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This p ap er ex am ines the origins ofthe M ortality Rev olu tion from an ev olu tionary p oint ofv iew ,

in term s of the trade-offs b etw een v iru lence and dis eas e trans m is s ion.For dis eas es that are

trans m itted p ers on-to-p ers on and cannot p ers is t ou ts ide a hos t then there is ev idence ofs trong

s electiv e p res s u re agains t high hos t lethality .H ow ev er for p athogens w hich don’t dep end on

their hu m an hos t for trans m is s ion or can p ers is t ou ts ide a hu m an hos t (inclu ding p lagu e,

ty p hu s , s m allp ox and m alaria) then the conflict b etw een v iru lence and dis p ers alis redu ced.

Im p ortantly , the p rop erties that p erm itted thes e dis eas es to b e s o lethalals o m ade it eas ier for

relativ ely w eak interv entions to b reak the chain ofdis eas e trans m is s ion.The early controlof

thes e m ajor dis eas es w as as s ociated w ith large redu ctions in m ortality , b u t als o s hifted the

dis trib u tion ofcau s es ofdeath tow ards the les s v iru lent dis eas es ofthe ex trem es ofage and of

p ov erty .
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Introdu ction

A recent CAGE p u b lication, ‘H ealth, w ell-b eing and antim icrob ialres is tance: ins ights

from the p as t for the p res ent’, addres s ed the im p ortance ofan u nders tanding ofthe his torical

im p act and controlofinfectiou s dis eas es for es tim ates ofthe likely im p act ofw ides p read failu re

ofantib iotic therap ies (Dav enp ort et al., 201 4 ). The cu rrent w orking p ap er focu s es on a claim

m ade in that p u b lication that long-ru n trends in infectiou s dis eas e m ortality cou ld b e ex p lained

at leas t p artially b y a cons ideration ofthe ev olu tionary b iology ofindiv idu alinfectiou s dis eas es .

It focu s es on the firs t s tages ofm ortality decline (1 600 – 1 8 50), and on England, b ecau s e the

Englis h p op u lation is the only for w hich w e hav e reliab le es tim ates ofp op u lation and m ortality

rates b efore the m id-eighteenth centu ry . Readers are referred to the firs t p u b lication for

cons ideration ofthe p eriod c.1 3 00 – 2000 and for a glob alp ers p ectiv e.

1. The firs t s tage ofthe ep idem iologicaltrans ition in England

Recent accou nts ofw hat Eas terlin term ed the ‘M ortality Rev olu tion’ofthe las t centu ry s itu ate

the origins ofthis rev olu tion in the nineteenth centu ry and as s ociate it w ith the b reakthrou ghs

in m edicalknow ledge and technologies achiev ed in Eu rop ean and neo-Eu rop ean s ocieties in

that p eriod (Eas terlin, 1 998 ; Deaton, 201 3 ). H ow ev er w hile s ecu lar im p rov em ents in life

ex p ectancy date from the m id-nineteenth centu ry at the earlies t in England, the ap p arent

s tab ility oflife ex p ectancy es tim ates b efore this date (Figu re 1 ) conceals p rofou nd changes in

the s tru ctu re ofm ortality at leas t in north-w es t Eu rop ean p op u lations that w ere cru cialto the

s u b s eq u ent p recociou s ris e oflife ex p ectancy in thes e p op u lations .Dem ograp hic his torians date

the b eginnings of the dem ograp hic trans ition and s ecu lar m ortality decline from the late

eighteenth centu ry , and locate it in the N orth Sea b as in region.Figu re 1 s how s long-ru n life

ex p ectancy and infant m ortality es tim ates for England and for Sw eden.In b oth p op u lations life

ex p ectancy w as relativ ely high b y his toricals tandards , and ros e b etw een 1 7 50 and 1 8 20.The

Sw edis h p op u lation ex p erienced alm os t u nb roken im p rov em ents in life ex p ectancy from the

late eighteenth centu ry to the p res ent.H ow ev er the Englis h ris e in life ex p ectancy c.1 7 50-1 8 20

w as b raked b y rap id u rb anis ation in es p ecially the m iddle decades ofthe nineteenth centu ry .

The fact that Englis h life ex p ectancy did not re ve rse in this p eriod is rem arkab le giv en the

his torically u np recedented grow th and redis trib u tion of the p op u lation into u rb an centres in

this p eriod. Indeed the s tagnation of life ex p ectancy in the aggregate p rob ab ly conceals
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im p rov em ents in m ortality in b oth the grow ing u rb an and the dw indling ru rals ector of the

p op u lation (W oods ,1 98 5).

The early origins of the m ortality trans ition are often ov erlooked, p receding as they did the

s anitary reform s and econom ic grow th ofthe s econd halfofthe nineteenth centu ry and the ris e

of cu rativ e m edicine in the tw entieth. H ow ev er the ap p arently u nrem arkab le ris e in life

ex p ectancy at the aggregate lev elin England b efore 1 8 7 0 (Figu re 1 ) concealed v ery p rofou nd

changes in the s tru ctu re ofm ortality , p roces s es that w ere in fact initiated in the s ev enteenth

centu ry .Fiv e m ain changes occu rred.

1.1 Re d uc tionsinthe vola tilityofm orta lity

Figu re 2 illu s trates annu al cru de death rates (deaths p er 1 ,000 p op u lation) for the Englis h

p op u lation 1 54 0 -1 8 7 0, and totalannu alb u rials for London 1 604 -1 8 3 0.The larges t s p ikes in

m ortality coincided w ith p lagu e ep idem ics .H ow ev er the im p act ofp lagu e dim inis hed from the

m id-fifteenth centu ry , and p lagu e dis ap p eared from Scotland after 1 64 7 , from England after

1 666, and from w es tern Eu rop e after the 1 7 20s .N onetheles s s u b s tantialv olatility p ers is ted

into the early eighteenth centu ry in England, and only after the 1 7 4 0 s did m ajor cris es at the

nationallev elceas e.

The dem ograp hic his tory of England is u niq u ely w ell characteris ed from c.1 54 0 and

s u rp ris ingly indicates that as p op u lation ros e to its p rev iou s m ediev alm ax im u m of c.5 - 6

m illion (b y the m id-s ev enteenth centu ry ) fam ine did not intens ify b u t ins tead dis ap p eared, w ith

the las t nationw ide s u b s is tence cris is in the 1 590s (W rigley and Schofield, 1 98 9).England w as

ex trem ely p recociou s in es cap e from fam ine, and m u ch of the attenu ation of b u rialv olatility

reflects the p rogres s iv e attenu ation of the link b etw een food p rices and m ortality s w ings

(W rigley & Schofield, 1 98 9). The p os itiv e relations hip b etw een food p rices and m ortality

w eakened ov er the s ev enteenth centu ry and dis ap p eared at the national lev el after 1 7 50,

reflects p rogres s iv e im p rov em ents in the dis trib u tion of food v ia greater m arket integration,

and the op eration ofthe Englis h p oor law s (W rigley & Schofield,1 98 9;Kelly & Ó Gráda,201 4 ).

1.2.Shiftsinthe a g e struc ture ofm orta lity



4

The p rogres s iv e redu ction in the v olatility ofm ortality w as not how ev er accom p anied b y a ris e

in life ex p ectancy .On the contrary there w as a ris e in ‘b ackgrou nd’m ortality in the p eriod 1 600-

1 7 50 that fellm os t heav ily on infants and children.Before the m id-eighteenth centu ry adu lt

m ortality w as his torically high relativ e to infant and child m ortality .This featu re is v ery u nu s u al

in m odern p op u lations , to the ex tent that none ofthe s tandard m odellife tab les deriv ed from

nineteenth and tw entieth centu ry p op u lations can b e u s ed ap p rox im ate the early m odern

Englis h p op u lation (W rigley et al., 1 997 ).H ow ev er b y the early nineteenth centu ry the Englis h

p op u lation had attained a m ore ty p ical ‘m odel w es t’ p attern of age-s p ecific m ortality , w ith

m ortality concentrated in early childhood and late adu lthood. This p rofou nd s hift in the age

s tru ctu re of m ortality is docu m ented in Figu re 3 .Im p ortantly , m ortality m ov ed in different

directions for adu lts and children. Am ongs t adu lts m ortality declined from c.1 7 00, ev en as

m ortality w ors ened for infant and children.After 1 7 50 there w as p rogres s iv e im p rov em ent in

s u rv iv alofolder children (ages 3 + ),and m ortality b ecam e concentrated in early childhood (ages

1 -2).H ow ev er m ortality ofinfants (in the firs t y ear oflife) follow ed a m ore u nu s u altrajectory ,

ris ing b efore 1 7 50 and declining thereafter.W hen m ortality in this age range is decom p os ed

into neonatal(firs t m onth) and p os t-neonatal(ages 1 -1 1 m onths ) p eriods then it is clear that

older infants continu ed to ex p erience w ors ening m ortality together w ith one and tw o y ear olds .

Very y ou ng infants on the other hand ex p erienced im p rov em ents in s u rv iv al that w ere

chronologically v ery s im ilar to adu lts , s u gges ting that m ortality in the firs t m onth oflife w as

m ore clos ely related to m aternalhealth than at later ages (w hen infectiou s dis eas es dom inated

m ortality ).

1.3.Inc re a se sinm orta lityd iffe re ntia lsb ysoc ia lsta tus

The fall in life ex p ectancy of the Englis h p op u lation b etw een 1 650 and 1 7 50 (Figu re 1 )

coincided w ith a p eriod ofris ing realw ages ;conv ers ely ,higher life ex p ectancy b efore 1 650 and

after 1 7 50 w as as s ociated w ith falling realw ages (W rigley and Schofield,1 98 9).The ap p arently

ne g a tive as s ociation b etw een liv ing s tandards and life ex p ectancy identified in the Englis h

p op u lation b efore 1 8 00 is b orne ou t b y the lack ofev idence for gradients in s u rv iv alb y w ealth.

M os t s tu dies of m ortality b y s ocioeconom ic s tatu s in Eu rop ean p op u lations b efore the m id-

nineteenth centu ry indicate little p rotectiv e effect of w ealth, contrary to the s trong and

u b iq u itou s differentials in life ex p ectancy b y s ocial clas s in contem p orary p op u lations

(Bengts s on & v an Pop p el,2001 ;Kelly & Ó Gráda, 201 4 ).For England w e hav e only fragm entary

ev idence b efore the late nineteenth centu ry . Englis h p eers had low er life ex p ectancy in

adu lthood than the generalp op u lation u ntilthe m id-nineteenth centu ry , and nev er s u rp as s ed
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thos e liv ing in p oor and rem ote b u t healthy ru ralareas (Sm ith & Oep p en, 2006).This m ay

reflect the tendency ofthe w ealthy to s p end m ore tim e in tow ns , w here ris k ofinfection w as

higher, or the dy s fu nctionalcons u m p tion and s p orting hab its ofthe aris tocracy .M ortality w as

highes t in u rb an p op u lations des p ite the higher incom es and greater food s ecu rity as s ociated

w ith tow ns , and m ortality w as low es t in thos e rem ote ru ral com m u nities w here p rolonged

m aternalb reas tfeeding w as the norm (Farr, 1 8 65; W rigley & Schofield, 1 98 9, W rigley et al.,

1 997 ).Early p lagu e ep idem ics affected rich and p oor dis tricts of London eq u ally , b u t b y the

s ev enteenth centu ry the p oorer p aris hes b ore the b ru nt ofp lagu e m ortality , p rob ab ly b ecau s e

the w ealthy w ere m ore ab le to flee the city , rather than b ecau s e they enjoy ed greater im m u nity

(Cu m m ins et al., 201 4 ; Cham p ion, 1 995).Infant and child m ortality w ere ap p arently low er in

w ealthier London p aris hes in the late s ix teenth and early s ev enteenth centu ry , b u t conv erged

w ith rates in p oorer s u b u rb an p aris hes ov er the centu ry , p rob ab ly as a res u lt ofa redu ction in

the tendency ofhigher s tatu s fam ilies to s end y ou ng children to b e nu rs ed in the cou ntry s ide,

w here their deaths , if they occu rred, w ent u nrecorded in their natal u rb an p aris h (N ew ton,

201 1 ). M ortality rates am ongs t London Qu aker infants and children w ere as high as thos e

es tim ated for the p op u lation ofthe London Bills as a w hole in the s ev enteenth and eighteenth

centu ries , des p ite the relativ e afflu ence ofQu akers (Landers , 1 993 ).In a s tu dy ofm ortality in

the firs t tw o y ears oflife acros s the s ocials p ectru m in the London p aris h ofSt.M artin in the

Fields there w as no ev idence of a s ocialgradient in m ortality in the p eriod 1 7 52-1 8 1 2, once

rates w ere corrected for the effects of m is s ing children (Dav enp ort, u np u b l).Us ing s m aller

s am p les , Raz z elland Sp ence fou nd no differences in m ortality ofinfants and children b y s ocial

s tatu s in London b efore the m id-nineteenth centu ry , and higher m ortality am ongs t m en of

higher s tatu s (Raz z ell& Sp ence,2006,200 7 ).

By the late nineteenth centu ry how ev er infant m ortality dis p lay ed a clear s tatu s gradient in the

Englis h p op u lation.Infants b orn to fathers in the highes t ofthe fiv e tiers ofthe occu p ational

clas s ification s y s tem (clas s I) ex p erienced halfthe ris k ofinfants b orn to fathers in clas s V (Reid,

1 997 ). The adv antages of ru ral rem otenes s p ers is ted how ev er, and infants of agricu ltu ral

lab ou rers ,one ofthe p oores t ofoccu p ationalgrou p s , w ere at ev en low er ris k than thos e b orn to

fathers ofthe highes t s ocialclas s .M oreov er w ithin a giv en s ettlem ent s ocialgradients in infant

m ortality rem ained s light, s u gges ting that it w as the ab ility ofhigher s tatu s grou p s to locate to

m ore s alu b riou s res identialareas that conferred the m os t adv antage, rather than nu tritional

intake or hou s ehold characteris tics (Reid, 1 997 ).Su b u rb anis ation and res identials egregation

b y incom e w ere characteris tic of the nineteenth centu ry , and m u s t hav e contrib u ted to the

w idening ofs ocialdifferences in m ortality .H ow ev er early m odern tow ns w ere characteris ed b y
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the v ery clos e res identialp rox im ity and interm ingling ofrich and p oor, a s itu ation that m ade

the s electiv e av oidance ofdis eas e m ore difficu lt.

1.4 Disa ppe a ra nc e ofthe ‘urb a ng ra ve ya rd ’phe nom e non

Tow ns w ere alw ay s dangerou s dis eas e env ironm ents as a cons eq u ence of the inev itab le

concentration of hu m an w as te and op p ortu nities for dis eas e trans m is s ion in large dens e

p op u lations , together w ith their fu nction as hu b s w ithin netw orks of trade and m igration of

b oth p athogens and p eop le (Landers , 1 992).M oreov er w here ru ralp op u lations rem ained only

p artially ab s orb ed into an u rb an dis eas e netw ork then ru ralm igrants to tow ns w ou ld hav e

lacked im m u nity to m any u rb an dis eas es and s o y ou ng adu lt m igrants as w ellas children w ere

at p articu lar ris k in u rb an dis eas e env ironm ents (M cN eill, 1 98 0; Landers , 1 992).Jan de Vries

(1 98 4 ) has argu ed that the high m ortality inev itab ly as s ociated w ith u rb an p op u lations

im p os ed a lim it to u rb an grow th s u ch that nationalp op u lations cou ld not s u s tain an u rb an

p op u lation of greater than c. 4 0 p er cent w ithou t s u ffering p op u lation decline. Under this

s cenario m odern econom ic grow th w as im p os s ib le w ithou t accom p any ing im p rov em ents in

u rb an s u rv iv al rates . H ow ev er u rb an m ortality rates p rob ab ly v aried v ery s u b s tantially

dep ending on cu ltu ralhab its and p rev ailing p athogens .Englis h tow ns and cities ap p ear to hav e

b een p articu larly lethal in the centu ry 1 650-1 7 50, and larger u rb an centres fu nctioned as

‘dem ograp hic s inks ’ in this p eriod. Bu rials ex ceeded b ap tis m s ev ery y ear, and w here age-

s p ecific m ortality rates hav e b een es tim ated thes e indicate v ery high lev els of m ortality

am ongs t infants and y ou ng children (w ith infant m ortality rates of 250 – 4 50 p er thou s and

b irths ), cons is tent w ith a dem ograp hic regim e that w as dep endent on in-m igration to av oid

p op u lation dem is e (Figu re 4 ;Landers ,1 993 ;Galley ,1 998 ;N ew ton,201 1 ;Dav enp ort,201 4 ).

After 1 7 50 the b alance ofb ap tis m s to b u rials s eem s to hav e im p rov ed p rogres s iv ely in m any

tow ns , w ith p rofou nd falls in infant and child m ortality in London (Landers , 1 993 ;Dav enp ort,

201 4 ) and in s m aller m arket tow ns (W rigley et al., 1 997 ; Dav enp ort, 201 4 .).In London infant

m ortality fellfrom 3 5 – 4 0 % in the firs t y ear oflife in the 1 7 4 0 s to the nationalav erage ofc.1 6

% b y 1 8 50, and m ortality als o im p rov ed m arkedly for older children (at ages w here there w as

little im p rov em ent at the nationallev el– Figu re 3 ). The ex cep tionallethality ofLondon in the

p eriod 1 650-1 7 50 ap p ears to hav e b een du e largely to the p ractices ofw et-nu rs ing and artificial

feeding ofinfants es p ecially am ongs t the w ealthier halfofthe m etrop olitan p op u lation, and to

s m allp ox (Landers , 1 993 ; Dav enp ort, 201 4 ).The p rofou nd falls in infant m ortality after 1 7 50

coincided w ith a lengthening ofb irth interv als that m os t p ronou nced in w ealthier fam ilies w ith
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the s hortes t b irth interv als , s u gges ting a p ronou nced lengthening in the p eriod of m aternal

b reas tfeeding (w hich delay s concep tion of a s u b s eq u ent child) (Landers , 1 993 ; Dav enp ort,

201 4 ). This s hift in b irth interv als is cons is tent w ith m ore anecdotal ev idence of changing

attitu des to b reas tfeeding am ongs t elite w om en.Conv ers ely , the (lethal) tendency ofw ealthier

fam ilies to em p loy w et-nu rs es or to hand feed their infants b efore the nineteenth centu ry w ou ld

hav e s erv ed to u nderm ine or rev ers e s tatu s gradients in s u rv iv al p articu larly in u rb an

p op u lations .

M u ch of the lethality of ev en m inor tow ns in the p eriod 1 650 – 1 7 50 is als o attrib u tab le to

s m allp ox .Sm allp ox w as a m ajor cau s e of death es p ecially in northern Englis h tow ns in the

eighteenth centu ry .W hile s m allp ox accou nted for only 6 – 1 0 p er cent ofb u rials in London and

Stockholm in the late eighteenth centu ry b ecau s e other cau s es of death w ere s o p rolific

es p ecially in infancy , in northern Englis h tow ns s m allp ox accou nted for 1 0 – 20 p er cent ofall

b u rials (Figu re 5).Althou gh inocu lation, the foreru nner ofv accination, ap p ears to hav e m ade

little headw ay in Englis h cities (Dav enp ort et al., 201 1 , 201 5) the adv ent ofv accination had a

p rofou nd effect on s m allp ox m ortality , and m u s t hav e m ade a m ajor contrib u tion to im p rov ing

u rb an m ortality rates (Landers ,1 997 ).

1.5 Cha ng e sinc a use sofd e a th

The fou r changes ou tlined ab ov e in the p atterns of m ortality in the Englis h p op u lation w ere

as s ociated w ith,and driv en in a p rox im ate s ens e b y ,changes in the s tru ctu re ofcau s es ofdeath.

Cau s es ofdeath w ere not recorded s y s tem atically b efore the introdu ction ofciv ilregis tration in

1 8 3 7 ,and the only long-ru n record ofcau s es ofdeath in England is p rov ided b y the London Bills

of M ortality , w hich p rov ide a continu ou s s eries from 1 603 -1 8 3 0, b u t relate only to the

m etrop olis .Otherw is e w e are dep endent on notes in p aris h regis ters , and on occas ionalru ns of

cau s e ofdeath recording that b ecom e m ore freq u ent in p aris h regis ters after c.1 7 8 0.Plagu e and

s m allp ox b u rials w ere often recorded in b u rialregis ters that otherw is e contained few other

details .Althou gh his toricalnos ologies are v ery p rob lem aticto interp ret,s m allp ox w as relativ ely

s afe from m is diagnos is b ecau s e it w as b oth dis tinctiv e and w ell-know n.The m ain diagnos tic

confu s ion w as w ith chickenp ox , a relativ ely b enign infection that rarely res u lted in a b u rial.

Cau s es ofdeath can s om etim es als o b e inferred, w ith great cau tion,from the s eas onality and age

p atterns ofb u rials .H ere w e focu s on the m ajor infectiou s dis eas es that are w idely cons idered to

hav e declined in England in the centu ry b efore 1 8 50.
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The m os t ob v iou s change in the dis eas e env ironm ent b etw een the m ediev alp eriod and the

nineteenth centu ry w as the dis ap p earance of p lagu e from England after 1 666.The arriv alof

p lagu e in Britain in 1 3 4 8 -9 cau s ed a dram atic fallofp erhap s 3 0 – 50% ofthe p op u lation, and

rep eated recu rrences ofp lagu e p rev ented s u s tained p op u lation recov ery for s ev eralcentu ries .

The finaldis ap p earance ofp lagu e after 1 666 m ade a s ignificant contrib u tion to the s tab ilis ation

ofes p ecially u rb an m ortality in the late s ev enteenth centu ry (Figu re 2).

As p lagu e receded s m allp ox s eem s to hav e b ecom e a m ore s ignificant cau s e of death

(Carm ichael& Silv ers tein, 1 98 7 ).Sm allp ox w as p rob ab ly the m os t lethals ingle dis eas e ofthe

eighteenth centu ry .W e do not hav e es tim ates ofs m allp ox m ortality for England as a w hole, b u t

in Sw eden, a m u ch m ore thinly p op u lated and lightly u rb anis ed s ociety , s m allp ox accou nted for

8 -1 5 % ofalldeaths nationally in the s econd halfofthe eighteenth centu ry (Sköld, 1 996).By

1 8 50 s m allp ox accou nted for ju s t ov er 1 % ofdeaths in England, a figu re that p rob ab ly reflects

the p rofou nd effect of v accination (Figu re 5), it is likely that s m allp ox accou nted for a m u ch

nm ore s ignificant p rop ortion of deaths nationally b efore 1 8 00, althou gh its im p act w as

geograp hically v ery u nev en [s ee s ection 3 .4 ].

Ty p hu s , a dis eas e as s ociated p articu larly w ith s ocial dis location and w ith ex trem e

ov ercrow ding and lack ofs anitation (hence its s y nony m s ‘fam ine fev er’, ‘s hip fev er’and ‘gaol

fev er’), w as p rob ab ly a factor in m any ofthe m ortality s p ikes as s ociated w ith high food p rices

and the s u b s is tence m igration that often accom p anied food s hortages (Creighton, 1 8 94 ;

Gallow ay , 1 98 5).Ov er the cou rs e ofthe eighteenth centu ry ty p hu s ep idem ics ap p ear to hav e

b een confined increas ingly to u rb an p op u lations (Creighton,1 8 94 ;H ardy ,1 98 8 ),and ty p hu s did

not occas ion m ajor m ortality ev ents nationally after the 1 7 4 0 s .H ow ev er it rem ained a com m on

ep is odic cau s e of the ‘fev ers ’ noted in u rb an m ortality records in the s econd half of the

eighteenth centu ry .There w ere w ides p read ou tb reaks ofty p hu s as s ociated w ith the end ofthe

N ap oleonic w ars (1 8 1 7 -1 9) and in England nineteenth centu ry ep idem ics w ere clos ely

as s ociated w ith w av es ofIris h im m igration and as s ociated ov ercrow ding and p ov erty .H ardy

argu ed that ty p hu s w as endem ic, b u t rarely ep idem ic, in cities ofVictorian Britain u ntilthe late

1 8 60s ,b u t v irtu ally dis ap p eared after that date (H ardy ,1 98 8 ).

M alaria w as a cau s e of highly localis ed m ortality ex ces s in early m odern England. Dob s on

credited it as the m ain cau s e ofthe v ery high m ortality as s ociated w ith low -ly ing m ainly coas tal

areas (the Fens , the Tham es and the coas talm ars hes ofs ou theas t England, and to a les s ex tent

the Som ers et Lev els , the Rib b le dis trict in Lancas hire and H oldernes s in Yorks hire), w here

b u rials rou tinely ex ceeded b ap tis m s and net im m igration w as req u ired to s u s tain the m ainly

ru ralp op u lations (Dob s on, 1 98 9).H ow ev er Dob s on argu ed that m alarialm ortality declined in
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the late eighteenth centu ry , and that gains in life ex p ectancy after 1 7 50 w ere p articu larly rap id

and im p res s iv e in thos e areas w here m ortality had b een highes t as a cons eq u ence ofm alaria

(Dob s on,1 98 9;1 997 ).

By the m id-nineteenth centu ry , w hen the Regis trar-Generalb egan rep orting annu alcau s e of

death s tatis tics , the m ajor infectiou s cau s es of death w ere ‘childhood’ dis eas es (es p ecially

m eas les , w hoop ing cou gh and s carlet fev er), diarrhoeal and res p iratory dis eas es (affecting

m ainly children es p ecially du ring w eaning, and the elderly ), and tu b ercu los is , w hich killed

infants and children and, in res p iratory form , y ou ng adu lts (M cKeow n, 1 97 6; W oods , 2000).

Som e ofthes e dis eas es , es p ecially the ‘childhood’infectiou s dis eas es , had p rob ab ly increas ed

not only their s hare ofm ortality b u t their ab s olu te rates .N otab ly ab s ent as m ajor cau s es w ere

the m os t feared ofeighteenth centu ry ep idem ic dis eas es , s m allp ox and ty p hu s ,des p ite the hu ge

increas es in u rb an p op u lations , p op u lation dens ities and interconnectednes s that s hou ld, all

els e eq u al,hav e am p lified m ortality rates and u rb an ep idem ics .

There w as therefore a p rogres s iv e s hift in ep idem iologicalterm s from a regim e in w hich v ery

lethal ep idem ic dis eas es s u ch as p lagu e, ty p hu s , m alaria and s m allp ox m ade a m ajor

contrib u tion to m ortality rates , to a nineteenth centu ry p attern ofinfectiou s dis eas e m ortality

dom inated b y endem icchildhood and chronicinfections (inclu ding tu b ercu los is ).

2.T he p rox im ate determ inants ofinfectiou s dis eas e m ortality

H ow are w e to ex p lain the p rofou nd changes in the p attern ofm ortality that occu rred in the

Englis h p op u lation b etw een the eighteenth and the nineteenth centu ries ? Recent ex p lanations

fallinto three m ajor categories ,that focu s (s om etim es non-ex clu s iv ely ) on (1 ) nu tritionals tatu s

ofthe p op u lation;(2) the role ofau tonom ou s factors s u ch as clim ate or p athogenic v ariations ;

and (3 ) the role ofeconom ic integration in redu cing dearth-as s ociated m ortality and increas ing

circu lation of infectiou s dis eas es . H u m an agency , in the form of p rev entativ e p u b lic health

m eas u res or m edicine, has b een inv oked to ex p lain the dis ap p earance ofp lagu e and the decline

ofs m allp ox and,m ore recently ,neonatalm ortality ,b u t is not a m ajor ex p lanatory v ariab le.

This p ap er s eeks to ap p ly ins ights from ev olu tionary b iology to u nders tanding the

m ortality trans ition and the role of p rev entativ e efforts in the early s tages of the m ortality

trans ition.As a p relu de to dis cu s s ion ofrecent theoreticaldev elop m ents in ev olu tionary b iology
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w e dis cu s s firs t the p rox im ate determ inants ofinfectiou s dis eas e m ortality , throu gh w hich any

s ocialand b iologicalfactors m u s t op erate.

Long-ru n changes in the im p act ofinfectiou s dis eas es on m ortality and m orb idity can

b e concep tu alis ed as the direct ou tcom e ofchanges in three factors

(1 ) ex p os u re to p athogens

(2) res is tance to p athogens

(3 ) treatm ent ofthe cons eq u ences ofinfection

W hile thes e factors are them s elv es determ ined b y a p lethora of s ocial, econom ic,

ecologicaland ev olu tionary factors , thes e latter ex ert their effect throu gh changes in ex p os u re,

res is tance,and cu re rates .

2.1.Exposure toInfe c tion

Exposure to infectiou s dis eas es dep ends on b oth the p articu lar p athogens p res ent in

the env ironm ent, and factors that b ring hu m ans and p athogens into contact.The p res ence of

p athogens v aries according to geograp hy , chance inter-s p ecies trans fers , the p res ence, w here

neces s ary ofinterm ediate v ectors ,and p atterns oflong-dis tance hu m an interactions .The ris k of

ex p os u re to thes e p athogens dep ends on hu m an activ ities , clim ate and s eas on. For m os t

infectiou s dis eas es the s iz e and dens ity of hu m an p op u lations are key in p rov iding

op p ortu nities for infection and trans m is s ion.Airb orne dis eas es that trans m it from p ers on to

p ers on req u ire freq u ent contact b etw een indiv idu als for trans m is s ion, and dis eas es that confer

im m u nity req u ire p op u lations s u fficiently large that they continu e to fu rnis h s u fficient non-

im m u ne indiv idu als to s u s tain trans m is s ion.In the cas e ofm eas les , an acu te infection w hich

cannot s u rv iv e ou ts ide a hu m an hos t, it is es tim ated that an u rb an p op u lation of at leas t a

q u arter ofa m illion is req u ired to av oid ‘die-ou t’ofep idem ics (Bartlett, 1 960;Cliffet al., 1 993 ).

For w aterb orne dis eas es s u ch as dy s entery and cholera that are trans m itted throu gh faeces ,

high p op u lation dens ities increas e the p rob ab ility that w ater s ou rces w ill b e contam inated.

Ev en for dis eas es w ith interm ediate hos ts , s u ch as m alaria, the p rob ab ility that a m os q u ito w ill

b ite an infected hu m an and trans m it the m alarial p las m odiu m to another hos t is ob v iou s ly

dens ity -dep endent. Trade and m igration increas e the range of circu lating dis eas es , w hile

u rb anis ation and high p op u lation dens ities facilitate trans m is s ion.At the indiv idu allev elp oor

hy giene (infreq u ent w as hing ofhands ,clothes and u tens ils ) and crow ded hou s ing rais e the ris k
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of ex p os u re. For infants b reas tfeeding dram atically redu ces the ris k of ex p os u re to

contam inated foods .

Proces s es that redu ced ex p os u re inclu de q u arantine and is olation, redu ctions in

nu m b ers ofanim alv ectors , s anitation (effectiv e dis p os alofgarb age and s ew age), hy giene (for

ex am p le hand-w as hing and m ore freq u ent w as hing of clothes ), m as s im m u nis ation, and

im p rov em ents in w ou nd treatm ent inclu ding antis ep tic s u rgical p rocedu res . Redu ctions in

ov er-crow ding and in fam ily s iz e hav e p rob ab ly p lay ed m ajor roles in redu cing dis eas e

trans m is s ion s ince the 1 8 7 0 s (Rev es ,1 98 5).Bre a stfe e d ing is key to redu cing ex p os u re ofinfants

to diarrhoealdis eas es (throu gh contam inated alternativ es to b reas t m ilk) as w ellas increas ing

res is tance v ia the anti-m icrob ialp rop erties ofb reas t m ilk that p rov ide s om e p rotection agains t

b oth gas trointes tinaland res p iratory infections .

Althou gh a rtificia l im m unisa tion acts to increas e indiv idu al hos t res is tance its key

fu nction from a p u b lic health p oint ofv iew is in p rev enting trans m is s ion to u ninfected hos ts .Ifa

s u fficient p rop ortion ofthe p op u lation is im m u niz ed then trans m is s ion can b e halted (s o-called

‘herd im m u nity ’).Sm allp ox ,the m os t lethals ingle dis eas e ofthe eighteenth centu ry in north-

w es t Eu rop e, w as redu ced to a m inor cau s e ofdeath b y 1 8 50 b y the dis cov ery and, p erhap s

m ore cru cially , s tate p rom otion ofrou tine v accination ofy ou ng children (its finaleradication b y

1 98 0 dep ended on b oth v accination and rigorou s s u rv eillance, contact tracing and is olation of

thos e ex p os ed;Fenner et al.,1 98 6).

2.2.Re sista nc e toInfe c tion

Res is tance to infection dep ends on the im m u ne s tatu s of indiv idu als .It dep ends on

p rev iou s ex p os u re (in the cas e of dis eas es that confer s om e im m u nity on s u rv iv ors ),

ev olu tionary p roces s es affecting hos t/p athogen interactions , and on the nu tritionals tatu s and

co-m orb idity b u rden ofthe hu m an hos t.Age p lay s a v ery im p ortant role in res is tance to m any

dis eas es .Infants and y ou ng children lack im m u ne ex p erience (althou gh v ery y ou ng infants are

often p rotected b y m aternalantib odies to s p ecific infections ).Infants and y ou ng children are

als o s m all and hav e high s u rface-to-v olu m e ratios , m aking them m ore s u s cep tib le to

dehy dration, b ody tem p eratu re ex trem es and dep letion of res ou rces than older larger

indiv idu als . Conv ers ely , older adu lts tend to accu m u late conditions (co-m orb idities ) that

increas e their ris k of com p lications from infection.Co-m orb idity is u ndou b tedly a key factor

affecting hos t s u s cep tib ility to m any infections .For ex am p le, recu rrent diarrhoealinfections

u nderm ine nu tritionals tatu s and increas e the ris k or im p act ofinfection w ith other p athogens .
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Activ e tu b ercu los is infection heightens the ris ks as s ociated w ith influ enz a and p neu m onial

infections . For thes e reas ons m ortality related to diarrhoeal and res p iratory infections is

concentrated at the ex trem es ofage,in a p attern s im ilar to all-cau s e m ortality .

For s om e dis eas es , inclu ding tu b ercu los is , p neu m onia and lep ros y , hos t nu tritional

s tatu s p rofou ndly affects the ab ility of the im m u ne s y s tem to res p ond to the p athogenic

challenge.H ow ev er not all infectiou s dis eas es are m ore lethalin m alnou ris hed p op u lations .

Very lethal dis eas es s u ch as m alaria, b u b onic p lagu e and s m allp ox are generally ab le to

ov erw helm hos t defences regardles s of nu tritional s tatu s or age (althou gh not s p ecific hos t

im m u nity ),and therefore w here they w ere p rev alent they w ou ld hav e redu ced s u b s tantially the

adv antages ofadeq u ate nu tritionals tatu s to s u rv iv al(Ku nitz ,1 98 3 ;Liv i-Baci,1 991 ).

2.3.Tre a tm e ntofInfe ctions

Treatm ent has argu ab ly p lay ed relativ ely little role in determ ining his toricaltrends in

m ortality and m orb idity from infectiou s dis eas es b efore the antib iotic era.H ow ev er nu rs ing has

b een key to s u rv iv alin the cas e ofm any dis eas es b y keep ing the p atient hy drated, nou ris hed

and w arm (or cool).N u rs ing q u ality is often cons idered a key factor in p rev enting deaths from

m eas les , m any ofw hich res u lt from op p ortu nis tic res p iratory infections that can b e p rev ented

b y is olation, hy giene and keep ing the p atient w arm and res ted.It has b een argu ed for ex am p le

that m ortality from m eas les and from the 1 91 8 p andem ic flu s train w as ex cep tionally high in

s om e is olated and im m u nologically naiv e com m u nities b ecau s e the s im u ltaneou s infection ofa

high p rop ortion ofadu lts left too few to p rov ide ev en the m os t b as ic needs ofthe s ick (e.g.Boy d,

1 999).Breas tfeeding w as and rem ains a key m eans ofkeep ing infants hy drated du ring acu te

diarrhoeal ep is odes , s u p p lem ented only s ince the 1 960 s b y oral rehy dration therap y , a

relativ ely cheap and s im p le treatm ent for dehy dration that has led to m ajor redu ctions in

diarrhoealm ortality .H y giene, dis cu s s ed ab ov e in the contex t ofredu cing ex p os u re, can als o b e

v iew ed as p art ofa s u ite ofm edicaltreatm ents (as ep tic and antis ep tic m ethods ) des igned to

p rev ent w ou nd infection that ev olv ed in the late nineteenth centu ry in tandem w ith

b acteriology .

W e nex t dis cu s s p athogen-s p ecific determ inants of the relativ e efficacy of thes e difference

m eans ofcontrol,from an ev olu tionary v iew p oint.
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3.M ortality declines from an ev olu tionary p ers p ectiv e

Ev olu tionary b iology has long influ enced his torical interp retations of the

ep idem iologicalcons eq u ences ofp op u lation grow th, long-dis tance trade and u rb anis ation. In

p articu lar the v ery influ entialw ork ofW illiam M cN eillargu ed that the grow th ofcities and the

integration of large p op u lations throu gh trade and m igration res u lted in an initial ris e in

m ortality as new dis eas es w ere introdu ced, follow ed b y a gradu alp roces s ofaccom m odation

b etw een hos t and p athogen that inv olv ed a decline in p athogen v iru lence.Thu s as once rare

ep idem ic dis eas es b ecam e childhood dis eas es they als o b ecam e les s lethal.In this s cenario b oth

the ris e and fallofm ortality in England c.1 600 – 1 8 20 cou ld b e ex p lained as a cons eq u ence of

an ep idem iologicalintegration that res u lted in higher ex p os u re to infectiou s dis eas es , b u t als o,

ev entu ally , redu ced the lethality of thes e dis eas es (e.g.M cN eill1 97 6; Ku nitz 1 98 3 ; W alter &

Schofield, 1 98 9).This as s u m p tion w as b as ed on then cu rrent ev olu tionary b iologicalm odels

that as s u m ed a neces s ary ev olu tionary trade-offb etw een v iru lence and trans m is s ion.H ow ev er

ov er the las t 3 0 y ears this ev olu tionary p aradigm has b een ov ertu rned w ith the recognition of

the com p lex ity ofs electiv e forces op erating on the determ inants ofv iru lence.For dis eas es that

do not dep end s olely on p ers on-to-p ers on trans m is s ion then the b arriers to high v iru lence m ay

b e s light.Conv ers ely ,and critically for early efforts at dis eas e control,thes e alternativ e m ethods

ofdis eas e trans m is s ion m ay b e relativ ely eas y to dis ru p t.W e dem ons trate the ap p lication of

this theory to his toricalp atterns ofinfectiou s dis eas e m ortality b y com p aring thos e dis eas es

that declined in incidence b efore 1 8 50 w ith thos e that cam e to dom inate in the nineteenth

centu ry .

Ev olu tionary theory p redicts that different s electiv e forces op erate on w ithin-hos t and

b etw een-hos t com p etition b etw een p athogens .W ithin a hos t,there is u s u ally s election for rap id

m u ltip lication of the p athogen.For a giv en dos e of infection, there m ay b e genetic v ariation

b etw een the indiv idu alp athogen u nits (v iralp articles , b acterialcells etc).This v ariation m ay

aris e throu gh random m u tations occu rring after infection, or m ay deriv e from v ariation already

p res ent in the infectiou s dos e.W here this v ariation affects the m u ltip lication rate then thos e

v ariants that rep rodu ce fas tes t w illcom e to dom inate the intra-hos t p op u lation ofthe p athogen,

and w illb e m ore likely than les s ab u ndant v ariants to b e trans m itted.This s election for rap id

m u ltip lication has im p lications for lethality , b ecau s e m orb idity and lethality (jointly , v iru lence)

are u s u ally directly as s ociated w ith the nu m b er of p athogens . Thu s v iru lence is u s u ally

as s ociated w ith rap idity of p athogen rep rodu ction, and therefore there is s trong natu ral

s election for high v iru lence am ongs t the p athogen p op u lation within a hos t.H ow ev er b ecau s e

v iru lent p athogens tend to incap acitate their hos ts and redu ce their m ob ility , and/or dis figu re

them in w ay s that w arn other hos ts to av oid the infectiou s indiv idu al, high v iru lence s hou ld
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lim it the trans m is s ion of the p athogen b e twe e n hos ts . Since the s u rv iv al of any p athogen

dep ends u ltim ately on the ab ility to s u s tain trans m is s ion, there is s trong s election agains t

v iru lence in thes e cas es .

A key new ins ight ofthe las t thirty y ears , initiated b y the b iologis t Pau lEw ald, is that

ev olu tionary s election agains t v iru lence dep ends critically on trans m is s ion m ode.H e argu ed in

a v ery influ entials eries of p ap ers (Ew ald 1 98 3 , 1 991 , 2004 , W alther & Ew ald, 2004 ) that a

hierarchy of v iru lence ex is ts from v ery lethal dis eas es trans m itted b y arthrop od v ectors

(b u b onicp lagu e,ty p hu s ,m alaria,y ellow fev er) or b y w ater (cholera,ty p hoid),to p athogens that

can p ers is t ou ts ide any hos t and ‘s it and w ait’ for a v ictim (s m allp ox , tu b ercu los is , p olio,

influ enz a) dow n to relativ ely m ild dis eas es that are trans m itted p ers on to p ers on w ithou t an

interm ediate p has e and w hich are therefore neces s arily highly infectiou s (in order to s u s tain

trans m is s ion) b u t als o not too dis ab ling to the m ajority of hos ts (m eas les , w hoop ing cou gh,

s carlet fev er,dip htheria,chicken p ox ,ru b ella).

Tab le 1 p res ents a s u m m ary of the characteris tics of s om e of the m ajor p athogens

res p ons ib le for infectiou s dis eas e m ortality in England b efore 1 950, ranked b y the date oftheir

initialdecline or, for p lagu e, dis ap p earance.There is a clear hierarchy in v iru lence, from p lagu e

throu gh ty p hu s , m alaria, s m allp ox , cholera and ty p hoid, to the ‘childhood’ dis eas es , that

corres p onds to the p rogres s iv e decline ofm ortality from thes e dis eas es .T u b ercu los is at firs t

glance does not fit neatly w ithin this m odel,s ince it is a dis eas e ofm oderately high lethality that

s how ed no ev idence ofdeclines in m ortality b efore the 1 8 7 0 s .H ow ev er together w ith s ex u ally

trans m itted dis eas es tu b ercu los is com b ines p ers on to p ers on trans m is s ion w ith b oth chronic

and latent s tates that p rov ide relativ ely long w indow s of trans m is s ion com p ared w ith acu te

infections , and that m ake interv entions to p rev ent trans m is s ion m ore difficu lt.Deb ate ov er the

relativ e contrib u tions ofim p rov ing nu trition,is olation ofthe clinically ill,au tonom ou s change in

the p athogen and low er dens ities w ithin hou s es rem ains u nres olv ed.

Im p ortantly , high v iru lence w as generally as s ociated w ith relativ e ins ens itiv ity to the

health s tatu s ofthe hos t, and s o highly lethaldis eas es affected adu lts as w ellas children, and

w ere s ocially relativ ely u ns electiv e.Dis eas es that are les s v iru lent tend to b e lethalonly at the

ex trem es of life, w here s m all s iz e and im m u nological naiv eté or the accu m u lation of co-

m orb idities increas e v u lnerab ility , or in indiv idu als w ho are im m u ne-com p rom is ed b y

m alnu trition.Thes e differences therefore p rob ab ly ex p lain s om e ofthe cu riou s age p attern of

m ortality in the Englis h p op u lation b efore 1 7 50, and the ap p arent ab s ence ofs trong gradients

in m ortality b efore the nineteenth centu ry . W e ex p and thes e p oints b elow throu gh a
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cons ideration ofthe characteris tics ofs p ecific dis eas es , and the factors that w ere im p ortant in

their control.

3.1 Pla g ue

The cau s alagent ofm ediev aland early m odern p lagu es rem ains deb ated, des p ite the recov ery

of DN A identifiab le as the m odern p lagu e b acteriu m , Ye rsinia pe stis, from m ediev al p lagu e

b u rials .In the clas s ic accou nt ofp lagu e, the b acteriu m is trans m itted b y rat fleas that, hav ing

u nw ittingly cau s ed the deaths oftheir rat hos ts , b ite hu m ans .The hu m an v ictim s ickens w ithin

a few day s , dev elop s fev er, s ev ere p ain and b u b oes , and cas e-fatality rates v ary from 20 to 60%

(in the ab s ence ofantib iotic therap y :Tab le 1 ).The p lagu e b acteriu m is not u s u ally trans m itted

directly p ers on to p ers on (u nles s the infection as s u m es a rare p neu m onic form ) and s o the

hideou s ap p earance and s u p ine s tate ofthe hu m an hos t does not neces s arily lim it trans m is s ion

ofthe p athogen.A s ingle infected flea m ay b ite a nu m b er ofhu m ans and rodent v ectors , and

infected fleas and rodents can m ov e b etw een non-am b u latory hu m an v ictim s to s p read the

dis eas e.M oreov er Y.pe stiscan als o p ers is t ou ts ide a flea or m am m alian hos t,and s o the death of

a hos t does not neces s arily p rev ent trans m is s ion.A nu m b er of m ediev al and early m odern

ou tb reaks w ere b lam ed on infected cloth or w ool and s p ecific q u arantine res trictions w ere

often p laced on cloth and y arn p rodu cts (Slack, 1 98 5;H arris on, 201 2).W hile the as s ociation of

cloth w ith infection m ay hav e ov erlooked the p res ence ofinfected rats or lice in the cargo,there

is als o ev idence for long-term p ers is tence ofp lagu e b acteria in s oil(e.g.Eis en et al., 200 8 ).The

com p lex trans m is s ion p athw ay ofp lagu e,inv olv ing non-hu m an v ectors and p ers is tence ou ts ide

a hos t, m eans that there has p rob ab ly b een little s election for av iru lence w ith res p ect to hu m an

hos ts ,b ecau s e hu m ans are not an im p ortant p athw ay for p lagu e trans m is s ion.

Plagu e ep idem ics w ere as s ociated w ith v ery high m ortality and w ith little ev idence of

attenu ation w ith age or nu tritional s tatu s . M oreov er p lagu e did not confer im m u nity on

s u rv iv ors ,thu s leav ing op en the p os s ib ility ofre-infection.W here es tim ates ofages ofv ictim s in

p re-m odern p lagu e ep idem ics can b e m ade, the dis trib u tion of deaths tends to res em b le the

com p os ition ofthe p op u lation, w ith high m ortality am ongs t adu lts as w ellas children.M ediev al

p lagu es als o s how little ev idence of s ocial s electiv ity , and the em ergence of v ariations in

m ortality b y s ocials tatu s p rob ab ly reflect the ev olu tion ofearly w arning s y s tem s s u ch as the

London b ills of M ortality , and the s u p erior ab ility of the rich to flee the foci of infection

(Cu m m ins et al., 201 4 ; Cham p ion, 1 995).Plagu e ap p ears to hav e b een s u fficiently lethalas to

ov er-ride v ariations in hos t s iz e,age and nu tritionals tatu s .
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W hile the cau s es of the dis ap p earance of p lagu e rem ain hotly contes ted, the m os t

p lau s ib le accou nt ofits dis ap p earance from Britain is that ofPau lSlack.Rev iew ing the ev idence

from early m odern p lagu e ou tb reaks in England Slack conclu ded that q u arantine efforts ,

althou gh incom p lete and ru dim entary b y later s tandards , w ere s u fficient to p rev ent the

introdu ction ofp lagu e from infected s hip s in m os t cas es The efficacy ofq u arantine deriv ed not

from its thorou ghnes s b u t from the relativ e w eaknes s ofthe chains oftrans m is s ion ofp lagu e

from infected s hip s to the Englis h p op u lation.H e conclu ded that attem p ts to is olate v ictim s b y

b oarding them u p in hou s es w ere generally ineffectiv e b ecau s e s u ch m eas u res failed to contain

the rat v ectors , and p rob ab ly s erv ed m ainly to infect the fam ilies of thos e incarcerated w ith

already infected v ictim s .H ow ev er the is olation ofthe s ick aw ay from res identialareas in p es t

hou s es ,a m eas u re adop ted in the 1 665/6 ep idem ic, w as p rob ab ly effectiv e in redu cing infection

in the early s tages ofan ou tb reak (Slack,1 98 1 :1 98 5).

3.2 Typhus

Clas s ic lou s e-b orne ty p hu s is cau s ed b y the b acteriu m Ricke ttsia prowa ze kii. The lou s e is

infected b y b iting an infected hu m an, and then ex cretes the b acteria in its faeces .Thes e can

infect another hu m an ifthe faeces enter the b loods tream throu gh a w ou nd cau s ed for ex am p le

b y the lou s e b ite its elfor b y s cratching it.H u m an lice are not v ery m ob ile and ty p hu s is u s u ally

trans m itted b etw een hu m an hos ts in conditions ofov ercrow ding.H ow ev er R.prowa ze kiican

als o p ers is t in lice faeces for y ears , es p ecially at low tem p eratu res , and infection from fom ites

from infected clothing and b edding w as p rob ab ly a s econdary m ode oftrans m is s ion.Ty p hu s is

an u nder-s tu died dis eas e b u t is cons idered one ofv ery few dis eas es that is actu ally m ore lethal

to adu lts than children (Zins s er, 1 93 5).It is als o u nu s u alam ong ins ect v ector-b orne dis eas es in

b eing m ore com m on in w inter m onths , b ecau s e of its dep endence on clos e contact for

trans m is s ion.H igh m ortality ofadu lts relativ e to children and a w inter p eak are therefore key

m arkers u s ed to identify the p res ence of ty p hu s in his torical m ortality cris es . Althou gh

as s ociated w ith fam ine and forced m igration and m ore generally w ith u rb an p ov erty , ty p hu s

has no clear as s ociation w ith nu tritionals tatu s ofv ictim s (Lu ckin, 1 98 4 ;H ardy , 1 98 8 ).Ty p hu s

w as generally as s ociated w ith ov ercrow ding and ex t p ov erty or w ar, b u t the ap p arent s ocial

gradient in m ortality p rob ab ly reflected higher ex p os u re am ongs t the p oor rather than any

p rotectiv e effect ofs u p erior nu tritionals tatu s am ongs t the w ealthy .Doctors in p articu lar often

fellv ictim du ring ty p hu s ou tb reaks in the late eighteenth and early nineteenth centu ries , as a

cons eq u ence of the ex p ans ion ofinfirm aries and hos p itals and dom icile attendance u p on the

p oor.
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Ty p hu s w as a m u ch feared dis eas e, p articu larly in northern tow ns w here it s eem s to hav e had

the greates t im p act, and am ongs t m ilitary p ers onnel.Indiv idu als w ith ‘fev er’ w ere ex clu ded

from the hos p itals es tab lis hed in the eighteenth centu ry for fear ofcontagion, althou gh it w as

recognis ed that p atients often dev elop ed fev er after adm is s ion for other reas ons .Percep tions of

ris ing fev er m ortality in rap idly grow ing northern tow ns in the late eighteenth centu ry

p rom p ted the es tab lis hm ent offev er hos p itals des igned s p ecifically to is olate ty p hu s and other

fev er cas es am ongs t the u rb an p oor (Picks tone, 1 98 5).Poor law au thorities increas ingly took

res p ons ib ility for rem ov ing fev er v ictim s to hos p ital and w ith b u rning the clothes and

w hitew as hing the dw ellings offev er cas es (Picks tone,1 98 5;H ardy ,1 98 8 ).H ardy argu ed that an

intens ification ofthes e efforts ,inclu ding the p erm anent clos u re ofrecalcitrant ‘fev er nes ts ’, w as

finally s u fficient to b reak the cy cle ofty p hu s endem icity in London in the 1 8 7 0 s .

Pu b lic concern w ith the p rev ention of fev er trans m is s ion w as p receded and influ enced b y

dev elop m ents in m ilitary hy giene, that p rodu ced im p res s iv e falls in m ilitary m orb idity and

m ortality from non-com b at related infectiou s dis eas e in the p eriod 1 7 50-1 8 25.M ajor ty p hu s

ep idem ics in the 1 7 4 0 s and 1 7 50s on Britis h nav als hip s led to concerted efforts to im p rov e

v entilation on s hip s , and to im p rov e hy giene b y w as hing and delou s ing recru its (Riley , 1 98 9).

The ap p arent efficacy ofthes e efforts led to their adop tion m ore w idely in p ris ons and on long-

dis tance v oy ages , w and w ere as s ociated w ith s ignificant im p rov em ents in s u rv iv alofp ris oners ,

s lav es and recru its (Riley , 1 98 9).It rem ains u nclear to w hat ex tent is olation and des tru ction of

clothing help ed to redu ce the trans m is s ion ofty p hu s ,and the p roliferation ofcheap cotton from

the late eighteenth centu ry m ay als o hav e p lay ed a key role. Falls in the p rice ofclothing m eant

that p oorer p eop le cou ld afford s ev erals ets ofclothes , and this allow ed m ore freq u ent w as hing

of clothes , es p ecially of u ndergarm ents w here lice w ere m os t ab u ndant.The s am e m ay hav e

ap p lied to b ed linen,another s ou rce ofb oth lice and b acteria.

3.3 M a la ria

The m alarial p aras ite is carried in the gu t of infected m os q u itoes that can fly b etw een

m am m alian hos ts , inges ting the p athogen from the hos t b loods tream and releas ing it into the

b loods tream ofthe nex t hos t.The p aras ite p ers is ts in the b loods tream ofinfected hu m an hos ts ,

p rov iding a res erv oir for ongoing infection of m os q u itoes w here the m os q u ito life cy cle is

s eas onal, s u ch as the m ars hlands ofearly m odern England.M alaria is cau s ed b y fou r s p ecies of

the Pla sm od ium genu s ,and Dob s on conclu ded that the endem ic form in England w as p rob ab ly

P.viva x, s p read b y the m os q u ito Anophe le sa tropa rvusa s p ecies tolerant ofthe b rackis h w aters
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ofm os t Englis h coas talm ars hlands .P.viva x is cons idered les s v iru lent than P.fa lc ipa rum ,the

p rim ary agent of m alarial m ortaltiy in Africa, b u t is nonetheles s as s ociated w ith a v ery

s ignificant b u rden ofm orb idity and m ortality in As ia (Baird,201 3 ).

P.fa lc ipa rum -indu ced m alaria is v ery lethalto infants b u t indu ces trans ient im m u nity and s o is

les s lethalin older children and adu lts w here ex p os u re is s u fficiently high.H ow ev er w here

m alarialinfection is ep is odic rather than p ers is tent (as in areas w ith high in-m igration from

non-m alarialareas ) then m alaria m ay b e m ore s ev ere in adu lts than children (Olliaro et al.,

200 8 ).P.fa lc ipa rum is b etter s tu died than P.viva x and the ex tent to w hich thes e p atterns are

tru e ofthe form that m ay hav e b een endem icin England rem ains u nclear.

The relations hip b etw een m alaria and nu tritionals tatu s is com p lex , and p oorly u nders tood.

Sev ere b ou ts of m alaria cau s e w eight los s , and m ay driv e as s ociations b etw een s tu nting and

m alaria.Additionally , the m alarialp aras ite req u ires iron and other m icronu trients for op tim al

grow th and therefore deficiencies in thes e nu trients can p rov ide p rotection agains t clinical

infection.

W hile the rap id decline of m alarial m ortality in the late eighteenth and early nineteenth

centu ries is not deb ated, the cau s es of this decline rem ain u nclear. Dob s on attrib u ted the

decline to a conflu ence offactors that inclu ded increas ed u s e ofq u inine, declines in m os q u ito

p op u lations cau s ed b y large-s cale drainage p rogram m es , and a s hift in the relativ e av ailab ility

ofhu m an and cattle hos ts for the m os q u ito and its p aras ite that s hifted the b u rden ofinfection

onto cattle. Dob s on w as hes itant to attrib u te the decline s p ecifically to drainage, b ecau s e

m os q u itoes rem ain ab u ndant in England today .N onetheles s the areas affected b y ‘agu e’ w ere

s u b ject to ex tens iv e drainage p rogram m es in the eighteenth and nineteenth centu ries , and

m u ch ofthe land thu s drained w as u s ed for m ore intens iv e graz ing than had b een p os s ib le on

the w etlands .Thu s drainage m ay b oth hav e redu ced m os q u ito nu m b ers (b y redu cing hab itat

ex tent) and redu ced the dep endence ofm os q u itoes on hu m ans for food (Riley , 1 98 9).A recent

s tu dy of the final p has e of m alarial decline in England, 1 8 4 0 – 1 91 0, conclu ded that b oth

drainage and increas ing cattle dens ities m ade m ajor contrib u tions to m alarialm ortality decline

in this p eriod (Ku hn et al., 2003 ).In any cas e the dep endence of the m alarialp aras ite on its

m os q u ito v ector m eant that factors affecting the ab u ndance or diet of the m os q u ito w ere

s u fficient to redu ce trans m is s ion to hu m ans .
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3.4 Sm a llpoxa nd m e a sle s

The ‘s it and w ait’character ofs m allp ox p rob ab ly ex p lains m u ch ofits his toricalim p act.

Althou gh it is often des crib ed in p op u lar accou nts as ex trem ely infectiou s , in fact s m allp ox w as

not v ery infectiou s com p ared w ith m os t com m on childhood dis eas es (Tab le 1 ).Com p aris on

w ith m eas les p rov ides a great deal of ins ight into the p articu lar lethality of s m allp ox in

his torical p op u lations . Sm allp ox and m eas les are s im ilar in m any w ay s .Both are relativ ely

s tab le v iru s es w ith hav e s im ilar incu b ation (or latent) p eriods of1 0-1 2 day s , and b oth confer

lifelong im m u nity .Both v iru s es are trans m itted p rim arily b y airb orne drop lets , b u t s m allp ox

can p ers is t in dried drop lets or s cab s for y ears , w hereas the m eas les v iru s b reaks dow n v ery

rap idly ou ts ide a hu m an hos t and therefore req u ires rap id v ery rap id hos t-to-hos t trans m is s ion.

Additionally , es tim ates of the infectiou s nes s of s m allp ox are m u ch low er than for m eas les

(Tab le 1 ).

Sm allp ox w as als o m u ch m ore lethalthan m eas les , w ith cas e-fatality rates ofb etw een

1 0 and 3 0 p er cent for the Variola m ajor s train that p rob ab ly circu lated in Eu rop e u ntilthe early

tw entieth centu ry .M eas les b y contras t is as s ociated w ith cas e-fatality rates ofles s than 5 % in

his toricalp op u lations .M eas les is lethalm ainly to v ery y ou ng children,althou gh in conditions of

ov ercrow ding or s ocialcollap s e then adu lt m ortality m ay b e s ignificant.

The high infectiou s nes s of m eas les , the lifelong im m u nity it confers and and the

inab ility ofthe v iru s to p ers is t ou ts ide a hos t,m eans that m eas les cannot p ers is t in circu lation in

s m allp op u lations .Rather it p rodu ces v ery rap id ep idem ics that infect alm os t alls u s cep tib le

indiv idu als ,and then b u rn ou t for lack offu rther s u s cep tib le indiv idu als .Bartlett es tim ated that

a p op u lation of at leas t a q u arter of a m illion w as req u ired to p rov ide a s u fficient s u p p ly of

s u s cep tib le indiv idu als (throu gh b irths ) to m aintain m eas les circu lating in the p op u lation

w ithou t req u iring introdu ction (Bartlett, 1 960).H ow ev er Black, res tricting his s tu dy to is land

p op u lations , argu ed that a p op u lation of arou nd half a m illion w as req u ired to giv e an ev en

chance ofp ers is tence in the ab s ence ofregu lar reintrodu ction from other p op u lations (Black,

1 966).This dep endence on continu ou s trans m is s ion and large p op u lations rais es interes ting

q u es tions ab ou t the his tory ofm eas les b efore the ris e oflarge cities .

London w as the only Englis h city w ith the p otentialto s u s tain m eas les in endem icform

b efore the nineteenth centu ry (Cliffet al., 1 993 ).W eekly cou nts ofb u rials attrib u ted to m eas les

s u gges t that m eas les w as p res ent in a m ajority of w eeks each y ear b y the late s ev enteenth

centu ry , and eru p ted in regu lar three y early ep idem ics (Figu re 6).London had a p op u lation of

p erhap s 3 50,000 b y 1 650, and had grow n to 959,000 b y 1 8 01 .By the 1 8 4 0 s its p op u lation had
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reached 2.3 6 m illion and m eas les deaths occu rred ev ery w eek, w ith an ep idem ic cy cle of

ap p rox im ately 96 w eeks , cons is tent w ith the increas e ov er the p eriod 1 660 to 1 900 in the s iz e

and rep lenis hm ent rate of s u s cep tib le children (Brow nlee, 1 91 8 ).Ou ts ide London no u rb an

centres w ere large enou gh to s u s tain m eas les w ithou t regu lar reintrodu ction, and m eas les

ap p ears to hav e rem ained a regu lar b u t not endem ic dis eas e b efore the nineteenth centu ry .

H ow ev er as other large cities and conu rb ations dev elop ed in the cou rs e of the nineteenth

centu ry then m eas les ep idem ics increas ed in freq u ency nationally .Its ’higher cas e-fatality rates

am ongs t y ou ng children m eant that as the dis eas e circu lated m ore freq u ently and the av erage

age at infection fellthen m eas les m ortality increas ed, and w as highes t in large cities and high

p op u lation dens ities (W oods ,2000).

Sm allp ox on the other hand ap p ears to hav e faced few er natu ral b arriers to

es tab lis hm ent in s m allhis toricalp op u lations than m eas les .It w as a v ery regu lar cau s e ofdeath

in b oth London and M anches ter in the m id-eighteenth centu ry , w ith rou ghly b iannu alep idem ics

in b oth p laces des p ite the hu ge difference in s iz e (M anches ter had a p op u lation of arou nd

20,000 in 1 7 50).Sm allp ox m ortality rates w ere s im ilar in b oth centres (Dav enp ort et al., 201 5).

M ore s u rp ris ingly , s m allp ox ap p ears to hav e circu lated relativ ely freely throu gh com m u nities in

the north of England and in m ainland Scotland, and w as a m ajor cau s e ev en in s m alltow ns

(Figu re 3 ). The relativ ely low infectiou s nes s of s m allp ox m eant that it did not infect all

s u s cep tib le indiv idu als du ring an ep idem ic,and its ab ility to p ers is t ap p arently m ade it p os s ib le

for the dis eas e to m eander throu gh areas oflow dens ity and dis p ers ed s ettlem ent, s u ch as w as

ty p icalofm u ch ofnorthern Britain and Sw eden (Bru nton,1 990;Raz z ell,2003 ;Sköld,1 996).

The relativ ely low infectiou s nes s ofs m allp ox m ay how ev er als o hav e m ade it relativ ely

eas y to control the dis eas e. Sm allp ox req u ired only c. 8 0 p er cent v accination cov erage to

p rev ent trans m is s ion, com p ared w ith c.95 p er cent for m eas les b ecau s e of its m u ch higher

infectiou s nes s , and this relativ ely low lev elofim m u nis ation req u ired w as a key factor in the

s u cces s fu leradication ofs m allp ox (Anders on & M ay , 1 991 ), together w ith is olation ofs u fferers

and contact tracing (Fenner et al., 1 98 8 ).Sm allp ox is the only hu m an dis eas e to hav e b een

s u cces s fu lly eradicated, and attem p ts to elim inate m eas les continu e to fou nder on the

req u irem ent for ex trem ely high rates of com p liance w ith im m u nis ation p rogram m es .In the

cas e ofs m allp ox ev en v ery p artialv accination s chem es w ere s u fficient to cau s e a s u b s tantial

lengthening ofs m allp ox ep idem ic cy cles and a dram atic redu ction in m ortality from the dis eas e

(Kry lov a,201 1 ).

Su rp ris ingly , ev en b efore the adv ent ofv accination it ap p ears that tow ns and v illages

in s ou thern Britain w ere ab le to av oid s m allp ox for v ery long p eriods . Figu re 7 m ap s the
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dis trib u tion ofs m allp ox b u rials identified s o far in eighteenth centu ry b u rialregis ters , b y the

p rop ortion ofs m allp ox b u rials that w ere adu lt.The p attern is v ery s triking.Adu lts com p ris ed

les s than 5 % ofs m allp ox v ictim s in northern s ettlem ents , b u t at leas t 1 0 % ofv ictim s in the

s ou th.The p res ence ofadu lt v ictim s is an indicator ofthe freq u ency ofs m allp ox ep idem ics in

thes e s ettlem ents ,or in the p laces w here m igrants to thes e p laces originated.In London 20 % of

s m allp ox v ictim s w ere adu lt in the m id-eighteenth centu ry , and thes e w ere m os tly m igrants

w ho had grow n u p in areas w here s m allp ox w as a rare dis eas e b efore m igrating to London

(Dav enp ort et al., 201 1 ).In M anches ter b y contras t les s than 5 % of s m allp ox v ictim s w ere

adu lts , and this fell to 1 % after c. 1 7 7 0 (Dav enp ort et al., 201 5). This difference in the

s u s cep tib ility of adu lts p rob ab ly reflects the m igration fields of the tw o cities , w ith London

draw ing m os t ofits m igrants from s ou thern cou nties w here s m allp ox w as rare and ep idem ic,

and M anches ter draw ing m igrants from areas w here s m allp ox w as already endem ic.

The cu riou s p attern ofs m allp ox m ortality ev ident in Figu re 7 s u gges ts that in s ou thern

England m any v illages and ev en tow ns w ere ab le to av oid s m allp ox ep idem ics for long p eriod,a

p henom enon b orne ou t b y anecdotal accou nts (Raz z ell, 2003 ). This is s u rp ris ing giv en the

generally higher p op u lation dens ities and m ore integrated m arket econom y of this region.

Thes e areas w ere als o keenes t in the adop tion of inocu lation, the foreru nner of v accination.

Inocu lation w as m ore dangerou s than v accination b ecau s e it inv olv ed infection w ith a low dos e

of s m allp ox v iru s . This rais ed the ris k b oth to the indiv idu al b eing inocu lated, and to the

com m u nity if the inocu lation its elf triggered an ou tb reak. Som e com m u nities b anned the

p ractice of inocu lation for this reas on. H ow ev er m any com m u nities u ndertook ‘General

inocu lations ’that inv olv ed inocu lation ofallthos e w ho had already had s m allp ox , inclu ding the

p oor w ho w ere inocu lated at p aris h ex p ens e (Sm ith, 1 98 7 ; Raz z ell, 2003 ).This ex p edient w as

u s u ally adop ted w hen s m allp ox threatened, and w as p rob ab ly v ery effectiv e at redu cing

s m allp ox m ortality and the freq u ency of ep idem ics in areas w here inocu lation w as p op u lar.

There is how ev er no ev idence that inocu lation w as p racticed to any ex tent in northern England,

cons is tent w ith the high m ortality from s m allp ox ev ident in thos e northern s ettlem ents for

w hich w e hav e data. The av oidance of s m allp ox b y m any s ou thern v illages and tow ns is

tes tam ent b oth to the v igilance ofp arochialofficials in res p onding to the threat ofap p roaching

s m allp ox ep idem ics , and to the relativ ely low infectiou s nes s of s m allp ox .Paradox ically this

p rop erty ofs m allp ox allow ed it to p ers is t at low p op u lation dens ities w here m eas les cou ld not,

b u t als o m ade it relativ ely eas y to av oid or controlb y p artialand ru dim entary m eans .
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Conclu s ion

W hile a p os itiv e as s ociation b etw een incom e and life ex p ectancy is v irtu ally u b iq u itou s in

m odern p op u lations , the ev idence for this as s ociation in his toricalp op u lations is am b igu ou s ,

p articu larly b efore the nineteenth centu ry .Step hen Ku nitz argu ed that p ov erty only em erged as

m ajor determ inant of m ortality lev els once cris is m ortality occas ioned b y p lagu e and ty p hu s

w as controlled b y hu m an interv ention and ep idem ic dis eas es s u ch as s m allp ox and m eas les

w ere redu ced to dis eas e ofchildhood in the cou rs e ofthe econom icand p oliticalintegration that

occu rred ov er the eighteenth centu ry in Eu rop e (Ku nitz , 1 98 3 ).This p ap er ex am ined thes e

s hifts in the m ajor infectiou s cau s es ofdeath ov er the p eriod 1 600 – 1 8 50 in England from an

ev olu tionary p oint of v iew . For dis eas es that are trans m itted p ers on-to-p ers on, confer

im m u nity and cannot p ers is t ou ts ide a hos t then there is ev idence ofs trong s electiv e p res s u re

agains t high hos t lethality (m eas les is the clas s ic ex am p le).Thes e dis eas es are m os t lethalin

indiv idu als w hos e im m u nity is low (y ou ng children, the illand the m alnou ris hed).H ow ev er for

p athogens w hich don’t dep end on their hu m an hos t for trans m is s ion and/or can p ers is t ou ts ide

a hu m an hos t then there is les s s election for low v iru lence.This category inclu des s om e ofthe

m os t des tru ctiv e ep idem ic dis eas es in early m odern England (p lagu e, ty p hu s , s m allp ox and

m alaria).In thes e cas es cas e-fatality rates ap p ear to hav e b een high ev en in relativ ely w ell-

nou ris hed and rob u s t adu lts , and therefore thes e dis eas es w ere relativ ely non-s electiv e w ith

res p ect to p ov erty , ex cep t w here w ealth facilitated av oidance of infection (for ex am p le b y

fleeing p lagu e or p ay ing for s m allp ox inocu lation).H ere w e argu e that not only w ere thes e

s ocially non-s electiv e dis eas es p articu larly lethal, b u t the characteris tics that m ade them s o

lethal als o m ade it eas ier for relativ ely w eak interv entions to b reak the chain of dis eas e

trans m is s ion. Therefore the m os t deadly ep idem ic dis eas es w ere als o thos e m os t eas ily

controlled b y p rev entativ e actions , inclu ding q u arantine, is olation and im m u nis ation.The early

control of thes e m ajor dis eas es w as as s ociated w ith large redu ctions in m ortality , b u t als o

s hifted the dis trib u tion ofcau s es ofdeath tow ards the les s v iru lent dis eas es ofthe ex trem es of

age and of p ov erty (diarrhoeal dis eas es , m eas les and other childhood infections , certain

res p iratory dis eas es and tu b ercu los is ).This s hift w as am p lified b y the increas es in p op u lation

s iz e, dens ities and connectednes s as s ociated w ith u rb anis ation and indu s trialis ation, that

fav ou red trans m is s ion of highly infectiou s p ers on-to-p ers on dis eas es of m oderate lethality ,

s u ch as m eas les .

It w as no accident that the m os t lethaldis eas es of early m odern England w ere als o

thos e w here the chain of trans m is s ion w as m os t readily b roken b y relativ ely ru dim entary

p olicies ofq u arantine and is olation (p lagu e, ty p hu s and s m allp ox ), b y drainage in the cas e of

m alaria, and b y inocu lation and v accination agains t s m allp ox . Thes e m eas u res w ere all
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p rev entativ e, and acted to redu ce ex p os u re to dis eas e. Redu ctions in the m os t lethaldis eas es

w ou ld hav e redu ced the v olatility ofm ortality (together w ith redu ctions in the dearth-related

ev ents that triggered thes e ep idem ic ep is odes ), and s hifted the age p attern ofm ortality to the

ex trem es oflife,as w ellas redu ced the lethality ofcities and increas ed the adv antages ofw ealth

and s u p erior nu tritionals tatu s .This is not to claim that the controlofthes e v ery lethaldis eas es ,

delib erate or otherw is e, w as the s ole factor in p rodu cing thes e changes in m ortality p atterns .

Rather the aim is to ex p lore the p otentialdis eas e s p ecificity of the m echanis m s p rop os ed to

u nderlie s om e of the m ajor ex p lanations of m ortality decline, es p ecially thos e b as ed on the

endem icis ation ofep idem ic dis eas es or im p rov em ents in nu tritionals tatu s .In p articu lar, w hile

increas ing ep idem iologicalintegration of the Englis h p op u lation w as p rob ab ly a m ajor force

driv ing m ortality p atterns , it can accou nt b etter for rise s in m ortality in the s ev enteenth and

eighteenth centu ries ,and ofes p ecially childhood infections in the nineteenth,than for ob s erv ed

declines in ov erall m ortality , es p ecially in u rb an areas , after 1 7 50. The as s u m p tion that

endem icis ation of dis eas es s hou ld neces s arily hav e p rodu ced in the long ru n a m ore b enign

m ortality regim e v ia the attenu ation ofv iru lence (M cN eill, 1 97 7 ; Ku nitz , 1 98 3 ) is incons is tent

w ith the s u s tained lethality ofs om e ofthe m os t im p ortant p athogens ofthe eighteenth centu ry .

Sim ilarly , ex p lanations that attrib u te the lion’s s hare changes in m ortality to changes in m ean

nu tritionals tatu s of the p op u lation agains t an u nchanging dis eas e env ironm ent or ‘m ortality

ris k s u rface’ (Flou d et al., 201 1 ) ignore the dram atic changes in the dis eas e env ironm ent

occas ioned b y the controlofs m allp ox , w hich ow ed nothing to im p rov em ents in hos t res is tance.

Life ex p ectancy s tagnated b etw een c.1 8 20 and 1 8 7 0 in England, and the m ortality

decline that ens u ed after 1 8 7 0 req u ired m ore heroic additional m eans of dis eas e control,

inclu ding im p rov em ents in s anitation and hou s ing that redu ced ex p os u re, and ris es in hos t

nu tritional s tatu s , that increas ed hos t res is tance. Thes e factors w ere s u fficient to driv e

enorm ou s falls in infectiou s dis eas e m ortality b efore the adv ent of m odern antim icrob ial

treatm ents , and they rem ain key to p rev entativ e efforts to control infectiou s dis eas es now .

H ow ev er s om e ofthe dis eas es that cau s e m os t concern w ith res p ect to the p otentialfailu re of

antim icrob ialagents , inclu ding M RSA, are characteris ed b y high lethality b u t low p ers on-to-

p ers on trans m is s ion (W alther & Ew ald, 2004 ). The efficacy of relativ ely lim ited his torical

m eas u res that dis ru p ted dis eas e trans m is s ion s erv e as a rem inder ofthe continu ed im p ortance

of b as ic hy giene and of s u rv eillance, is olation and contact tracing techniq u es that firs t

dev elop ed du ring the p lagu e era.
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op en w ou nd

low 20 % 4 q u arantine,

is olation,

hy giene,

DDT to kill

lice.

C1 8 th

redu ctions

1 94 3

antib iotics 1 94 8

(chloram p henicol)

Vaccine 1 94 3 (not

cu rrently in

p rodu ction)

s m allp ox v ariola m ajor v iru s

(DN A)

airb orne,

ex u date

3 .5 – 6 5 1 0-20% 6 q u arantine,

is olation

C1 8 th none

Inocu lation C1 8 th

2 Roisthe ‘b a sic re prod uc tive num b e r’,a ne stim a te ofthe num b e rofinfe ctionsca use d b ya sing le infe cte d ind ivid ua lina com ple te lysusce ptib le
popula tion.Itisnotoriouslyd ifficulttom e a sure pa rticula rlyford ise a se stha tinvolve a ninte rm e d ia te host(such a sinse ct-b orne infe ctions) or
chronic sta g e s(such a stub e rculosis).
3 N ishiura e ta l.,2012
4 Ewa ld ,1983
5Ga ni& Le a ch,2001
6 Fe nne re ta l.,1988;W a lthe r& Ewa ld ,2004
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v accination 1 7 98

cholera Vib riochole ra e gram -

negativ e

b acter-

iu m

m ainly w ater-

b orne (faecal

contam ination

)

1 .1 -2.6

(H aiti

ou tb reak

,201 0)7

1 5.7 8 w ater

p u rification

,

notification

and

is olation of

cas es

las t ep idem ic

in Britain

1 8 66 (1 8 90 s

in continental

Eu rop e).Still

endem icin

s ou th As ia

oral

rehy dration

1 968

ty p hoid Sa lm one lla

typha e

gram -

negativ e

b acter-

iu m

m ainly w ater-

b orne (faecal

contam ination

)

2.8 -7 9 5-8 -9.7 3 8 w ater

p u rification

,is olation

ofcas es .

redu ced in

im p ortance

ov er the

cou rs e ofthe

C1 9th in

England.

antib iotics ,

oral

rehy dration

1 94 8

(chloram p henicol)

;1 968 (ORT)

Vaccine 1 8 97 1 0

m alaria fou r

Pla sm od ium

s trains

p rotoz oa

n

m os q u ito b ite es tim ate

s v ery

v ariab le

1 -3 0% in

ep idem ic

s 1 1

redu ction

in m os q u ito

hos t

p op u lations

(drainage,

DDT) and

p rev ention

ofb ites

elim inated in

England b y

early C20th.

Very large

glob al

redu ctions

throu gh DDT

u s e 1 94 0s +

q u inine,

chloroq u ine,

artem is inin

and

com b ination

therap ies

q u inine u s ed in

Boliv ia and Peru at

leas t s ince C1 5th

7M uka nd vire ta l.,2013
8 Ewa ld ,1991
9 Pitze re ta l.,2014
10 U se d b ythe Ja pa ne se a rm yin1905inthe Ja pa ne se -Russia nwa r,m a king itthe firsta rm ytosuffe rm ore d e a thsfrom b a ttle wound stha nd ise a se .
Va ria b le e ffica cy.
11Ca rte r& M e nd is,2002
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(b ednets ,

ins ecticide)

Dis eas es redu ced 1870-1940

tu b ercu los is M yc ob a cte rium

tub e rc ulosis

gram -

p os itiv e

b acter-

iu m

airb orne,

ex u date

1 .0 < R0

< 8 .9 1 2

5 % 1 3 BCG

v accination

1 921 (rou tine

u s e in

England

1 953 )

antib iotics 1 94 6

(s trep tom y cin)

m eas les Ru b eola v iru s

(RN A)

airb orne 5 – 1 8 1 4 0.00 7 %
4 4

v accination 1 963 none

s carlet fev er Stre ptoc oc c us

pyog e ne s

gram -

p os itiv e

b acter-

iu m

airb orne 6 -8 1 3

(C20th)

2 -6 % in

late

C1 9th1 5

ap p arent

decline in

v iru lence

1 8 7 0+

antib iotics 1 94 2 (p enicillin)

w hoop ing

cou gh

Bord e te lla

pe rtussis

gram -

negativ e

b acter-

iu m

airb orne 7 -1 8 4 5 0.1 % 4 4 v accine 1 94 7 antib iotics 1 94 6

(s trep tom y cin)

12 Sa nche z& Blowe r,1997
13 W a lthe r& Ewa ld ,2004
14 And e rson & M a y,1991:70
15La nca ste r,1991:114
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Dip htheria Coryne b a c te riu

m d iphthe ria e

gram -

p os itiv e

b acter-

iu m

airb orne,

ex u date

4 -5 4 5 0.2 % 4 4 v accination

(w ith 'anti-

tox in')

1 8 90,b u t

u s ed w idely

only from

1 94 0s .

antitox in and

antib iotics

(latter largely

to p rev ent

trans m is s ion)

Dis eas es redu ced or elim inated after 1940

p oliom y eliti

s

p oliov iru s v iru s

(RN A)

m ainly w ater-

b orne (faecal

contam ination

)

5 -7 4 5 0.1 5 % 1 6 v accination 1 954 ,1 95 7 none

Pneu m onia Strep tococcu s

p neu m oniae

gram -

p os itiv e

b acter-

iu m

airb orne and

ex u date

0.03 6 % 4 4 v accination 1 97 5 Su lp honam ide

,p enicillin

1 93 7 ,1 94 4

chickenp ox Varicella z os ter gram -

negativ e

b acter-

iu m

airb orne 7 -1 2 4 5 0.003 % 7 v accine 1 97 5 none

M RSA Sta phylococ c us

a ure us

gram -

p os itiv e

b acter-

iu m

p ers on to

p ers on,

ex u date

low 1 7 1 5 -60%
1 8

hy giene Redu ctions in

hos p ital-

acq u ired

infections

from 1 8 8 0 s

du e to as ep tic

and antis ep tic

s u rgical

antib iotics s u lfa dru gs

(1 93 0s ) p enicillin

(1 94 2).Rap id

ev olu tion of

res is tance

16 N a tha nson& Ke w,2010 (ca se -fa ta litie sforpa ra lytic c a se sm ultiplie d b y100 fora ve ra g e se roconve rte rs/ca se )
17Coope re ta l.,2012
18 M cKinnon & Lod ise ,2007
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techniq u es

and

im p rov em ent

s in w ou nd

treatm ent


