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A  Office of William Farr, 
 Statistical Superintendent

General Register Office (GRO)
Somerset House, the Strand

Previously, at the GRO on
Thursday 24 August 1854

So far, the experimentum crucis is yielding antici-
pated results! 
 William Farr looked perplexed. What was 
Snow talking about? 
 Snow noted the uncertainty. He extracted 
a duodecimo-size pamphlet from an inside pocket 
of his black, single-breasted frock coat, turned to 
one of the middle pages, and laid the pamphlet 
on the table in front of Farr: “Supplement to the 
Weekly Return. Cholera and the London Water 
Supply.” 

William Farr (1807-1883) 
photograph from about 

1869.

John Snow (1813-
1858), detail from 1847 
portrait.
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 A rather routine report, Farr recollected, 
put together by himself and his team of GRO 
clerks last November as the first wave of the 
present cholera epidemic was subsiding. Just a 
prose and tabular summation of information that 
private companies supplying the metropolis with 
potable water had provided in response to an 
inquiry sent out under the signature of his boss, 
the Registrar-General. 
 Farr looked up. He had not taken the 
point. Snow tapped his finger at two passages, 
lightly ticked in the margin, on the first page of 
the Supplement:

to measure the effect of good or bad 
water supply, it is requisite to find two 
classes of inhabitants living on the 
same level, moving in equal space, en-
joying an equal share of the means of 
subsistence, engaged in the same pur-
suits, but differing in this respect, ―
that one drinks water from Battersea, 
the other from Kew. . . . But of such 
experimenta crucis the circumstances 
of London do not admit . . . .

He got it. 
 John Snow had observed something that 
had escaped Farr whilst putting the Supplement 
together: the makings of a natural experiment al-
ready existed that should establish, once and for 
all, the role of impure water in the propagation of 
cholera. Farr listened intently as Snow described 
the investigation he had begun a fortnight ago.  
The good Doctor sitting opposite was certain his 

inquiries would confirm his notion that there was 
a single exciting cause of cholera ― the mediate-
contagion hobby he’d been riding for, gracious 
me, almost five years to the day.
 But if truth be told, Farr had been riding a 
theoretical hobby-horse of his own much longer. 

Zymotic diseases and elevation

William Farr became involved with the General 
Register Office around July 1837, when it be-
gan managing the registration of births, deaths, 
and marriages in England and Wales. He saw 
in this new institution an opportunity to imple-
ment principles of hygiene and statistics he’d 
confronted during a short period of medical study 
in Paris before fulfilling requirements for admis-
sion to the Worshipful Society of Apothecaries in 
England. Then, after just two years of scrounging 
a clinical practice in London, the first Registrar-
General made him an unrefusable offer: a posi-
tion as Compiler of Abstracts in the Statistical 
Department. He quit the practice of medicine in a 
heartbeat. 
 Farr and his small team of clerks were 
responsible for tabulating quarterly reports from 
the vital data submitted by about two thousand 
district and sub-district registrars, appointed ei-
ther by Boards of Guardians from the recently es-
tablished Poor Law Unions or vestrymen in those 
parishes temporarily exempted from the new 
Poor Law. He supervised production of the first 
annual GRO report to Parliament in 1839. When 
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metropolitan registrars began submitting weekly 
reports in 1840, Farr’s small division added the 
Weekly Return of Births and Deaths in London to 
its regular output. New tasks were piled onto his 
capable shoulders: assisting with the first national 
census of 1841, then quarterly reports for Eng-
land and Wales, plus special reports whenever 
Parliamentary Committees requested them. In 
1842, a new R-G promoted him to superintend 
the entire Statistical Department.
 Farr used the fourth annual Report of the 
Registrar-General (1842) to set forth a revised 
“statistical nosology” for categorizing causes of 
death in all subsequent GRO publications. His 
obsession was to make the central bureau in the 
national system of registering vital statistics a 
model of Benthamite reformism. Data collected 
on births and deaths would be statistically ma-
nipulated to produce a scientific understanding of 
human health and sickness. Quarterly and annual 
reports should be pitched at a level comparable 
to official Blue Books and provide the kind of data 
and analysis Parliament needed to make laws that 
yielded the greatest good for the greatest num-
ber. The Weekly Reports should guide the medical 
profession in a parallel quest. 
 To actualize the Benthamite greatest hap-
piness principle, it was essential to understand 
causes of death, especially premature deaths. 
Early in 1842 Farr realized that his previous man-
ner of listing communicable diseases ― ”epidem-
ic, endemic, and contagious” ― was outmoded. 

How could he, in a time of rapid revolutionary 
reforms in medical thinking and practice, effec-
tively analyze morbidity data organized under a 
rubric that called to mind centuries-old disputes 
about disease causation. The hallmark of the 
new medicine of the mid-nineteenth century was 
a redefinition of itself as a science, informed by 
new research in allied sciences such as chemistry, 
biology, physiology, and pathology. Farr wanted a 
classification of diseases that fit the spirit of his 
age, not Sydenham’s. 
 His Eureka moment came later in 1842 
whilst reading two volumes on agricultural and 
animal chemistry by Justus von Liebig. In them 
the German professor discussed new research in 
inorganic and organic chemistry, much of it ac-
complished in the laboratory he had established 
at the University of Giessen. Liebig distinguished 
between miasms and fermentations as causes of 
human diseases. When it came time to publish 
the Fourth Annual Report, Farr added an appen-
dix in which he popularized Liebig’s distinction: 

Miasms are poisons evolved during the process 
of putrefaction which cause incommunica-
ble diseases like ague (malarial, intermittent 
fever), rheumatism, and neuralgia ― without 
these poisons reproducing in the host. Carbon-
ic acid (H2CO3) and sulphuretted hydrogen (hy-
drogen sulfide, H2S) are examples of morbific 
miasms, defined as poisonous gases given off 
by putrefying organic matter that may cause 
disease if inhaled. 
 Fermentations, however, are a class of 
diseases caused by singular organic molecules 
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of unknown chemical composition which, if 
they gain entry to a host and encounter cor-
responding molecules in the blood, are trans-
formed into exciters ― agents directly respon-
sible for causing particular diseases. Unlike 
miasmatic poisons, fermentation-exciters 
reproduce themselves at the expense of the 
host’s organization. Once established in the 
host, these exciters can propagate to other 
hosts by contagion (such as inoculation and 
contact) or infection (inhalation). 

Laboratory analysis had shown that the addition 
of yeast to wort containing gluten and sugar pro-
duces more yeast, alcohol, and carbonic acid. Al-
though the precise chemical mechanism remained 
unclear, Liebig hypothesized that yeast is gluten 
in a state of transformation ― a potential exciter. 
That would explain why yeast induces fermenta-
tion when, if temperature and moisture content 
are conducive, it encounters organic molecules 
similar to itself in the gluten.

Farr’s variation on this explanation by Liebig 
was to equate miasms with conventionally de-
nominated endemic diseases, fermentations with 
well-known epidemic and contagious diseases, 
and to rename all of them zymotic diseases. Farr 
hypothesized that each of these diseases had 
a specific exciting cause or principle, a zyme, 
probably (in his mind) an unorganized, non-living 
organic poison that induced a morbific physiologi-
cal process analogous to fermenting yeast. In 
the case of endemic diseases, miasmatic exciters 
were locally prevalent, albeit seasonably variable. 

Most contagious and epidemic exciters, how-
ever, were propagated person-to-person, either 
by contact or the inhalation of effluvia emanat-
ing from the bodies of the sick; place and time 
were inconsequential or, at most, incidental. Farr 
thought it likely that the blood is the primary seat 
of all zymotic diseases, pathological manifesta-
tions in other organs secondary. Similar causation 
mechanisms and physiological properties swayed 
Farr’s decision to place all these diseases in one 
statistical category that could be disaggregated 
as needed. 
 Zymosis in Greek means fermentation; 
Hippocrates employed it, as had Thomas Syden-
ham, the revered English clinician and medical 
theorist. Good enough pedigree for William Farr, 
whose right foot was firmly grounded in medical 
knowledge of yore. He expanded the meaning 
of zymosis to include “the morbid process and 
their exciters,” an obvious reference to Liebig for 
the modern, scientific-minded medical man. Farr 
then proposed scientific names for about a score 
of diseases in the zymotic class. He also coined 
names for the corresponding principles existing 
in the environment which became morbific excit-
ers of disease when they encountered replicas of 
themselves in a host and initiated pathological 
transformation of tissue. Thus, the zymotic term 
for smallpox was variola, and varioline its morbific 
principle; 

for cowpox, vaccinia and vaccinine; 
for measles, rubeola and rubeoline; 
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for cholera, cholera and cholerine; 
etc. 

Although Farr listed distinct exciters for each 
zymotic disease, he admitted that disease speci-
ficity was more a statistical convenience than 
accepted medical opinion. 
 It was possible that some exciters were 
inter-convertible, others structurally quite simi-
lar (which might explain why vaccination of-
ten prevented smallpox), and a few were even 
capable of producing diseases that had no excit-
ers of their own. Both enterine and cholerine, 
for example, seemed at times to be sufficiently 
transformed within some human hosts to excite 
no more than ordinary diarrhea; this zymotic 
affliction sans exciter never eventuated in either 
dysentery or cholera. Yet diarrheal symptoms 
usually preceded both dysentery and cholera, 
leaving the clinician to wonder if the presentation 
was premonitory of either disease, and Farr, the 
medical statistician, unsure how he should cat-
egorize diarrhea when given as a cause of death 
in times of cholera. 

The 1848-49 English cholera epidemic proofed 
Farr’s pudding. He and his team of clerks at the 
GRO spent more than two years analyzing mor-
tality data submitted by registrars throughout 
the country and by meteorologists from the Royal 
Observatory in Greenwich. G.R.O staff looked for 
possible correlations between cholera mortality 

and natural variations in atmosphere and place, 
between mortality and social conditions such as 
age, gender, income, occupation, street widths, 
and population density. Farr wrote a hundred-
page overview of their findings. His team pro-
duced 400 pages of supporting documentation for 
the full report on the 1848-49 epidemic, pub-
lished as a separate volume in 1852.
 Only geographical distributions correlat-
ed, statistically, with cholera mortality. The GRO 
identified nine particularly intense “cholera fields” 
in England, each centered on a port town or city. 
In general, coastal areas experienced three times 
the cholera mortality suffered at higher, inland 
locations –  a pattern that replicated scantier data 
gathered during the 1832 epidemic. 
 Farr decided to concentrate on just one of 
the cholera fields, the thirty-six registration dis-
tricts in metropolitan London. He found no signifi-
cant correlation between mortality and population 
density at the district level. What seemed like a 
promising inverse relation between cholera mor-
tality and taxable property values proved insuf-
ficiently strong to generate a law of disease. But 
the relation between a district’s elevation above 
the high water mark of the Thames and the num-
ber of cholera deaths in that district compared to 
other districts was sufficiently promising for Farr 
to generate an explanatory law.
  The architects who delineated metro-
politan registration districts in the mid-1830s 
followed contours of the winding Thames. South 
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of the river, the flood plain extended many miles 
before giving way to the low hills of Streatham, 
Dulwich, and Norwood. North of the river, how-
ever, the land rose gradually. The aggregated 
mortality rate for southern districts was consider-
ably higher than any north of the Thames. What, 
wondered Farr or one of his clerks ― a baker’s 
dozen of whom were crunching numbers every 
which way to Sunday ― would a reconfiguration 
of districts into twenty-foot terraces reveal about 
cholera mortality? When completed, a tantalizing 
indirect relation appeared.

 The next step was to play with 
algorithms to see if this correlation 
suggested a natural law of disease for 
the propagation of cholera at the met-
ropolitan level in London. One equation 
seemed particularly promising. 

 Farr then used this equation to calculate 
predictive mortality rates per 10,000 residents at 
each of the eight elevations and then compared 
them with the rates in the reported column: 

Three of eight correlations were spot on, two 
within a 3% variance, none exceeded 18%. 
Although probability was the best anyone could 
hope to uncover when studying complex biologi-
cal and social systems, Farr had a hunch he could 
account for the differences between reported and 
calculated mortality rates at each terrace.  

  He was jubilant. The 
GRO team had figured out that in 
London, where people happened 
to live largely determined their 
likelihood of dying from cholera. 
This statistical law of cholera dis-
persal meant that future sanitary 
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policies in the metropolis could be formulated 
on a rational, scientific basis. Moreover, analysis 
of returns from the entire kingdom showed that 
the law was generally applicable: “The epidemic 
began and was most fatal in the ports on the 
coast; and in ascending in the rivers step by step, 
we saw it grow less and less fatal. . . The more 
exact information which we possess respecting 
the London districts establishes this connexion 
beyond doubt. . . . [I]t will always be the general 
rule that the mortality of cholera is inversely as 
to the elevation of the people assailed above sea 
level.” Jeremy Bentham, mummified and seated 
in a cabinet at University College, two kilometers 
to the northeast of Somerset House, would have 
been impressed by this incarnation of his belief 
in the power of statistics to reveal patterns in a 
mass of collected facts. 
 In the 1852 report, Farr incorporated the 
GRO team’s findings on the influence of elevation 
for the propagation of cholera into an explanatory 
zymotic dispersal-mechanism for metropolitan 
London. He proposed that the Thames teemed 
with miasmata, nonliving particulate products of 
organic decomposition. They came from the allu-
vial soil lining its banks, by-products from Lon-
don’s tanneries and slaughterhouses, and sewage 
draining from various parts of the metropolis. 
Whether Thames miasmata remained in the river 
or became airborne largely depended on complex 
contingencies inherent to the epidemic constitu-
tion: interactions among differences in land, air, 

and river temperatures at different times of the 
day; barometric pressure; dew point; humidity; 
and wind direction and speed as measured at 
ground levels. 
 The River Thames also teemed with 
zymotic material, especially non-living organic 
molecules of cholerine, endemic in English wa-
ters since 1832. Farr believed that cholerine in 
water has no deleterious effects on human health 
as long as it remained dormant. But statistical 
analysis of mortality data suggested strongly that 
cholerine becomes potentially morbific at water 
temperatures above 60° Fahrenheit if ― and it 
was a critical if ― the water contains sufficient 
amounts of decomposing organic matter. Accord-
ing to the zymotic hypothesis, harmless cholerine 
molecules would only metamorphose into excit-
ers if they encounter organic detritus undergoing 
pathological transformation. Human excrement fit 
that bill of laden. A process of continuous molecu-
lar change gets underway as the cholerine prolif-
erates exponentially, reproducing at the expense 
of corresponding molecules in the excrement. If 
the dew point over the River Thames drops suf-
ficiently to produce one of the infamous London 
fogs, volatile activated cholerine and miasmata 
lift from the surface of the river and spread as 
prevailing winds dictate. 
 Everyone in the path of an effluvial Lon-
don fog inhales activated cholerine, but not every-
one comes down with cholera. In fact, most do 
not. Farr believed his hypothesis had the legs to 
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explain this observed fact. First and foremost, the 
elevation law reflected a natural process. Simply 
put, river-induced fogs nearly always settle onto 
low-lying districts in the flood-plain and dissipate 
in direct proportion to increasing altitude above 
the high water mark. If the fogs contain invisible 
choleraic matter, one would expect more deaths 
in low districts than those situated higher and 
farther from the Thames. Elevation with its vary-
ing degrees of exposure to effluvial fogs seemed 
to be the principal contingent factor in this zy-
motic disease. But there were others. 
 Old-timers spoke of choleric constitutions 
as a predisposing cause for various diseases. 
Although humoral medicine was giving way to 
cell theory, there was still too much mystery to 
be seen when squinting through a microscope for 
Farr to jettison Sydenham’s seventeenth-century 
physiological terminology. In the 1842 nosology, 
reprinted in the report on the 1848-49 cholera 
epidemic, he thought it justifiable to state that 
“Sydenham referred, in the following passage, to 
zymotic diseases . . . :

If the humours are retained in the body be-
yond the due time, either (1.) because nature 
cannot digest and afterwards expel them, or 
(2.) from their having contracted a morbific 
taint from a particular constitution of the air, 
or (3.) lastly, from being infected with some 
poison . . . these symptoms . . . are in reality 
disorders that proceed from the essence of the 
species newly created to this pitch [zymine]; 
so that every specific disease arises from some 

specific exhalation, or peculiar quality of some 
humour [zymin] contained in a living body.”

Farr understood that many of his medical col-
leagues remained Hippocratic-minded, even if 
they no longer employed humoral terminology. So 
it seemed prudent to make Sydenham conform 
with new research in organic chemistry: if a per-
son’s blood contained molecular bodies compati-
ble with cholerine, cholera would likely develop. If 
absent, a person disposed of any inhaled choler-
ine through natural elimination pathways. When 
it came to cholera, constitutional predisposition 
either set the stage or gave you a free pass. 
 Environmental factors could mitigate con-
stitutional effects of a weak inheritance. Anyone 
conceived under an unlucky star could still bolster 
natural healing defenses by following the sanitar-
ian regimen for a robust animal economy: fresh 
air, a wholesome diet, pure water, good hygiene, 
regular exercise, plentiful rest, strengthening 
habits, cleanly surroundings, and proper sanita-
tion. When choice dictates otherwise, however, 
the outcome could be dire. Intemperate con-
sumption of liquor and fresh fruits and vegeta-
bles, weaken the animal economy as much as 
living in filth. Debilitating habits of any kind ex-
acerbate weak constitutional predispositions and 
march even the strongest to the brink of disease. 
 The poorest among us, especially the 
urban poor, are already predisposed to illness 
by circumstances beyond their control. It infuri-
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ated Farr that so little was being done to improve 
their lot. They often live in overcrowded and 
inadequately ventilated housing. Lack of money 
makes it difficult to purchase wholesome food 
or pay the rent required for housing with decent 
kitchen facilities. Consequently, their bodies were 
deficient in proper nourishment, resulting in the 
very pathological transformation of tissue that 
cholerine requires. Personal intemperance magni-
fies environmental predisposition. 
 The agent reproduces rapidly when in-
ternal environments are made fertile by constitu-
tional and environmental predispostion. The body 
responds by marshalling its natural defenses. 
But if vomiting and diarrhea fail to eliminate the 
cholerine, the patient’s blood thickens and be-
comes congested with virus, an infectious form of 
cholerine that escapes into the surrounding air by 
exhalation and emanations from the skin. 
 When this happens, every Londoner with 
full-blown cholera becomes, metaphorically, a 
tiny effluent of the River Thames, exuding invis-
ible mists of morbific cholera matter into the 
surrounding atmosphere. If the sick room or the 
hospital ward is well ventilated, choleraic effluvia 
dissipate and cause no harm. But when patients 
lie in overcrowded, filthy rooms, when the win-
dows, if any, open onto a dingy muse, a dark 
alley, or a narrow street ― then the situation is 
opportune for person-to-person transmission. 
Family members, neighbors, and other visitors 
inhale the infectious virus emanating from chol-

era patients. Thereafter, constitutional and envi-
ronmental predispositions will determine, once 
again, if the newly infected also come down with 
cholera or escape its agonies. 
 So thought William Farr. 

John Snow was unconvinced by William Farr’s 
zymotic theory as applied to cholera. In his view, 
new cases can only appear when people inadvert-
ently swallow the peculiar morbid agent evacu-
ated by previous sufferers. Call the agent chol-
erine if you wish; the term has the advantage of 
disease specificity, which medical evidence from 
Liebig’s laboratory bears out. But cholera requires 
a specific agent to cause the same disease in oth-
ers. 
 Snow dismissed multicausality and pre-
disposition as relics of humoral medicine, an 
erudite way of saying we have no idea why some 
individuals become sick while others remain well 
whenever cholera is epidemic. The zymotic hy-
pothesis is promising, but why frame it as a mod-
ernization of Sydenham’s humoral thinking? Why 
accessorise the dress of this long dead medical 
emperor with Latin neologisms when it’s sufficient 
to trumpet Liebig’s new organic chemistry? 
 But Snow remained a gentle and sym-
pathetic critic of Farr’s zymotic hypothesis. His 
former interpretation of cholera — that it propa-
gates as an infectious contagion — had much in 
common with it. 
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Snow’s early thinking about cholera

In English medical terminology of the 1840s, 
the common feature of contagious diseases is 
transmission from person to person. Contagion-
ists believed that cholera only appears in a new 
place after the arrival of people from other places 
where it already prevails. In ordinary contagion, 
the invisible disease matter that defines cholera 
is presumed to reproduce in the bodies of its 
victims and communicated to others via touch, 
fomites (porous substances that harbor morbid 
matter), or, most likely, infection by inhalation. 
 Contingent contagionists borrowed infec-
tion as a mode of transmission to account for 
cholera outbreaks untraceable to atmospheric, 
non-contagionist causes. They hypothesized that 
in rare circumstances (contingencies), victims 
produce a virus during the course of the disease 
which suffuses the surrounding atmosphere via 
exhalation and evaporation from sweaty skin. 
Contingent factors then determine whether or not 
a healthy bystander comes down with cholera. 
A warm and humid sick room augments effluvial 
skin evaporation, thereby increasing the dosage 
of virus inhaled by those in close proximity to the 
victim. Overcrowding and poor ventilation multi-
ply the risk of infecting anyone; but susceptibil-
ity is greatest when a person’s animal economy 
is already weakened by an unwholesome diet or 
debilitating habits. For then our natural healing 
forces are insufficiently powerful to withstand the 

cholera virus as it passes from the lungs into the 
blood, rapidly reproduces, and spreads through-
out the body of a new victim. 
 After arriving in London in 1836, Snow 
gave little thought to Asiatic cholera until the 
autumn of 1848, when the Weekly Returns, 
daily newspapers, and medical journals ramped 
up reporting of another pandemic’s ineluctable 
progress toward the British isles. So, when medi-
cal society meetings resumed after the summer 
recess, the cholera was often on the agenda. 
Contagionists and anti-contagionists resumed 
debates with an intensity not heard since the first 
English epidemic of 1831-32. 
 At one such meeting in October 1848, 
Snow’s mind turned to 1832, when, as a sen-
ior medical apprentice in Newcastle-upon-Tyne, 
his principal had sent him to the nearby colliery 
village of Killingworth to treat victims of Asiatic 
cholera. The coal pits were foul; the cottages 
were small and overcrowded. Entire families often 
occupied one undivided room, with kitchenettes 
just a few steps from cots on which the occu-
pants slept, the sick and the healthy lying cheek 
by jowl. It was surreal — explosive diarrhea had 
soiled linen, soaked cots, and pooled on the dirt 
floors, yet there was often no fecal smell in the 
room. Caregivers tended the patients, presoaked 
soiled linens for washing, and prepared meals. 
Those in the middle stage of this horrific affliction 
clamored for cold water, consuming glassfuls in 
the hope of easing muscle cramps in their lower 
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back and extremities. Relief was often short-lived, 
however, as most victims vomited and voided 
more liquid than they had just taken in. If pa-
tients didn’t rally at this stage, dehydration pro-
duced total collapse, signalled by a weak pulse, 
congestion, and cold, dusky blue skin on face and 
extremities.

Snow’s 1848/49 cholera hypothesis

Hold on! Cold skin. Snow remembered treating no 
cholera victims who were initially feverish. 
 Nature’s response to poisoning of the 
blood is fever, the signature of every epidemic 
disease transmitted by effluvial vapors. Nature’s 
signature response to poisoning of the alimentary 
canal, however, is vomiting and diarrhea. It sud-
denly occurred to Snow that perhaps the morbid 
matter of cholera has to be ingested, not inhaled, 
to do its mischief. If so, then cholera isn’t a con-
tingent contagion, it’s an ordinary, simple conta-
gion communicated when someone unwittingly 
swallows something contaminated by a cholera 
victim’s evacuations. For the morbid matter 
seems to reproduce in the gut and would suffuse 
the diarrheal discharges. Food can be a fomes 
if it absorbs or holds such matter; since evacu-
ations in the rice-water stage are odorless and 
without color, even the most conscientious meal-
preparer without readily accessible hand-washing 
facilities would be unaware that the contaminant 
was being transferred from patient to food to be 
eaten by those who lived with or even visited the 

patient. That mechanism would explain a propa-
gated cholera outbreak. 
 Snow now understood why the cholera 
had never felled him in 1832. His vegetarian regi-
men was the saving grace. He was used to boiling 
his own potatoes — his main staple — in New-
castle because the cook at William Hardcastle’s 
house had refused to encourage such teenage re-
bellion in an apprentice. Consequently, at Killing-
worth he had prepared his own meals and neither 
partook of food when making his rounds nor ate 
anything prepared by someone else at the cot-
tage where he slept. Moreover, Snow washed his 
hands frequently, a routine developed under his 
mother’s tutelage when he lived in York. 
 What and where he ate was immaterial 
if cholera were a disease of the blood, but deter-
mining if its primary seat is the alimentary canal. 
He may have inhaled effluvia whilst treating 
cholera patients at Killingworth, but that effluvia 
wasn’t infectious. Then it occurred to him that 
he also never drank Killingworth water without 
distilling it first from the apparatus he contrived 
and set it up in his room. Why couldn’t water be 
a fomes? If cholera matter could spread from 
person to person through food, it might do so as 
well via water. That would explain epidemic out-
breaks that aren’t propagated, person to person. 
Water supplies contaminated by cholera discharg-
es would spread the disease to people who had 
never touched the sick or their effects. 
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He broached these views in the winter of 1848-49 
with two medical colleagues. They were under-
whelmed and advised Snow to play this hand 
close to his vest until he had more convincing evi-
dence to offer than the observations of a nineteen 
year-old surgeon-apothecary apprentice. 
 The waiting period turned out to be a 
short one. Cholera began showing up in London 
early in the summer of 1849, and that August he 
learned of two neighborhood outbreaks south of 
the Thames that suggested water-borne trans-
mission. While investigating them he saw indica-
tions of substantially more cholera mortality in 
south London than north of the river where he 
lived and conducted most of his anesthesia prac-
tice. The Weekly Returns confirmed this impres-
sion: in the two waves of the current epidemic 
the southern districts racked up more deaths 
than the rest of the metropolis combined, even 
though they only accounted for a quarter of the 
total population. All the waterworks serving south 
London were located on a stretch of the Thames 
heavily polluted by major sewer outlets. 
 Bingo! 
 He put the finishing touches on a manu-
script, hand-carried it to the publishing house of 
John Churchill, near his own Soho apartment, and 
paid in advance for a small number of impres-
sions. On the Mode of Communication of Cholera, 
a thirty-one page pamphlet appeared in Septem-
ber 1849. 
 Reaction was ambivalent at best, derisive 

at worst: Perhaps, wrote one reviewer, but Dr. 
Snow had arrived too late in the day to trace the 
contaminated water in Horsleydown and Albion 
Terrace to previous cholera cases. He presents no 
evidence that could not be explained by the dis-
semination of effluvial gases, commented another. 
And what a peculiar notion that piped Thames wa-
ter could spread cholera throughout south London. 
Yes, it’s polluted, horribly so. But come now! The 
sheer volume of water would render the materies 
morbi of cholera innocuous if it even exists in the 
river. 
 William Farr at the GRO, however, pricked 
up his ears. This chap’s doings are worth watch-
ing. 

Natural experiments in Exeter and Hull

A few months later Snow brought him striking 
information about what had occurred when the 
towns of Exeter and Hull altered their respective 
water supplies between the 1832 and 1849 epi-
demics. 
 In Exeter, the number of deaths dropped 
from 345 during the 1832 epidemic to less than 
20 in 1849. Dr. Shapter from that town suggested 
this improvement was due to the construction 
of water works on the river Exe since 1832, two 
miles above the tidal reach. In short, the water 
supply of Exeter was no longer vitiated by com-
munal sewage contamination. 
 The population of Hull had not fared as 
well from sanitary improvements undertaken be-
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tween the two epidemics. New sewer drains car-
ried half the town’s waste into the river Hull, well 
below the point where the machines of a new wa-
ter works extracted water for its system of pipes 
supplying the town. The architects of this scheme 
did not worry about a confluence with the river 
Humber less than three miles downstream. It was 
only twice a day that the tide carrying salt water 
from the north Atlantic into the Humber reversed 
the flow of the Hull for many miles, past the 
sewage outlet and past the inlet line to the water 
works. The solution seemed simple enough; shut 
down the water works on a waxing tide, resume 
operation when it’s waning. Nonetheless, the 
town of Hull experienced ten times more deaths 
from cholera and diarrhea in 1849 than during 
the 1832 epidemic. 
 Farr considered Snow’s information on 
Exeter and Hull significant because deleterious 
effects of impure water seemed to explain some, 
although not all, cholera mortality in the 1848-49 
epidemic, which the GRO had just begun to ana-
lyze. Physicians since Hippocrates had proclaimed 
impure water injurious to health. Polluted water 
could predispose someone to a variety of diseas-
es, whether, as outlined in Farr’s 1842 nosology, 
a sporadic disease such as dropsy or any of the 
zymotic diseases. Amongst the latter, the specific 
nature of contamination was determining since, 
hypothetically, each zyme is only excited by 
molecular structures similar to itself. Excremental 
waste would qualify as a cholerine exciter since it 

contains partially digested food; any inadvertent 
increase in the sewage content of a town’s wa-
ter supply would, statistically speaking, augment 
cholera morbidity and mortality, as well as that 
of other epidemic diseases. Inversely, enhancing 
the purity of the water supplies should decrease 
the amount of all disease since it eliminates one 
predisposing factor, among many.  
 Snow would have replied that excrement-
laced water is certainly offensive to taste and 
sensibility, but drinking it won’t necessarily cause 
or predispose one to diseases like cholera. The 
natural experiments in Exeter and Hull show that 
sewage-contaminated drinking water increases 
cholera mortality only if the contaminant is very 
specific: waste from previous cholera victims. 
 Not necessarily, according to Farr. All we 
know is that purer water in Exeter was associated 
with much-reduced cholera mortality in 1849, 
whereas the introduction of river-polluted water in 
Hull was associated with horrific mortality. 
 When the Statistical Office clerks con-
firmed Snow’s other findings (but not his mono-
causal theory), Farr penned an introduction to the 
GRO report on the 1848-49 epidemic that gave 
credibility to Snow’s fecal-oral hypothesis as a 
possible, but not sole, mechanism for the trans-
mission of cholera: 

That cholerine is an organic matter, cannot, I 
think, be doubted by those who have studied 
the whole of its phenomena and the general 
laws of zymotic disease. The great questions 
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remain — Is cholerine produced in the hu-
man organization alone and propagated by 
excreted matter? Is it produced and propa-
gated in dead animal or vegetable matter or 
mixed infusions of excreta and other matter 
out of the body? Is it propagated through 
water? through air? through contact? or 
through all these channels? 

Snow’s steed had entered the lists. He was ready 
to tilt, confident about his prospects, in part, 
because Farr had promised to be with him, albeit 
out of the limelight, facilitating and collaborating.

Snow and Farr as collaborators

Even though Farr considered Snow deucedly 
hard-headed when he insisted that cholera had a 
single cause, their agreement that the ingestion 
of impure water is potentially deleterious to the 
bodily economy made the two keen to cooperate. 
Both were sanitarians who saw a mutual advan-
tage in working closely together. 
 With Exeter and Hull in mind during the 
early 1850s, they stood shoulder-to-shoulder 
in opposition to expansions to a sewage sys-
tem that would spew even more waste collected 
from northern districts of the metropolis into the 
Thames near London Bridge. Just a short distance 
upriver lay inlet pipes of several private water 
companies supplying the western and southern 
districts. That is, the same water that had flushed 
water closets in one part of the metropolis was 
being piped into the courts and kitchens in other 
parts — a feedback loop that prevented every 

right-minded sanitarian from sleeping soundly 
through the night. 
 But on the other side of the dispute, sew-
er commissioners and water-company directors 
slept very well indeed. They were confident that 
two ebb tides per day are more than sufficient to 
carry the city’s noxious waste into the North Sea. 
For them, the problem was simple. Surface filth 
is public enemy number one and the fundamen-
tal cause of impure water and escalating urban 
morbidity. The quality of London’s streams and 
groundwater will only be improved when efflu-
ent from offensive trades and leaking cesspools 
is diverted into a proper, fully integrated drainage 
system that empties into the Thames. The river 
will clean itself.  
 What about tidal flow, countered the sani-
tarians? Sewage clings to mudflats as the river 
recedes, and is then picked up several hours later 
and carried far up the Thames and its tributar-
ies, especially the River Lea. That’s why so many 
Londoners will walk long distances to a street 
pump rather than dip their pails into a foetid cask 
of company water closer to hand.
 Directors of the private water compa-
nies serving the metropolis claimed they had the 
problem of sewage-contaminated mudflats under 
control. Holding ponds and sand filtration capture 
everything untoward left behind by the tides. 
Pure water comes out the tap. Besides, sewage 
contamination of the Thames is moot since 1852, 
thanks to Parliament’s gross over-reaction to data 
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on cholera mortality presented by the GRO. The 
Acts of 15 & 16 Victoria (1852), which mandated 
relocation of remaining water works beyond the 
tidal reach of the Thames and its tributaries, de-
manded a massive investment of capital and less 
profit for our investors. But we follow the law, no 
matter how wrong-headed and in restraint of fair 
trade. We are making good progress and those 
of us who were ordered to construct new water-
works will have done so within a few years. That 
should be time a’plenty before a third cholera 
visitation reaches London; after all, the gap be-
tween the first two epidemics was sixteen years. 

London cholera epidemic of 1853

No one guessed right. Epidemic cholera returned 
to London late in the summer of 1853. In the 
districts south of the Thames, which had suffered 
disproportionately during the 1849 epidemic, the 
Lambeth Water Company had opened new wa-
terworks at Thames Ditton, above the Teddington 
Lock, in 1852 and no longer drew Thames wa-
ter from works near the Hungerford Suspension 
Bridge. The company primarily served custom-
ers residing in the large registration district of 
Lambeth, from which it drew its name. Its chief 
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competitor, the Southwark & Vauxhall (S&V) 
Water Company, had a larger market share south 
of the Thames, serving 50% more houses than 
the Lambeth overall, mainly in Wandsworth. S&V 
directors had decided in 1852 to construct new 
works at Hampton and pipe raw river water to 
upgraded filtration reservoirs at Battersea; they 
estimated completion by September 1854. Un-
til then, our customers will continue to receive 
potable water drawn from the Thames at the old 
Battersea works. That’s nothing to worry about, 
however. Elevation is the major determinant of 
cholera mortality. Mr. Farr of the GRO tells us so. 
Purer water will not help those unlucky enough to 
live in the south London floodplain.

How unlucky, precisely, wondered Farr as the 
1853 epidemic entered its eighth week. Had purer 
Lambeth water resulted in lower predisposition 
to cholera in the districts it served? Had other 
companies made significant alterations since the 
1849 epidemic that might affect cholera mortality 
in the metropolis? It was time to lay the statistical 
groundwork for an Exeter-like comparison, start-
ing with updated information on the state of the 
London water supply. The GRO requested updated 
information from all ten private water compa-
nies in the metropolis: had anything changed in 
sources, filtration, and areas served since 1849? 
 Replies dribbled in over a period of six 
weeks, after which Farr’s clerks began their 

analysis. Only the Lambeth Company had made 
significant improvements in supply since 1849, 
providing purer water from the new water works 
at Thames Ditton. The impact on cholera mortal-
ity appeared to be substantial: in the aggregate 
of districts supplied by Lambeth and S&V, there 
were fewer deaths per 100,000 inhabitants than 
in districts supplied solely by S&V, whereas it had 
been the reverse during the 1849 epidemic. The 
GRO published supplements and tables in succes-
sive Weekly Returns in November and December 
of 1853 which showed how the two companies 
were faring in this unanticipated and unwelcome 
competition. 
 Snow found the makings of an Exeter-like 
natural experiment in the table at the end of the 
supplement on water supply attached to the 19 
November 1853 return. Mortality in districts joint-

ly supplied by Lambeth and S&V was two-thirds 
of those where S&V was the sole provider. He was 
certain the reduction was due to the fact that the 
Lambeth Company no longer pulled water from a 
heavily polluted part of the Thames, whereas S&V 



18

31 August 1854

still did so. Such before-and-after comparisons 
were crude and easily challenged because factors 
other than water purity were impossible to rule 
out. But it was something to follow up when the 
epidemic was over.
 The return for the week ending 26 No-
vember was a game-changer. Snow’s eyes spied 
an entry at the bottom of the summary table 
on the first page of the return: “In three cases 
(marked with an asterisk) the same districts are 
supplied by two companies.” He focused on the 
second of the three: 

Snow remembered reading Joseph Quick’s tes-
timony before the commissioners inquiring into 
the State of Large Towns and Populous Districts 
in the mid-1840s that parts of South London, un-
like registration districts north of the river, were 
served by competing water companies. He had 
paid little attention to this situation since such 
competition was insignificant from a public health 
perspective as long as both companies provided 
water drawn from similar sources. They no longer 
were. 
 Lambeth had shifted its supply between 
two cholera epidemics, S&V had yet to do so. If 
the cholera mortality comparison could be nar-
rowed to the intermixed districts — a relatively 
contained area supplied by both companies, one 
providing pure water, the other impure water to 
the same socio-economic ranges of residents — 

then most extraneous factors would be eliminated 
and the GRO’s findings on cholera mortality no 
longer subject to serious scientific challenges. 
Farr was wrong. A chance event had changed 
everything: Snow believed an experimentum 
crucis, a defining investigation, was possible in 
South London if he could establish which of the 
two companies supplied each household where 
someone had died of cholera. 

 But he couldn’t pull that off this late in 
the season. The winter solstice was less than 
a month away and there was already insuf-
ficient daylight, given his current schedule, to 
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track down the requisite information for over 
two hundred cholera deaths since the epidemic 
began fourteen weeks ago. December was a busy 
month for operations at London hospitals, all but 
one situated north of the Thames. Snow would 
often be administering anesthesia until noon, at 
least. He would not have time to walk to distant 
parts of south London, conduct interviews, and 
return before the sun had set between three and 
four in the afternoon. The experimentum crucis 
was only doable if the cholera epidemic resumed 
before Southwark & Vauxhall could shift its sup-
ply source to new works near Hampton by late 
summer, 1854. Not exactly something to hope 
for. But if it happened, he was determined to be 
ready. 
 Snow did what could be done over the 
winter. The Statistical Office published a list of all 
cholera deaths in London from the epidemic’s be-
ginning in August 1853 until its conclusion in Jan-
uary 1854. No names, of course, but there was a 
street address where each death occurred. Snow 
aggregated this data by sub-districts. Thereaf-
ter Farr provided documentation of sub-district 
capital investment in pipes and property by S&V 
and Lambeth. Snow also consulted a watershed 
map from the 2nd Health of Towns Report (1845) 
that he had used in an 1851 paper read before 
the London Epidemiological Society, then organ-
ized sub-district cholera mortality data according 
to whether the water supply was provided by S&V 
alone, Lambeth alone, or both. 

 In the next meeting with Farr, it quickly 
became obvious that the results were bitter-
sweet, at best. 
 Snow was quick to point out that his hy-
pothesis was supported by the fact that registrars 
had recorded no deaths from cholera in three 
sub-districts served only by the Lambeth Com-
pany. The combined effects of purer water and no 
person-to-person propagation. 
 Maybe, maybe not, countered Farr. Look 
at the average elevation of these three sub-
districts: from 66 to 128 feet above Trinity High 
Water mark. The elevation law explains why they 
were free of cholera. Activated cholerine carried 
by mist off the Thames had condensed before it 
reached the higher elevations. 
 Snow took his point, but responded that 
the elevation law doesn’t explain why the average 
cholera mortality per 100,000 residents in the 
twelve sub-districts served exclusively by S&V (at 
eight feet above THW) was nearly 110, whereas it 
was just 59 in sixteen intermixed sub-districts at 
one foot THW. The absence of London sewage in 
water provided by the Lambeth Company would 
explain what elevation cannot.
 Perhaps. But so would predisposition. Im-
pure water renders some individuals susceptible 
to aerial infection who would otherwise be unaf-
fected. That’s why there will always be residual 
mortality due to impure water after correcting for 
elevation. 
 Predisposition is not an explanation, it’s 
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an admission of medical ignorance. Why fall back 
on that when the simple answer is there for all 
to see? Everyone who draws a bucket of impure 
water will not receive a morbid prize. The mater-
ies morbi from cholera patients draining into the 
Thames is diluted, but not infinitely so. Its basic 
cellular structure remains intact and capable of 
spreading the disease to the few unfortunates 
who inadvertently drink it. 
 Cells? The cholera is a living animalcule?
 Not necessarily. But it’s a morbid poison, 
so the active agent would be similar to the fluid 
in smallpox postules which appear to be cellular. 
In the absence of clear identification, it may be 
called a special animal poison or, in zymotic vo-
cabulary, an organized ferment. 
 Farr was immovable. Snow lacked the 
trump card he thought would have won him this 
hand: a proper house-to-house investigation of 
water usage in all houses in the intermixed sub-
districts where someone had died from cholera. 
The sub-district numbers suggested a two-fer in 
the making. If mortality in houses supplied with 
water by the Lambeth Company hovered in the 
range of simple contagious propagation found 
at higher elevations in the metropolis, then the 
natural experiment would put to rest Farr’s eleva-
tion law for London. It would also offer incontro-
vertible proof of his own hypothesis that drinking 
sewage-adulterated water in times of cholera 
explains the epidemic expression of that disease. 
That was the sweet part. The bitter part was a re-

alization that this chance opportunity was unlikely 
to re-occur in 1854; the two previous cholera epi-
demics in London were concentrated in a single 
year.  

Epidemic cholera returns to London in July 1854

Then, once again, chance favored a prepared 
mind. Cholera was raging in St. Petersburg and 
Kronstadt, where the British Baltic Fleet was de-
ployed. The British Admiralty forbade shore leave 
and any contact with Russian shipping. But there 
was no policy against dropping a pail on a rope 
into the Gulf of Finland and pulling up drinking 
water considerably fresher than what was served 
from casks stored in the ship’s hold. Cholera 
began appearing on the large naval ships shelling 
Kronstadt early in the summer of 1854; steam 
vessels carried the sick and the injured out of 
the Baltic Sea, through the Kattegat and Skager-
rak, across the North Sea, and up the Thames to 
Greenwich. Five cases of cholera ended in death 
during the second week of July; all were on board 
ships or at riverside residencies near Greenwich. 
 The following week’s tally of cholera 
deaths confirmed that the disease had unexpect-
edly revisited metropolitan London for a second 
year in succession. Twenty-six died in the week 
ending 22 July — the first official week of the 
1854 epidemic, followed by 133 the fourth week 
of July. 
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Wednesday 9 August.
 Snow carefully studied the most recent 
Weekly Return. There was no tabular breakdown, 
just a long list of individual cases, 399 in all. He 
concentrated on the 290 in south London. Almost 
seventy-three percent of all deaths in the London 
metropolis had occurred south of the Thames. 
As in 1853, south London districts were suffering 
disproportionately from the get-go. This epidemic 
was shaping up to be an 1853 reprise. Time to 
accelerate preparations.
 This Return for the week ending 5 Au-
gust organized cholera deaths by sub-districts. It 
was a simple matter for Snow to tick each of the 
sixteen intermixed sub-districts he had identi-
fied over the winter. He did the same for each of 
the three previous Returns, which he had been 
saving, and systematically recopied the deaths 
in every inter-mixed subdistrict during 
the first four weeks of the epidemic. By 
his reckoning, if the inordinate mortal-
ity in the southern districts was due to 
cholera discharges in Battersea water, 
the disparity between houses served by 
S&V and Lambeth would be the great-
est early in the epidemic. Once normal 
propagation set in, some residents 
receiving Lambeth water would contract 
the disease by other means, thereby 
partially masking the actual impact of 
drinking pure and choleraic-polluted 
water. The 134 addresses in these six-

teen sub-districts would constitute the basis of his 
investigation if the epidemic continued. 
 Snow checked his diary: very few chloro-
form administrations scheduled after the middle 
of the month. Try to keep it that way. Next week 
could be the tipping point. 

Thursday 17 August 1854. 
 Snow scanned the Times at breakfast. 
“Health of London,” a synopsis of the most recent 
Weekly Return for 12 August 1854, was on page 
9. Deaths were climbing, 644 in the last week, 
446 — a horrific 69% — in the south districts. 
But in the fourth week of the 1849 epidemic, 823 
had died with an even higher percentage south of 
the Thames. Could the difference be due to purer 
Lambeth water drawn the river at Thames Ditton, 
above the Teddington Lock? Most likely.
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 Time to find out if a natural experiment 
was underway in the inter-mixed areas served by 
the two competing companies. If so, there should 
be significantly less cholera mortality amongst 
Lambeth customers than S&V customers receiv-
ing Battersea water drawn within the tidal reach 
of the Thames. 

 Snow looked at the Times’ breakdown of 
cholera mortality by sub-districts in every district. 
He ran his finger along the figures for the eleven 
southern districts. The district of Lambeth stood 

out with 71 deaths. Hmm! Quick double-check of 
the 5 August Return; there were 33 that week, so 
mortality had more than doubled. Thirty of the 71 
deaths were in the two Kennington sub-districts. 
Although the watershed map from the Health of 
Towns Report showed that both Kennington sub-
districts were only partially within the intermixed 
area, the capital outlay figures for the competing 
companies were roughly equal and the extent of 
their services might be as well. He’d begin the 
investigation there. 
 Snow had three chloroform administra-
tions scheduled that morning. After breakfast, he 
walked west on Piccadilly to St. George’s Hospital 
at the intersection of Hyde Park Corner and Gros-
venor Place. No complications during the removal 
of a breast tumor or a below-knee amputation. He 
left the hospital, walked through Mayfair, crossed 
Oxford Street near Cavendish Square, and con-
tinued to a private residence near Portland Place, 
just south of Regent’s Park. The patient there, 
however, reacted violently to chloroform and 
required restraint while Snow held the mask to 
his face, suddenly became worrisomely rigid, and 
then just as suddenly lapsed into insensibility. The 
surgeon applied a lime-potassa paste to the pa-
tient’s venereal warts as Snow turned a valve on 
the face-mask. The patient inhaled fresh air and 
gradually awoke. Snow waited at the bedside long 
enough to note, with relief, that the man exhib-
ited neither sickness nor depression. 
 Snow walked quickly the mile and a half 
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to his house, deposited his anesthesia kit, and 
continued on to the GRO offices in Somerset 
House. Farr gave him access to the full list of 644 
deaths in the 12 August Return. For the time be-
ing, Snow copied just the thirty addresses for the 
two Kennington sub-districts, put them behind 
the fourteen that had died in those sub-districts 
as listed seriatim in earlier Weekly Returns, 
left Somerset House, and crossed the Waterloo 

Bridge into South London. The shoe-leather epide-
miologist was afoot.  

Snow was amazed by the intermingling of the two 
water companies in Kennington. There weren’t 
just parallel pipes in most streets, as Joseph 
Quick, the engineer at S&V, had testified before 
the Commissioners who wrote the Health of Towns 
Reports a decade ago. The pipes of both compa-
nies ran into most alleys, courts, and mews. Now 
and then a house is supplied just by one compa-
ny, depending on which an owner selected when 
rate wars were in place. They are the exception. 
Even so, it’s typical that a house has a different 
supply from its neighbors on either side. Both 
companies are used by rich and poor, both supply 
magnificent family homes and near-derelict row 
houses.  
 In just these two sub-districts alone, at 
least thirty thousand people are unwitting sub-
jects in a huge natural experiment. Over the 
course of the present epidemic, it will become 
clear if the inhabitants of households supplied 
with impure S&V water from within the tidal reach 
of the Thames at Battersea are more likely to 
come down with cholera than their neighbors who 
happen to receive Lambeth water piped in from 
the Thames at Thames Ditton, which is largely 
protected from north Atlantic tides by the Ted-
dington lock. 
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Thursday 24 August (resumed from pp. 7-8).
 William Farr agreed with Snow that the 
distribution of cholera fatalities during the first 
six weeks of the current epidemic in metropolitan 
London suggested a repeat of what had happened 
in 1853. There was dramatically higher mortal-
ity in every district supplied, all or in part, by the 
Southwark & Vauxhall Company. On the other 
hand, there were very few deaths from cholera in 
the four sub-districts where the Lambeth Compa-
ny is the sole provider of piped water; but that’s 
not surprising since all four are outliers in South 
London, with much higher elevations than sub-
districts in the Thames floodplain. 
 Snow handed Farr a list of addresses 
where someone had died of 
cholera in two Kennington sub-
districts during the first five 
weeks of the epidemic. He had 
visited every house in which the 
registrars for these two sub-
districts had recorded a death 
from cholera during the first 
five weeks of the 1854 cholera 
epidemic. He had also made 
additional inquiries when a fatal 
attack and death had occurred 
at different addresses, plus as-
certained whether water supply 
was from a pump or one of two 
competing companies.  

 Snow was excited. His preliminary results 
showed a disproportion of 10 to 1 amongst hous-
es in Kennington. But if S&V pipes water to ten 
times more houses in Kennington than Lambeth 
does, then ten times the deaths in S&V supplied 
houses isn’t significant in terms of disease causa-
tion. Data on each company’s capital outlay in 
pipes throughout Kennington suggest each com-
pany serves roughly the same number of houses. 
The actual exposure ratios cannot be calculated 
until these mortality figures are divided by the 
precise number of houses each company supplies 
in the two sub-districts.
 Farr looked puzzled. What do you mean 
by exposure ratios in this situation?

 Shorthand for 
deaths per total units of 
exposure. Enumerators in 
the 1851 census recorded 
over 300,000 inhabit-
ants in the sixteen sub-
districts where these two 
companies have shared 
watersheds. During the 
1849 cholera epidemic 
there were over 3900 
deaths in these inter-
mixed watershed sub-
districts. Since the Lam-
beth Company now draws 
its water from a purer 
portion of the Thames, 

Kennington, Second Part

 Supply    No. of Houses
Southwark and Vauxhall   11
Lambeth       2
 Total     13

Kennington, First Part

 Supply    No. of Houses
Southwark and Vauxhall   27
Lambeth       2
Pump-wells on premises          2
 Total     31
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my hypothesis is that there should be a significant 
decrease in overall mortality from cholera in the 
intermixed area. If so, we may add South London 
to the list of metropolitan natural experiments, 
such as in Exeter, where the introduction of purer 
water reduced cholera fatalities. But to take full 
advantage of the current situation, I intend to 
make inquiries at every house in the sixteen in-
termixed sub-districts where someone contracted 
a fatal case of cholera from the beginning of the 
epidemic in July until it peters out in the autumn, 
most likely. Eventually, we’ll know how many chol-
era victims in each intermixed sub-district drank 
S&V water, how many drank Lambeth water, and 
how many drank water from a pump, a ditch, or 
a pail dipped into the Thames. But total cholera 
fatalities potentially attributable to the two water 
companies in each intermixed sub-district must be 
adjusted to reflect the proportion of houses each 
company supplies.
 Farr was silent a moment before giving 
Snow some unexpected news: The GRO doesn’t 
have such information.
 Pardon?
 The most recent returns made to Parlia-
ment by the two companies detail only the total 
number of houses supplied in South London dur-
ing the calendar year, 1853. Let’s see: 40,046 by 
S&V, 26,107 by Lambeth. The specificity you seek 
wasn’t requested by the Registrar-General last Oc-
tober; we know that S&V’s watershed extends into 

twenty-eight sub-districts, Lambeth’s into twenty. 
But we do not know how many houses each 
supplies in individual districts, let alone at the 
sub-district level. At this juncture, it would take 
a special Parliamentary request to get something 
more detailed for 1853. Assuming Parliament 
agrees — and that’s no certainty in the current 
political climate, where water company directors 
and investors remain suspicious of a government 
that considered eliminating them altogether in the 
wake of the 1849 cholera epidemic — the GRO 
would not receive such information until well into 
next year. 
 Snow was stunned. The method he had 
devised to test the effect of metropolitan water 
supply on the communication of cholera within 
the intermixed watersheds of South London as-
sumed the availability of data on the number of 
houses the competing companies served in each 
sub-district. 
 Farr wondered if Snow’s project could 
be salvaged by using population data instead of 
houses for the denominator? The 1851 census 
provides figures on total population in each regis-
tration sub-district, from which the current popu-
lation of the intermixed area can be estimated. 
 Not really. Half of the intermixed sub-dis-
tricts are still dominated by one company, some 
to the degree that the competitor only supplies a 
smidgen of houses. Population-based ratios using, 
for example, 10,000 inhabitants as the denomina-
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tor, would yield unreliable and, perhaps, unfair 
results in some of the intermixed sub-districts. 
However, we could expand the scope of the ex-
periment to include cholera fatalities in all sub-
districts that either company serves, divided by 
proportionally adjusted figures on total numbers 
of houses. What were they again?
 S&V 40,046, Lambeth 26,107. 
 If the denominator becomes total number 
of houses served per 10,000, then the propor-

tion is 4.0 S&V to 2.6 Lambeth. Totals for cholera 
fatalities in all houses supplied by the two compa-
nies must be adjusted in order to account for the 
difference in the extent of their respective water-
sheds. Let’s check our arithmetic on my prelimi-
nary results in the two Kennington sub-districts: 

S&V, 27 + 11 = 38 ÷ 4.0 = 9.5
Lambeth, 2 + 2 = 4 ÷ 2.6 = 1.5. 
Simplifying the comparison: if 9.5:1.5::x:1, 
    then x = 9.5 ÷ 1.5, or 6.3. 

So, if the proportion of total 
houses each company sup-
plies were to exist in Ken-
nington, then South London 
inhabitants receiving piped 
water from S&V were be-
tween six and seven times 
more likely to die from chol-
era than those living in neigh-
boring houses connected to 
Lambeth Company pipes. 
 The preliminary figures 
for Kennington are for num-
bers of houses in which  a 
fatal attack occurred. What 
if there were more than one 
fatality in a house, as we 
know there are in other sub-
districts?
 Pure happenstance. Total 
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fatalities will be the numerators, but I’ll keep 
track of numbers of affected houses, regardless 
of how many deaths occur in them, per com-
pany as well, in case that seems significant later. 
Although I’ll aggregate fatalities in the respective 
company’s entire watershed, I’ll also keep totals 
by sub-districts in the event Parliament requests 
additional information from the water companies. 
 Wait a tick. Farr looked at the latest 
Weekly Return. Nearly 1200 people have been 
registered as dying from cholera in South London 
during the first six weeks of the current epidemic, 
and the peak is still not in sight. One person 
cannot visit that many houses. I can instruct all 
registrars throughout metropolitan London to 
inquire about water supply at every house where 
someone dies of cholera after the 26th. We’ll tally 
the results and give you all specifics for South 
London.  
 Offer accepted, with gratitude. 
 However, the GRO cannot assist you in 
making inquiries on fatal attacks. My hunch is 
that seven-week totals for South London will 
exceed 1500. Cholera fatalities at addresses in 
Greenwich and Lewisham served by the Kent 
Water Company don’t affect your study; but the 
reduction is likely to be marginal. You’ll need to 
hire a co-investigator. 
 Snow was silent for several moments, 
then reluctantly agreed that Farr’s assessment 
was spot-on. However, Snow insisted that he 
should personally investigate all fatal attacks in 

the sixteen intermixed sub-districts so he could 
complete the analysis of the natural experiment 
as originally envisioned when the water compa-
nies provided sub-district level data on the num-
bers of houses they served. 
 If! Not when!
 Point taken. Snow then suggested that he 
also make inquiries in the four sub-districts where 
Lambeth is the sole provider of piped water, since 
then one person would have investigated every 
fatal attack potentially connected to the com-
pany  distributing purer water early in the epi-
demic, when propagation by other methods was 
less likely than it would become as the epidemic 
advanced. He would put out feelers for a medical 
man to undertake all inquiries in the twelve sub-
districts where S&V had no competition.  
 Farr agreed that this plan was far better 
than abandoning the natural experiment in South 
London altogether. Analysis of the two companies’ 
complete watersheds would at least be a natural 
experiment on the Exeter/Hull models ― a be-
fore/after comparison 
of cholera deaths 
subsequent to a 
change in the quality 
of water. And it has 
the potential to be 
very persuasive.
 The two 
Waterloo Road sub-
districts suddenly 
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moved to the top of Snow’s to-do list. Both lay 
fully within the intermixed area. Both were easily 
reached from his house via the Hungerford Sus-
pension Bridge. 
 He’d return with his findings next week.

Thursday afternoon
31 August 1854
 Snow put something else on the desk. 
Farr picked it up. Two 
pieces of proof paper 
containing a printer’s 
impression for an 
insert in the coming 
Saturday’s issue of 
the Medical Times 
and Gazette. Farr 
scanned it quickly. 
Yet another letter to 
the editor by John 
Snow of 18 Sackville 
Street.
  Farr’s at-
tention settled on a 
tabular section con-
taining sub-district 
data. The Kennington 
figures he had seen 
previously would 
have to be updated; 
cholera mortality 

there had again doubled in a week. The figures for 
the two Waterloo Road sub-districts through 19 
August were new to him. A 6.5 to 1 mortality dif-
ference between S&V and Lambeth; not as strik-
ing as the initial investigation of the Kennington 
sub-districts Snow had shown him last week, but 
normal propagation of cholera may have begun. 
The Waterloo Road numbers included a calculation 
for number of deaths per company, reflecting the 

altered dimensions of the natu-
ral experiment, although Snow 
had chosen not to mention this 
in his letter to the editor. 
 Snow moved on. Mr. 
John Joseph Whiting, recently 
qualified as Licentiate in the 
Apothecaries Company, has 
agreed to conduct inquiries in 
Bermondsey and the rest of 
the S&V exclusive sub-districts. 
He’ll definitely investigate the 
200 deaths that occurred in 
there through 5 August. There-
after he may be leaving London 
to take over his father’s prac-
tice in King’s Lynn. That would 
leave 644 un-investigated 
cholera deaths in those sub-
districts between 5 and 26 Au-
gust, after which the registrars 
take over inquiries. May have 
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to estimate death rates for those three weeks, 
based on what happens in other sub-districts.
 What’s the current status of the investiga-
tion in the intermixed sub-districts?
 Snow noted that Farr was looking at the 
printer’s proof of the table. Mind you, the letter 
to be published by MTG on Saturday isn’t up to 
date. Making good progress. Early difficulties are 
now sorted. Should be able to finish inquiries on 
the water source of deaths registered through 26 
August at all addresses in the Kennington sub-dis-
tricts in the coming long weekend, perhaps make 
some inroads in Brixton and Clapham as well. May 
overnight at Mr. Richardson’s in Mortlake to save 
travel time. 


