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tachment_data/file/644968/UK_National_Risk_Register_2017.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/644968/UK_National_Risk_Register_2017.pdf


What are pandemics, and how do they arise?

Neuraminidase (N)Haemagglutinin(H)

Antigenic Drift (seasonal flu)

Mutation

Antigenic Shift (pandemic flu)

e.g. A/Beijing/10/2008 (H1N1)

e.g. H1N1 H7N9 H7N1

Recombination

e.g. A/London/15/2012 (H1N1)

Pandemics can also occur when a strain jumps species (perhaps via an intermediate host)



Jumping the “species barrier”

Image from www.ktis.fm/blogs/lisa/wp-content/swine-flu.bmp



Frequency of pandemics

• Difficult to determine from historical record

– Flu not consistently reported as a disease

– Small pandemics?

– Large seasonal flu epidemics?

• 4 during the 20th century

“Influenza pandemics 
from 1510-2010.” 
Morens, 
Taubenberger, 
Folker, & Fauci (2010)



Speed of spread and duration of pandemic:

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/61252/the2009influenzapandemic-review.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/61252/the2009influenzapandemic-review.pdf


Cumulative % of population that report being ill
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“Excess” deaths
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“Excess” deaths

~800 deaths in total
associated with 2009
Pandemic (CI 0-2275)

Green et al. 
PLoS One (2013)



Age-specific “excess” deaths

Excess deaths 2nd wave 1918 epidemic

0

500

1000

1500

2000

2500

3000

3500

4000

<1 1-2 2-5 5-10 10-15 15-20 20-25 25-35 35-45 45-55 55-65 65-75 75+

age group

e
x
c
e
s
s
 d

e
a
th

s

Excess deaths second wave 1969 pandemic

England and Wales

0

2000

4000

6000

8000

10000

12000

14000

16000

0-4 5-9 10-14 15-19 20-24 25-34 35-44 45-54 55-64 65-74 75+

age group

e
x

c
e

s
s

 d
e

a
th

s



Estimated impact on the economy

Computable General Equilibrium Model, UK
Smith et al. Soc Sci Med (2011)

Universal Health Insurance Claims, Korea 2009
Kim et al. Scan J Inf Dis (2013)

Direct Medical Costs

Outpatient

Inpatient Drug
Non-benefit 

costs

Direct Non-medical costs

Tran
sportCaregiver

Indirect costs

Pr
o
d 
lo
ss 
illPremature Death

Total estimated cost US$ 1091 million

Direct Medical Costs Direct Non-medical costs Indirect costs

Total = 0.14% of GDP
Overall CAR = 6.6%



Possible impact of
mitigation strategies



Vaccines: pandemic specific vaccine

Baguelin et al. Vaccine (2010)



Antivirals (neurominidase inhibitors):
alleviation of symptoms

Hayden et al.  JAMA (1999) Dobson et al.  Lancet (2015)

ITT analysis: median times to alleviation = 97·5 h for oseltamivir
and 122·7 h for placebo



Antivirals (neurominidase inhibitors):
complications and hospitalisations

Dobson et al.  Lancet 
(2015)

9 RCTs included in 
individual-level 
meta-analysis



Antivirals (neurominidase inhibitors):
hospitalisations

Jefferson et al.  BMJ (2014)

20 RCTs included in individual-
level meta-analysis

Children

Adults



School closure

Prior to 2009 some data 
to suggest that mass 
school closure could 
interrupt transmission

– Teacher’s strike

– Holiday periods

– etc

Cauchemez et al. (2008)  Nature 452, 750-754



School closure & behaviour change:
changes in contact patterns

Flusurvey is an online survey of influenza-like-illness, launched 
during 2009 pandemic

Participants asked to report # people met in previous day

Over 9000 reports during pandemic

Eames et al. PLoS Comp Biol (2012)

Term time                           School holidays   



School closure & behaviour change:
changes in contact patterns

Fit age-structured model to incidence data
– transmission rate per encounter

– seeding of infection & holiday timing

– scaling factor for asymptomatic/mild

Eames et al. PLoS Comp Biol (2012)

Case estimates (flusurvey)

Model fit



Summary of interventions for pandemic flu

Vaccines

• Pandemic specific vaccines available too late to have major impact. APA in place.

• Pre-pandemic vaccines – need to guess the strain. Limited stockpile.

• Universal vaccines not available

Antivirals

• Probably effective at reducing illness and severe disease. Stockpiled.

School closure

• Probably effective at delaying an epidemic, but very disruptive and costly

Antibiotics

• Probably effective at preventing some mortality and morbidity. Buffer stocks.

Travel restrictions

• Probably ineffective and very disruptive.

Mask wearing by the public

• Probably limited or no impact.



Other pandemic threats



Other pandemic threats: respiratory and close contact

Avian and swine influenzas

• Significant risk

• Monitored

Other respiratory viruses, such as 
coronaviruses e.g. SARS and MERS, 
adenoviruses, enteroviruses, etc

• Significant risk

Other close contact, highly pathogenic 
viruses, e.g. Ebola, Nipah etc.

• Heightened awareness & surveillance

• New vaccines, antivirals being developed

• Instability increases risk

http://www.fao.org/ag/againfo/programmes/en/empres/h7n9/img/wave_7/fig5_2019_06_05.jpg

H7N9

https://apps.who.int/iris/bitstream/handle/10665/325242/SITREP_EVD_DRC_UGA_20190612-eng.pdf?ua=1

http://www.fao.org/ag/againfo/programmes/en/empres/h7n9/img/wave_7/fig5_2019_06_05.jpg
https://apps.who.int/iris/bitstream/handle/10665/325242/SITREP_EVD_DRC_UGA_20190612-eng.pdf?ua=1


Other pandemic threats: sexual and blood-borne

Virus

• HIV-like?

Bacteria

• Antibiotic resistant gonorrhea 

https://ourworldi
ndata.org/uploa
ds/2013/11/HIV-
AIDS.png

https://ourworldindata.org/uploads/2013/11/HIV-AIDS.png


Other pandemic threats: vector-borne diseases

Kraemer et al. Nature Microbiology (2019)

Cases of dengue have 
doubled every decade 
since 1990, with 58∙4 
million in 2013.

Lancet Countdown (2018)



Pandemics: changing risks?

• Influenza 

• Risk of pandemic largely unchanged

• No significant new technologies over last 10 years, no new technologies on horizon

• Other respiratory / close contact viruses

• Highly likely to lead to future pandemics: risk increasing due to interconnectedness

• Fewer countermeasures

• Other highly-pathogenic direct-contact viruses, e.g. Ebola

• Heightened awareness and new countermeasures being developed

• Health system failures are the greatest risk

• HIV

• Huge gains over the last 10-20 years. Sustainable?

• Vector-borne diseases

• Arboviruses: pandemics occurring at the moment (zika, chikungunya) and others expanding range 
(dengue, yellow fever?)
• Difficult to control, vaccines being developed for some

• Malaria: huge gains over recent years, stalled partly due to increasing resistance


