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Cholera Epidemiology: Analysis of the 1854 Outbreak, London, England

Figure  1: John Snow's original m ap  sym b olize d  with we ighte d  sym b ols, p um p s,
ge ograp hic c e nte r and  we ighte d  c e nte r.

Ep id e m iology e xp e rie nc e d  a m ajor b re akthrough in 1854 in a ground b re aking stud y of Chole ra outb re aks in the  p ove rty stric ke n stre aks of L ond on,
England . John Snow, a p hysic ian, coup le d  ge ograp hy of d e ath and  a knowle d ge  of e p id e m iology to save  hund re d s if not thousand s of live s. 
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John Snow’s original m ap  is d igitize d  on the  le ft with the  original d ata 
also transcrib e d  into a grad uate d  sym b ology whe re  m ore  d e aths are  
shown b y large r sym b ols. Each c ircle  is p lac e d  at an ad d re ss whe re  a 
d e ath was re c ord e d , and  the  sym b ol grows the  m ore  d e aths hap p e n 
that ad d re ss. W ate r p um p s are  shown with a wate r d rop  sym b ol. T his 
is e sse ntially the  only d ata Snow had  whe n he  cam e  to his conc lusion. 
Onc e  the  d e aths had  b e e n p lotte d  ge ograp hically, Snow re c ognize d  
a cluste re d  p atte rn of d e aths around  the  wate r p um p s in the  are a. 

Figure  2. T hie sse n p olygons for the  wate r p um p s in the  stud y are a and  the  stand ard  
d istanc e  for the  d e aths in the  stud y are a, L ond on.
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Figure  3. Ge tis Ord  Gi Hot sp ot analysis of are a around  the  Broad  Stre e t Pum p ,
L ond on. Com p ute d  using 105 m e te r b and s and  d isp laye d  using an inve rse  d istanc e  
we ighte d  m e thod . 

Ad vanc e d  sp atial statistics in the  case  of e p id e m iology are  b ase d  
on e ach p oint’s re lationship  to e ac h othe r, as we ll as to a 
com p le te ly rand om  d istrib ution. Incre m e ntal sp atial autocorre lation is 
use d  to quantify how m uch e ac h fe ature  is sp atially and  num e rically 
sim ilar to the  othe r p oints ne arb y and  if the re  is a group ing of sim ilar 
d istanc e s away. T his group ing d istanc e  is use d  in the  Ge tis-Ord  GI* 
statistic to id e ntify sp atial c luste rs of high and  low value s. U sing an 
inve rse  d istanc e  we ighte d  inte rp olation te c hnique , d ata is 
inte rp olate d  for are as whe re  d ata had  not b e e n c olle cte d , cre ating 
a continuous surfac e  calle d  a ‘hot sp ot’ m ap , whic h is e asie r to 
inte rp re t. T he  z-score  re fe rs to the  num b e r of stand ard  d e viations 
away the  m e an (rand om ) d istrib ution. High z-score s re p re se nt 
statistically significant cluste rs of high value s, while  low ne gative  z-
score s re p re se nt statistically significant cluste rs of low value s. 

T ab or Re e d y, W W U , 11/20/2014, Data: W W U , ESRI Proje ction: W GS 1984 U T M Z one  30N
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T his conc lusion is illustrate d  b y the  ge ograp hic and  we ighte d  c e nte rs. 
T he  ge ograp hic c e nte r is the  m e an location of all d e ath ad d re sse s, 
and  the  we ighte d  m e an use s the  num b e r of d e aths to find  the  c e nte r. 
Both c e nte rs, b ut e sp e c ially the  we ighte d  c e nte r are  
re m arkab ly close  to a wate r p um p . Snow notic e d  this p atte rn 
and  c onc lud e d  the  p um p  should  b e  shut d own b e cause  
it was sp re ad ing c hole ra. 

T hie sse n p olygons are  cre ate d  as a first b asic ste p  toward  d igital 
analysis of the  d ata. T hie sse n p olygons are  p olygons that only 
inc lud e  one  fe ature , in this case  p um p s, and  any location in the  
p olygon is close r to its p oint than to any othe r p oint. T he se  
p olygons id e ntify p ossib le  are as of influe nc e  for e ac h p oint. T he  
stand ard  d istanc e  circle  shows how d isp e rse d  the  d e aths are . T he  
size  of the  circ le , c e nte re d  on the  we ighte d  c e nte r contains 1 
stand ard  d e viation (~68%) of the  d e aths. Sm alle r circle s re p re se nt 
m ore  c om p act sp atial d istrib ution, and  large r circ le s re p re se nt a 
large r sp atial d istrib ution. T he se  te c hnique s are  le ss b ase d  on 
statistics, m ore  on e asy p atte rn id e ntification. T he  thie sse n p olygons 
and  stand ard  d istanc e  in c onc e rt with the  num b e r of d e aths at 
e ac h ad d re ss m ake s inte rp re ting Broad wic k and  Carnab y
p um p s as infe cte d  m uch e asie r.

U sing Snow’s original d ata and  locations of d e ath we  can use  m od e rn 
ge ograp hic and  statistical te c hnique s to confirm  that Snow’s 
hyp othe sis and  p atte rns we re  truly significant. It also allows us to 
id e ntify p atte rns that Snow m ay not have  id e ntifie d . T he se  are  
te c hnique s that are  use d  in m od e rn e p id e m iology stud ie s 
to id e ntify inc id e nc e , d istrib ution and  p ote ntial origins. 

More  using m ore  ad vanc e d  sp atial statistic te c hnique s, it is 
com m on now to use  com p ute rs to id e ntify p atte rns in d ata that the  
hum an e ye  m ay not b e  ab le  to id e ntify. Sp atial statistics are  also 
use ful to com p are  p atte rns that id e ntifie d  b y b oth c om p ute rs and  
hum an e ye s. 

Ad vanc e d  sp atial statistics show that the re  are  statistically high 
value s of c hole ra infe ction surround ing the  Broad wic k Stre e t Pum p , 
and  that m ost of the  surround ing are a contains no significantly 
value s with the  e xc e p tion of som e  c luste re d  low value s in the  north. 
T he  Broad wic k Pum p  was the  original Pum p  id e ntifie d  as b e ing 
contam inate d , re sulting in its closure  and  inve stigation. 


