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Tuberculosis epidemiology is dealing with the natural trend of tuberculosis, 

i.e. w i t h  the Mtula l  relationship between the tubercle bacillus and a given 

population, without any m-made interference. 

Naturally, the aim of my tuberculosis programe is t o  interPere in the natural 

relationship betmen tubercle bac i l l i  and the people, t o  the benefit of the people 

and the d i d v a n t a g e  of tubercle baci l l i .  

Several empressions should be c lar i f ied  before ne discuss our topic, especially 

the distinofion between a parameter end a variable. 

A paraaater is defined as a eonstant indioating the numerical value whioh l inks 

together two variables. For instance, a "contagiousn parameter refers  t o  an 

average nmber of persons infected with virulent tubercle bac i l l i  during one year 

by one source of infection: o r  the disease r a t io  express36 the proportion of 

cases in which infection with virulent tubercle bac i l l i  wi l l  leaa t o  the development 

of a source of infection; etc .  It has t o  be stressed, however, that the parameters 

are constant under natural conditions only, i . e .  without man-made interference. 

* Research Mrector. Tuberculosis Surveillance Research Unit, 'Lbe Hague 



For this m u o n ,  post-war routine s t a t i s t i c s  in developed countries cannot be used 

fo r  emloring n r i o u s  parameters In tuberculosis ep idemlo lo~ ,  M there has been 

an uninterrupted interference in the natural trend of tuberculosis, especially with 

chemthenpy, Influencing one o r  more para+eters. On the other band, soar, e s t i m t e s  

on how great this influence can be under ideal conditions can be detenohed from w e l l  

conducted controlled t r i a l s .  A very important source of data fo r  studying various 

parameters are the many prevalence surveys whioh were carried out by IRD teams in 

different samples of populations in developing countries in the 1950s and the early 

19608, before Intensive tuberculosis policies were Introduced in to  tho- countries. 

In tbors -J., the most iaportant tools, neuwly standard tuberculin tes t ing  and 

relirrble axulmtim of sputm f o r  tubercle bac i l l i  have been w d  systaurt ical ly in 

the mndcmly mleotad mamples of tbe population. 

lb other expression t o  be clrr if led,  is tbe terr variable; the word Indicates 

tbat fhs values of a -10 do not ramin constant kn rith tin, In a given 

population and wng vnrlous population groups. Two important vwlables are used in 

~mnectim rlth tuberculosis epidsaiolow, -ly prevalence and incidence. 

A prevalence is the proportion of the population whlch, on a a w n  dy, has a 

well defined at tr ibute;  i.e. a proportion of subJects of a particular --group 

found to have been Infected w i t h  virulent tubercle baa i l l i  on December r a t ,  o r  a 

proportion of persons, aged 10 yearn o r  more found t o  have excreted tubercle bac i l l i  

demonstrable by microscopy, on the day of a survey, etc .  

The most important emmirutions for  establishing rel iable prevalence data in 

tuberculosis are the s t andad  tuberculin t e s t  and the miomscopic (and culture) 

examinations of sputum for  tubercle b . c l l l i .  A s  rill be shown la t e r ,  by f a r  the most 

important sources of infection are persons discharging swtm containing so many 

tubercle bao i l l i  tbat they can be demonstrated by direct  microscopy, and therefore 

nubars and ntes for  smear-positive pntienta should alnqps be reported and m y s e d  

s e m t e l y .  

Pranlenoe, being a slmple proportion of the population who ham, on a given day, 



well defined attributes, should be referred to as a e, M it describes the s ta t ic  

epidemiological situation in  the population. 

An incidence gives the number of psrsons of a given population, who, during a given 

perlod of tiae (usually during 1 year). w i l l  accluire n well defined attribute. m e  

attributes in which re are interested for incidences are again the annual inoidence 

of people infected with t tbemle baci l l i  and the annual incidenoe of bactariologioally 

conflmed cures (wparntely for those positive an emear and those positive on culture 

only); in addition, wa rlsh to lolor the mual wrtalltg frm tubarculosis. 

Incidence is refanad t o  ss a M. 

A s  already mentioned, tuberculosis epideniologg should pmvide us with the values 

of all  laportant parmeters. Althou& a considerable amount of i n fomt ion  about 

various p a ~ u e t e r s  hu been reoently colleoted, it is nece8sm-y t o  undertrke more 

fundnment.1 remarch into the my jn which tubemulosis is behnving and maintaining 

i t s e l f  in the ccdBnunity. 

I n  our opinion, three distinct events should be studied: 

I. Tne transmission of tubercle bacil l i  

The aim of the study is t o  discover the average chance or  r i s k  of a person in a 

given co~luni ty  Inhaling tuhercle bacil l i .  

11. Developent f r o m  Infection to pulmnary disease 

The overall probability Of developing a "calm of pulmomry tubaroulosis" Is 

different for 

a) those who are non-reactors a t  tha tipe of infection, and 

b) tllOM who are renotors to tuberculin a t  the tW of (super)infedion. 

III. PcaP developlsnt of a * w e  of p- tuberaulosirr* to reaorery o r  death 

%b a3m of the study is t o  discover the pmbability of recovery (absanoe of 

tubercle baci l l i  of say two years) or  death frca tuberoulosis. 
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I. "Contagiousw plrmeter (average number of persons infected w l t h  

tuberculosis during one year by one source of infection) 

This is a parmeter a i c h  l i n k s  together two variables: annu l  tubemulosis 

infection rate and prevalence of the sources of infection. 

A. Annual tubemulosis infection rate. This rate indicates the proportion of the 

population uuder study whloh will be p-ily infected, or reinfectad (in those who 

ham been previously infested) w i t h  v i ~ l e n t  tubercle bacil l i  in the oourae of one year. 

The UUMU tuberculosis infection rate is derived Pma the results of tuberculin 

testing. A technique for converting infomation on prevalence of infection Into 

a ~00th series of Mrmal rates of tuberculous infection has been developed recently 

by the 181111 (Tuberculosis Surveillance Research Unit) and published in a comprehensive 

report in 1969 (TSRU, 1969). To obtain reliable estinutes of the annual tuberculosis 

infection rates and their  changes in a particular period, several tuberculin surveys 

are required a t  intervals, each in a representative sample of non-BCG vaccinated 

subjects of the same age, tested by the same technique. 

The approach used by the BRU for estimating the average annual r i sks  of 

tuberculous infection in the Netherlands is compliwted, partly because l i t t l e  was 

previously known about the *ay in which the risk of infection *.a changing and this 

had t o  be m e s s e d  auafully,  and partly because it *as desirable, in the process, 

t o  lalra oorprehensive use of the extensive prevalence data a v a i l m e  in the 

Netherlands. However, for routine tubemulosis control a slaple method of estimating 

the annual tuberculosis infeation rate is described in the short section VIII of the 

same report. Appendix  I shows an example of how the annual tuberculosis infection 

rates ofin be estlnmted essily. 

The Mrmrl risk of tuberculous infeotion is usually erpressad as a peroentage. 

I f ,  in a glmn ccimmity, the annual r isk of infection is say 9, persons of each 

100,000 inhabitants will be infected during 12 morrths, with virulent tubercle baci l l i  

f r a n  h u w  sources of infection (in the absence of bovine infection). A proportion 

of the 3 0 0  infected will acquire primary infection (mostly children and young adults). 



th6 remaining part (mostly middle-aged, elderly and old people) w i l l  be superinfected. 

For the purpose of our study, we ham t o  consider the r i sk  of inhaling tubercle b a c i l l i  

t o  be of the same magnitude (for the same age-group) fo r  those not yet infected 

(tuberculin-ne-tivea) and those already infected (tuberculin-positives) . 
B. Prevalence of sources of infection. I n  t h i s  conhxt ,  one has t o  define the most 

important soumes of infection. I n  our opinion, persons who have been in  intimate 

contact with tuberculous patients represent the most sui table population group fo r  the 

study of t h i s  problem. Several studies demonstrate that smear-positive patients 

play the greatest role  in  spreading infection and in  doing so perpetuate the epidemic; 

i n  contrast, those patients in whom the presence of bac i l l i  i n  the sputa can be 

demonstrated by culture only, o r  who are culture-negative, are relat ively ha~mless. 

F i y r e  1 shows the si tuat ion in Rotterdun (the Netherlands). !The percent.@ 

of positive reactom, 1.e. the infection prevalence, was hi& among intimate contacts 

of amear-positive index cases; 50% of such contacts agad 0-14 mars were found t o  be 

infected, as 0-d r i t h  1% in the same age-group among the general population. 

Horrsver, the pmvalenoe of infection *as low (about in ahild contsats of culture- 

p o s i t i n  and d t u m - n e g a t i v e  index cases. ( m r  the f u l l  report see lSAU report 

110.3, in plrss.) 

An extensive study on morbidity in contacts (more than 8,000 intimate *whiten 

and Indian contacts, and more than 11,000 oasual contacts in the same two rac ia l  

groups) has been recently carried out i n  Bri t ish Colunbia and Saskatchewan (T9RlJ 

report no.?, i n  press). Appendix Tables I1 and 111 show that tuberculosis naa rare 

in  intimate contacts of culture-negative sources, and no cases of tuberculosis were 

observed among casual contacts of culture-negative sobrces. Disease ra tes  were a l so  

substantially lower (0.8 per cent fo r  whites and 2.3% fo r  Indians) among intiumte 

contacts of culture-positive cases than among intinrate contacts of satear-positive 

nources (5.9% and 8.2% respectively). 

These observations confirm once more that the bacillary s t a tus  of the m t i e n t s  

decidas the e x b n t  to which he can t ranaai t  tubercle b a c i l l i  to other hosta. The 



most important transmitters are patients in whose sputa tubercle h c i l l i  can be 

d e m o ~ t r a t e d  by d i rec t  smear examination. 

For the purpose of our study, patients with smear-positive tuberculosis rill be 

considered as sources of infection. 

C. 'Ihe "contmgiousw parameter is computed as: 

Annual tuberculosis infection ra te  (a x 1,000 
Prevalence of sources of infection (per 100.000) 

Assuming no effect ive chemotherapy, the prevalence ra te  of smear-positive cases ( a t  a11 

-8) is twice as high as the  incidence m t e  of smear-positive ems. and the incidence 

mte of amear-positive cases is twice as high as the death r a t e  from tuberculosis. 

We have reaently aoalyzad the I-elationships between the  annual tuberculosis 

infection rates and mortality and mobidity ra tes  in the Netherlands. Tha data r e fe r  

to the infection rates published in IBRU report no.1 (TSRU. 1969. Table 5). t o  the 

oPfloirrl mortality nrtes for  the period 1921-1938 (Table 1A). and to the morbidity rates 

for  tbs period 1951-1968 (Table IB) . 
In order to obtain estimates for  the "contagious' parmeter  concerning prevalence 

(and not m r t a l i t y .  o r  incidence), e s t i m t e s  related t o  mortality rates (coluam 3, 

Table 1A) were divided by 4, as the prevalence of smear-positive cases was assumed t o  

be Pour times ur high a s  mortality from tuberculosis; and estimates related to the 

incidence ( o o l m  3. Table 1B) were divided by 2, as the prevalence of smar-positive 

cases ms a s m d  t o  be twice a s  high a s  the incidence of smear-positive cases. 

The estimates derived from both mortality (Table 1A) and morbidity (Table IB) indicate 

that, on average, about 14 penons were infected w i t h  tuberculosis during one year 

by one source of infection i n  the Dutch camunity in the periods 1921-199 and 1951-1968. 

The 'contagious* parameter nry depend, t o  some exbent, on various socio-economic 

conditims; one should therefore attempt t o  obtain values f o r  different  populations. 

S ~ t h a r l ~ d  and F.yers calculated annual tuberculosis infection rates f o r  Lesotho and 

U-da (BRU report 110.3. in press) ; their rates can be related t o  the estimates 

of smear-positiw tuberculosis cases aged 10 years and over fropl the original  WHO sunem 



carried out in the late 1950s. The *contaglousn m ~ s m e t e r  fo r  these two countries 

is about 10, as there was a prevalence of about 100 smear-positive cases per 100.000 

population f o r  each one per cent of infection. 

----- 
11. Dsvelopment of tuberculosis following infection 

It is evident that the r i sk  resulting from tuberculous infection is graater  f o r  

persons not yet infected than fo r  those who have been already infected with virulent 

tubercle baoil l i .  The disease following prhmry infection is usually called 

"priParj" tubemulosis. Ihs disease which occurs in those previously infected rith 

virulent tubercle b r o i l l i  should be called "secondary" tuberculosis. For the purpose 

of epidemiological studies, it is necessnry t o  adopt a precise (working) distinction 

betmen *p& and "secondax$ p- tuberculosis. h Holm suggested the 

following definitions: 

A. Any pulmonary tubemulosis developing (lad being di-sed) during the first five - 
yeam following primary infection is clansifled .s "p~ ina r j "  tuberculosis. 

B. Any pulmonary tuberculosis d i w o s e d  wre thn five yeam after prinury infection - 
is classif ied as "secondar~r" tuberculosis. 

A. Primary tuberculosis 

I f  the r i sk  of tubrculous  infection is high. a s  it was in developed countries 

befolre World War I1 and still is in  mrny developing countries at  present, prinury 

tuberculosis occum mostly Mlong children. I f  the r i sk  of infection is low, primary 

tuberculosis occurs (a t  a low rate) ,  i n  addition, among young persons. 

Ertenaive infomation on the bacteriological status in children suffering h9m 

primary tuberculosis is available in many developed countries *fiere BCG vaccination 

has not been pmctisad. A l l  the s t a t i s t i c s  show that few children w l t h  primary 

tuberculosis develop baci l lary tuberoulosia (in Woxray 2.6%; in mmark  4.H; 

in the Netherlands 0 . H  - based on reported cases during the period 1951-1968); 

and very few a h i l h n  develop emear-positive tuberculosis which is considerad t o  be 

the wst important soume of infection. 
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However, much less is known about the developmnt of the disease. and especially its 

bcteriological status, i f  the primary infection occurs during the adolescence or  adult 

32z 

Extensive infom8tion on thls subJect is available Plpsl the MRC Vacclnes Trial 

I n  rhich 13,000 ohildmn aged 14 3/4 years, ohoaen a t  randau, were l e f t  unvacclnated. 

and were followed by means of tuberculin tests and x-rays of the chest for a period of 

about 10 yeam. Out of 1261 persons with indurations 10 m or  more, 7.5% developed 

olinical tuberculosis during the 10 years following primary infection. Unfo-ately. 

there is no ccaplete information on bacteriological status in persons who developed 

clinical tuberculosis. 

We have studied th i s  problem among the general population of the pmvince of 

Saskatchemn (Canad.), where bxtansive tuberculin and EFIR surveys of the entire 

population have been carried out since 1955. IXlring the period 1960-1973. a to ta l  of 

529 amear-positive cases of pulmonary tuberculosis were ~eported in the Province 

(Just below 1 million inhabitants). Seven cases occurred among childnn aged 0-14 

years, 113 c u e s  w n g  those aged 15-29 years and the remaining 409 patients were older 

than 20 years a t  the tlm of the diagnosis of their  disease. About one-third of smear- 

positive pulmnary tuberculosis in the age-gmup 15-29 years origlnatad f r m ~  the 

* previously tuberculin-negative* group. If all cases (smear-positive and -ar- 

negative) imr the l a t t e r  group aged 15-29 years am considered (97 cases), smear-positive 

pubmmry tuberculosis fom nearly 25% of all primary tuberculosis curas. 

I n  my oplnion, "primary" tuberculosis has a limited iap.ct on the transmission 

of tubamulous infeotionr (a) Sources of infection among children are infrequent 

both in lorr and high prevalence countries; (b) sources of Infection following p rhmy  

iniectian acquired during the adolescence or adult age are relatively frequent 

r i sk  of tuberculous infection is low (about 25% of all cases in the age-group 15-29 

jaam) but their  cartribution to all smear-positive cases discovered in the entire 

adult population is numerically small; (c) sources of Infection among middle-aged. 

elderly and old people are uncaunon both in low and high prevalence countries. 



B. Secondary tubemulosis 

A s  we a m  unable to d e t e d  superinfection by memeans of tuberoulin test- unong 

those who have been previously infected with virulent tubercle baoil l i ,  we m o t  

direc t ly  discover rrhether o r  not exogenous superinfection is important in the 

developient of secondary tuberculosis. 

Ihe problem of the endogenous o r  exogenous origin of secondary tuberculosis has 

long been at  the centra of the argwnents about phtisiogenesis, and opposing opinions 

have been put forward on t h i s  subJect. 

Zhe proponents of the endogenous theory maintain that the tubercle bac i l l i  

resulting from primary infection can remain al ive within t h e i r  human host for  h i s  l i f e -  

time, and that they can at any time, for  reaaons mostly unknown, start multiplying 

and produce such pntholow in the lungs that a discharge of tubercle bac i l l i  through 

the respiratory t r a c t  wi l l  result. 'Ihey also ma in t a in  that such endogenous flare-up 

of an old infection is the most cannon cause of secondary pulmonary tuberculosis, o r  

in otkr words, thrf exogenous infection (inhalation of tubercle bac i l l i  by already 

infected persona) plqps an unimportant role. The basis for  this theory muat be that 

primary tubelrmlosis infeetion induaes a hi& degree of h o m i t y  and that this 

protection last8 fo r  a very long period and usually fo r  l i f e .  

!I'ne proponents of the exogenous theory mainta in  that exogenous re-infection 

plays an important role in the developlaent of aecandary pulmonary tuberculosis. 

In other words, the inhalation of tubercle bac i l l i  by persons who had a tuberculosis 

infection mom than f ive years ago represents a wnsiderable r i sk  of development of 

p u l m a r y  tuberculosis relat ively shortly efbr t h i s  re-infection. 

The controversy between the two theories is not only interesting Prom the academic 

point of view but is of v i t a l  importance in the planning of rational tuberculosis 

control progmmes in high prevalence countries. I f  the unitary concept of 

tuberculosis in man is the answer t o  the problem, ef for ts  should be primarily directed 

tomnls the prevention of pr- infection. If exogenous infection i n  high pravalence 

countries often l e d  to secondary tuberculosis, the p r o m  should be primarily 



focused on the decrease in sources of infection. 

The 'ISRU has been dealing n i th  t h i s  problem for  a number of years. Sutherland 

and Smndova presented their mathematical model (limited t o  the age-group 40-59 

years) t o  the International Tuberculosis Conference in  Moscow in  1971. !I'm years 

l a t e r ,  the proponents of the endogenous theory had an opportunity t o  explain t h e i r  

argments at the International Tuberculosis Conference in  Tokyo. A more cq rehens ive  

model of the TSRU covering a larger proportion of the population tiun that referred t o  

in Moscow w i l l  be presented, by the same authors, a t  the coming Conference in Mexico. 

Reference is made to the f i r s t  t w o  ser ies  of the reports publisbad in the Proceedings 

of the Conference in blosoar and Tokyo. 

A t  this ooaasion, I would l ihe  t o  refer  to two observations shoring the impact 

of the hi* levels of tuberculosis infection rates on the magnitude of the tuberculosis 

problem in the respective populations, and the close relationship between these two 

variables. 

'Phe f i r s t  observation concerns Eskimo in Alaska, Oreenland and North-west 

Territories of Canada. The annual incidence rates of tuberculosis among the native 

population w8re extremely high in all three circumpolar areas in the early 1950s. 

in  the order of 2.5% of new (mostly bacteriologioally confimed) cases of tuberculosis 

each year (Flg.2). The annual tuberculosis infection ra te  in Alaska estimated by 

Comstock and Philip was, at tha t  time, as hi& as 25% ( 1 )  In 20 years tuberculosis 

incidence rates decreased dramatically, in Gmnland from about 2500 per 100,000 in 

199-1954 t o  about 60 per 100,000 in  the early 1 9 7 O s ,  and in Alaska f m  a slmilar 

ra te  in the early 1950s t o  l e s s  than 200 in  1967, o r  by more than i n  about 

15 years. 

Naturally, decrease in the tuberculosis problem can also be seen in mortality 

rates (Flg.3). lhey f e l l  Frora about 750 per 100,000 in 1950 to l e s s  than 5 per 

100,000 duriag t h e  last few years - a reduction of sowr 40% each year. 

Ths dmmatic decraases in mortality and morbidity late6 have been preceded, 

naturally, by a n b q  decrease in the tubemulous infection mtes. Whereas lore than 



95% of Eskimo ohildmn were reported t o  have been infected w i t h  tubercle b c i l l i  a t  the 

age of 6-7 years in 1950, the tuberculin surveys from 1yi"i' discovered practically no 

infections at that age (Fig.4). 

lh further two graphs (Fig.5 m d  6) i l l u s t r a t e  the d e c r e m s  in the incidence 

rates not only among children and young adults but at a l l  ages, 1.e. a l so  in persons 

previously infected. Thus the same number of infected subjects aged say 35 years or  

more in the N.W.T. of Canada produced 0.9% bacillary cases each year during 1967-1969. 

whereas the incidence was "only" 0.3% each year in 1973-1975 (Fig.5). I n  Qreenland. 

the ra tes  in ths sam age-group f e l l  from nearly 3.0% i n  1955-1957 to l e s s  than 

The second observation refers  t o  the relationship between tuberculosis infection 

rates .  and mortality and morbidity rates.  The data fo r  the Netherlands have been 

already presented in  Tables 1 A  and 1B; t h i s  time, re shal l  study the above-mentioned 

relationship. The resul t s  are presented below: 

a.  Relationship between the moTtality from tuberculosis (all  fonns) - 
and the tuberculosis infection rates ,  The Netherlands, 1921-1938 

Year Death ra te  frap Risk of tuberculous Ratio of death 
tuberaulosis infection (a t o  r i sk  I )  
(per 100,000) 



b. 'Fblationship between the incidence of smear-positive tuberculosis - 
and the r i s k  of tuberculous Infection, The Netherlands. 1951-1968 

Year Incidence rate Risk of tuberculous Ratio of 
of smar-posit. infection (9 incidence 
hlbweul~.i. t o  r i sk  x )  
(per 100,000) 

x) Fxpnssed as m r t a l i t y  fmm tuberculosis and incidence of amear-positive 
cases respectively per 100.000 general population for  each 1 per cent of 
the  tuberculosis infection rate.  

!Ihe above table under - a. shows the relationship betwen the estimated r i sk  of 

tuberculosis infection for  the years 1921-19318, and observed death rates fmm 

tuberculosis. Assming no effective chemotherapy, death rates  correspond, as a1- 

ready mentioned, to one-half of the incidence rates of smear-positive cases of 

tuberculo8is. 'lb .cuw, tab le  shors that in the Netherlands the r a t i o  between the 

estimstad r i sk  of tuberculous infection and observed death rates during the period 

under study, *as 1% r i sk  of infection fo r  19 deaths fmln tuberculosis per 100,000 

general population. 

The above tab le  under 2. shows the relationship between the estimated r i sk  of 

tuberculous lnfeotion fo r  the years 1951-1968, and o b s e m d  incidence ra tes  of 

amear-pcuitivu o a e s  of pulmonary tuberculosis during the same period. The r a t i o  

f o r  the whole period is 1% r i sk  of infection fo r  9 amear-positive cases per 100.000 

general population. 

The relationship between the incidence of smaar-positive tuberculosis and the 

r i sk  of tuberculous infection has a lso  been studied fo r  Lesotho and Uganda. For 

these countries there are estimates of the prevalence of smar-positive tuberculosis 

a t  ages 10 years and over (and fo r  Uganda an estimate of a11 baci l lary tuberculosis) 
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in the l a t e  1950s from the original  WHO surveys, and these uay be compnred with 

est inated r i sk  of infection in the came year derived from tuberculin s u m y s  nmde at  

the seme time and later (aslculated frcin the figures given by Sutherland and F~ycI'e. 

Z9W report n0.3, in press); see Appendix IV. 

Considering smear-positive tuberculosis only, the r a t ios  of prevalence t o  r i sk  

agree closely in the  two countries (Appendix IV); the all-ages prevulence of smear- 

positive tuberculosis per 100,000 population is about 100 fo r  every l per cent i n  the 

r i s k  of infection in  the same calender year. Assuming that the  prevalence of smear- 

positive cases in a general population is twice the Incidence of smear-posititre cases. 

the incidence mag. be taken as 50 cases per 100,000 general population fo r  each 1% 

in  the r i sk  of infection. 

In my opinion. there is rel iable evidence tha t  exogenous superinfection p l w s  a 

predominant role in the pathogenesis of pulmonary tuberculosis In the adults, i f  the 

r i sk  of tuberculous Infection is hi@. And there is ample evidence that the r i sk  of 

tuberculous infection is high, a t  present, in most developing countries. 

(Note: Fur the evidence that sxogenoua superinfection is important in the 

dewloplent of seoondarg tuberculosis based on various ~ t u o i a s l  and baderiologicnl  

studies see Dr Canetti's report "Endogenous reactivation and exogenous reinfection. 

Their relat ive importan= w i t h  regard t o  the developnent of non-prinrry tuberculosisw 

read at the International !Puberculosis Conference in Moscow; Bull.lnt.Un.Tub., 1972, 

47, 116.) - 
----- 

111. 

I knor of two sources of information concerning t h i s  pmblem. l k e  f i r a t  re fers  

t o  extensive Holm's studies based on the Canish material f o r  the period betwean the 

two World Wars (Fig.7). H i s  estimates of recovery and death from smear-positive 

tuberculosis, assuming no interference by effective treatment (the upper part of Ng.7).  

are compared r i t h  those where interference by chemotherapy did occur (the lower part  

of Flg.7). Zhis material i s  taken from Dr Holm's contributions t o  various meetings 
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Of the TSm. 

Tb-3 upper part of Hg.7 indicates what the si tuat ion wi l l  be for  one hundred persons. 

dla&nosed a s  mnear-positive pulmonary tuberculosis a t  a year 'On. and follomd yearly for  

8 yeam without Interference by effective treatment. A f t e r  8 ye- half of t h e m  rill 

have died fran their disease and the other half rlll have recovered in the sense tha t  

they have stopped discharging tubercle baci l l i .  After two years about half  of those 

who are t o  die, w i l l  have died, and half of those who are t o  recover, w i l l  have recovered. 

'he dotted area represents the prevalence of known sources of infection, and it has been 

found t h a t  this area is about double the area corresponding t o  one year. The area t o  

the l e f t  of year *Ow respresents the undiagnosed sources of infection; it consists 

mainly of sources of Infection before they .re diaeplosed. I f  this area corresponds 

t o  the area of one yew, one-third of the real  p r e d a n c e  of sources of infection is 

represented by undlagmsed cases. 

m e  lower part of Hg.7 Fndicates theoretically what m y  be obtained by adequate 

ahemtherapy given iilmediately a f t a r  dia(plosis to al l  the 100 persons rith smear- 

positive tubemulosis. 'ihe sputm can be converted in about 95% of a l l  of t h e m  

within a short time, and rlth very l i t t l e  chance of relapse. Tha 5% treated but not 

converted rill l ive  longer than i f  they were nut treated, and ac t  a s  sources of 

infection, but a certain proportion of t h e m  will recover spontaneously as i f  no 

treataent had teen given. 'lbe prevalence of smear-positive cases n i t e r  diagnosis 

may be cut down to l e s s  than 1/4 but, by the treatment, re have of course not influenced 

the prewilence of undiagnosed cases. The end result  of such an almost ideal  

treatment memure would be that we would cut the to ta l  prevalence of sources of 

infection t o  about half of what it would be without interference with treatmant. 

W i t h  such a treatment measure we would expect t o  cut the annual Infection ra t e  t o  half 

of what it would be without treatment. It should, however, be noted that even with a 

100% effective treatment givfng lmmdiate sputum conversion, we could by trea-nt only 

cut dom the prevalence of sources of infection to one-third. 



lhe second source of infornution f m m  the late 1970s is the longitudinal study 

which was carried out by the Indian Health Authorities in co-operation with WHO in 

Bansalore. We are eager to study the results of this extremely important experience, 

after its publication. 



Table 1A 

W W . W  
Table 1A 
Table 1B 

RELATIONSHIP BFTWEEN THE ANNUAL TUBERCULOSIS IKTECTION MI= 

THE MORTALITY FROM TUaERCULOSIS (all forms ) 

The Netherlands, 1921-1938 

Averages f o r  1921-1923, 1924-1926, . . . . . . 1936-1938 

+ji) Ratio Mortal i ty:  prevalence = 1 : 4 (see t e x t )  

Table 1B 

RELATIONSHIP BETWEEN THE ANNUAL TUBERCULOSIS INFECTION RATES AID 

TIIE INCIDENCE OF SMEAR-POSITIVE TUBERCULOSIS 

The Netherlands, 1951-1968 

( 3 )  
&) 

13.1 

12.8 

12.4 

13.2 

14.2 

14.1 

13.3 
=- ==EX== 

# looO 

( 3 )  

52.3 

51.1 

49.7 

52.8 

56.9 

56.4 

53.2 
................................... 

Averages f o r  1951-1953, 1954-1956, ,,.... 1366-1968 

Death r a t e  
from TB ( a l l  forms) 
per 100,000 x )  

( 2 )  

115.1 

100.3 

87.9 

7C.5 

55.5 

47.7 

==r 

Year 

1922 

1925 

1928 

1931 

1934 

1937 

I Year 

xx) R a t i n  T n r i r i ~ n e e - I  P r e v a l ~ l n ~ e  = 1 9 (see t eu? )  

The annual 
tu5ercu los i s  
in fec t ion  r a t e  

( % I  
( 1 )  

6.02 

5.13 

4.37 

3.72 

3.16 

2.69 

\ 
1921-1938 -- 
k L =========-======= 

The annual 
tubercu los i s  
in fec t ion  r a t e  

(%)  

Incidence r a t e  
oP smear-positive 
tubercu los i s  
(pe r  100,000 x )  

# X 1000 ( 3 )  
T x x )  
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Figure 1 

PERCENTAGE OF POSITIVE REACTORS AMONG CONTACTS AGED 

0-14 YEARS, Rotterdam, 1967-69 

Per cent 

.Household contacts 

Contacts of Index cases 

Smear positive 

- 

1-1 Culture negative 

Per cent 

t 
Percentage 

of tuberculin 
positive children 

aged 0-%years 
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TUBERCULOSIS INC  I!lENCE RATES Ill G?EENLAND, A ,  - PINT OF 

CANADA. At43 CAllADA AS A WHOLE ( r IAT IVE  POPULATION 1, 1950-1372 



TUBERCULOSIS DEATH RATES IN THE NATIVES OF ARCTIC 



F I G U R E  4 

PREVALENCE OF TUBERCULIN S E N S I T I V I T Y  AMONG ESKIMO CHILDREN 

TESTED I N  F I V E  SUCCESSIVE SURVEYS, BY AGE 

YUKON, KUSKOKWIM D E L T A ,  ALASKA 

P O S I T I V E  (2) 

0 1 2  3 4 5  6 7 8 9 10 11 12 13 1 4  

AGE (YEARS) 



Rate per 
10.000 

Figure 5 

THE AVERAGE ANNUAL RATES (per 10,000) BY SEX AND ACE, N.W.T. 

1967-1969, 1970-1972 and 1973-1974 

A. NEW CASES Rate per 

Males 

13 

B. RELAPSES 
5'1 

- 
0-14 15-24 25-34 35+ 0-14 15-24 25-34 35+ 

h e  (years) 



Figure 6 

INCIDENCE OF RESPIRATORY TUBERCULOSIS BY SEX AND AGE 

Greenland, 1955-1957 and 1963-1965 

AGE IN YEARS 

Stein et ai. ,Arch Encirun Health-Vol 17, Oct 1968 



Figure 7 

ESTIMATES OF RECOVERY AND DEATH FROM SMEAR-POSITIVE PULMONARY TB 

a. assuming no interference hy effective treatment - 

b. assuming interference by effective treatment - -  

non-ince~tious infectious . .. dead 
.+ 

Source of information: Dr.Holm, internal report to the TSRU, 1971 
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HOW TO ESTIMATE TliE ANNUAL TUBERCULOSIS INFECTION RATES? 

There a r e :  

Two s t e p s  in  assessinfi t h e  annual tuberculos is  infect ion r a t e s  

a )  Estimation of t h e  percentage decrease i n  t h e  annual r i s k  of infect ion 

using Appendix Table C of TSRU repor t  no.1. 

Table 1 shows a par t  of t h i s  t a b l e .  The percentage decrease i n  t h e  annual 

tuberculos is  in fec t ion  r a t e s  can be estimated i f  two o r  more prevalence f igures  

a r e  ava i l ab le  f o r  subjects  of t h e  same age. I f  t h e  prevalence o f  infect ion i n  

chi ldren aged, say 10 years w a s ,  f o r  instance 5.5% i n  1966, and 2.5% i n  1972, 

ent ry  80 i n  t h e  t a b l e  i s  divided by 6 years  (from 1966 t o  1972) t o  give t h e  8.p- 

proximate annual percentage decrease, which is about 13%. The approximate annual 

percentage decrease i s  needed f o r  use i n  Appendix Table B. 

Divide the entry in the table by the  interval in years between the 
I 

Table 1 
DECREASES I N  INFECTION RISK CORReSPONDING TO VARIOUS PERCENTAGES 

1NFECTF.D BY THE SUE AGE AT TWO DIFFERENT SIlRVEYS (TSR'J) 

Surveys to obtain the approximate annual percentage decrease for 
use in Appendix Table 8. 

PERCENTAGE 
ALREADY 

b )  Using t h e  es t imate  of t h e  percentage decrease,  Appendix Table B of t h e  

same repor t  provides d i r e c t  assessments of t h e  r i s k  of tuberculous infect ion i n  

two calendar years,  namely t h e  year i n  which t h e  prevalence of tuberculous infect -  

ion was determined, and a few years e a r l i e r  (Table 2 ) .  In t h e  above mentioned case 

one consul ts  ~ p p e n d i x  Table B f o r  chi ldren aged 10 years ,  l a s t  column (13% annual 

1 
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dec rease  i n  r i s k  of i n f e c t i o n  each y e a r ) .  The t a b l e  i n d i c a t e s  t h e  followina 

annual  tuberculosis i n f e c t i o n  rates: 

1966 : 0.25% (and i n  1956 : 0.92%) 

1972 : 0.11% (and i n  1362 : 0.41%) 

Table 2 
MUAL PERCENTAGE RISKS OF TUBERCULOUS INFECTION CORRESPONDING m 

Source of information:  B le ike r ,  W.A.:  Epidemiological  t r e n d s  i n  l o w  preva lence  

c o u n t r i e s ,  B u l l  . i n t  .Un .Tub., 5, 128, 1974 

.- 
THE PERCENTKE ALREADY INFECTED BY THE AGE OF 10 YEARS (TSRU) 

PERCENTAGE 
ALREADY 
INFKCTED 

1.0 
1.5 
2.0 
2.5 - 
3.0 
3.5 

-4.0 
4.5 
5.0 
5.5 - 
ete. 

AYk'RUXIPMIE I'CKCLNTAGE UECKtASE 
I I N  RISK OF INFECTION EACH YEAR 

1 13 3 1 5  .... 11 
R i s k  
t h i s  
year 
0.09 
0.14 
0.16 
etc.  

R i s k  
t h i s  
year 
0.04 
0.07 
0.09 
0 . 1  
0.14 
0.16 
0.18 
0.20 
0.23 
0.25 

R i s k  
t h i s  
year 
0.08 
0.12 
0.16 
etc .  

d i s k  
10 yrs 
ago 
0.10 
0.15 
0.20 

R i s k  
10 yrs 
ago 
0.16 
0.25 
0.33 
0.41 -- 
0.50 
0.58 
0.67 
0.75 
0.84 
0.92 

R i s k  / 
10 yrs etc.  
ago 1 
0.11 
0.16 
0.22 

etc. 
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Table 5 Appendix I1 

ACTIVE TUBERCULOSIS AMONG INTIMATE CONTACTS ACCORD l N G  TO 

BACTERIOLOGICAL STATUS OF SOURCES 

B r l t i s h  Columbia and Saskatchewan, 1966 - 1971 

Table 5A - W h i t e s  

+Population f i g u r e s  do not  inc lude Registered Indians i n  Saskatchewan 
e ~ F i g u r e s  i n  brackets represent b a c t e r i o l o g i c a l l y  confirmed cases 

Table 58 - Indians 

1 

% a c t i v e  
tubercu los is  
i n  general 
popu la t ion 
i n  1966-1971 

883,800* 
476(174) 

0.009(0.003) 

692,400 
673 (428) 

O.Ol6(O.OlO) 

1,397,200 
2,752(2030) 

0.033(0.024) 

2,973 ,kOO 
3,901 (2632) 

0.022(0.015) 

Age-group 
(years) 

o - 14 

15 - 29 

3 k  

Tota l  

a. No. of - 
contacts 

.b. - ~ o . o f  a t -  
t i v e  cases 

c % w l t h  _. 
a c t i v e  t b  

a 

6: - 
c .  - 

2. _- 
C -. 
a -. 
- b. 
C .  - 
a. 
b -. 
c. - 

1 
Tota l  

* Figures i n  brackets represent b a c t e r i o l o g i c a l l y  confirmed cases 

- a .  
b.  - 
C. - 

Smear 
p o s i t i v e  

1088 
123(36)* 

11.3(3.3) 

721 
31(13) 

4.3(1.8) 

1276 
27(22) 

2 ( )  

3085 
181(71) 
5.9.(2.3) 

status of source 
Cul t u r e  
pegat ive 

464 
3 -  

0.6(-) 

29 0 
0 - 

428 
0 - 

1182 
3 -  

O.3(-) 

Bac te r io loq ica l  
Cu l ture  
p o s i t i v e  

578 
lO(5) 

1.7(0.9) 

394 
I ( - )  

0.3(-) 

721 
2( 1)  

o. j (o.1) 

1693 
13(6) 

0.8(0.4) 

1270 
104(46) 
8.2(3.6) 

Tota l  

2130 
136(41) 

6.4(1.9) 

1405 
32( 13) 

2.3(0.9) 

2425 
29(23) 

l .z(o.9) 

5960 
197(77) 

3.3(1.3) 

707 
16(10) 

Z . j ( I .4 )  

316 
5(2) 

1.6(0.6) 

2293 
125(58) 
5.5(2.5) 
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Table 6 

ACTIVE TUBERCULOS l S AMONG CASUAL CONTACTS ACCORDING TO -- 
BACTERIOLOGICAL STATUS OF SOURCES 

B r i t i s h  Columbia and Saskatchewan, 1966 - 1971 

Table 6A - Whites 
. ~ . .  

m/SEM.TB/8 
Appendix I11 

% E d  % a c t i v e  
tubercu los is  
i n  general 
popu la t ion 
i n  1966-1971 

* Populat ion f igures do not  inc lude Registered Indians i n  Saskatchewan 
W i g u r e s  i n  brackets represent b a c t e r i o l o g i c a l l y  confirmed cases 

f a b l e  6B - lndians 
..- 

* Figures i n  brackets represent b a c t e r i o l o g i c a l l y  confirmed cases 

a. 
Tota l  1 5: 

874 
45( 14) 

5 . l l . 6 )  

544 
5(1) 

O.g(O.2) 

153 
0 - SO(l5) 

1571 3.2(1.0) I 



RELATIONSHIP BETTXEN THE PREVALENCE OF SMEAR-POSITIVE TUBERCULOSIS 

AND THE RISK OF TUBERCULQLlS INFECTION 

Lesotho (1957) and Uganda (1958) 

Country 

Lesotho 
(Basutoiand) 

Ycar 

1 
i Prevalence 
(excreting 1 acid-fast 

I bacilli) per 
Bact. I 1000 aged 10+ 
positivity ! (with 95% 

; Poisson range) 
1 

Percent 
of pop- 
ulation 
aged 
I o+ 

Prevalence 
at all 
ages 
per 
1 oooX 

Estimated 
risk of 
infection 
at 
age 10 
per 
cent 

I 
Ratio of 
prevalence I 

x Assuming there is no bacteriologically positive tuberculosis under age 10 

xx Expressed as a prevalence per 100,000 population for each 1 per cent in the risk of infection. f w t . 

I j (a) 

i (Direct 

Uganda / lg5' (Direct + 
1 (Culture 

(b) 

1957 
I 

Direct 1 5 (3-9) 

I 
I 
I 

3.2(1.7-5.5) ) 
) 

7.5(2.5-19.7)) 

(a) x (b) 

69.3 

I 
(c) i (a)x(b):(c) 1 

I 

3.89 I 91 
I 

i 
I I I 
I ! 

I 

70.8 3.54 


