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WHAT DOES IT TAKETO MAKE YOU
WANT TO LEARN MORE ABOUT
SOMETHING!?




SECD|

The V
of Quantit:

HOW MY STORY CONNECTS TO THIS STORY...
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1p . The deep, fund al question in statistical
analysis is Compared with what? Therefore, investigating the experiences of the victims
of cholera is only part of the search for credible evidence; to understand fully the cause
of the epidemic also requires an analysis of those who escaped the discase, With great
clarity, the map presented several intriguing clues for comparisons between the living
and the dead, clues strikingly visible at a brewery and a workhouse (tinted yellow
here). Snow wrote in his report:
There is a brewery in Broad Street, near to the pump, and on pereciving that no brewer's men
were registered as having died of cholera, I called on Mr. Huggins, the proprictor. He informed
me that there were above seventy workmen employed in the brewery, and that none of them
had suffered from cholera—at least in severe form—only two having been indisposed, and that
not seriously, at the time the discase prevailed. The men are allowed a certain quantity of malt
liquor, and Mr. Huggins believes they do not drink water at all; and he is quite certain that the
workmen never obtained water from the pump in the street. There is a decp well in the brewery,
in addition to the New River water. (p. 42)

Saved by the beer! And at a nearby workhouse, the circumstances of non-victims of
the epidemic provided important and credible evidence abour the cause of the disease,
as well as a quantitative calculation of an expected rate of cholera compared with the
actual observed rate:
The Workhouse in Poland Street is more than three-fourths surrounded by houses in which
deaths from cholera occurred, yet out of five-hundred-thirty—five inmates only five died of
cholera, the other deaths which took place being those of persons admitted after they were
attacked. The workhouse has a pump-well on the premises, in addition to the supply from the
Grand Junction Water Works, and the inmates never sent to Broad Street for water. If the
mortality in the warkhouse had been equal to that in the streets immediately surrounding it
on three sides, upwards of one hundred persons would have died. (p. 42)

Such clear, lucid reasoning may scem commonsensical, obvious, insufficiently
technical. Yet we will soon see a tragic instance, the decision to launch the space
shuttle, when this straightforward logic of statistical (and visual) comparison was
abandoned by many engineers, managers, and government officials.
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The John Snow Society @JohnSnowSociety - Dec 24, 2022

This week we welcomed Mitch Strachan, a maths teacher from Ohio as
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THE SETTING

Victorian London, 1837-1901
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Bone-pickers Sewer-hunters

1854 LONDON: A

CITY OF SCAVENGERS * Rag-gatherers * Dustmen
(OR RECYCLERS, DEPENDING
ON YOUR PERSPECTIVE) * Pure-finders * Toshers
* Dredgermen * Bunters
* Mud-larks * Night-soil men
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POPULATION DENSITY OF LONDON IN 1853
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THE PROBLEM




Our story

1829-1851) 1863-1875 1899-1925
Second Fourth Sixth
pandemic | pandemic pandemic
~500-400 B.C.E.
First known 1817-1824 1853-1859| 1881-1896 1961-present
documented Firsl Thir Fifth Se'n.renth_
cases of cholera pandemic pandemic pandemic pandemic
CHOLERATIMELINE YAl
| ! I |
~1000 B.C.E. 1854 1956 2003
Physician Sushruta John Snow links Robert Crane Reduced osmolarity
prescribes first known cholera transmission discovers cotransport ORS recommendead
ORT for diarrhea to contaminated of sodium and glucose by UNICEF
London water pump; in the intestine
Filippo Pacini isolates
Vibrio cholerae
1884 1959
Raobert Koch conclusively 5.M. De uses rabbit
shows Vibrio cholerae ileal loop model to
to be causative agent of show toxin-induced
cholera fluid accumulation,

proposes fecal-oral
route of transmission




CHOLERA OUTBREAKS IN THE UK

Our story: August 28 — September 8, 1854

DEATHS

1849 1853 1854 1866




AUGUST 28, 1854

40 Broad Street

Soho, London



THE REPLICA PUMP — FINALLY GETTING IT RIGHT

JOHN SNOW
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CHOLERA
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SWORD OF
DAMOCLES

“To live in such a world was to live
with the shadow of death hovering
over your shoulder at every moment.
To live was to be... not dead yet.”




EYES SUNK,
LIPS DARK BLUE.




HOW DOES CHOLERA WORK?

How cholera affects the body

Cholera is an acute intestinal infection that causes severe diarrhea,
dehydration and, if not treated promptly, death.

How it spreads

* People ingest water
or food contaminated
with cholera bacteria

In the large
intestine

Bacteria
multiply rapidly

¢ In epidemic, feces
of diseased person
is source of
contamination

Treatment

» Salt solution, intravenous
fluids, antibiotics

* In unprepared

2 Toxin from bacteria
communities,

penetrates cells of

death rates can intestinal wall

be as high as

o9 percet Toxin prevents
intestine from
absorbing water

© 2010 MCT from digested food,;

Source: World diarrhea,

Health dehydration result

Organization




MODERN DAY CHOLERA BEDS




BACTERIA’S
MECHANISM FOR
PASSING DNA




19TH CENTURY CHOLERA PREVENTION
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THE RACIALIZATION
OF DISEASE
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CHOLERA TRANSMISSION




COMPETING
THEORIES ABOUT THE
TRANSMISSION OF
CHOLERA

The Miasma Theory
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CHOLERA MIST
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COMPETING
THEORIES ABOUT THE
TRANSMISSION OF
CHOLERA

Contagion/Waterborne Theory




ONTHE MODE OF
COMMUNICATION OF
CHOLERA — 1849

Deaths ﬁ‘
Septei

Districts 5|

of

London.

West
North
Central .
East .,
South

Total

|
-3

ON THE

MODE OF COMMUNICATION

CHOLERA.

JOHN SNOW, M.D.

. LONDON:

- JOHN CHURCHILL, PRINCES STREET, SOHO.

MDCCCXLIX,

from

).

!
g:aths
Eh 1,000

gbitams.

¢

77
10

'48




Al T

[ MICROCOSM  dedicated to fhe London Woler Combenies ./ faas S’ caarias bseiuoa s . i

o
SRS
~

MONSTER
SOUP

Commonly called

Thames water.

O ——— —

w.,..A,-o*-amq‘

- - - = ACEEY A

earrect rehresrmtion of Thet frveccous ahi deled oul 1o Ut

.’\'I‘ER ’ ‘,vlu-._\_c, o

FAMONSTER SOUP conmi) calldl THAMES W




A DROP OF THAMES R N\ -
WATER N » ‘;' AN \ 7| !p‘ ““\li\ “u“u‘m\“ﬂ“mw

IH




i
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MICROSCOPIC EXAMINATION OF THE WATER SUPPLIED

TO THE INHABITANTS OF LONDON, 1850

ERFORD.

THAMES at HUNG
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FATHER THAMES
INTRODUCING HIS
OFFSPRING TO THE
FAIR CITY OF
LONDON
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THE SILENT
HIGHWAYMAN

Death rows on the Thames, claiming
the lives of victims who have not

paid to have the river cleaned up.
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A LONDON BOARD
OF HEALTH HUNTING
AFTER CASES LIKE
CHOLERA

“All smell is disease.”
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THE CHARACTERS

* John Snow
* Henry Whitehead
* William Farr

* Edwin Chadwick
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TABLE OF DURATION OF ILLNESS.
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JOHN SNOW




A PIONEER IN
ANESTHESIA
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one-half the dimensions

a. Outer case for water-bath.

. Cylindrical vessel into which the chloroform
is pat: it is lined with & coil of bibulous paper
up 0 the point ¢.

d. Cylindrical frame which screws loto d; It
bas apertares at the top for the sdmission of sz,
and ita lower two-thirds are covered with two
ocoils of bibulous paper, which touches the bottom
of the vessel b, except where the notches ¢ e
cutin it

/. Elastic tude.

9. Paco-plece.

A Inspiatory valve.

L Explratory valve; the dotted lines indicate
the position of the valve when turned aside for
the admission of alr not charged with vapour.




A FATHER OF
MODERN
EPIDEMIOLOGY

Who gets sick and why.

“upon” “study”

—— 7 —

epidemiology

“people”




ONTHE MODE OF
COMMUNICATION OF
CHOLERA
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ON THE

MODE OF COMMUNICATION

OF

CHOLERA.

BY

JOHN SNOW, M.D.

. LONDON:
JOHN CHURCHILL, PRINCES STREET, SOHO.

MDCCCXLIX,

ON THE

MODE OF COMMUNICATION

oy

CHOLERA.

It is not the intention of the writer to go over the
much debated question of the contagion of cholera.
An examination of the history of that malady, from its
first appearance, or at least recognition, in India in
1817, has convinced him, in common with a great
portion of the medical profession, that it is propagated
by human intercourse. Its progress along the great
channels of that intercourse, and the very numerous
instances, both in this country and abroad, in which
cholera dates its commencement in a town or village
previously free from it to the arrival and illness of a
person coming from a place in which the disease was
prevalent, seem to leave no room for doubting its
communicability.

It is quite true that a great deal of argument has




SNOW'’S “GRAND
EXPERIMENT”

Who supplies your water?
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CHOLERA

W AR R U L

SOUTH DISTRICTS OF LONDON IN 1854.

* By

JOHN SNOW, M.D.

Reprinted from the Joursan or Pusrre Hl ALTH ﬂn October 1850

LONDON:
PRINTED BY T. RICHARDS, 37, GT. QUEEN STREET.
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LONDON WATER
SUPPLY

“It is beyond dispute that...a portion of
the inhabitants of the metropolis are
made to consume in some form or
other, a portion of their own
excrement and, moreover, to pay for

the privilege.”

- Arthur Hill Hassall, microscopist, 1850
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Southwark Bridge

Battersea Bridge

London Bridge

SOUTHWARK &
VAUXHALL WATER -
COMPANYVS.
LAMBETH
WATERWORKS

TABLE IX.

Southwark & Vauxhall
Water Company (S&V)
Moved
in1852 (go@
Southwark and Vauxhall Company O i
‘ Lambeth
Lambeth Clm'l]llll Seething Wells was beyond the Waterworks ?
¥y o ’ ) tidal reach of the Thames N
Rest of London . The Thames runs
from West to East
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THE LANCET — JUNE 23, 1855

The factis, that the well whence Dr. SNOW draws all sanitary truth

1s the main sewer. His den 1s a drain. In riding his hobby very hard, he

has fallen down through a gully-hole and has never since been able to
get out again. And so there we leave him.




TIMELINE OF EVENTS

August 29 — September 8, 1854
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DAILY FATAL CASES 108
OF CHOLERA NEAR
GOLDEN SQUARE
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AUGUST 28, 1854

40 Broad Street

Soho, London



THURSDAY,
AUGUST 31 * 98 degrees F

* 200 people died of cholera within hours




FRIDAY, |
SEPTEMBER I o |27 people died

* Qutbreaks occurred all over the immediate area, but

nothing compared to Broad Street




* John Snow studies samples of Broad Street pump
water

SUNDAY, * Expected to find large quantities of rotting organic
SEPTEMBER 3

material, but water looked pure and clear

* Went back to the streets trusting in epidemiology

(what was happening on the ground) over

microbiology (what he saw in the microscope)




MONDAY,
SEPTEMBER 4

“A few odd islands
appeared in this sea
of devastation.”
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DAY,
SEPTEMBER 5

TUES

Body counts and footprints




WEDNESDAY,
SEPTEMBER 6

Cross Street Outbreak




Snow appears at the Vestry Hall and asks to address

THURSDAY the Board of Guardians of St.James Parish
SEPTEMBER 7

They admitted him as an act of desperation

Explained his investigations

Asked them to remove the pump handle

Didn’t find him convincing, but they had little to lose




WALKING DISTANCE
TO THE BROAD
STREET PUMP

ASIATIC GHOLERA

AND

THE BROAD STREET PUMP
LONDON 1854.

@ @LOCATION CF PUMPS.

BROAD STREET PUMP AND
OTHER PUMPS.

(AFTER THE ORIGINAL MAP BY
DR. JOHN SNOW.)




THE EXCEPTIONS




FRIDAY, SEPTEMBER 8, 1854




AFTER THE HANDLE WAS REMOVED

September 8 — 30, 1854
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DAILY AND CUMULATIVE DEATH RATES

700 - Cumulative deaths from cholera,

150 - beginning August 19, 1854; final
6004 total 616 deaths //
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GROUPING OF DATA CAN ALTER THE STORY

300 - 1

Deaths from Handle removed from
cholera, each Broad Street pump,
san4 week during P September 8, 1854
the epidemic
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"THE BROAD STREET
PUMP WAS A KIND OF
URBAN ANTENNA,
SENDING OUT A SIGNAL
THROUGHOUT THE
SURROUNDING
NEIGHBORHOOD,A
SIGNALWITH A
DETECTIBLE PATTERN
THAT ALLOWED HUMANS
TO ‘SEE’ V. CHOLERAE
WITHOUT THE AID OF
MICROSCOPES.”

ASIATIC CHOLERA
AND

THE BROAD STREET PUMP
LONDON 1854.
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SEARCHING FOR THE INDEX CASE

No, 40, BROAD STREET.
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* Thomas Lewis fell ill at 40 Broad

SEPTEMBER 9, 1954

* Sarah Lewis soaked his dirty linens in pails of water

and threw the slops into the cesspit

* Thomas died on September |9




Fvidence we ignore

THE BOARD OF
HEALTH REPORT AND
CONFIRMATION BIAS

Facts and
evidence

our
beliefs

Miasma causes
cholera.

Contaminated
water causes
cholera.

Evidence we believe



AN UNLIKELY PARTNERSHIP

“You and | may not live to see the day,
and my name may be forgotten when it
comes, but the time will arrive when
great outbreaks of cholera will be
things of the past; and it is the
knowledge of the way in which the
disease is propagated which will cause
them to disappear.”

- John Snow to Henry Whitehead




EPILOGUE




JOHN SNOW'’S OBITUARY IN THE LANCET
J U N E 26’ I 85 8 R e

Breths, Flarrmages, and Deaths.

DEATHS,

Dr. Joux Sxow.—This well-known physician died at noon
on the 16th instant, at his house in S:xckvnllo street, from an
attack of apopkxy His researches on chloroform and other
anmsthetics were appreciated by the profession.
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TWO GUYS
AND A MAP

CHOLERA TRAMPLES THE VICTOR & THE 1\'()/'/ S7D ROTH.
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JOHN SNOW'’S MAPS




SNOW’S ORIGINAL

MAP olen
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SHEWIAG THE ASCERTAINED DEATHS FROM CHOLERA
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SNOW'’'S SECOND
MAP

“[Snow had] imagined an overview of the
Golden Square neighborhood, with a
boundary line running an erratic circle

around the pump. Every person inside ASIATIC CHOLERA
that border lived closer to the poisoned THE BROAD STREET PUMP
well; everyone outside would have had LONDON 1854.

reason to draw water from a different
O ©LOCF\T'ON OF PUMPS.

“
source. e o LOCATION OF FATAL CHOLERA CASES.

-Steven Johnson, Ghost Map, P. 141 BROAD STREET PUMP AND

OTHER PUMPS.

(AFTER THE ORIGINAL MAP BY
DR. JOHN SNOW.)




Cholera Clusters (# of nearest neighbors)

John Snow's London cholera map, # of nearest neighbors
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Water Pump s 12
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VORONOI DIAGRAMS




ASIATIC GHOLERA

AND

THE BROAD STREET PUMP
LONDON 1854.

@ @LOCATION CF PUMPS.
s o LOCATION OF FATAL CHOLERA CASES.

—-~—-~BOUNDARY OF EQUAL DISTANCES BETWEE
BROAD STREET PUMP AND
OTHER PUMPS.

(AFTER THE ORIGINAL MAP BY
DR. JOHN SNOW.)
















VORONOI DIAGRAMSWITH MORE THAN TWO
POINTS
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SOME HANDS-ON PRACTICE




ADDING A NODETO
AVORONOI DIAGRAM




VORONOI DIAGRAM
FORTHE |3 WATER
PUMPS IN SOHO,
LONDON 1854

Based on straight line distance to the
nearest pump




VORONOI DIAGRAM
FORTHE |3 WATER
PUMPS IN SOHO,
LONDON 1854

Based on straight line distance to the

nearest pump

ASIATIC CHOLERA
AND

THE BROAD STREET PUMPR
NDON 1854.
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VORONOI DIAGRAM
FORTHE |3 WATER
PUMPS IN SOHO,
LONDON 1854

Based on walking time to the nearest
pump




REFLECTION AND
YOUR FEEDBACK




THANK YOU!
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