaccine Doesn’t Always Match Circulating Strains
40-60% eﬀective in a season with good matching
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• Adults 65 years of age and older
• Pregnant women
• Residents of long-term facilities
• American Indians & Alaskan Natives
• Children younger than 5 years

Risk Factors for
Severe Influenza
•

People with chronic medical conditions including:
• Heart disease
• Chronic lung disease, asthma
• Kidney disorders
• Liver disorders
• Compromised immune systems

•
•
•
•
•
•

Endocrine disorders (e.g. diabetes mellitus)
Neurological and neuro-developmental conditions
Blood disorders (e.g. sickle cell disease)
Metabolic disorders
People with BMI >40
People younger than 19 on chronic aspirin therapy

How Influenza Results in Death

• Respiratory failure from viral and/or bacterial pneumonia
• Sepsis and SIRS resulting in multi-organ failure
•Encephalitis, rhabdomyolysis, myocarditis
Kwong J et al. N Engl J Med 2018; 378:345-353
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Influenza & Myocardial Infarction

Individual

Could high mortality
influenza seasons be
better anticipated?

The incidence ratio of a hospital admission for acute myocardial infarction
within one week of influenza detection was 6.05 [95%CI: 3.86 - 9.50]
Influenza infection is associated with acute myocardial infarction
Kwong J et al. N Engl J Med 2018; 378:345-353

Population
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Influenza Forecasting

Record
observations

Influenza Forecasting

Formulate a
model to describe
observations

Influenza Forecasting

Make a forecast
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Influenza Forecasting

Compare forecast
to data and
update model

Influenza Forecasting

•Most influenza forecasting efforts focus on disease activity

Influenza Forecasting
• Current state
• Forecasts are largely short-term
• Predict season onset, epidemic peak, epidemic size
(e.g. CDC influenza prediction challenges)

•Influenza activity and mortality not always correlated

•Little research on predicting influenza mortality in populations

• Early use of crowdsourced data, e.g. social media
• Future state
• Viral genetics
• Machine learning
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H1N1
Pandemic

Anticipated

Influenza Mortality
in Populations

Influenza viruses are
tracked around the world

Unanticipated
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Influenza Severity is Complex
Viral
evolution

What data are being collected?
Where and when are they collected?

Viral Predominance

Population
immunity

Vaccine
effectiveness

Weather

What could they tell us about influenza severity?
H3 flu viruses tend to cause more deaths
Predominant
strain

Severity

Vaccine
Uptake
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Viral Evolution

Inter-Hemispheric Spread

The farther the virus evolves (drifts) from the
previous season, the more deadly it tends to be

Excess mortality is not always correlated
between the southern and northern hemispheres

Vaccine Eﬀectiveness

Antigenic composition of the vaccine
doesn’t always match circulating strains
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Vaccine Uptake

Climatic Conditions
Mathematical
Modeling

Vaccine uptake varies by geography
but doesn’t change much year to year

Cooler drier climates are associated
with increased influenza activity
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Influenza Mortality Model

Influenza Mortality Model

• Investigate utility of key indicators as an “early warning” for

Dominant
circulating type

• Model fit to historical all-cause mortality data in US general

Percent of tests June
positive for flu Sep.

• Serfling model used to estimate excess mortality over 15

Vaccine match,
summer

H1
H3
B

Vaccine match,
wks.40-48

H1
H3
B

• Indicators from as early as June can offer clues of an

high influenza mortality season in the U.S.

population >65 years of age

seasons (1999/2000 to 2013/2014 seasons)

• Predictors of excess mortality generated at different times of
year: June, September, and November

• Model provides a framework for synthesizing multiple indicators
and estimating excess mortality as influenza season progresses

Model Findings
upcoming high mortality influenza season in the U.S.

Nov.

• Key predictors of high mortality
• High influenza test positivity (each 1% increase in June
associated with 3% increase in excess mortality)

• H3 dominance in June (compared with non-H3

dominance) increases excess mortality by 52%, in
September by 66%, in November by 130%

• Vaccine match (if >90% of circulating isolates in November
match vaccine strains, excess mortality decreases by 45%)
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RGA-BlueDot Partnership

BlueDot Global Early Warning System

• Partnership in innovation since 2013
• BlueDot born out of 2003 worldwide SARS outbreak
• Digital health company leveraging big data, advanced

Global Perspective

Local Perspective

analytics & artificial intelligence, digital technologies to
spread insights faster than disease

• Track over 100 of the world’s most dangerous diseases,

assess their health/economic risks, empower governments,
businesses, individuals with insights to mitigate those risks

https://www.rgare.com/knowledge-center/articles/seasonal-influenza-and-mortality
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Zebra
Mitigating Influenza
Mortality Risk at
Local Level

Infectious
Disease Threat

Early
Warning
of Risk

Spreading Knowledge
Faster than Disease

Frontline healthcare
provider aware of outbreak
and its local relevance

George
Traveler’s Health Companion

Frontline healthcare provider
unaware of outbreak or its
local relevance

Provider

Policyholder
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Influenza Vaccines
TRIVALENT
Two A strains, One B strain

QUADRIVALENT
Two A and Two B strains

Host Immune Response
• Traditional influenza vaccines less effective in older
adults due to diminished immune response

• Two vaccine types approved for adults aged 65+

with the aim of eliciting a stronger immune response

Inactivated

Inactivated or live attenuated

Egg or recombinant

Egg or recombinant

Adjuvanted for 65+
High dose for 65+

• Adjuvanted vaccine (Fluad) contain an additional

What do the mortality indicators
at this point in the year suggest
about the U.S. 2018-2019 season?

substance to strengthen host immune response

• High-dose vaccine (Fluzone) contains higher dose of
antigen to strengthen host immune response
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2018-2019 Outlook
•

Spanish Flu Mortality

Influenza A/H1N1 is dominant globally

•

87% of influenza viruses are influenza A

•

Of subtyped A viruses, 80% are H1N1

•

Global influenza positivity is 1.9%

•

ILI activity is below seasonal thresholds in Australia/New Zealand

•

ILI activity remains at inter-seasonal levels in temperate zones in the
Northern Hemisphere

Spanish Flu Centennial

Source: WHO, 20 Aug 2018; data to 5 Aug 2018
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Universal Influenza Vaccines

Universal
Influenza Vaccine

• Ultimate goal is to provide enduring protection
• Across all human influenza viruses
• Non-human influenza viruses (e.g. avian, swine flu)
• Novel human influenza viruses (i.e. flu pandemics)
• Short-term goal is to develop vaccines that provide
>5 years protection against all influenza A viruses

• Phase 2 trials of investigational vaccines currently
underway, Phase 3 trial planned

Key Messages I
• Influenza, and other infectious disease outbreaks can

have unanticipated health & economic consequences

• While influenza season is anticipated, mortality impacts at
the population level are often unanticipated

• BlueDot & RGA partnered to develop & prospectively

validate a model to anticipate high mortality influenza
seasons in the U.S.

• Ongoing synthesis and analysis of worldwide influenza

data over the course of a year could offer early warnings
of an upcoming high mortality season in the U.S.
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Key Messages II

Key Messages III

• Early warnings of a severe influenza season presents

opportunities to mitigate their health/economic impacts

• Risk management opportunities at organization level
• Opportunities to incentivize policyholders most at-risk of
severe outcomes to take preventive actions

• Opportunities to engage healthcare providers to discuss
preventive interventions with their high-risk patients

• Potential to prevent significant morbidity and mortality by

• Early outlook regarding a high mortality influenza season
in the U.S. based on current global observations

• Development of a universal influenza vaccine would

THANK YOU
Kamran Khan MD, MPH, FRCPC
kamran@bluedot.global

have a game changing effect in worldwide mortality risk

• Potential to significantly mitigate the impacts of seasonal
influenza and influenza pandemics

aligning global view of infectious disease risks with local
actions by policyholders and their healthcare providers
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