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Why Influenza?

Motivation
Why is influenza a priority?

» In 1918 Spanish flu killed 50-100 million people. [6]

> It's the number 1 risk on the national risk register. [9]



Why was Spanish flu very bad?

> Miss-copied viral RNA over stimulates the cytokine
generation pathway. [10] People literally drowned in
their own white blood cells.

» Unlike normal flu can grow in lung, throat and nose
facilitating secondary lung infection. [11]




Why self spreading vaccines?

» Vaccine delay. Several months till first doses of pandemic
specific vaccine delivered.
» Limitation of prepandemic vaccines.
> Less effective than specific vaccine.
» Almost completely ineffective if H type of virus different from
vaccine.
> Need to be replaced periodically.
» Recombinant vaccines difficult to manufacture at scale. One
or 2 million doses of a recombinant vaccine is a drop in the
ocean.



What is a self spreading vaccine?

» Spreads like a disease
» Does very little harm (compared to the pandemic)
| 4

Acquired immunity to vaccine also confers immunity to the
pandemic.

> Get cow pox now to avoid small pox later



Constructing a pandemic flu self spreading vaccine

» Immune system primarily recognize a
virus by the proteins on its surface,
antibodies can block these neutralizing
the virus.

> genes expressed in infected cells can
vary with out effecting immune system
recognition

» Genetically modify pandemic to replace
high lethality genes with low lethality
counterparts.

> Release into general population.




Genes of interest

» swapping polymerase complex genes (PA, PB1, PB2 & NP)
between ordinary flu and 1918 flu swaps the lung infecting
capability. [11]

> Replacing polymerase gene PB1 in H5N1 with a high-fidelity
mutant gene prevented the triggering of cytokine storm and
reduced lethality roughly 10 fold.[10]



SEIR Equations
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Parameters

v

v

= Ry = 2.011797 [1]

- = 0.64 average incubation period. [4] (2 in sensitivity
analysis) [2]
L — 1.27 average infectious period. [4] (4 in sensitivity

a;alysis) [2]

B
~
1

proportion of infections that are symptomatic cases 62.5% [1]

case fatality rate 2.5% for pandemic (based on reasonable
worst case). 0.4% for self spreading vaccine (based on 1968
pandemic next most severe of 20th century) [1]



Starting Conditions

Vaccine Production by Cell Culture

" A single use bioreactor with a working volume of 30 L would
provide sufficient LAIV for the preparation of approximately 2.4
million doses of monovalent vaccine in a single run.” [8]

>

>

>

We assume 1.8m to 2.8m doses
Assumed initially 1 infection and no vaccine infections.

First official day of pandemic calculated as average day first
fatality enters infectious phase.

Vaccine introduced in one day measured relative to official
start.

Doses administered to infected individuals assumed to have no
effect.



Impact in Lives [3]
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Impact in Lives [3]
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Speed is more important than Doses [3]
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Implementation (How I'm getting my mad science badge!)

» Next generation sequencing of
Influenza virus. (days) [7]

» Gibson assembly of insilico designed
vaccine. (within a day) [5]

» Production in Bioreactor.

> Administration. Approximately 2.3m higher education
students in uk.

» Concentrated in geographically small areas.
» Mostly in age group where vaccine most beneficial.
» Do not work so absence will not cause economic disruption.

» Mostly have 2nd homes to go to spreading the vaccine.



Ethics and Implications

v

Self spreading vaccine is less lethal not non lethal. It can still
kill.

For most people infection reduces risk of death.

v

» No consent possible from majority of patients.

v

Some people will die who would other wise have lived even
though fewer people die over all. (trolley problem)



Potential for further work

> Age structured models.
» Models addressing geographical spread.

» Models that take into account the application of antivirals
and antibiotics.



Bibliography |

[1]

2]

[3]

Spi-m modelling summary for pandemic influenza. online,
november 2018. URL
https://www.gov.uk/government/publications/spi-m-
publish-updated-modelling-summary.

B. Cao, X.-W. Li, Y. Mao, J. Wang, H.-Z. Lu, Y.-S. Chen,
Z.-A. Liang, L. Liang, S.-J. Zhang, B. Zhang, L. Gu, L.-H.
Lu, D.-Y. Wang, and C. Wang. Clinical features of the initial
cases of 2009 pandemic influenza a (h1nl) virus infection in
china. New England Journal of Medicine, 361(26):2507-2517,
2019/03/02 2009. doi: 10.1056/NEJMo0a0906612. URL
https://doi.org/10.1056/NEJMoa0906612.

P. Clark. Self spreading vaccine (github), april 2019. URL
https:
//github.com/c0d4w4rriOr/self-spreading-vaccine.


https://www.gov.uk/government/publications/spi-m-publish-updated-modelling-summary
https://www.gov.uk/government/publications/spi-m-publish-updated-modelling-summary
https://doi.org/10.1056/NEJMoa0906612
https://github.com/c0d4w4rri0r/self-spreading-vaccine
https://github.com/c0d4w4rri0r/self-spreading-vaccine

Bibliography Il

[4]

[3]

A. Cori, A. J. Valleron, F. Carrat, G. Scalia Tomba,

G. Thomas, and P. Y. Boélle. Estimating influenza latency
and infectious period durations using viral excretion data.
Epidemics, 4(3):132-138, 2012. doi:
https://doi.org/10.1016/j.epidem.2012.06.001. URL
http://www.sciencedirect.com/science/article/pii/
S175543651200031X.

P. R. Dormitzer, P. Suphaphiphat, D. G. Gibson, D. E.
Wentworth, T. B. Stockwell, M. A. Algire, N. Alperovich,

M. Barro, D. M. Brown, S. Craig, B. M. Dattilo, E. A.
Denisova, |. De Souza, M. Eickmann, V. G. Dugan,

A. Ferrari, R. C. Gomila, L. Han, C. Judge, S. Mane,

M. Matrosovich, C. Merryman, G. Palladino, G. A. Palmer,
T. Spencer, T. Strecker, H. Trusheim, J. Uhlendorff, Y. Wen,
A. C. Yee, J. Zaveri, B. Zhou, S. Becker, A. Donabedian,

P. W. Mason, J. |. Glass, R. Rappuoli, and J. C. Venter.
Synthetic generation of influenza vaccine viruses for rapid


http://www.sciencedirect.com/science/article/pii/S175543651200031X
http://www.sciencedirect.com/science/article/pii/S175543651200031X

Bibliography Il

[6]

[7]

[8]

response to pandemics. Science Translational Medicine, 5
(185):185ra68-185ra68, 2013. ISSN 1946-6234. doi:
10.1126/scitranslmed.3006368. URL
https://stm.sciencemag.org/content/5/185/185ra68.

N. P. Johnson and J. Mueller. Updating the accounts: global
mortality of the 1918-1920" spanish” influenza pandemic.
Bulletin of the History of Medicine, 76(1):105-115, 2002.

M. W. Keller, B. L. Rambo-Martin, M. M. Wilson, C. A.
Ridenour, S. S. Shepard, T. J. Stark, E. B. Neuhaus, V. G.
Dugan, D. E. Wentworth, and J. R. Barnes. Direct rna
sequencing of the coding complete influenza a virus genome.
Scientific reports, 8, 2018.

E. Milian and A. A. Kamen. Current and emerging cell
culture manufacturing technologies for influenza vaccines.
BioMed Research International, 2015:11, 2015. URL
http://dx.doi.org/10.1155/2015/504831


https://stm.sciencemag.org/content/5/185/185ra68
http://dx.doi.org/10.1155/2015/504831

Bibliography IV

[9]

[10]

C. Office. National risk register of civil emergencies, 2017.
URL https:
//www.gov.uk/government/publications/national-
risk-register-of-civil-emergencies-2017-edition.
A. J. W. te Velthuis, J. C. Long, D. L. V. Bauer, R. L. Y.
Fan, H.-L. Yen, J. Sharps, J. Y. Siegers, M. J. Killip,

H. French, M. J. Oliva-Martin, R. E. Randall, E. de Wit,

D. van Riel, L. L. M. Poon, and E. Fodor. Mini viral rnas act
as innate immune agonists during influenza virus infection.
Nature Microbiology, 3(11):1234-1242, 2018. doi:
10.1038/s41564-018-0240-5. URL
https://doi.org/10.1038/s41564-018-0240-5.


https://www.gov.uk/government/publications/national-risk-register-of-civil-emergencies-2017-edition
https://www.gov.uk/government/publications/national-risk-register-of-civil-emergencies-2017-edition
https://www.gov.uk/government/publications/national-risk-register-of-civil-emergencies-2017-edition
https://doi.org/10.1038/s41564-018-0240-5

Bibliography V

[11] T. Watanabe, S. Watanabe, K. Shinya, J. H. Kim, M. Hatta,
and Y. Kawaoka. Viral rna polymerase complex promotes
optimal growth of 1918 virus in the lower respiratory tract of
ferrets. Proceedings of the National Academy of Sciences,
106(2):588-592, 2009. ISSN 0027-8424. doi:
10.1073/pnas.0806959106. URL
https://www.pnas.org/content/106/2/588.


https://www.pnas.org/content/106/2/588

	Introduction
	Background Science.
	Model
	SEIR Equations

	Results
	Concluding Remarks

