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Epidemiologic fransition theory

The demographic record of anatomically modern
buman heinggs sugeests thad, Too e vast najocicy of
o 180 00-vear existence, hirth rares and dearh
eites liave remained atvery high levels - somewhere
between 30 o 50T O {Onean, 1971, Although
Lirth rates have probably been quite stable for most
of hoaman history, death rates have been volatle - a
valarility caused by the everpresent deadly force of
locally-roncentrated epidemic infeenious and para-
sitie diseuses (IPDs) in our early ancestors, but punc-
tuated by the episndic influence of pandemic plagues
and infections that wiped out reladvely larme seo-
muonis of the populadon CMeNeil, 19771, T'he histori-
cal record also sugreses that persistently high levels of
“exerinsic” mortalite {dominated by TPT) deaths, ot
also including accidents, homicide, suicide, and pre-
darion  are the primary reasen tal swvival Lo sexaal
maturity has been denied o the majority of human
beings ever born, It has only been within the last few
hundred years thae secial and economic changes
have permitred peaple in the developed werld w
avoid the causes of death that have killed the wasr
majerily of eur ancestors, Sadly, the same cannot be
said fordeveloping nations, In these counlries, where
the majority of the human population resides, TPTH
are sl w najor influence on the davto-day lives of
mast penple.

The transition from high o lese vital vaces has
bewn referred o oas the demographic transiton — a
phenamenon that has been documented and dis-
cussed extensively i the scienufie lteramre {Thavis,
1065 MoeMNamaura, 1982; Telelbauwm, 1975). The
mortality component of this ounsition has been
further elaborated within what is called epidemio-
logic transitdon theory (Onoan, 1971). According
to Oimran, the mransiton from high e low deatd
rates has been characterized by o secular ransfor-
mation of vital ses along o tireeslags process -
population changes thar have led o vapid incmsoses
in lile expectancy at birch, wshift in the age distribn-
Liees of edearh from dwe young w the old, and an
accompanyving shift in rhe anderlving canses of
ceath,

The First stagre of the epademiologic tansiton
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muortality state thal prevailed for most of himan
history, Thiving this stage, exteemely higl death rates
were vacillating between peaks and rom yrhs ine re-
spommtae Lo Mallliusian positive checks such as epi-
demics, famines, and war. Tn the middbe of e 180
century, in many now developed nauons, the Seo-
ol stwre = Omiran's Age of Receding Pandemics —
began, Lpidemic peaks in maorialicy Desczune less
frequent, and in some cases disappeared as endemic
infections were reduced. As a consequence, hife ex-
pectancy at hirth elimbed vapidly from aboul 35 ©
50 vears. The Second stage also produced two af the
st significant demographic changes in human
histary; explasive population gproweh and popula-
lion ageing. During the Third stage of the epide-
milugic lansition, Choan’s Age of Degenerative and
Man-made Mseves, dearh rates stabilized o celatively
low levels (about 101 000}, In addition, the majoer
causes of death shifted from infectious and parasitic
disenses ro chronic disorders ussocialed with ageing,
such as cardiovascular diseases, amd cancers, This
slage was thought o ocour al Varving rares acorss
nations becawse the mortalite ransition was being
driven by socially derermined faclors in developed
nations, and by medical technology thronghot the
developing world, IL was also suggested that the
early health and Inngevioe benefils of this Wwansiton
wolld be tirst experienced primarily by infiunts, chil-
deen, awdd women of childbearing ages. subgroups
nf 4 popuiation most suscepilde o infeciious and
parasitic diseases,

Early in the epidemiclogic transition, lite ex-
pectancy ar hirth rose rapidly becawse declines in
death rates were concentrated among rhe v,
Later, in the 20th cendury, the vise in lite expectancy
at birth was arrrihired mosty o declines inocdeath
rates that occurred in those 5L|1'K'1‘r'111}_f tey rronledfe: el
older wres, Ashiltin the underlying cavses of death,
and in the ages at which these dewds ocourred
eaplains why the rapid rise in life expectaney al
birth ubserved duriog this century has decelerated
fOshansky, Carnes & Cassel, 19900, Saving the lives
ol children adds many years o life, whereas the
survivors at older agres we confronted by high over-
all mortality risks even thongrhs desathn rates Ton majo
causes ol death (swch as cardicvaseubar iseases) are
declining. :

I his original Formaabaion, Omran CEE71) never
argued explicitly that mtecuons and parasine dis-
ez woubl be climinated, nor did he disenss foore
trends i age-relared diseases, Thee ke concepl of



epidemiolegic ransition theoy was the suggestion
that the canses of dearh rhar heed dominated hooan
history would be replaced by the chronie degeneris
Liver Gisewses U are associated with snmdval extenced
inter oleler ages. Tn ocher words, e al death shilted
primarily from the young 1o the old, as the prineipal
canses of deatl shifted feom infectiowns and parasioe
digeases o cnronie degenerative diseases,

Extending epidemiologic transition theory

nthae Tatrer hadfof che 20b cenory, a toally unes

pected phenomenon occurved, Death rates from
somne chronicdegeneralive diseases began (o decline
rapicdle For example, herween 1965 and 1995 ['pal—
vcularly between 19654 ancl 14982, deach rates from
Biesart dlisenase inthe Uniied States (responsibie for 1
ol every 4 dearhs w1981 declined by over 25
percent - adramatic change over a remarckalble brief
pozicel of tme, Furthermore, these declining death
rates were concenteated in people ar midedie and
older ages, o phenomenon neither anticipated, nor
disenssed in eptdemiologic ransidon theory, This
new trend in mortality oceurred nor ust n rhe
United States, but duoughout the nations of the
developed world, and inmore advaniagedsubgioups
within the developed nauons, In facr, this new pals
tern of mortalicy was so deamatically dilferent from
the Third arage thatseme researchers proposed that
Omran's epidemiologic tranginon theory should be
extended waccountfor this phenomenon {Olshansky
A Auly, 1086 Ropgors & Hackenlerg, 19897,

e extenzion, proposed by Olshansky ul Aull
(19867, called this "new” pattern of movtalite “the
fourth stage of Lhe epidemiologic transition,”
labeling it The Age af Delaverd Degeneraiive Diveasey,
This Fourth stage was still characterized by the lin-

rering preseiws of the major degenerative causes of

dearh deseribed in Chmran's Thivd stagoe, but with
an average age af death that was signibicancly de-
Layeeed, The debavs doage al deadh rom degenerative
causes were atrthnted o the nfluence of moedical
technology, a force used by Omran to explain the
mesrtality rransition observed in developing natons,
The term now ased o deseribe these improvemens
insuevival s “manudhcowed tme”, which is o phe-
pormietone that can L guaniiled Ty examining sur
vivil trends foe people dingnosed with chronde faal
diseases (Olshansky, Carnes & Grahn, 1948, The
Feawrrh seames weas also characterised by gains o lile
expectancy at hirth that had become more influ-
enced by declining death rates at older than m
voungrer sires, The influence ol infectious and para
sitie diseases was napproprarely dismissod inothis
propused Fowrth stage ol the epidemiologc trans-

tion, beeawse i was helicved that these caoses ol

death had come almost ennrely under the contreal
of meslern medicine,

Anather Fonrrh svage oxfonsicn, e Svleisisn
Stege, was developed by Rogers and Tackenbars
PO o address Tacloes ol polential demographic
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MNPRATEANCE ot considered o the avigingl throe
stage 111('1:\']'::1. These factors included 1% an i:m:;-p].w
|:-.-'..‘I.'.-‘-.'l..'l._':1 infectious and chronic diseases within mf_h
vidnals that could give rise o an increase in infec-
tious and paasitic diseases associaied w i

ith L]J:rrising
proevalence of chronic conditioms,

mnlueneed by panid o AT a‘ Ph'-‘]”"m‘-‘l"lﬂﬂ

£4 By rapid populaton ageing, 27 the im-
Pm-t;u'ln miluenee of exmrinsic social pathologies sieh
as uccidents, homieide. and suicide I:])at’l']t\.‘..ul.'irh’ at
younger agesy, 3% the critical role of individual he-
Fravionirs in .Lhu tringr of expression of AT re-
I-.-u.uld.uu{rl'rtli!':_-f, which ave faclors that ean have both
plr:-.ulm-'r‘. Ve inpraved lifesrvles ) and negalive {egr,
clgarette smoking) offers on lemgevily, und 4) the
nerdtive effeces on longevity associared with a com-
binaven of social and behavioural Factors, el
ing economics, public policy, and human belavionr
{en, the relatvely recent emergence and spread of
LIV /AL, and the fnability to eliminate some in-
[ectious and parasive diseases in spite of the avail-
ahility of immunizations).

Lhe Age of Detayed Degenevative Diseases model did
nel account for the four mortalite modifiers idenii-
fied in the Hybristie Stoge muodel, The crmergenee of
causes of death Juedged o be srrongly influenced by
individual behasiour and lifestvle including such
major canses as cardiovaseular disease and cancer
was predicied by (he Fivbristie model as the so-
called “liybristic diseases.” The Hybristic Stage model
did not eonsider, however, e preential influence
of genenc faciors on e e of expression of chronic
degenerative diseascs. Newther of the proposed ex-
tensions of Omrean’s model addiessed the possible
re-emergence of inleciiouns and paTasitic discases,
Although Omran recopnized the interaction between
covirorment and resistance 1o infectious disease,
eprdemiologic rransition theory forsed primarily
on how the manipulatinn of envivonmental Factors
conld favilitate redictions in death rates (rom 1PDs
A, 19715200 The dominance of the Omran
paradigm made i difficult For scientists to foresee
rhe important influence il e reinerpenoe of
these anciend killers could have on human mortal-

iy [Odshunsky, « of, 1997 Wilson, Levins, &
Spiclman, 14U,

Global re-emergence of infectious and

parasilic diseases

Anv discussion aboug (he re-emergensce af infections
arned panasitic discases should begin with a recogni-
o thar searly all of e communicable discases
cansmg mochidity aued morality in the world oday
could be avoided with echnoiogies that aireadv exist
— chean witer, sUWREE 1.iiEEJIJE:l| s dreatment, e
sanitarv ivine eondidgons, anubiotcs, immunizatons,
el changes m belaviour In other words, con rovlling
the health ard 'I'I‘lrlt'l'r'.liljf CONRCIETIeSS sl Lt
with most kuiown IPDs is mare 2 ihaneial, ar piliteal
chiallenge thang wech nological ohstacle, [ should be
noted, however, that just o fow deades aper this
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attitade led the medical community to declare that
Liumanity wias on theverge of one of rhe moest inpon-
tanil social revolulions in history — the complete
elimination of TPDs (Burnel & White, 1962}, roni-
cally, this optimistic annomeement coincided with
the emergence of serious obstacles that blocked the
pathweay o the alimination of ese ancient killers,

As alluded to earlien the persistence of Lealth
threals posed by IPDs is due, in part, to an inabaliry
o nee existing rechoology Lo contrel or eliminate
these discases, {4 more serions concern, Lowever,
are Lhe unanticipared threats to public health that
have heen caused by "new” diseases that have sar-
[aced during the last quarter of the 20th century,
The new diseases recognized since 1473 are listed in
Tablie 1,

Several disenses listed in Table 1 are notable: the
emerprence of Ebola and Hanta virus in 1957, the
Foeoli bacterium O1R7HT in 19582, the HIV ident
ffed in 1983, the Hepatitis C virus in 1989 and the
Sin nombre virns in 1995 These diseases haove already

Tahle 1

had a profound effect oo huwnan health in every
part of the globe, as evidenced by their global map
ping (e Fiprure 1),

In a literal sense, it is probably incorrect to refer
to these diseases as new. For example, it is likely that
the HTV has existed for hundreds, or even thousands
of years, crossing over fram animal populations occa-
sionally 1o kill small isolated subgroups of human
heings. Encroachments il :J'::L-w-l:ne, unidentified
LIV environments, cansed by cxpanding human
populations, and by a population densiry that is large
cnonyrh to sustain the vicus have given the HIV the
OPPOTIUNILY (o nse human heings as o permanernt
Liost. It is estimated that the [V has infeered mone
than 47 000 000 people throughout the world, 1IV/
ALY has quickly heeome the fourch leading canse of
death globally (WHO, 19496}, and its relative impor-
rance ty total mortality 1s sUll growing, To illastrare
the magnitude of the problem, more rhiann 2 200 (00
pruple died fiom HIV/ Al related illnesses in 1998,
a numhber equivalenc to the total number ol deaths

Disrase-Dausing Microbes and Infectious Diseases Recognized Sincs 1973

Health problem

Yoar Microbe/disease Type
1972 Rntaviras wirus
1875 Parvovirus 118 virus
=5 Gryptosporidium pareum parasite
1877 haols wirus
1977 Lagianaila poemoiila bacterium
1977 Hantavirus wirus
1977 Camplobacier fejuni bacterium
1980 Hurman T-lwmphotropic yirus
vires 1 (HTLY-1)
1961 Tomic straing of bactarium
Staphylocaecis Aurens
1982 Eschariohia coli 107HY hactarium
19a2 HTLY-1Y Wirys
108 Rorraiia burgaarfael harterium
1983 Hurman immunadeficiancy wirls
yiias (HIY]
1983 figiienbactar malian bacterium
1085 EnterocytnFnan hinneisi parasite
1 GG Gyelospora cavetanansis parasita
1985 Harman ferpesvins-b WiTus
[HEM-H)
1986 Hepatitis [ virns
1984 Efiyiichia chaffeensis bacterium
1880 Hapatitis [ IE;
1991 Guanarito virns virus
1941 Enceohalitozoon hetlam paracite
1991 Mew species ul Babesia parasite
108 Bartunals hangalas baciarium
1947 Sin nambre virgs WIS
1993 Fneaphaiisoznon sumeul varase
14944 Sania vires ViIFNS
1885 Snan oerpesvires & virus
SHA

fdajor cause of infentile didrrhoea worldwide
SavEre angmia

Agule and chionic giarrhoes

Fenla hemerrhagic feverfuncentrolled bleeding and Kidney failuse
Legionralires' dismaasn

Hemuorrhagic fever

shnort-term digrrhuga

T-cell lymphosma-lenkemial cancer of the lood

Toxig shock syndrome

Hemurrhagic colitis; hemelytic uremic syndrome
Hairy cell l2ukemia

Lyme discase

Ancuirad immune deficiengy syndrama (AINS]

Peptic ulcer disaaze
Prrsistent diarrhoea
frersiztent ianhoes
Fosenta suhitum / shin rash

Liver infection, epidemin nepetiti

Human ehelichiogis § infiuznza-like infection

Chrantc Heer infaction

Yenozuslan hemarrhanic fever

Gonjunclivilts

itypical batesiogis { nfection with fever, chills and fatinue
Cal-soraioh disease S bacillary angonialosis

Al resgiratony distrass syndrome

intecton with fever chills and fatigus

Brazlian hemorrhagic favar

Axzovaled with £apost's sascoma in HAGAINS patignts

sowne WHE, The Warld Fealth Peoan 1996: 112,
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Fig. 1

Selectad outbreaks of infeclivus and parasitic dissases (IPDs)

rapartad hetwean July 1998 and Decambeor 1593
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Fromeall canzes combined in rhe Tnited States inche
same vear (WO, 1499 fer sheet),

The Ebola story s siimilar, Ouibreaks of the Ebola
virus havee hoen restricoesd o small geographically
isolated subpopulations in Afeica, Az in the case of
the HIY, the Ebola virus has probably existed within
animmal populaies fora loug e, Uolike the HIV,
however, the rapid progression of debilitaing svinp-
toms and lethalioy in bhuman beings continues o
ke the Ebola virus contained within a small geo
graphic area. The consequences could be desastal-
ing il this deadly virus were somehow tansported (o
o densely populated urban area,

The Helicobacter fidord Tacterinm has alse een
labeled as new when it was discovered in 1985 rthat
this Bacterinom wias the primary cause ol peptic uleer
disease, Previously, the general consensis wis thal
this disease was casecl by stress, As with the 1Y
aned Ebala vicus, the ooly thing new about 5 gadord
wias the discovery of 1 conusal relationship hotween
this bacterinm and o specitic discase,

The Hepatitis G Vieas (HEV) b5 an example ol a
genuinely new disease that spread rapidly across the
glu'i;m since 1wwas identified in 198Y [ Lavanchy, LYY,
Approximanclhy 39 ol the world's populaton (aboud
170 DO O persons ) arve now inlected with HOV, Tr
is eslirated tal 2055 ol the carriers of [0V rif_u_lup
cirrhosis of the ver, amad el Bevwecn T8 o 5% of
those with cirrhosis will develop liver cancer within
L vemrs TWHAO, 1999 Tact sheet), Wihe virns indeed

plavs o consal vole o this discase eliolegy, aowave ol

liver concer could sweep across the globe in the
coing decades, comprising aglobal threat to health
rhat s linked o 0 viras thal Bese appeared aomere
b elecaces ago,
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Another genuinely new disease is a genetic vari-
ant of the bacierium that cauwses cholera — Vil
chaterae 1159, This virns fivst appoeared in the Bay of
Bengal in 1892, and then spread quickly o 10 other
Sonth Astan coundeies (WHO, 1998), Although the
spread of this peneric varianl las waned inorecent
vears, the prevalence of W chaleraa O] hioerpe Fl Tor,
wlhich [irst appeared in Indonesia in 1461, more
than doubled inoa single vear between 1997 and
1948 (WELO, 19993) . This dramadic rise in choler
Lo almost 3000 000 cases, and over 10 Q00 deaths in
1995 ulone oceurred mosdy in West Alvica, and was
believed to resuln fTrom elirane changros velated oo El
Nifo (WHO, 144ta).

T rescent yesus, dramalic increases in incidence
have heen reparted for 4 number of infoenions dis=
cases Lhatl have Pmbabl}r been around for thousands
af years, For example, dengue is a mosgquite-boroe
clisease that is common in fropical and sub-rropieal
repions ol the world, The relatively mild dengue
fever was firs idenidficd in the 18t centuy and s
deadly complicaton, dengue hemorrhaoice fever
(DHFEY, was lrst descibed at the end of the 1Uth
century (Halstead, 19923, Although the prevalence
al both diseases rose rapidly after rhe 1854 epi-
dernie e Philippines spread to other Asian na.
tions, the mosc drarnao increases followed e 1951
epidemic in Cuba (Mnheiro & Corber, 1997 To-
tlawe oo s endemmic in virtwally every continent
excem Purnpe, The dewdly DHF form of dengac
had been reported in only % countries prior to 1970,
Bt Tras now ceachied epidemic levels throughout
Asia, and most of the Amaericas, The rapid spread of
the mosquito vector across the globe has put an
eatlimated 2 50000 people at risk for dengue. De-

Rapp. frimast. statist. samt. mond., 57 (1998)



tween 19R1 and 1995, the number of denene /DHY
vasts liave mere than ripled in many Asian cou-
rriesrand the number of cases more than douabled
in the Americas during the 3vewr periad hetween
1995 and 1998 (Pinheira & Corber, 19971 In the
first 10 monchs of LYY, the total number of den-
gue /DI cases in Braail (275 0007 was prearer than
the total nummber of cazes reparied just q tew yours
carlier for all of south America,

Chver the Tast pwo decades of the 20hh contury,
the ol of vellow fever epidemics has visen, and
more counmies than ever are reporting cases of the
disease. Deforestation, wbanization and plobal <ki-
male changes bove expanded the habia feor the
meaquite that carries the virus responsible [or vel-
Low Bever (Addes aepnpidy, Just as in the oase of den-
e, Lhe o uiras have responded by increasing i
mmber, and becoming move widely distributed gen-
graphically, The preliferation and ease of interna-
tionul travel are also thought to contribute to the
ongoing spread of this discase (WHO, 1999, tact

sheet), There are an estimated 200 000 cases ol

vollow fever every vear, anc this number is rising.
Intluenza is o discase thal has been known dor
thousards of veurs, and still contribures o g‘!r:bai
tremeds in mortalite Probably the frst influenza pan-
demic recorded was o 1530, There have beon 31
Subsuqucm pandemmics described m the literature
that conld be artributed o intluenza. The ones miosl
tamilize o people wday include e Spanish Pl
pandemic {designated ATHINDYY of 19181920 that
killedd rnore than 20 000 000 peaple, and the 1997
Asian Flu and 14964 Heng Kong Flu pandemics (bath
designated ATH2N2Y) al logelther killed more than
L 500 000 people. Given the regularity with which
pandemics punciuate the fn epidemics tal pcctr
across the globe every vear, seivittisls thougrht that
another pandemic had bepun when it was discoy-
ered in 1997 thata child in Llong Kong was infected
with avirus {designated A{HLNL} previously known
L infuct only bivds, Althoogh there were only 18
canbirmed cases and B deaths associated with whatis
now known as the Avian Flu virus, public health
cdficials wore worried becanse of the apparent diroect
rransmission of the disease from bird o human host
(Centers lor Disense Clontrol, TOOEY, Afler the virns
bl juomped (o luman beings, another pandemic
was possible. The most troublesome aspect ol the
annual Mo epidemics, awd ol the less common, bue
more dangerouns T lmn:l-’.tnﬁ:‘..\: i5 that the most vl
nerable hosg are children and the eldepdy, Global
population ageing bas dramatically incrensed 1he
aunler of elderly residing o nursing homes aod
extended cave Macilities, resulting in high concenra-
tions ol people who are ]}ni'[it:u]u['l:,' vithirerahle to
e o viruses tha will appear in che coming vears
Prior 1o the 20rh century, the bacterial disease
Eigebetfeerin was one ol the leading causes of child
epard memtality, Dinproved living siandards, and ohe
development af immunizanons causecl the preii-
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lence and death rate Dom this disease o decline,
Periadic onrbresks sill oceurred among amaaced
nated people living in developing and developed
countries, especially during Woald War I and among
people of lower socieeconomic stans (Vieek &
Yharton, LY9E). In the late L970s, a new stoain of
the disease-causing bacteriumn made iU possible Tor
dliphitberia to make o comeback in the former Sovier
[Ininn. When the Russian Federation was forme,
the frequency and content of the childhood and
adull vaccinations for diphrheria were altered, As a
consegquenee, a diphtheria epidemic began in 1940,
and b 1945 there were more than 30 000 cases of
e disease reported across the stares making up the
Federaton [Mirek & Whortown, 1998). Although a
diphtheria vaccine was quickly made more widely
avallable, the ncident raised erions coneerns abonr
the efficacy of this, and of other infections disease
programmes. As the majorily ol vases woere acdulis,
olficials were concerned thar adnlis who were
immunized as children had not acquired Tnumunicy
to the disease, and that withowt an adalr
roviecination programme, the older population
would be vulnerable to the disease [Calarka &
Robertson, 1995,

OF ail the infeerions diseases that have plagued
humanity throughout history, malaria would be ooe
of the mest devastaling of them in tenms of either
morbidity or mormlice. The glohal malaria evadica-
tion programme begun in the middle of the 2iih
century was successful al Gusy, when deamadie redaes
tons ocourred as iroawments for the disease were
developed, and insecticides were used o attack the
mosguito vectorn, Since the galy 1970, however, the
prevalence of malaria has visen ar an alarming vare
due tooa reduction in vector cortral programmes anc
the lack of an eflective replaceineut for DDT, There
are enw ann estimmated 300t 300 000 0080 new cases
of malaria each vear that cause between L 500 OO0
anel 2 F00 000 deaths (Woild Health Orpanization,
L396). Now thal mualaria i endemic in 91 connries.,
and almost 30% of the world’s pepulation s at risk
(H0% of the population of Advica), s disease s a
serics and prowing threar, especially Tor children
and pregnantwormen (Gubler, T9UE; Nehinda, [H9H),

The resmergence and spresd of malarcia have
Lztonmne cowmonylace. A ppical course of ovenrs
accurred mn the western highlands of Kenva, o the
eariy 20th century, an expanding network of rowds
sl I!'di]'r".-'iJ.}'H leed 1o thes inadvertent transport of the
malaria—carrving mosquites rom the low=lving area
of Litdee Victoria to the previously unintected high-
Larid areas (Malakootn Bliomodo & Shanks, 19957,
The development of ren estares and agricoliore in
the highlands also conributed to the vise i malaria.
Drelorestation increased the breeding grounds for
mosouiros, and aborers already intecied with mala-
ria migrated to work on the estates, Yel mosguilo
reduetion programomes and disease reatmenes {paeri-
merhamine and chloragquime were ao successiul




thar rhis yrart of Kenva lad becn declared lree from
malaria throughour the 19608 (Roherts, 19643,

The resurgence of malaria in Africa has been
attvibabed tr many Tactors: o protceoan parasite that
has hecome resistant o ireatment, mosguilo veclors
that have grown resistant to insecticides, the aban-
danmene of YT (or envirommenial reasons, cli-
miate ol land use changes that huve heen foaoar
able w the mosqguiios, inadequate financial resources
iy ot malaria aned ouher diseases {such as HIVS
AIDSY, conflice Forcing migration into maiacial aes
eas, civil unrest and for econmuie fuctors {Malakonn,
Biomnele & Shanks, 1998%; Nehinda, 1993), The ma
laria problem is not restricred o Afriea. Durings the
19505, (here has been a dramatic increase in the
prosaienee of malaria in South America (Roberts o
al, 1997, and epidemics have arizson in parts of Asia
and India [Gubler, 1944}

Recurring themes inomany o the recent [PD
histories have been the growing problem of resist-
ance o antibiotics by the organisms that cause dis
ease, and the rosistance o insecticides by e vec
tovs thar spread disease (Levy, [8998]. Short genera.
Lion Lieses, and rapid population growth permit mi-
erobes 1o adapr vapidly e antimicrobial agents
(Murray, 1991) For example, when Arar reported in
Furope in 1988, the vancomyvoin-resistant enforeeoc
ety (WRE) bacterivm appeacd o Be resticted 1o
haospital setongs (Tey st al, T988) . Recent ovidenee
suggests that VREL has escaped hospitals, and has
been inbioduced into other health care settings
3leTromald e al, 19930, I the Uniled Stales, it is
estimated thar 15% of nosocomual (hospital-neaquived)
enlerococcal inlections are resistant to treatmett by
vaneommyein (Coenters for Disease Conwol, 18993),
Alarmingly, recent dara suggest that the annmicro-
hial agents used o enhance the growth rate of feed
aniials may have given rise o a YRE that can be
rransmirted from animalz o hnman beings (Woroner
et el 1HGHY,

Evidence fora rising Lde ol muli-doog cesisiant
bacteria 18 growing, The list includes, bur s i
restricted 1o, Bl ool Safhvlocecous gurews, Shigelly
Seemneerd, Shipella dyvsendteriae, Vibrio oholerae, Steptocos
cus pmeonoenae, Strepioonccis pomerey. Haewophilis
Faflueneae, Neisserao menanniidis, Dlalicnbactar fulon,
Crnmgaslibecter fefund, Sedmoneflo Db, Sl
netfa fladear, Bacteroudes fraglis, Neisseria gonorriinses,
Mycolieterinm tubercwdosts (Au brv-Damaon &
Comrvaling 1999 Okeke, Lamikanen & Edelman,
P49y Some of rhese haeteria are resistant o all
presently known antibiotics

The importance of the emergence ol resistant
disense vectors should nor be underesnimaned, Tn
recent decades, the emergence, or re-emergence ol
eotatrty clisemses can be atteibuled o the growing re-
statance of arthropod vecrors 10 inseenoides. As ox-
amples. consider the mosgquitos that ransmic ma-
Larie, dengue/DHE, vellow lever, encephalitis and
Alariasis, the ticks thar earry Lyme discase and
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ehrlochioss, the fleas wid lce thal curry Aertonefs
annd ricketlsiosis, and the saod Mes thae gansmie
leishmaniasis (Brogden & MeAlhser, 1998, The
combination of réesstant bacterna and resistant dis-
ass veclors represents an lt?ipo:'Luul. dried nlarmi”!_j
development in the constanily evolving relationship
thiat exists bevween pathosens and human buealeh,

Factors other than the biology ol TPDs and theip
vecrnrs have also conribated o the re-emergence
aned spread of 1PDs throughour the world. Some of
these [actors are new phenomena In the history of
human-anicrobial nleractions (Olshansky et al, 1997,
WHO, 19940 Population ageing, growth and move-
ment are aspects ol human demography thal can
have a profonnd impac oo the mainienanee and
spread of [PDs Tremendos advances in ranspor
Lation wechnelogy not only move goods and peopla
arouned the globe inoa matier of Tiours, but they alse
transport microbes and their vecrors Social, poli
eul and ceonomic factors that canse the movemernt
of people can inerease the contact belween microbes
and people — whether by volunmry movements of
poapele frem rural Loowrban areas, or by the invelun-
tary movement of political refugess inw IPD-rich
ervironments. Uhe dissupuon of air and, and wa-
Lz by carthguakes, droughis, foods, harricanes, L
it voleanoes, and other acs of nalwre can have a
significant impact on the movement and georraphic
Lll-:iIJJ.'_:L:-iiUJ.J. ol microbes, their vectors and their sub-
secemt interactions with hwman beings. Eoviron
mental changes cansed by hiomnan bueings (e, dam
and road building, deforestation, fload control
prequots, irvigation) also contibute to the spread of
1Ps, The overnse of antibiodes aed insectcides isa
major concern — a nearly unregulated aetivity that
could lave disasirous consegquences for human be-
ings in the oneeing arms race wilh microbes. Fi
aally, an inadequate or deteriorating infrasiucture
of public health can cause delays or tailures i the
respanse To health chreals posed by communicable
diseases, u phenomenon thar hag already contrib-
uted Lo e re-emergence of TRDs in both developed
and developing counrices.

There have also been nomble chanees in e
rapsinission routes of inlectious diseases, Tlismors
elly, TPTs wore iransmitted tuough contaminatec
fooacl el warer, threough the air, or by disense vectors
sich ws mosgquitos and tcks. Now, many ob the
mast destdly infections diseases are bansmicted
through drug abuse. bload rreansfusions, and
throueh sexual contace. Such diseases now inclurde
TV and hoepaics B oand C Thos compared 10 the
pre-existing intectious disenses, some new slistesy
possess Dadamentally dilferent chasctenstics —
diseases with different modes of bansmission that
require the development aof new proventive e,
For example, wiile it is relatively casy to contral the
spread of cholera by purilving walers ivis dillicnlt o
control sadmeneifa imfection by complerels supervis
ing lood handiing, and it is perhaps even maore
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difTienlt oo conoral HIV AALDS through encouragmg
ﬂ:di%.‘-i{‘:{llaf SECIHITREEN

© Many infecnians dhisenses thranghour the world,
T parteularky in less developecd countrics { [IRINCY
arise from Whe diveet or indireoe efTects ol poverty
flawarkin & leoveline, Y47 Covackan of el 19595
ecamined the world's poorest 20% of the popula-
rion bascd on per capit incomes :1:]_j11h'.1.i:il fin -
chasing power Chverall, maost of the world's 20%
camie [rom states in India, sub-5ahacan Alrica, Bang
laaedessh, aned Souchease Asia, with redatively fiower come-
ing trom provinces m Ching, the Middle Last, Latin
Aanerica and the Caribbean. Furthermore, 59% of
rhe communicable disenses ocrnrred among Lhae
poorest PN b the world's population. lven within
developing and developed cowntries, tere are dra
maric interelaz: varmarons in the sk of infeoions
with the poor much more likely 1o die
from [PDs (Guatkin & Hoeveline, 1997, Lionically,
maostof the dearhs now occurring from [T throwgrh-
ot the world, regacdless of social class, can be pre-
venred wirh existing medical t.{-*.{'hnn-l-:}g}-‘ amdl inle-
ventions (Muorrav & Lopes, 194G5)

Thee last two vems of the 2(0h century have been
particalarly notable for the recmergence of IPDs,
The global epidemics associated with HTV and hepa-
Litis O cordinue Lo Nourish, In additien, there have
been mserr enthreaks of @ oumber of otber debili-
tating and deadly diseases. In Africa, rhere have
Been oulbreaks of cholera, vellow Tever, meningitis,
Eloda, typhias, and Crimean-Congo hemorrhagic
fever, Tn Asia, rhere have heen onthreaks of cholera,
diphtheria. dengue, typhoid, and resistant forms of
el I Nocth and South America, there have
heen notahle eanmples of dengue, diphtheria, chol-
era. and vellow tever In 1U94, a sramn of Wesr MNile-like
cncephialitis appeared in the state of New York, a
dizease rhat had oever belore been seen on the
MNorth American contnent.

Dsess the re-emergence ol infectious and para
sitic diseases represent o new Fifth soage o the epi-
demiologic mansition: Or alternauvely, does the
dechine it deatin races abserved Toc IPDs over the
past 20 years represenl only o wempovary ol in che
force of extrinsie movraline F g0, does the re-emer-
wence ol [PDs in recent decades signal o return 1o
thie First stigre of the epidemiologic ransiton, the
stage that encompassed mast of human hstoryr In
the remainder of this paper, a case will be made (or
Lokl arguments.

cliseases

The Fifth stage of the epidemiologic transition?

The ve-emergenee o TPDs during the lase guarier of
e 200k century is assaciated with demographic
Feararesthatdisungoish it irom the Fowcth o Hybaistic
stage ol the epidemioloeic lransition. A nmiqne serof
demographic and health circemstances in low mor
radivy porpilations las contribated foasignificant vise
i A, mnat o pronounoed shill toward older ames
in the age groups of o oopudason hat are most
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afferted by their resomergence, The unigqueness of
the demographic features bas led some resenrchers
tir hypothesize thatsome population subgroups have
enrered a new Fifth stage of the epidemiologic an-
Lhe Reemergenee of Iafectons and Pavasilie
Fhaeeeses stage.

As populaton ageing sweeps aworess the slobae,
the absolule number and proportion of the ol
proplation of clderly 35 vising rapidly —approaching
PU-23% in some developed narons, This represents
a new and dramatic shift in the age strucmire of the
humman pepuelation. For most of human history, less
than 1% of the population was aged 63 and over In
addition 1o ageing-related diseases, the compromsed
immune svstem of the elderly makes them particu-
larly vulnerable o infectious dizeases, capecindly
preumonin and influencs, The demographic mo-
menmim of popmlarion ageing ensares Lhat the
number of people who are immunaologically com-
prennised will grow — a trend that will accelerate
rapiclly ower the coming decades as the baby hoom
coborts of the mid-20th century reach alder ages,

Population ageing has a societal consequence
thar alse conwibutes o the rise and spread of TPDs.
As the size of the older population mcreases, so
does the mumber of people living within health care
tacilities for the elderhy Althongh serving a critical
need, these lacilities promote the rapid spread of
infections diseuse because ey usually contain dense
populations of people whose immoune systems are
either tragile, or compromised — compromised hy
ape, as well as by medical weatments for degenera-
tive: disenscs, Acmuived or nosoconial infeclions are
oftenn guite virulent under these condirons, hur
undil recently they have been contained within the
huildings in which they arose. Evidence 5 acoume-
lating, however, that virulent strains of the nosoco-
inial infections are escaping to the general popula-
riem due o rapid increases in0the monber of nurs-
ing homes and assisted living facilities (Centers for
Diseuses Control, 1999, Although oot linked to
population ageing, a comparable strnpadion cxists in
prisons where HIV/AIDS and tubercniosia have
sproadl vapidly, In boh cases, inlectious diseases
have spread rapidly throurh crowded populations
ancl, by escaping gf:ugmphlr:ul conrainmene, have
avuprmented the iofectious disease burden of the
_qeﬁf'rnl populanan.

The human immunaodeficiency wirns (HTV) and
the disease 11 casses (ATDSY have created a draumatic
and unprecedented bupact on the rise and spread
of IFDs. Two decades ago, TV was an obacuare virus
of little concern to public health officials. Todas, it
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L7000 GOU people. LY is paricularly insidions
Bt L eperates, o part, by attacking the im-
mune svare. As i comsciuenee, HIV o tmly-' -
tribantes directly to the P burden. bar by compro-
mising mmmuie svstems it also contributes o the
Brarden indirecrly by increasing the chances of op-



porounistie infections by ather IPTs, For exampla,
the recent increase and spread of antibioe-resise-
ant forus of weberculosis has been direcdy atrib
ured roorising rates of infeaton Frocn HIV (WO,
| Lttty

HIYV and survival o obd age are not the only
parhwavs tora weakened immume sysrem, One of the
defining atributes of the Fourth stage of the epide-
ebelogic lransidon is the posipenement o deaths
froom chronie degenerarve discases, Medical inuer-
VETIIGNS are an important conmibutor o the post-
ponement of ese diseases, For example, chemo-
therapy and racliation rhevapy are responsible for
reductions tn case fatality rates, and the extension
af survival Bor many patienes with cancen Anonna
vordahle side eftect of these therapeuric mterven-
tions that delay death and extend survival is that the
e systern of the patient s weakened, As a
comsequence, these interventions also expand the
puel of individuals a visk Tor IPDs, and this sul-
gronp af the population will continue ro expand as
population ageing continues, lronically, the conse-
eprcncs of maedical inteevenidons that are successhul
can he assimilared ro the reaction of a wirer halloon
o a finger prod; poke the balloon in one Spot
tsucoesslul inervention), and a bulge {unintended
comzaquence) will appear elaewhere.

Another factor used in the arpument for a Pitth
stage of the epidemiclogic wansition has been the
"new” discases that have emerged as a result of
human aceion. Technically, these diseases are not
new, What is new is the recent appearance of drug-
resistanl slrains (genetic vatiants) ol the bacteria
and other organisms that cause Bamiliar discases —
diseazses such as malaria, meningitis, pneumaonia,
and tuberculosis among others. The demographic
amd Tongevity effects of these re-emerging TPDs also
differ from those in any previous stage of the epide-
miclogic transition, Sexually ransmirted diseases such
as echibamydia, gonnorbicaand syphilis are on e dse,
and are known o reduce fecundity and fernlity rates
in those infected. Some genuinely new inlfectious
thizeaes, sueh as hepadts G can actaally vaise the
risk ab whar are atherwise known (perhaps inappro-
priatelyy as chromic degenerative diseases, such as
caneer aeed cardiovascular diseases, Furthermaore, o
somne degenerative diseases of late life are cansed by
[PT exposure sarly in lile, then a vise in [PDs could
cirher posh ek, or reverse the delay of degeneras
rive diseases that would characterize a population in
the Fourth stage of the epidemiologic transition.

Lavie dnereases in the absolute stee ol the
nmanocompromised population resalting trom
global popalaton ageing, o rise in the number of
penple fiving inonorsing homes, and ine prisons,
medical freatments for cancer and o growing
crnilper ol people infected with HIV have towede
cresred anoentively new ser of conditions thar cone-
erilmae to the rise i [PDs, and o shift in their age
shistribiessy o eleler apes, Chler fovces infloenciog
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towday’s undgue charaneteristios ol IPDs are permanen:
changes in the human age struerure, Favees that wil
have losting and protound effects on Buture rends
in IPDs. All ol these Torces combined reprosent a
seremrrgpienentaccording towhich the recent emen-
gence o s s o distinetve v novel developmenltin
e histeny of liwman moectality, There are cnongh
new artribires of rhis period of vising TPDe for it o
he considered a Filth stage in the epidemiclogic
Erannsiiionn, As i the case with Ooogan’s oviginal three-
stace model, it s anticipared that rhe Fifth stage of
the epidemiologic wansition will ocowr at warving
spoctbs, and B sormewhae differen pesens deponid-
ing o the country

The First stage of the epidemiologic fransition
revisited?

Althowp o the arguiments foea Filth stage are compel-
ling, an equally plasible arpument for a oeally
different interpretation about mortality ransitions
can also be omade. The reemergence ol nleclious
and parasitic diseases can be viewed as neither new
nor novel, but rather a continuation of @ mortalicy
prudtern that was indtially wsed wo define the Firstsuage
of the epideminiogic rransirion. Several arguments
support this view,

Durings che fast 200 years, lilerally billions of
peaple have henefirted from the progress that has
been made In gaining some contol over [Pls —
including antibiodcs, immunizations, medical diag-
nosts andd lreartnent, sunitadon, aod covironmental
manipulatians. Despite this impressive progress, [TPTs
are still the single greatest source of human maortal-
ity Loduy, Proponents of cpidemiclogic wansition
theors distingnish modern patterns of mortalicy from
those of the past. Vhey provide descriprive labels for
their classilication of demographic attributes, and
the effects thar these aorilmtes have on the health
and life cxpectaney of o populadon, These classil-
calions can be wselul when making mortality com
parisens herween population subEronps, or Aoross
short periods of tdme within a population, hese
Lesnsition mesdels can also be misleading, however,
hecanse their clwsificarion of short-rerm rends In
mertalin can lose, or obscure the significance of the
Lrper e Daine within which these trends are
m'{:.m'ring.

The vast majority of human history talls wihin
whial 1s dermesd thae Firststage of epidemiologic tan-
sinion rheory, a volarile ﬁr:s:;;;i’ of morrality charactoer-
ized by peaks and roughs. To those living within a
erngh thal peesists o several generations, or 4
century, 1 would appear as theayzh o "new™ inoral-
ity pattern had emerged, one characterized by death
pares Lt are lower than those experienced by pre-
ceding aenerations. As death rares bave Auceonaced
Huoghoul human history, relatvels long periods
ot declingng er incoeasing mortalivy aee nol unuseal
in either the short. ar rhe lomg rerm. T hisiory
repeats sell, as it has conntless times, the fast RN
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veers of declining mortality should not be viewed as |

a “mirning paint” in human morvealice chal is worthy
of"its own special designadon, Lhis wend mayv be
nothing wore an o lemporary period of favorable
morsalice that will be followed Ty an cgually wmpae-
rary period of unfavorable mortalityg, From this per
spective, Lhe recmergence of [PDs 1s simply a pre-
diceable and tvpical phase of the First stage, sather
than a "new” stage in the epidemialogic transition
of hrman healdh,

A higlogical perspective provides aneier reas
sony that the current re-cmergence of [Ds should
be considercd nothing more than an ongoing inter-
action between human heinos and microbes. T s
natural, but inaccurate, for human beings to think
of this interacdon o enby one divection, How do
microbes cause sickness, and what can be done o
lessen thelr impact on human health? Microbes ex
isteed for hillions of vears before anatomically med-
ern human beings appeared some 30 000 vears
ager, The hivlogical veality is that lile on earth could
thrive withour human heings, bouer comaded teob sarvive
without microbes.

Ton werms of thelr nwnberss, biomass, diversity,
and oengraphic dismibinion, micredies are the maost
successtul organisms on earth, They have survived
ard thrived because thelr short generation times
and high reproductive mtes enalde dem ooadags
quickly to environmental challenges. To these sim-
ple but elegant lile forms, human beings are just
another compoenent of their biotie environment.
Bintogists and the medical communily were aware
of the potential consequences for public health when
antibictics were developed and introduced, bt the
henefits of the present outweighed the theorstical
costs in the tuture, Similacly, sciennisis were aware of
the pedendal dangess when they developed pesti
cides o profect agricullaral plants, and W kil the
insect vectors that carvry disease. The rapid adaprive
respanises made by microbes and their vectors are
recurrent confirmation of evalution by natural se-
lection's being the orgamzing principle upon which
lifer 15 hasel, Anubiolbc-resistant bacteria and viroases
thar vesist rrearment Lnchudings HIV) are prodice-
able y-products of rthe severe selection pressures
thar have been placed upon these organisms by
human beings. Thoy have adapied successfully o
ever v biological weapon throwi ar them in the past,
and rtheir prodigious capacity [l teproduclion will
defeat anv new weapons usoed wrainst them in the
futare. Aihough micrabes may lose eventuatly nearcly
every batrde, te fear in the Biomedical community
15 that human heings will lose the war, ifwe comrinne
wsing e current rules of engagement.

In the 20h convary, uman beings have achieved
actable {sometmes shortterm) victories over sich
disenses as smallpox, poliomyelics, tuberculosis,
measies, muinps, and diphitheria Tnolerms of Toow
human beings peroeive elapsed dme, 5 years i3
![]:1}_;. As osuech, it would bhe easv to think that the
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wicrahial killers are no longer a serious threar, and
rhat the miliew of interactions between human be
ings wond disense-cansivg microbes bas been pera-
nenddy and favourahly altered, Neither history, nor
biclegy supports this position. Elapsed time of B0
vears or even B0 years s minuscule when consid-
ercil onan evolunonary tme scale. The importance
of infeotious diseases a3 a sowce of morality has
Huctuaed widely thronghont human history, O
ganisms flourish or become extinet with, or withaut
the influence of huuman beings. The human response
o micieldal threals depends on scienee, finanee,
al the arganization and implementation of public
health programumes, which are actions reguiring
uninterrupted lomg-term reflecdon. Microhes do
nar think, and more importantly, they do not need
to depend on oughl for teir survival, They sim-
Plv respend o the environmaental challenges that
confront them. Academic scholars can identity stages
at epidemistogic transiticon, bl for infeciiows mice-
arganizms, the ebb and flew of their ecological and
evolutionary success simply unlold, Trends toward
emergeucy, re-emergenee, or disappearance of TPDs
are renl shorve-rerm trends, bur have licle sipnifi-
vance tor the ongoing interactions between human
Beings and the microbes that cawse huomean discasc,

Conclusions

MeKeown raised the interesting quesion whether
medicine was 4 dream come e, savingr ndividnals
from otherwize faral diseases: a mirage, substiting
ome disease for another; o1 o nemesis, actually doing
harm {MceKeown, 1979). Investigating trends in causes
ol death reveals some of the elusiveness of the answer,
(]i‘.rmjnl}' on an international scale there have been
some preal achicvernents in combating infectioos
ciseascs, most natablvy rhe eradicanion of smallpox,
atdd the near elimination of polio. Examining trends
in causes of death from the perspective of cpidemio-
logic rransition theory s like following a mirage,
however, due to the growing amorphous distinction
between chronic and infeotions diseases,

Deapite these concerns, epideminiogie transi-
Aan theory {Onmoan, 1971 has proved to be 2 use
ful tool fn categoriaing levels of mortality, and for
comnprring the relanve risks of death across popula-
rqi subgroups over time. Extensions of this model
oo Fowrth (Odsheansky & Aull, T386), or Hybrisie
(Rogrers & Hackenherg, 1989 stage may have heen
ronceplually justified, but neither of these exten
sions, nor the origieal model dsell captures e
unnpue se1 of marralice condinons char are associ-
ared with the rising threats I'rom intectous diseases
that brve surfaced doring the Last quartes o the
20th eennaey

Asignilicant munber ol “new” [PLs hive emergedd
i recen . viears, These TPDS Jeeee already had o pro-
[pnie impsct on human mormalirg and there is scien-
rfic justification to suspect that infectious diseases
will continne (o Bave asignificand ionpaet on liooman
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health in the furore, In fact, an argurent can be
miade that an unique sel ol demographic and health
comditions bas now made the human population
more vilnerable ro IP0s than at any previons tme
in histery. These conditions include an age structure
Lt will lead to a growing papulation ol elderly whe
are vulnerable t TPDs, the global spresd of 3 “new”
virus (HIV) rhat weakens tie immune svstem needed
vy ward off IPTY avtacks, an internatonal nerwark of
transpostalion thar can deliver IPDs o just about
any place in the world within a day, dramatic en-
croachments into wew habitas that expose hurman
populations Lo “new” zoonotic diseases, and an alarm.
ing rise in the number of antibiotic-resistant slrains
of hacteria, and of insect vectors thal are resisrant to
pesticides and insecucides, all nearperfect condi-
Livns for a global epidemic, or pandemic of IPDs.

Although Truman beings are now facing mortal-
iy risks that are uniquely dillercat from any carlier
time period of the modern era, iris unlikely et this
nme trame warrants heing labelled 1 new stage of
the epideminlogic transition. The repical litespan of
human beings defines the time scale thal is most
easily perceived by human beings, a time frame that
rarely exceeds |00 vears, As such, 1 human perspec-
tvi: can easily overlouk the biological tme frame
that is required to Milly understand and interpret
the never-ending interactions that oceur between
human heings and the organisms that cause human
disease, because it is an evolutionary Lime scale that
encompasses the origin of anatomically modern
human beings.

Should the "unigue” mortality pateerns and risks
that are observed today be labelled a new Fifth stage
of the epidemialogic wansilion, another expansion
of the Fourth stage, or the re-emergence of the First
stages This question is probably only of concern to
academic scholars. Labels are far less important than
the elevared risks from IPDs rhat human popula-
tions are now expericncing, and the reasons why
trese risks arc climbing. Warning signals have sur-
facud repeatedly in recent vears, reminders that the
ompgoing battle with TFTs is far from over. From the
tirst sign of Staphviococous aurens resistance 1o vanco-
uyein in Japan in 1977 {Hiramarsu ef af,, 1997), and
[ TRON-to-parson leunsmission of hanviroas Trehin-
nary syndrome in Argentina (Enria e al, 1996), 1o
the Avian flu virus {H3M1) ransmited directy from
hird o human being for the first tme in Hong
Bong in 1997, and the presence of West Niledike
encephalitis in New York Srare in 1999, (iere have
heen plenty of warning signs. Tn resporid, the con-
tinued global monitoring of these slarming events
should be intensified, and the continued nse and
misuse of antbioiies, and of other pharmaceuticals
m the escalating battle with microbes should be re-
eviluared within the conrext of recent rends in
morbidity and mormality tor the discases that they
are intended m influence,
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