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My conclusion was reinforced when I came across the findings of a 2014 study which*
investigated the risk-calculation methods of three of the leading personal genomic

’.companies, including 23andMe



Kalf, R . R . J., Mihaescu, R ., Kundu, S., de Knijff, P., Green, R . C., & Janssens, A
C. J. W. (2014). Variations in predicted risks in personal genome testing for .
common complex diseases. Genetics in Medicine, 16(1), 85-91. https://doi.org
gim.2013.80/10.1038/

[40—]
In fact, BMI was first cooked up in 1835 by Belgian Adolphe Quetelet, a renowned*
astronomer, statistician, sociologist and mathematician but, notably, not a
”.physician

Quetelet, L. A . J. (1994). A treatise on man and the development of his faculties.
Obesity Research, 2(1), 72-85. https://doi.org /10.1002/j.1550-8528.1994.tb00047.x

[41«]
In response to unprecedented levels of obesity, American physiologist Ancel Keys*
who would later make the link between saturated fat and cardiovascular disease))

>.undertook a study to find the best indicator of excess weight

Keys, A ., Fidanza, F., Karvonen, M. J., Kimura, N., & Taylor, H. L. (1972). Indices
of relative weight and obesity. Journal of Chronic Diseases, 25(6-7), 329-43.
https://doi.org /10.1016/0021-9681(72)90027-6

[42]
If the definition of obesity were instead based on high percentage body fat, between 15°

>.and 35% of men with non-obese BMIs would be reclassified as obese

Tomiyama, A . J., Hunger, J. M., Nguyen-Cuu, J., & Wells, C. (2016).
Misclassification of cardiometabolic health when using body mass index categories
in NHANES 2005-2012. International Journal of Obesity, 40(5), 883-6.
https://doi.org /10.1038/ij0.2016.17

[43]
Maybe it’s more worr ying when you find out that, in milk , Strep f. cells can divide to*
produce two daughter cells ever y hour’ Cardenas, A . M., Andreacchio, K. A ., &
Edelstein, P. H. (2014). Prevalence and detection of mixed-population enterococcal
bacteremia. Journal of Clinical Microbiology, 52(7), 2604—8. https://doi.org
JCM.00802-14 /10.1128/

Lam, M. M. C., Seemann, T., Tobias, N. J., Chen, H., Haring, V., Moore, R . J., . ..
Stinear, T. P. (2013). Comparative analysis of the complete genome of an epidemic



hospital sequence type 203 clone of vancomycin- resistant Enterococcus faecium.
BMC Genomics, 14, 595. https://doi. org /10.1186/1471-2164-14-595

[44—]
These incorrect classifications have implications for the way in which we measure and*
record obesity at a population level. Perhaps more worr yingly though, diagnosing
healthy individuals as overweight or obese based on their BMI can also have

> detrimental effects on their mental health

McCrea, R . L., Berger, Y. G., & King, M. B. (2012). Body mass index and
common mental disorders: exploring the shape of the association and its moderation
by age, gender and education. International Journal of Obesity, 36(3), 414-21.
https://doi.org /10.1038/ij0.2011.65

[45]

. However, approximately 85% of automated warnings in ICUs)are false alarms*

Sendelbach, S., & Funk , M. (2013). Alarm fatigue: a patient safety concern. A
ACN Advanced Critical Care, 24(4), 378-86; quiz 387-8. https:// doi.org
NCI.0b013e¢3182a9039/10.1097/

Lawless, S. T. (1994). Cr ying wolf: false alarms in a pediatric intensive care unit.
.Critical Care Medicine, 22(6), 981-85

[46—]
For the same reason, median filtering is beginning to be used in our ICU monitors to*

>.prevent false alarms

Mikivirta, A ., Koski, E., Kari, A ., & Sukuvaara, T. (1991). The median filter as a
preprocessor for a patient monitor limit alarm system in intensive care. Computer
Methods and Programs in Biomedicine, 34(2-3), 139-44. https://doi.org
V-90039(91)10.1016/0169-2607/

[47—]
Median filtering can reduce the occurrence of false alarms in ICU monitors by as much*
as 60% without jeopardising patient safety.” Imhoff, M., Kuhls, S., Gather, U., &
Fried, R . (2009). Smart alarms from medical devices in the OR and ICU. Best
Practice & Research Clinical Anaesthesiology, 23(1), 39-50. https://doi.org
J.BPA .2008.07.008/10.1016/

[48]



Indeed, for people who have breast cancer, the test will pick this up roughly nine times*
out of ten. For people who don’t have the disease, the results of the test will tell you

’.this correctly nine out of ten times

Hofvind, S., Geller, B. M., Skelly, J., & Vacek , P. M. (2012). Sensitivity and
specificity of mammographic screening as practised in Vermont and Norway. The
British Journal of Radiology, 85(1020), €1226-32. https://doi. org
bjr/15168178/10.1259/

[49]
In 2007, a group of 160 gynaecologists were given the following information about the*

’accuracy of mammograms and the prevalence of breast cancer in the population

Gigerenzer, G., Gaissmaier, W., Kurz-Milcke, E., Schwartz, L. M., & Woloshin, S.
Helping doctors and patients make sense of health statistics. Psychological .(2007)
Science in the Public Interest, 8(2), 53-96. https://doi. org /10.1111/j.1539-
X.6053.2008.00033

[50—]
Writing in the British Medical Journal, Muir Gray, former director of the UK National*

’Screening Programme, admitted

Gray, J. A . M., Patnick, J., & Blanks, R . G. (2008). Maximising benefit and
minimising harm of screening. BMJ (Clinical Research Ed.), 336(7642), 480-83.
https://doi.org /10.1136/bmj.39470.643218.94

[51«]
In 2006, 1000 adults in Germany were asked whether a series of tests gave results that*

>.were 100% certain

Gigerenzer, G., Gaissmaier, W., Kurz-Milcke, E., Schwartz, L. M., & Woloshin, S.
Helping doctors and patients make sense of health statistics. Psychological .(2007)
Science in the Public Interest, 8(2), 53-96. https://doi. org /10.1111/1.1539-
x.6053.2008.00033

[52]
However, at the time he took the test, ELISA had reported false positive rates of*
>.around 0.3%

Cornett, J. K ., & Kirn, T. J. (2013). Laborator y diagnosis of HIV in adults: a
review of current methods. Clinical Infectious Diseases, 57(5), 712-18.
https://doi.org /10.1093/cid/cit281



[53«]

"archaeopter yx was 150 million years old*

Starr, C., Taggart, R ., Evers, C. A ., & Starr, L. (2019). Biology: The Unity and
.Diversity of Life, Cengage Learning

[54—]
’archaeopter yx was 150 million years old*
Starr, C., Taggart, R ., Evers, C. A ., & Starr, L. (2019). Biology: The Unity and
.Diversity of Life, Cengage Learning
[55]

In December 2016, a global team of researchers developed a blood test for Creutzfeldt-*
>.(Jakob disease (CJD

Bougard, D., Brandel, J.-P., Bélondrade, M., Béringue, V., Segarra, C., Fleur y, H.,

Coste, J. (2016). Detection of prions in the plasma of presymptomatic and . .

symptomatic patients with variant Creutzfeldt-Jakob disease. Science Translational
Medicine, 8(370), 370ral82. https://doi. org /10.1126/scitranslmed.aag1257

[56—]

In one case, a woman miscarried after she was sanctioned to undergo a surgical® 83

procedure that would never have been undertaken had she known she was
>.pregnant

Sigel, C. S., & Grenache, D. G. (2007). Detection of unexpected isoforms of human

chorionic gonadotropin by qualitative tests. Clinical Chemistry, 53(5), 989-90.
https://doi.org /10.1373/clinchem.2007.085399

[57«]

Another woman’s ectopic pregnancy was missed by urine tests, leading to a ruptured*
> fallopian tube and life-threatening blood loss

Daniilidis, A ., Pantelis, A ., Makris, V., Balaouras, D., & Vrachnis, N. (2014). A

unique case of ruptured ectopic pregnancy in a patient with negative pregnancy test
.a case report and brief review of the literature. Hippokratia, 18(3), 282-84 -

[58«]
Bertillon suggested that the similarities were not coincidences, but ‘must have been*
done carefully on purpose, and must denote a purposeful intention, probably a secret

"n

."code



Schneps, L., & Colmez, C. (2013). Math on trial : how numbers get used and abused

.(in the courtroom, Basic Books (New York

[59]
By exposing Bertillon’s miscalculation and arguing that even attempting to apply*
probability theor y to such a question was not legitimate, Poincaré was able to

’.debunk the aberrant handwriting analysis and in so doing to exonerate Dreyfus

Jean Mawhin. (2005). Henri Poincaré. A life in the service of science. Notices of the
.American Mathematical Society, 52(9), 1036-44

[60—]
The Japanese criminal justice system, for example, has a conviction rate of 99.9%,°
>.with most of these convictions backed up with a confession

Ramseyer, J. M., & Rasmusen, E. B. (2001). Why is the Japanese conviction rate so
high? The Journal of Legal Studies, 30(1), 53-88. https:// doi.org /10.1086/468111

[61—]
In 1989, Meadow, at the time an eminent British paediatrician, had edited a book ,*
ABC of Child Abuse, in which was contained the aphorism that came to be known
as Meadow ’s law: ‘One sudden infant death is a tragedy, two is suspicious and

>.’three is murder until proved otherwise

Meadow, R . (Ed.) (1989). ABC of Child Abuse (First edition). British Medical
Journal Publishing Group

[62—]
"The prevalence of autism in the UK is roughly 1 per 100°
Brugha, T., Cooper, S., McManus, S., Purdon, S., Smith, J., Scott, F..... Tyrer, F.
Estimating the Prevalence of Autism Spectrum Conditions in Adults - .(2012)
.Extending the 2007 Adult Psychiatric Morbidity Survey - NHS Digital

[63]

’Only one in five of those on the autistic spectrum are female®

Ehlers, S., & Gillberg, C. (1993). The Epidemiology of Asperger Syndrome. Journal
of Child Psychology and Psychiatry, 34(8), 1327-50. https://doi.org /10.1111/j.1469-
tb02094.x.7610.1993

[64—]



For his figures, Meadow used a - then unpublished - report on SIDS for which he had*
>.been asked to write the preface

Fleming, P. J., Blair, P. S. P., Bacon, C., & Berry, P. J. (2000). Sudden unexpected
.deaths in infancy: the CESDI SUDI studies 1993-1996. The Stationer y Office

Leach, C. E. A ., Blair, P. S, Fleming, P. J., Smith, L. J., Platt, M. W., Berry, P. J., . .

Group, the C. S. R . (1999). Epidemiology of SIDS and explained sudden infant .
.deaths. Pediatrics, 104(4), e43

[65—]
In 2001, researchers at the University of Manchester also identified markers in genes*

related to the regulation of the immune system which put children at increased risk
>.of SIDS

Summers, A . M., Summers, C. W., Drucker, D. B., Hajeer, A . H., Barson, A ., &
Hutchinson, 1. V. (2000). Association of IL-10 genotype with sudden infant death

syndrome. Human Immunology, 61(12), 1270-73. https://doi. org /10.1016/S0198-
X-00183(00)8859

[66—]
Many more genetic risk factors have since been identified.” Brownstein, C. A ., Poduri,*
.(A ., Goldstein, R . D., & Holm, I. A . (2018

The genetics of Sudden Infant Death Syndrome. In SIDS: Sudden Infant and Early
.Childhood Death: The Past, the Present and the Future

Dashash, M., Pravica, V., Hutchinson, 1. V., Barson, A . J., & Drucker, D. B. (20006).
Association of Sudden Infant Death Syndrome with VEGF and IL-6 Gene
polymorphisms. Human Immunology, 67(8), 627-33. https://doi. org
JJHUMIMM.2006.05.002/10.1016/

[67—]

” measuring the health of the economy*

Ma, Y. Z. (2015). Simpson’s paradox in GDP and per capita GDP growths.
Empirical Economics, 49(4), 1301-15. https://doi.org /10.1007/ s00181-015-0921-3

[68—]
‘understanding voter profiles*

Nurmi, H. (1998). Voting paradoxes and referenda. Social Choice and Welfare,
https://doi.org /10.1007/s003550050109 .333-50 ,(3)15



[69—]

’drug development*

Abramson, N. S., Kelsey, S. F., Safar, P., & Sutton-Tyrrell, K . (1992). Simpson’s
paradox and clinical trials: What you find is not necessarily what you prove. Annals
of Emergency Medicine, 21(12), 1480-82. https://doi. org /10.1016/S0196-
80066-6(05)0644

[70—]
Low birth-weight had long been associated with higher infant mortality, but it seemed*
that smoking during pregnancy was providing some protection to low birth-weight
>.babies

Yerushalmy, J. (1971). The relationship of parents’ cigarette smoking to outcome of
pregnancy - implications as to the problem of inferring causation from observed
associations. American Journal of Epidemiology, 93(6), 443-56. https://doi.org
oxfordjournals. aje.a121278/10.1093/

[71]

>In reality, it was nothing of the sort*

Wilcox , A . J. (2001). On the importance - and the unimportance - of birthweight.
International Journal of Epidemiology, 30(6), 1233-41. https:// doi.org
1j¢/30.6.1233/10.1093/

[72(—]
Double infant murder has been calculated to be between ten and 100 times less*
> frequent than double SIDS death

Dawid, A . P. (2005). Bayes’s theorem and weighing evidence by juries. In Richard
Swinburne (ed.), Bayes’s Theorem. British Academy. https://doi. org
bacad/9780197263419.003.0004/10.5871/

Hill, R . (2004). Multiple sudden infant deaths - coincidence or beyond
coincidence? Paediatric and Perinatal Epidemiology, 18(5), 320-26. https:// doi.org
j.1365-3016.2004.00560.x/10.1111/

[73]
But Leila Schneps and Coralie Colmez, authors of the 2013*

book , Math on Trial: How Numbers Get Used and Abused in the Courtroom,
suggest that Judge Hellmann was wrong, sometimes two unreliable tests are better
>.than one



Schneps, L., & Colmez, C. (2013). Math on Trial: How Numbers Get Used and
.Abused in the Courtroom

[74—]
the use of cranberries to treat urinar y tract infections’ Jepson, R . G., Williams, G., &°
Craig, J. C. (2012). Cranberries for preventing urinar y tract infections. Cochrane
Database of Systematic Reviews, (10). https://doi.org
CDO001321.pub5.10.1002/14651858/

[75]
’.the use of vitamin C for preventing the common cold*
Hemil4, H., Chalker, E., & Douglas, B. (2007). Vitamin C for preventing and
treating the common cold. Cochrane Database of Systematic Reviews, (3).
https://doi.org /10.1002/14651858.CD000980.pub3
[76—]

Truthfulness and accuracy are near the top (if not the top) of the list on almost all codes*
>.of journalistic ethics and integrity

American Society of News Editors. (2019). ASNE Statement of Principles.
Retrieved March 16, 2019, from https://www.asne.org /content. asp?
pl=24&sl=171&contentid=171

International Federation of Journalists. (2019). Principles on Conduct of Journalism
IFJ. Retrieved March 16, 2019, from https://www.ifj.org / who/rules-and- -
policy/principles-on-conduct-of-journalism.html

Associated Press Media Editors. (2019). Statement of Ethical Principles - APME.
Retrieved March 16, 2019, from https://www.apme.com/page/Ethi csStatement?
hhsearchterms=%22ethics%22&

Society of Professional Journalists. (2019). SPJ Code of Ethics. Retrieved March
from https://www.spj.org /ethicscode.asp ,2019 ,16

[77—]
> Based on this study*

Troyer, K ., Gilboy, T., & Koeneman, B. (2001). A nine STR locus match between
two apparently unrelated individuals using AmpFISTR® Profiler Plus and Cofiler.
In Genetic Identity Conference Proceedings, 12th International Symposium on
Human Identification. Retrieved from https://



www.promega.ee/~/media/files/resources/conference proceedings/ishi 12/ poster
abstracts/troyer.pdf

[78—]
If 122 matches had turned up in a database as small as 65,000 people, could DNA*
really be relied upon to uniquely identify suspects in a countr y with a population of
"million 300

Curran, J. (2010). Are DNA profiles as rare as we think? Or can we trust DNA
statistics? Significance, 7(2), 62-6. https://doi.org /10.1111/j.1740-
x.9713.2010.00420

[79—]
In 2014, the Federal Trade Commission (FTC) wrote to L’Oréal charging them with*

*.deceptive advertising over the Génifique range

Ramirez, E., Brill, J., Ohlhausen, M. K ., Wright, J. D., Terrell, M., & Clark , D. S.
In the matter of L’Oréal USA , Inc., a corporation. Docket No. C. Retrieved .(2014)
from https://www.ftc.gov/system/files/documents/ cases/1406271orealcmpt.pdf

[80«—]
Four years earlier, in 1932, they had predicted Roosevelt’s victor y margin to within a‘

’.percentage point

Squire, P. (1988). Why the 1936 Literary Digest poll failed. Public Opinion
Quarterly, 52(1), 125. https://doi.org /10.1086/269085

[81«]
In August, they sent out straw polls to ever yone they had identified, and trumpeted in
the magazine’ Simon, J. L. (2003). The Art of Empirical Investigation. Transaction
.Publishers

[82«]

’the number of war dead in Kosovo°

Spagat, M. (2012). Estimating the Human Costs of War: The Sample Survey
Approach. Oxford University Press. https://doi.org /10.1093/
oxfordhb/9780195392777.013.0014

[83«]



The Digest were ready to announce their result. "Landon, 1,293,669; Roosevelt,*
>.was the headline of the article "972,897

Literar y Digest. (1936). Landon, 1,293,669; Roosevelt, 972,897: Final Returns in
.The Digest’s’ Poll of Ten Million Voters. Literary Digest, 122, 5-6°

[84«]
That same year, using just 4,500 participants, Fortune magazine was able to predict the*

>.margin of Roosevelt’s victor y to within 1%

Cantril, H. (1937). How accurate were the polls? Public Opinion Quarterly, 1(1), 97.
https://doi.org /10.1086/265040

Lusinchi, D. (2012). ‘President’ Landon and the 1936 Literary Digest poll. Social
Science History, 36(01), 23-54. https://doi.org /10.1017/ S014555320001035X

[85«]
The dent that their previously impeccable credibility sustained on the back of the*
results is cited as a significant factor in hastening the magazine’s demise less than

’.two years later

Squire, P. (1988). Why the 1936 Literary Digest poll failed. Public Opinion
Quarterly, 52(1), 125. https://doi.org /10.1086/269085

[86—]

’A mathematically oriented blog-post*

Rod Liddle said, "Do the math". So I did.” Blog post from polarizingthevacuum, 8°
September 2016. Retrieved 21 March, 2019, from
https://polarizingthevacuum.wordpress.com/2016/09/08/rod-liddle-said- do-the-
math-so-i-did/#comments

[87]

’the other isotope, which makes up 99.3% of naturally occurring uranium*

Webb, J. (2003). Are the laws of nature changing with time? Physics World, 16(4),
https://doi.org /10.1088/2058-7058/16/4/38 .33-8

[88«—]

’According to FBI statistics*

Federal Bureau of Investigation. (2015). Crime in the United States: FBI —
Expanded Homicide Data Table 6. Retrieved from https://ucr.fbi.gov/ crime-in-the-



u.s/2015/crime-in-the-u.s.-2015/tables/expanded homicide
data_table 6 murder race and sex of vicitm by race and sex of
offender 2015.xls

[89—]
Given that black people comprised just 12.6% of the US population in 2015 and white*
people 73.3%, it is alarming that black individuals make up 45.6% of the homicide

> victims

U.S. Census Bureau. (2015). American FactFinder - Results. Retrieved from
https://factfinder.census.gov/bkmk /table/1.0/en/ACS/15_5Y R / DP05/0100000US

[90—]
The FBI was found to be recording fewer than half of all killings by police in the US.’*
Swaine, J., Laughland, O., Lartey, J., & McCarthy, C. (2016). The counted: people
killed by police in the US. Retrieved from https://www. theguardian.com/us-
news/series/counted-us-police-killings

[91«]
So successful was the project, that in October 2015, the then FBI-director, James*
Comey, called it "embarrassing and ridiculous" that the Guardian had better data on

’.civilian deaths at the hands of the police than the FBI

Tran, M. (2015, October 8). FBI chief: “unacceptable’ that Guardian has better data
on police violence. The Guardian. Retrieved from https://www. theguardian.com/us-
news/2015/oct/08/tbi-chief-says-ridiculous-guardian- washington-post-better-

information-police-shootings

[92—]

only 635,781 full-time "law enforcement officers" (those who carr y a firearm and a‘
’(badge

Federal Bureau of Investigation. (2015). Crime in the United States: Full-time Law
Enforcement Employees. Retrieved from https://ucr.fbi.gov/ crime-in-the-
u.s/2015/crime-in-the-u.s.-2015/tables/table-74

[93«]
In particular, it does an excellent job of describing the rate at which the levels of*

> radiation emitted by a radioactive substance decrease over time



Rutherford, E., & Soddy, F. (1902). L XIV. The cause and nature of radioactivity.
Part I1. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of
Science, 4(23), 569-85. https://doi.org /10.1080/14786440209462881

Rutherford, E., & Soddy, F. (1902). XLI. The cause and nature of radioactivity. Part
I. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of
Science, 4(21), 370-96. https://doi.org /10.1080/14786440209462856

[94—]
In particular, it does an excellent job of describing the rate at which the levels of*

> radiation emitted by a radioactive substance decrease over time

Rutherford, E., & Soddy, F. (1902). L XIV. The cause and nature of radioactivity.
Part II. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of
Science, 4(23), 569-85. https://doi.org /10.1080/14786440209462881

Rutherford, E., & Soddy, F. (1902). XLI. The cause and nature of radioactivity. Part
I. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of
Science, 4(21), 370-96. https://doi.org /10.1080/14786440209462856

[95]
Liddle’s piece wasn’t the first or the last time that the Sun newspaper was to be*
embroiled in statistical controversy. In 2009, under the, admittedly inspired headline

Careless pork costs lives", the Sun reported”

just one of many hundreds of results from a 500-page study by the World Cancer

’ Research Fund, on the effect of consuming 50 grams of processed meat per day

World Cancer Research Fund, & American Institute for Cancer Research. (2007).
Second Expert Report | World Cancer Research Fund International. http://discover
y.ucl.ac.uk /4841/1/4841.pdf

[96—]
In particular, it does an excellent job of describing the rate at which the levels of*

> radiation emitted by a radioactive substance decrease over time

Rutherford, E., & Soddy, F. (1902). L XIV. The cause and nature of radioactivity.
Part II. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of
Science, 4(23), 569-85. https://doi.org /10.1080/14786440209462881

Rutherford, E., & Soddy, F. (1902). XLI. The cause and nature of radioactivity. Part
I. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of
Science, 4(21), 370-96. https://doi.org /10.1080/14786440209462856



[97—]
The figures actually reported in the journal Nature Genetics were that 10% of*
individuals possessed genetic variants which left them at a 15% lower risk than the
>.of the population with a different variant 90%

Newton-Cheh, C., Larson, M. G., Vasan, R . S., Levy, D., Bloch, K . D., Surti, A .,...
Wang, T. J. (2009). Association of common variants in NPPA and NPPB with
circulating natriuretic peptides and blood pressure. Nature Genetics, 41(3), 348-53.
https://doi.org /10.1038/ng.328

[98«]
In one study from 2010, participants were presented with a number of numerical®
statements about medical procedures and asked to rank the risk they associated with

>.(each on a scale from one (not risky at all) to four (ver y risky

Garcia-Retamero, R ., & Galesic, M. (2010). How to reduce the effect of framing on
messages about health. Journal of General Internal Medicine, 25(12), 1323-29.
https://doi.org /10.1007/s11606-010-1484-9

[99—]
’archaeopter yx was 150 million years old*
Starr, C., Taggart, R ., Evers, C. A ., & Starr, L. (2019). Biology: The Unity and
.Diversity of Life, Cengage Learning
[100]

determining the age of ancient artefacts like the Dead Sea scrolls’ Bonani, G., Ivy, S.,¢
Wolfli, W., Broshi, M., Carmi, 1., & Strugnell, J. (1992). Radiocarbon dating of
Fourteen Dead Sea Scrolls. Radiocarbon, 34(03), 843-9. https://doi.org
S0033822200064158/10.1017/

Carmi, I. (2000). Radiocarbon dating of the Dead Sea Scrolls. In L. Schiffman, E.
Tov, & J. VanderKam (eds.), The Dead Sea Scrolls: Fifty Years After Their
.(Discovery. 1947-1997 (p. 881

Bonani, G., Broshi, M., & Carmi, 1. (1991). 14 Radiocarbon dating of the Dead Sea
.scrolls. ’Atiqot, Israel Antiquities Authority

[101«]
This practice is known as "mismatched framing" and was found to occur in roughly a‘
third of journal articles reporting the harms and benefits of medical treatments in
’.three of the world’s leading medical journals



Sedrakyan, A ., & Shih, C. (2007). Improving depiction of benefits and harms.
Medical Care, 45(10 Suppl 2), S23-S28. https://doi.org /10.1097/ MLR
0b013e318064269.

[102¢]
Along with many other studies, the online app reported the results of a recent clinical*
trial, on over 13,000 women at increased risk of breast cancer, in which the benefits

>.and potential side effects of the drug Tamoxifen were assessed

Fisher, B., Costantino, J. P., Wickerham, D. L., Redmond, C. K ., Kavanah, M.,
Cronin, W. M., . . . Wolmark , N. (1998). Tamoxifen for prevention of breast cancer:
report of the National Surgical Adjuvant Breast and Bowel Project P-1 Study. JNCI:
Journal of the National Cancer Institute, 90(18), 1371-88. https://doi.org
jnci/90.18.1371/10.1093/

[103«]
Using percentages instead of decimals to highlight perceived benefits is one of another®
> "family of tricks referred to as "ratio bias

Passerini, G. and Macchi, L. and Bagassi, M. (2012). A methodological approach to
.(ratio bias. Judgment and Decision Making, 7(5

[104«]
Our susceptibility to ratio bias has been confirmed in simple experiments in which*

> blindfolded subjects are asked to choose a jelly bean from a tray at random

Denes-Raj, V., & Epstein, S. (1994). Conflict between intuitive and rational
processing: When people behave against their better judgment. Journal of
Personality and Social Psychology, 66(5), 819-29. https://doi. org /10.1037/0022-
3514.66.5.819

[105«]
In one study conducted in 1987, 25 test-anxious US students, who had performed*
unexpectedly poorly on the multiple choice Scholastic Aptitude Test (SAT), were
>.given the hypertension drug propranolol and retested

Faigel, H. C. (1991). The effect of beta blockade on stress-induced cognitive
dysfunction in adolescents. Clinical Pediatrics, 30(7), 441-5. https://doi.org
10.1177/000992289103000706/

[106—]



These types of trial are often considered unethical, but enough studies have been done*
in the past to indicate that the majority of the so- called placebo effect is actually a

’.result of regression to the mean - from which patients derive no benefit

Hrobjartsson, A ., & Getzsche, P. C. (2010). Placebo interventions for all clinical
conditions. Cochrane Database of Systematic Reviews, (1). https:// doi.org
CD003974.pub3.10.1002/14651858/

[107]
The first studies comparing crime rates pre-introduction of the laws to those post-
introduction seemed to indicate that rates of murder and violent crime had reduced

’.in the immediate aftermath of the issuing of these concealed-carr y laws

Lott, J. R . (2000). More Guns, Less Crime: Understanding Crime and Gun Control
.Laws (2nd edn). University of Chicago Press

Lott, Jr., J. R ., & Mustard, D. B. (1997). Crime, deterrence, and right to carr y
concealed handguns. The Journal of Legal Studies, 26(1), 1-68. https:// doi.org
10.1086/467988/

Plassmann, F., & Tideman, T. N. (2001). Does the right to carr y concealed
handguns deter countable crimes? Only a count analysis can say. The Journal of
Law and Economics, 44(S2), 771-98. https://doi. org /10.1086/323311

Bartley, W. A ., & Cohen, M. A . (1998). The effect of concealed weapons laws: an
extreme bound analysis. Economic Inquiry, 36(2), 258-65. https:// doi.org
j.1465-7295.1998.tb01711.x/10.1111/

Moody, C. E. (2001). Testing for the effects of concealed weapons laws:
specification errors and robustness. The Journal of Law and Economics, 44(S2),
https://doi.org /10.1086/323313 .799-813

[108«]
Between 1990 and 2001 increases in policing, rising numbers of incarcerations and the*
receding crack cocaine epidemic all contributed to a fall in murders across the US
> from around ten per 100,000 per year to around six per 100,000 per year

Levitt, S. D. (2004). Understanding why crime fell in the 1990s: four factors that
explain the decline and six that do not. Journal of Economic Perspectives, 18(1),
https://doi.org /10.1257/089533004773563485 .163-90

[109«]



Perhaps even more important is one study ’s finding that once regression to the mean*
was accounted for, the data ". . . gives no support to the hypothesis that shall-issue

>."laws have beneficial effects in reducing murder rates

Grambsch, P. (2008). Regression to the mean, murder rates, and shall-issue laws.
The American Statistician, 62(4), 289-95. https://doi. org
10.1198/000313008X362446/

[110«]
For example, a simple rounding error in a German election in 1992 nearly led to the*
leader of the victorious Social Democrat Party being denied a seat in the parliament,
>.when the Green Party ’s share of the vote was reported as 5.0% instead of 4.97%

Weber-Wulff, D. (1992). Rounding error changes parliament makeup. The Risks
.(Digest, 13(37

[111]
In a completely different context, in 1982, a newly created Vancouver Stock Exchange*
index plummeted continuously over a period of nearly two years, despite the

’.market’s bullish performance

McCullough, B. D., & Vinod, H. D. (1999). The numerical reliability of
econometric software. Journal of Economic Literature, 37(2), 633-65. https://doi.org
jel.37.2.633/10.1257/

[112]
But, while the US remains the last industrial nation to use imperial units’ Technically,
United States customar y units are slightly different to their close relatives of the
British imperial system. The differences, however, are not important for the

.purposes of this book , so we will refer to both measurement systems as ‘imperial

[113]

> The missile alert was assumed to be a false alarm and removed from the system*

Wolpe, H. (1992). Patriot missile defense: software problem led to system failure at
Dhahran, Saudi Arabia, United States General Accounting Office, Washington D.C.
.Retrieved from https://www.gao.gov/products/ IMTEC-92-26

[114«]
In 2000, the Clay Mathematics Institute announced a list of seven "Millennium Prize*
Problems", considered to be the most important unresolved problems in



mathematics’ Jaffe, A . M. (2006). The millennium grand challenge in mathematics.
.Notices of the AMS 53.6

[115]

In 2002 and 2003 reclusive Russian mathematician Gregori*
’ Perelman shared three dense mathematical papers with the topology community

Perelman, G. (2002). The entropy formula for the Ricci flow and its geometric
applications. Retrieved from http://arxiv.org /abs/math/0211159

Perelman, G. (2003). Finite extinction time for the solutions to the Ricci flow on
certain three-manifolds. Retrieved from http://arxiv.org /abs/ math/0307245

Perelman, G. (2003). Ricci flow with surger y on three-manifolds. Retrieved from
http://arxiv.org /abs/math/0303109

[116+]
If you’re planning a similar odyssey for yourself, or even just a local pub crawl, it’s
> .probably worth consulting Cook’s algorithm first

Cook , W. (2012). In Pursuit of the Traveling Salesman: Mathematics at the Limits
.of Computation. Princeton University Press

[117]

Fortunately for ever yone who uses a sat nav, it turns out that there is an efficient’
method - Dijkstra’s algorithm - which finds the solution to the "shortest path
>.problem" in polynomial time

Dijkstra, E. W. (1959). A note on two problems in connexion with graphs.
.Numerische Mathematik, 1(1), 269-71

[118«]
More precisely you should reject the fraction 1/e of the available options, where e is a‘
’.mathematical shorthand for a number known as Euler’s number

Euler’s number first appeared in the 17th centur y, when Swiss mathematician Jacob
Bernoulli (uncle of the early mathematical biologist, Daniel Bernoulli, whose
epidemiological exploits are relayed in Chapter 7) was investigating compound
interest. In Chapter 1 we encountered compound interest, which means that interest
is paid into the account so that it can accrue interest itself. Bernoulli wanted to know

how the amount of interest accrued at the end of a year depends on how often the
.nterest is compounded



Imagine, for simplicity, that the bank pays a special rate of 100% a year on an initial
investment of £1. Interest is added to the account at the end of each fixed period and
interest can then be paid on that interest in the next period. What happens if the
bank decides to pay interest only once a year? At the end of the year, we receive £1
in interest, but there is no time left to accrue further interest on the interest, so we
are left with £2. Alternatively, if the bank decides to pay us ever y six months, then
after half a year the bank calculates the interest owed using half the yearly rate (i.e.
leaving us with £1.50 in the account. The same procedure is repeated at the (50%
end of the year, giving 50% interest on the £1.50 in the account, and leaving a total
.of £2.25 at the end of the year

By compounding more often, the money in the account by the end of the year
increases. Compounding quarterly, for example, gives £2.44, monthly compounding

yields £2.61. Bernoulli was able to show that by using continuous compounding
i.e. calculating and accruing interest infinitely often, but with an infinitely small)
rate), the amount of money at year-end would peak at approximately £2.72. To be
more precise, we would have precisely e (Euler’s number) pounds at the end of the
.year

[119<]
In fact, the problem first came to the attention of mathematicians as the "hiring*

"n

."problem

Ferguson, T. S. (1989). Who solved the secretar y problem? Statistical Science, 4(3),
https://doi.org /10.1214/ss/1177012493 .282-89

Gilbert, J. P., & Mosteller, F. (1966). Recognizing the maximum of a sequence.
Journal of the American Statistical A ssociation, 61(313), 35. https://doi.org
10.2307/2283044/

[120]
In the year 2000, measles was officially declared eliminated across the whole of the*
>United States

Fiebelkorn, A . P., Redd, S. B., Gastanaduy, P. A ., Clemmons, N., Rota, P. A .,

Rota, J. S., ... Wallace, G. S. (2017). A comparison of postelimination measles

epidemiology in the United States, 2009-2014 versus 2001-2008. Journal of the

Pediatric Infectious Diseases Society, 6(1), 40-48. https://doi. org
jpids/piv080/10.1093/

[121]



To investigate his hypothesis, in 1796, Jenner carried out a pioneering experiment into*

> disease prevention that would be considered wildly unethical today

Jenner, E. (1798). An inquiry into the causes and effects of the variolae vaccinae, a
disease discovered in some of the western counties of England, particularly
.(Gloucestershire, and known by the name of the cow pox. (Ed. S. Low

[122¢]

> This method was not supplanted by a less invasive alternative for over 170 years*

Booth, J. (1977). A short histor y of blood pressure measurement. Proceedings of
.the Royal Society of Medicine, 70(11), 793-9

[123]
Bernoulli suggested an equation to describe the proportion of people of a given age*

’.who had never had smallpox , and were hence still susceptible to the disease

Bernoulli, D., & Blower, S. (2004). An attempt at a new analysis of the mortality
caused by smallpox and of the advantages of inoculation to prevent it. Reviews in
Medical Virology, 14(5), 275-88. https://doi. org /10.1002/rmv.443

[124«]
At the end of the 19th centur y, poor sanitation and crowded living environments in°
colonial India led to a series of deadly epidemics including cholera, leprosy and

’.malaria sweeping through the countr y and killing millions

Hays, J. N. (2005). Epidemics and Pandemics: Their Impacts on Human History.
.ABC-CLIO

Watts, S. (1999). British development policies and malaria in India
c.1929. Past & Present, 165(1), 141-81. https://doi.org /10.1093/past/165.1.141-1897

Harrison, M. (1998). ‘Hot beds of disease’: malaria and civilization in nineteenth-
centur y British India. Parassitologia, 40(1-2), 11-18. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/9653727

Mushtaq, M. U. (2009). Public health in British India: a brief account of the histor y
of medical services and disease prevention in colonial India. Indian Journal of

Community Medicine: Official Publication of Indian A ssociation of Preventive &
Social Medicine, 34(1), 6-14. https://doi. org /10.4103/0970-0218.45369

[125¢]



No one is entirely sure how the disease reached Bombay in August 1896, but there is°
’.no doubt about the devastation it caused

Simpson, W. J. (2010). A Treatise on Plague Dealing with the Historical,
Epidemiological, Clinical, Therapeutic and Preventive A spects of the Disease.
Cambridge University Press. https://doi.org /10.1017/CB0O9780511710773

[126¢]
Inspired by data on the plague outbreaks in Bombay, collected while McKendrick was*

in India, they conducted the single-most influential study in the histor y of

’.mathematical epidemiology

Kermack , W. O., & McKendrick , A . G. (1927). A contribution to the
mathematical theor y of epidemics. Proceedings of the Royal Society A :
Mathematical, Physical and Engineering Sciences, 115(772), 700-721. https://
doi.org /10.1098/rspa.1927.0118

[127<]
One study found that in the US alone over 1000 outbreaks of the vomiting bug,
’.norovirus, were linked to contaminated food in the four years from 2009 to 2012

Hall, A . J., Wikswo, M. E., Pringle, K ., Gould, L. H., Parashar, U. D. (2014). Vital
signs: food-borne norovirus outbreaks - United States, 2009-2012. MMWR .
.Morbidity and Mortality Weekly Report, 63(22), 491-5

[128«]
The S-1-R model predicts that, ultimately, outbreaks die out from of a lack of infective®
”.people, not a lack of susceptibles

.Murray, J. D. (2002). Mathematical Biology I: An Introduction. Springer

[129]
Over 60% of all cervical cancers are caused by two strains of the human*
”.(papillomavirus (HPV

Bosch, F. X ., Manos, M. M., Mufioz, N., Sherman, M., Jansen, A . M., Peto, J.....
Shah, K . V. (1995). Prevalence of human papillomavirus in cervical cancer: a
worldwide perspective. International Biological Study on Cervical Cancer
IBSCC) Study Group. Journal of the National Cancer Institute, 87(11), 796-802)

[130]

>Indeed, HPV is the most frequent sexually transmitted disease in the world*



Gavillon, N., Vervaet, H., Derniaux , E., Terrosi, P., Graesslin, O., & Quereux , C.
Papillomavirus humain (HPV): comment ai-je attrapé ¢ca ? Gynécologie .(2010)
Obstétrique & Fertilité, 38(3), 199-204. https://doi. org
J.GYOBFE.2010.01.003/10.1016/

[131«]

’the other isotope, which makes up 99.3% of naturally occurring uranium*

Webb, J. (2003). Are the laws of nature changing with time? Physics World, 16(4),
https://doi.org /10.1088/2058-7058/16/4/38 .33-8

[132¢]
Studies undertaken in the UK around the time of the vaccine’s deployment indicated*
that the most cost-effective strategy would be to immunise adolescent girls between

’.the ages of 12 and 13, the likely future sufferers of cervical cancer

Jit, M., Choi, Y. H., & Edmunds, W. J. (2008). Economic evaluation of human
papillomavirus vaccination in the United Kingdom. BMJ (Clinical Research Ed.),
a769. https://doi.org /10.1136/bm;.a769 ,337

[133¢]

’the other isotope, which makes up 99.3% of naturally occurring uranium®

Webb, J. (2003). Are the laws of nature changing with time? Physics World, 16(4),
https://doi.org /10.1088/2058-7058/16/4/38 .33-8

[134«]
Related studies in other countries, considering mathematical models of the*
heterosexual transmission of the disease, confirmed that vaccinating females only

>.was the best course of action

Zechmeister, 1., Blasio, B. F. de, Garnett, G., Neilson, A . R ., & Siebert, U. (2009).
Cost-effectiveness analysis of human papillomavirus-vaccination programs to
prevent cervical cancer in Austria. Vaccine, 27(37), 5133-41. https://doi.org
J.VACCINE.2009.06.039/10.1016/

[135]
that the strains of HPV guarded against by the vaccine can also cause a range of non-*

>.cervical diseases in both women and men

Kohli, M., Ferko, N., Martin, A ., Franco, E. L., Jenkins, D., Gallivan, S., . . .
Drummond, M. (2007). Estimating the long-term impact of a prophylactic human



papillomavirus 16/18 vaccine on the burden of cervical cancer in the UK . British
Journal of Cancer, 96(1), 143-50. https://doi. org /10.1038/sj.bjc.6603501

Kulasingam, S. L., Benard, S., Barnabas, R . V, Largeron, N., & Myers, E. R .
Adding a quadrivalent human papillomavirus vaccine to the UK cervical .(2008)
cancer screening programme: a cost-effectiveness analysis. Cost Effectiveness and
Resource Allocation, 6(1), 4. https://doi.org /10.1186/1478-7547-6-4

Dasbach, E., Insinga, R ., & Elbasha, E. (2008). The epidemiological and economic
impact of a quadrivalent human papillomavirus vaccine (6/11/16/18) in the UK .
BJOG: An International Journal of Obstetrics & Gynaecology, 115(8), 947-56.
https://doi.org /10.1111/j.1471-0528.2008.01743.x

[136]
As well as causing cervical cancer, HPV types 16 and 18 contribute to 50% of penile*
>.cancer, 80% of anal cancers, 20% of mouth, and 30% of throat cancers

Hibbitts, S. (2009). Should boys receive the human papillomavirus vaccine? Yes.
BMJ, 339, b4928. https://doi.org /10.1136/BMJ.B4928

parkin, D. M., & Bray, F. (2006). Chapter 2: The burden of HPV- related cancers.
Vaccine, 24, S11-S25. https://doi.org /10.1016/J. VACCINE.2006.05.111

Watson, M., Saraiya, M., Ahmed, F., Cardinez, C. J., Reichman, M. E., Weir, H. K .,
Richards, T. B. (2008). Using population-based cancer registr y data to assess the &
burden of human papillomavirus-associated cancers in the United States: Overview
of methods. Cancer, 113(S10), 2841-54. https://doi.org /10.1002/cncr.23758

[137]

>.In both the US and UK , the majority of cancers caused by HPV are not cervical

Hibbitts, S. (2009). Should boys receive the human papillomavirus vaccine? Yes.
BMJ, 339, b4928. https://doi.org /10.1136/BMJ.B4928

ICO/IARC Information Centre on HPV and Cancer. (2018). United Kingdom
.Human Papillomavirus and Related Cancers, Fact Sheet 2018

Watson, M., Saraiya, M., Ahmed, F., Cardinez, C. J., Reichman, M. E., Weir, H. K .,
Richards, T. B. (2008). Using population-based cancer registr y data to assess the &

burden of human papillomavirus-associated cancers in the United States: Overview
of methods. Cancer, 113(S510), 2841-2854. https://doi.org /10.1002/cncr.23758

[138«]

’Significantly, HPV types 6 and 11 also cause nine out of ten cases of anogenital warts*



Yanofsky, V. R ., Patel, R . V, & Goldenberg, G. (2012). Genital warts: a
comprehensive review. The Journal of Clinical and Aesthetic Dermatology, 5(6),
.25-36

[139]
In the US approximately 60% of the healthcare costs associated with all non-cervical®

. HPV infections are spent on the treatment of these warts

Hu, D., & Goldie, S. (2008). The economic burden of noncervical human
papillomavirus disease in the United States. American Journal of Obstetrics and
Gynecology, 198(5), 500.e1-500.¢7. https://doi.org /10.1016/J. AJOG.2008.03.064

[140]
Models based on sexual networks including homosexual relationships have a higher*
rate of disease transmission than those which only consider heterosexual

> relationships

Gomez-Gardeties, J., Latora, V., Moreno, Y., & Profumo, E. (2008). Spreading of
sexually transmitted diseases in heterosexual populations. Proceedings of the
National Academy of Sciences of the United States of America, 105(5), 1399-404.
https://doi.org /10.1073/pnas.0707332105

[141]
The prevalence of HPV in men who have sex with men is significantly higher than in°

>.the general population

Blas, M. M., Brown, B., Menacho, L., Alva, I. E., Silva-Santisteban, A ., &

Carcamo, C. (2015). HPV Prevalence in multiple anatomical sites among men who

have sex with men in Peru. PLOS ONE, 10(10), e0139524. https:// doi.org
journal.pone.0139524/10.1371/

McQuillan, G., Kruszon-Moran, D., Markowitz, L. E., Unger, E. R ., & Paulose-
Ram, R . (2017). Prevalence of HPV in Adults aged 18-69: United States, 2011-
NCHS Data Brief, (280), 1-8. Retrieved from http:// .2014
www.ncbi.nlm.nih.gov/pubmed/28463105

[142¢]
In the US, the incidence rate of anal cancer in this group is over 15 times higher. At 35°
per 100,000 it is comparable to the rates of cervical cancer in women before cervical
screening was introduced and significantly higher than current rates of cervical

>.cancer in the US



D’Souza, G., Wiley, D. J., Li, X ., Chmiel, J. S., Margolick , J. B., Cranston, R . D.,
Jacobson, L. P. (2008). Incidence and epidemiology of anal cancer in the &
multicenter AIDS cohort study. Journal of Acquired Immune Deficiency Syndromes
https://doi.org /10.1097/ QAIL.0b013e31817aebfe .491-99 ,(4)48 ,(1999)

Johnson, L. G., Madeleine, M. M., Newcomer, L. M., Schwartz, S. M., & Daling, J.
R . (2004). Anal cancer incidence and survival: the surveillance, epidemiology, and
end results experience, 1973-2000. Cancer, 101(2), 281-8. https://doi.org
cncr.20364/10.1002/

Qualters, J. R ., Lee, N. C., Smith, R . A ., & Aubert, R . E. (1987). Breast and
cervical cancer surveillance, United States, 1973-1987. Morbidity and Mortality
Weekly Report: Surveillance Summaries. Centers for Disease Control & Prevention
(CDC)

U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data Visualizations
Tool, based on November 2017 submission data (1999-2015): U.S. Department of
Health and Human Services, Centers for Disease Control and Prevention and

.National Cancer Institute; www.cdc.gov/ cancer/dataviz, June 2018

Noone, A . M., Howlader, N., Krapcho, M., Miller, D., Brest, A ., Yu, M., Ruhl, J.,
Tatalovich, Z., Mariotto, A ., Lewis, D. R ., Chen, H. S., Feuer, E. J., Cronin, K . A .
eds). SEER Cancer Statistics Review, 1975-2015, National Cancer Institute.)
Bethesda, MD, https://seer.cancer.gov/csr/1975 2015/, External based on November
.SEER data submission, posted to the SEER website, April 2018 2017

Chin-Hong, P. V., Vittinghoff, E., Cranston, R . D., Buchbinder, S., Cohen, D.,
Colfax , G, . . . Palefsky, J. M. (2004). Age-specific prevalence of anal human
papillomavirus infection in HIV-negative sexually active men who have sex with
men: The E XPLORE Study. The Journal of Infectious Diseases, 190(12), 2070-76.
https://doi.org /10.1086/425906

[143]
In July of the same year, advice based on a new cost-effectiveness study recommended*
’.that all boys in the UK be given the HPV vaccination at the same age as girls

Brisson, M., Bénard, E., Drolet, M., Bogaards, J. A ., Baussano, 1., Vinski, S.,...
Walsh, C. (2016). Population-level impact, herd immunity, and elimination after
human papillomavirus vaccination: a systematic review and meta-analysis of
predictions from transmission-dynamic models. Lancet. Public Health, 1(1), e8-e17.
https://doi.org /10.1016/S2468- 2667(16)30001-9



Keeling, M. J., Broadfoot, K . A ., & Datta, S. (2017). The impact of current
infection levels on the cost-benefit of vaccination. Epidemics, 21, 56-62.
https://doi.org /10.1016/J. EPIDEM.2017.06.004

Joint Committee on Vaccination and Immunisation. (2018). Statement on HPV
vaccination. Retrieved from https://www.gov.uk /government/ publications/jcvi-

statement-extending-the-hpv-vaccination-programme- conclusions

Joint Committee on Vaccination and Immunisation. (2018). Interim statement on
extending the HPV vaccination programme. Retrieved March 7, 2019, from
https://www.gov.uk /government/publications/jcvi-statement- extending-the-hpv-

vaccination-programme

[144]
In particular, it does an excellent job of describing the rate at which the levels of*

> radiation emitted by a radioactive substance decrease over time

Rutherford, E., & Soddy, F. (1902). L XIV. The cause and nature of radioactivity.
Part II. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of
Science, 4(23), 569-85. https://doi.org /10.1080/14786440209462881

Rutherford, E., & Soddy, F. (1902). XLI. The cause and nature of radioactivity. Part
I. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of
Science, 4(21), 370-96. https://doi.org /10.1080/14786440209462856

[145]
With that expense in mind, as well as what smacked of needlessly fraught reaction, a‘
team of mathematicians from the London School of Hygiene and Tropical Medicine

".developed a simple mathematical model incorporating an incubation period

Mabey, D., Flasche, S., & Edmunds, W. J. (2014). Airport screening for Ebola. BMJ
Clinical Research Ed.), 349, g6202. https://doi.org /10.1136/bmj. g6202)

[146—]
In less extreme cases, simple applications of mathematical modelling are able to*

’.suggest the most effective duration to isolate infected patients

Castillo-Chavez, C., Castillo-Garsow, C. W., & Yakubu, A .-A . (2003).
Mathematical Models of Isolation and Quarantine. JAMA : The Journal of the
American Medical A ssociation, 290(21), 2876-77. https://doi.org /10.1001/
jama.290.21.2876

[147]



Mathematical models of disease spread have identified the degree to which the*
effectiveness of a quarantining strategy depends on the timing of peak

’.infectiousness

Day, T., Park , A ., Madras, N., Gumel, A ., & Wu, J. (2006). When is quarantine a
useful control strategy for emerging infectious diseases? American Journal of
Epidemiology, 163(5), 479-85. https://doi.org/10.1093/ aje/kwj056

Peak , C. M., Childs, L. M., Grad, Y. H., & Buckee, C. O. (2017). Comparing
nonpharmaceutical interventions for containing emerging epidemics. Proceedings of
the National Academy of Sciences of the United States of America, 114(15), 4023-
https://doi.org /10.1073/ pnas. 1616438114 .8

[148—]
In 2014, around the peak of the Ebola outbreak , a mathematical study concluded that,*
approximately 22% of new Ebola cases were attributable to deceased Ebola

>.victims

Agusto, F. B., Teboh-Ewungkem, M. 1., & Gumel, A . B. (2015). Mathematical
assessment of the effect of traditional beliefs and customs on the transmission
dynamics of the 2014 Ebola outbreaks. BMC Medicine, 13(1), 96. https://doi.org
s12916-015-0318-3/10.1186/

[149]
A study which modelled the spread of the 2015 Disneyland measles outbreak - in‘
which Mobius Loop was infected - suggested vaccination rates amongst those
exposed to the disease may have been as low as 50% - way below the threshold
>.required for herd immunity

Majumder, M. S., Cohn, E. L., Mekaru, S. R ., Huston, J. E., & Brownstein, J. S.
Substandard vaccination compliance and the 2015 measles outbreak . .(2015)
JAMA Pediatrics, 169(5), 494. https://doi.org /10.1001/ jamapediatrics.2015.0384

[150]
The fire drew into the atmosphere hundreds of times more radioactive material than*
had been released during the bombing of Hiroshima, causing widespread

’.environmental consequences for almost all of Europe

International Atomic Energy Agency. (1996). Ten years after Chernobyl: what do
we really know? In Proceedings of the IAE A / WHO/EC International Conference:
One Decade after Chernobyl: Summing Up the Consequences. Vienna: International
.Atomic Energy Agency



[151]

This public health disaster was not caused by disease-ridden animals, poor sanitation or*
even failures of government policy, but instead by a sombre five-page publication in

’.the well-respected medical journal, the Lancet

Wakefield, A ., Murch, S., Anthony, A ., Linnell, J., Casson, D., Malik , M., . . .
Walker-Smith, J. (1998). RETR ACTED: Ileal-lymphoid-nodular hyperplasia, non-
specific colitis, and pervasive developmental disorder in children. Lancet,

https://doi.org /10.1016/S0140- 6736(97)11096-0 .637-41 ,(9103)351

[152¢]
“sheep*
Davidson, J. (1938). On the ecology of the growth of the sheep population in South
.Australia. Trans. Roy. Soc. S. A ., 62(1), 11-148
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