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SUMMARY

The incidence of tuberculosis in 1990 is cstimated at 7.5 million cases of which 3.1 million were in the
$outh-East Asian region of WHO, 1.8 million in the Western Pacific region, 1.0 million in sub-Saharan
Africa and 1.6 million in the remainder of the world. The estimates for South-East Asian and Eastern
Mediterrancan regions are higher than previously thought, while the estimates for the Western Pacific and
African regions are lower. Forty-four percent of all cases occurred in China and India,

Annual incidence is predicted to increasc to 8.8 million cases by 1995, 10.2 million by 2000 and 11.9
million by 2005, an increase of $8% compared with 1990 incidence. Demographic factors, such as population
growth and changes in age structure of populations, will account for 77% of the predicted increases in
incidence. Increasing incidence ratcs, particularly in Africa, will account for 23% of the increase in new
cases. In the Eastern Mcditerranean region and Central and South America, age-specific incidence rates are
expected to fall during 1990-2005 but the total number of new cases will increase becausc of population
growth.

It is estimated 315,000 (4.2%) of the 7.5 million incident cases of tuberculosis in 1990 were
attributablc to HIV infection, Qver half of such cases oceurred in sub-Saharan Africa where 23.8% of new
cases of tuberculosis in aduits aged 15-59 were attributable to HIV infection, By the year 2000, it is
estimated that over 1.4 million (13.8%) of the forecast 10.2 million incident cases occurring annually will be
attributable to HIV infection,

During the 10-year period 1990-1999 it is estimated that 88.2 million people will develop tuberculosis,
of which 8.0 million cases will be attributable to HIV infection.

In 1990, 2.5 million persons are estimated to have dicd of tuberculosis, Assuming availability of
trealment remains at its 1990 level, it is predicted 3.0 million tuberculosis deaths will oceur annually by 1995
and 3.5 million deaths annually by 2000, Of the 3.5 million tuberculosis deaths predicted to occur annually
by the year 2000, 0.5 million (149%) will be attributable to HIV infection.

During the decade 1990-1999 it is cstimated that 30.0 million tuberculosis deaths will occur, of which
2.9 million will be attributable to HIV infection. Around 6.0 million tuberculosis deaths are cxpected in sub-
$aharan Africa during the decade, 1.5 million (25%) of which will be attributed to HIV infection.
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1. Introduction

WHO has declared tuberculosis a global emergency and warned that the disease claims millions of
lives each year and that the situation will rapidly worsen unless immediate action is taken to curb its spread.

This document presents estimates of the present global situation and forecasts of increasing morbidity
and mortality in the near future. Estimates are given for the world, WHO regions, and for selected
countries.

Specific areas addressed in these forecasts include the impaet of world population growth, the impact
of demographic aging of the world’s population, and the impact of the HIV epidemic.

The information presented here are forecasts of morbidity and mortality based on current levels of
intervention. Tuberculosis is curable, and treatment is inexpensive. Much of the forecast burden of disease
could be prevented if sufficient global resources were direcled immediately towards the control of this
disease. :

2, Review of previous estimates of 1990 incidence

Tubcreulosis incidence in 1990 was estimated for developing countries by Murray () and extended by
Sudre (2) to include industrialised countries. Both authors based their estimates on a comprehensive review
of survey data on annual risk of infection (ARI) in developing countries (3). Annual tuberculosis incidence
was estimated by applying Dr Styblo’s conversion factor, a 1% increase in ARI correlates to 50 additional
smear positive cases per 100,000 population per year(#), to regional ARI estimates,

However, estimates based on such a methodology need to be interpreted with cautton for a number of
reasons. First, the conversion factor is based on measurements of certain populations and the validity of
applying this to other populations is unknown, Second, the review of ARI only cavered survey data up to
1985 (3} and few comprehensive surveys have been undertaken sinee 1985. Third, for most regions of the
world there is sparse ARI data. For example, the estimates for the Caribbeans, Central and South America
(46 countries) were based on survey data from two countries only. Fourth, previous immunisation with BCG
excludes survey subjeets from the caleulation of ARIL In many areas where recent surveys were undertaken,
most of the sample population had previous BCG immunisation and thus was excluded from the calculation.
For example at lcast 80% of the survey population wag previously immunised in Botswana and Malaysia,
and at least 50% in a range of other countries, including Algeria, Argentina, Burundi, Libya, Republic of
Korea, Samoa and Tanzania (3). Thus, subjects included in the AR calculation in regions with high BCG
immunisation coverage may not be representative of the population from which they were drawn.

On the basis of the above concerns about caleulating global incidence of tuberculosis from survey data
on AR, a new set of cstimates of tuberculosis incidence in 1990 have been produced using an independent
methodology.

3. Tuberculosis incidence in 1990

WHO routinely collects data on the number of new tuberculosis cases in Member States each year
(5). Within each WHO region, except the African region, an overall regional erude incidence rate was
calculated by cstimating the incidence in the most populated countries. Reliable notification data were
preferentially used for these estimates. Notification data were considered reliable when provided by
programmes with an established surveillance system. For countries with unreliable notification data, AR]
was used to estimate incidence. Notification data are relatively poor for the African region, so a slightly
different approach was used. The African region was divided into four geographic areas and within each
area, a crude ineidence rate was estimated bascd on the most reliable notification data (e.g., United
Republic of Tanzania for East Africa, Cote d'Ivoire for West Africa),
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Estimatcs of incidence based on notification data will partly reflect under reporting, and thus must be
considered as conservative estimates, While notification data are of poor quality for many countries, and any
estimates based on such data will seriously risk underestimating incidence, reliable data arc available from
other countries, particularly those where good taberculosis control programmes arc cstablished.

Shown in Table 1 are the new 1990 estimates. Bascd on notification data, the number of incident cases
of tuberculosis in 1990 is cstimated at 7,537,000, While these estimates must be considered conservative,
they are consistent with the ARI-based estimate of 8.0 million incident cases in 1990 by Sudre (2).

In the following sections, more detailed information is given on the calculation of tuberculosis
incidence for each WHO region,

3.1 South-East Asian Region

The notification rate for India, the most populated country in the region, was 153 per 100,000
population in 1990. Not included in the Indian notification system were patients treated privately and
patients hospitalised in the more than 40,000 tuberculosis hospital beds. Of the 438 administrative districts
in India, only 378 had district tuberculosis programmes, and of these only 278 (63% of all districts) notificd
cases in 1991, It has been estimated that 57% of identified cases were included in notification reports (6). In
many countrics, relapse cases are usvally included with incident cases in reports to WHO. For India it is not
known what proportion of notifications were relapse cases, but other countries in the region have reported

~ around 5% were relapse cases. This suggests tuberculosis incidence in India during 1990 was approximately
242 per 100,000 population,

In Indoaesia, the second most populated country in the region, only 2,700 of the 6,000 health centres
are currently included in the national tuberculosis programme. Notification data only includes smear positive
cases and thus underestimates total incidence. Tuberculin surveys undertaken during 1983-87 in various
regions including Java, Sumatra and Kalimantan found an ARI of 1.7-4.1%. In at least five districts the ARI
was above 2.3% (7). ARI of this magnitude suggests an incidence rate at least as high as that for India
where AR] is around 1.5-2%%. For other countries of the region (e.g. North Korea, Mongolia, Myanmar,
Thailand) notification data suggest an incidence rate half that of India.

The 1990 incidence rate for the $outh-East Asian region is estimated at 237 per 100,000 population.
This is higher than the previous estimates of 165-200 per 100,000 given by Murray (7) and 194 per 100,000
population given by Sudre (2). Based on these calculations, it is estimated 3.1 million new cases oceurred in
the South-East Asia region during 1990, including 2.1 million new cases in India and 0.4 million in
Indonesia.

3.2, Western Pacific Repion

Thirty two countries were included in the Western Pacific region. The three industrialised countries of
the region (Japan, Australia and New Zealand) have been excluded and grouped-with Europe and North
America,

In 1990, the population of the Western Pacific region was around 1,350 million, the most populated of
alf the WHO regions. Approximately 85% of the population live in China, with the remaining 15% spread
across the other 31 countries. Thus, the incidence of tubcrculosis in China strongly influences the overall
regional incidence.

Murray (1) estimated an ARI of 1-2% for Asia while Sudre (2) cstimated 1-2.25% for the Western
Pacific region, However, data from the 1984-5 and 1990 national tubereulosis surveys of China suggest an
ARI of around 1.0% (8,9). This suggests thal previous estimates of tuberculosis in China, and thus the
whole of the Western Pacific region, may have overestimated the situation.

The average notification rate for tuberculosis in China during 1987-90 was 49 per 100,000 population.
Data from the 1984-85 national survey of China suggest that approximately 40% of cases had been
registered (8). Recent notification data from China show that rclapse cases account for approximately 7.5%
of cases notified to WHO. Applying the 40% coverage rate (o notification data and allowing for inclusion of
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relapse cases, gives an cstimated 1990 incidence rate of 113 per 100,000 population for China, This estimate
is approximately 4095 lowcr than the estimate of 192 per 100,000 population by Sudre (2).

Of the 15% of the region’s population that live in countries other than China, half reside in the
Philippines and Republic of Korca. During 1988-90, the Philippincs reported 312 incident cases per 100,000
population and Republic of Korea reported 194 per 100,000 population. Assuming 7.5% of notificd cases
were relapses and a case-finding rate of 80% (a conservative estimate), the 1990 incidence estimate for the
Philippines 15 360 per 100,000 population and for the Republic of Korea 15 225 per 100,000,

Qnly 8% of the population live in the other 29 countrics of the region. For these countries,
notification rates ranged from 30 to 300 cases per 100,000 population with a weighted average of 100 per
100,000 population. Allowing for 45% case-finding rate (reported by various countrics within the region}
and inclusion of relapse cases (7.5%), it is estimated an incidence rate of 205 per 100,000 could be applicd
to these countries. : ‘ :

For the cntire Western Pacific region, i is cstimated that there were 1.8 million new cases (136 per
100,000 population) in 1990, 28% lower than estimated previously. Around 1.3 million cases occurred in
China. ‘

3.3. African Region

Alfrica was divided into four geographical areas and within cach area estimates of incidence were
based on the most reliable notification data. For Eastern Africa, recent notifications ranged from ) to 220
cases per 100,000 with a mean of 110 cases per 100,000, Tanzania, with onc of the best tuberculosis
programmes, reported approxdmately 105 cases per 100,000 population in 1990. Highest notification rates in
East Africa were reported by countries with a high incidence of ATDS (e.g. Malawi, Zamhia). Reports from
national tuberculosis programmes suggest that relapse cases account for 5% of reported incident cases.
Allowing for around 50% case-finding for all countrics in the area, the 1990 incidence rate for Eastern
Africa is estimated at 200 cases per 100,000 population,

In Central Africa, recent notifications range from 50 to 200 cases per 100,000 with a mean of 80 per
100,000 population. These rates are simtlar to those reported by Eastern Africa countries, suggesting an
incidence rate similar to that estimated for Eastern Africa.

Natifications from countries in Southern Africa ranged from 170 to 225 cases per 100,000 population
with a mean of 205 per 100,000. The Republic of South Africa reported 220 cases per 100,000 population,
Allowing for inclusion of relapse cases (5%} and 70% casc-finding, the underlying incidence rate for the
Republic of South Africa was approximately 300 cases per 100,000 population. This rate was applied to
other countrics in Southern Africa.

West African notification rates are lower than other arcas of sub-Saharan Africa. Notifications ranged
from 20 to 140 cases per 00,000 population, with a mean ol 50 per 100,000, Cote D’Ivoire, with one of the
best surveillance systems in West Africa, reported 65 cases per 100,000 population in 1991, Relapse cases
accounted for 5% of notifications and case-finding was estimated at 50%. This together with data from
other countries in the area suggests an incidence rate of around 150 cases per 100,000 population in West
Africa during 1990,

It is estimated that the 1990 incidence of tuberculosis lor all Sub-Saharan Alrica was 992,000 cases
(191 per 100,000 population), 28% lower than previously estimated.

3.4, Eastern Mediterranean Region

Pakistan, the most populated country in the region, reported 169 cases per 100,000 population in 1988,
No data is available on the proportion of relupse cases included in notifications from Pakistan. Data from
other countries in the region supgest that around 5% of reported ncident cuses are relapses and a case-
finding rate of around 65%. The 1990 inctdence rate for Pakistan is estimated at 250 cases per 100,000
population.
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Notification rates for other countries in the region, trend o fall into three categories, Allowing for
509 case-finding and inclusion of relapse cases, incidence rates for Djibouti, Somalia, Sudan and Yemen
arc estimated at 200 cases per 100,000 population. For Saudi Arabia, Syria, Oman, Qatar and Iran incidence
is cstimated at 100 cascs per 100,000 population while for the remaining countries of the region, incidence is
estimated at 50 cases per 100,000 population,

The 1990 incidence of tuberculosis for the entirc Eastern Mediterranean region is cstimated at 641,000
cases (165 per 100,000 population), similar to provious estimates. It is estimated 306,000 cases occurred in
Pakistan and 335,000 cases in the other 22 countries of the region,

3.5. Amenican Region_excludin SA and Canada

Included in this region were countrics of the Caribbean, Central America and South America. Canada
and the USA have been excluded and grouped with Europe and other industrialised countries. Of the 46
countries included in the region, 23 have populations of less than one million, Each of these countrics
reports only a small number of cases annually, and any estimates based on these numbers would be subject
to Poisson variation. OFf the other 23 countries in the region, notifications ranged from 20 to 180 cases per
100,000 population with a weighted average of 50 cases per 100,000, Brazil, the most populated country in
the region reported around 30 cases per 100,000 population, although notifications only covered Rio de
Janeiro.

Allowing for incomplete reporting, a case-finding rate of around 70%, and data from other countries
in the region, the 1990 incidence for the region is estimated ar 127 cases per 100,000 population (569,000
cases), similar to the estimate of Sudre (2). It is estimated 191,000 (34%) of these cases occurred in Brazil
and 378,000 (66%) in the other 45 countries of the region,

3.6, European Repion and USA, Canada, Japan, Australia and New Zealand

The region was considered in two scction: (a) Eastern Europe and independent states of the former
USSR and (b Weslern Europe and the five other industrialised countries.

For Eastern Europe and independent states of the former USSR, the weighted average of 1990
notification rates was 42 cases per 100,000 population. Notification rates for Western European and other
industrialised countries ranged from less than 10 per 100,000 in Canada, Denmark, the Netherlands, Norway
and Sweden to more than 60 per 100,000 in Portugal, The weighted average of notifications for all Western
European and other industrialised countrics was 21 per 100,000 population.

If an 85% registration rate is assumed and allowing for. 5% of reported cases to be relapses, the
resulting cstimates of 1990 incidence are 47 per 100,000 population for Eastern Europe and independent
states of former USSR and 23 per 100,000 for Western Europe and the five other industrialised countries.
For the entire region, it is estimated that 390,000 incident cases occurred in 1990 (31 cases per 100,000
population), similar to previous estimates.

3.7. Summary

It is estimated there were 7,537,000 incident cases of tuberculosis in 1990, Over 4.9 million cases
{65%) veeurred in the South-East Asian and Western Pacific regions and particularity in India (2.1 million),
China (1.3 million) and Indonesia (0.4 million),

One million cases are estimated to have occurred in sub-Saharan Africa during 1990, 0.6 million cases
in the Eastern Mcditerrancan region (including 0.3 million cases in Pakistan) and 0.6 million in the Central
and South America (including 0.2 million cases in Brazil).

Around 0.2 million cases occurred in Eastern Europe and independent states of the former USSR and
0.2 million cages in Western European and other industrialised countries.

The global cstimate based on notification data is similar 1o that estimated by Sudre (2) based on ARI
data. This should allay some of the concerns expressed about the use of ART for estimating incidence rates.
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However, the two meihods do yield different estimates for some regions. In particular, the notification-
based estimates suggest a substantially greater incidence of tuberculosis in South-East Asia than previously
thought. Conversely, a lower incidence in China and hence the entire Western Pacific Region was estimated
when hased on notifications.

4. Tubercnlosis incidence in 1995, 2000 and 2605.

In estimating future disease incidence, allowances were made for demographic factors (changes in the
size and age structure of populations) and epidemiological factors (changes in age-specific incidence rates).
To accurately allow for both demographic and epidemiological faclors, age-specific incidence rates were
estimated for the years 1995, 2000 and 2005 and then applied to age-specific populdtlon projections for
these years.

This was undertaken at the regional level in two steps. First, data avatlable at WHO on the age
distribution of notified cases in each region during 1990 were applied to the 1990 regional crude incidence
rates to derive 1990 regional age-specific incidence rates, Sceond, trends in regional notification rates during
1985-1900 were applied to the 1990 regional age-specific incddence rates to derive age-specific incidence
rates for the years 1995, 2000 and 2005. This approach assumes that age-specific trends will remain
unchanged. The derived rates were then applied to regional age-specific population projections to calenlate
the number of incident cases expected in 1995, 2000 and 2005.

In forecasting future burden of disease, it has been assumed that intervention (i.e. the activities of
national programmes) remains at the 1990 level,

4.1. 1990 age-specific incidence rates

Age was calegorised into four groups: 0-14 years, 15-34 years, 35-59 years and 60+ years, Table 1E
shows the age structure of incident cases for each region in 1990, based on data supplied to WHO by
national {uberculosis programmes. The majorily of cases are aged between 15 and 59 years in each region.
Variation between regions partly reflect differences in age strueture of the underlying populations.

The number of incident cases aged 0-14, 15-34, 35-59 and 60 and older in each region was cstimated
by applying the age distribution of cases shown in Table I to the revised 1990 incidence estimates shown in
Table . Regional age-specific incidence rates for 1990 were then calculated by dividing these estimates by
regional age-specific population estimates (J1).

4.2, Trends in metdence rates

Trends in notification rates during 1985-90 were analysed (o predict trends during 1990-2005. While
notification-based data are subject to variation in completeness of reporting, they do provide a useful source
of information and, when used with data on trends in ARI, trends in incidence rates can be estimated.

South-East Astan Region

In India, notifications increased by approximately cight additional cases per 100,000 population per
year during 1985-90. This probably refleets improverments in completeness of reporting. It is also possibly
the underlying incidenee rate may be increasing. The extent of dual HIV-tuberculosis infection in the Indian
popuiation is unclzar. However, it scems reasonably to assume there is a pool of persons with dual
infection, and without intervention, the pool could be expected to increase. It is estimated the ineidence of
tuberculosis in India will increase during 1990-2005 by 0.4 additional case per 100,000 population per year,
largely due to increasing prevalence of HIV infection,

For other ¢ountries in the region, notification data suggest annual incidence is decreasing by
approximately 1.0 cases per 100,000 population per year, For the region as a whole, the weighted average
trend is a reduction in incidence by 0.09 cases per 100,000 populaion per year, However, this trend could
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be reversed if a marked increase in the prevalcnce of HIV infection among persons infected with
tuberculosis oceurs.

Western Pacific Region :

Data from the 1979, 1984-85 and 1990 national surveys of China suggest the ART among seven year
old children was similar in each survey period (8,9). Data from these surveys also suggest the prevalence of
infection among children aged 0-5 was higher in 1990 than in 1979, Analysis of registration data shows
notifications have been increasing by approximatcly 0.5 additional cases per 100,000 population each year
since 1086. Based op the available data, it is estimated that the annuval incidence ratc in China during 1990-
2005 is likely to remain at the 1990 fevel, in the absence of intervention.

For most other countries in this region, notification rates have gencrally been falling in recent years by
one case per 100,000 population each year. There are a few exceptions to this trend but mostly among the
less populated countrics,

The underlying annual incidence rate for the Western Pacific region as a whole is predicted to
decrease by 0.13 cases per 100,000 population per year.

African Region

Around 1985 some African countries, particwlarly those in Eastern and Central Africa started
reporting increases in tuberewlosis rates. Although an increase in notifications for one country miy reflect
improved completeness of reporting, increasing notification rates across an entire region suggests that
changes in reporting alone may not account for the increase.

For countrics of Eagtern and Central Africa with annual notification rates for AIDS of at least 10
cases per 100,000 population (e.g. Burundi, Congo, Malawi, Rwanda, Uganda and Zambia), tuberculosis
notifications rates have been increasing, on average, by 10 additional cases per 100,000 population per year
since 1985. The increase in notifications in Eastern and Central Africa correlates with the increasing
prevalence of dual HIV-tuberculosis infections.

Increases of 5-10 additional tuberculosis notifications per 100,000 population have also occurred in
other parts of Africa during 1985-90, including countries currently reporting less than 10 new cases of AIDS
per 100,000 population per year (e.g. Cameroon, Equatorial Guinea, Mozambique, Senegal and South
Africa). The interpretation of these trends is that the high prevalence of HIV infection seen initially in
Eastern and Central Africa is now oceurring in other parts of sub-Saharan Africa. In paralle] with the
spread of the AIDS epidemic, dual HIV-tuberculosis infection is increasing throughout the region. It is
estimaled, based on increases in notification during 1985-90, the underlying incidence rates across Sub-
Saharan Africa will continue to increase by 10.0 additional new cases per 100,000 population per year during
1990-2005.

Eagtern Mediterranean Region ‘

Murray (1) estimated ARI to be deereasing during 1985-90 in the Eastern Mediterranean region.
Notification data for this period confirm this trend. Notification rates fell in 13 of the 17 countries that have
consistently reported cases to WHQ).

However, the notification rate for Pakistan, the most populated country in the region, has been
increasing in recent years by 4.0 additional cases per 100,000 population cach year. It is thought the increase
in the notification rate for Pakistan results from improved reporting, It is also possible that some increase in
notifications could result from increases in underlying incidence rates. The prevalenee of dual infection with
HIV-tuberculosis in Pakistan is largely unknown, but thought to be relatively low. It is estimated, based on
available data, that incidence rates in Pakistan will continue at their 1990 level during 1990-2005.

The weighted average of notification rates for other countries in the region is decreasing by around 1.0
cases per 100,000 population each year. Based on this, the underlying incidence rates for these other
countries are predicted to decrease by 1.0 case per 100,000 population per year during 1990-2005.

For the Eustern Mediterrancan region as o whole, underlying incidence rates are predicled o
decrease by 0.68 cases per 100,000 population per year during 1990-2005.
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American Region

It has been estimated that ARI was falling in Central and ‘-.outh Amt.rlca durmg 1985-90 (I) Analyses
of notification data confirm this trend and suggest underlying incidence rates are falling by approximately
1.5 case per 100,000 population per year in the region.

Notification rates for some countries have risen in rccent years, possibly due to the AIDS epidemic
(e.g. Haiti, Honduras) but the impact of this on regional notification rates to date has been minimal
because the population of the countries showing an upward trend arc relatively small compared with other
countiies within the region.

Underlying regional incidence rates are predicied to continne falling by around 1.5 cases per 100,000
population per year during 1990-2005, unless the prevalence of dual HIV-tuberculosis infection increases
appreciably,

European Repion and USA, Canada, Japan, Australia and New Zealand

Tuberculosis notilication rates inercased during 1983-90 in several countries {including The
Netherlands and USA) by approximately 0.5 additional cases per 100,000 population per year. However, for
most other countries in Westarn Europe, notifications decreased during 1985-90 by (1.5-1.0 cases per 100,000
population per year, It seems reasonable to assume that rates in other countries in Western Europe will
also increase in the near future, partly because of increasing migration ol people to Western Europe from
regions of the world with higher incidence of tuberculosis, and partly because of the increasing number of
persons with dual HIV-tuberculosis infection. It is estimated that tuberculosis incidence in Western Europe
and the other industriaslised countries will either remain at their current levels or increase slightly during
1950-2005.

In Eastern Europe and states ol the former USSR, notitications deereased durnng 1985-90 by
approximately one case per 100,000 population per year. However, it is not clear that the decline in
incidence rates can be maintained in these countries. I is assumed undeclying incidence rates wn Eastern
Europe and states of the former USSR will remain at their 1990 fevel in the near future,

4.3, Incidence cstimates in 19952000 and 2005

The forecast trends i underlying regional incidence rates during 1990-2005 (section 4.2) were applicd
to 1990 age-specific incidence rates (section 4.1) to produce estimates of age-specific incidence rates for the
years 1995, 2000 and 2005, These rates were then applied o age-specilic population projections (10} to
derive the number of incident cases expected in cach year.

Table III shows the number of incident cases of Luberculosis predicted to oceur in 1990, 1995, 2006
and 2005. The number of incident cases is expected (0 increase from 7.5 million new cases a year in 1990 to
5.8 million in 1995, 10.2 million in 2000, and 119 million new cases a year in 2005, an increase of 57.6%
over 15 years. Around 4.5 million new cases annually can be expected in the South-East Asian region, 2.8
million in the African region and 2.5 million in the Weslern Pacilic region by the year 2005,

The age-specific incidence rates {or the Eastern Mediterrancan region and Central and South America
were predicted to fall during 1990-2005, but the actual numbers of incident cases are expectsd to increasc.
This indicates that demographic factors (changes in sive and age structure of populations) are stronger than
epidemiological factors (changes m age-specific incidence rutes). The impact of demographic and
epidemiological lactors on the forecasts is examined below.

44, Impact of demographic and cpidemiologicnl factors

The effeets of demographic factors (population growth and changes in the age structure of
populations) were examined by fixing age-specific incddence rates at their 1990 evels (1.¢., no change in age-
specilie incidence rates during 1990-2005) and applying these rates 1o age-specific population estimates for
the years 1905, 2000 and 2005,
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Table IV shows the expected inereasc in incidence duc solely to demographic factors, With age-
specific incidence rates fixed at their 1990 level, the number of incident cases of tuberculosis occurring each
year increases from 7.5 million cases annually in 1990 to 10.9 million cases annually by 2005, an increase of
45%. This increase is due solely to demographic factors.

The influence of changing age structure is reflected in changes to the erude incidence rate. The global
crude incidence ratc (Table TV) is predicted to increase from 143 cases per 100,000 population in 1990 to
161 cases per 100,000 population by 2005, alithough age-specific incidence rates were fixed at their 1990
level. This occurs beeause the proportion of the world’s population in the middle and older age groups is
increasing and tuberculosis incidence rates are highest among these age groups.

While incidence is predicted to increase from 7.5 million cases annually in 1990 to 10.9 million in 2005
due to demographic factors only, it was forecast in Table 11T that incidence would rise to 11.9 million by
2005 when allowing for both demographic and epidemiological Tactors, This indicates that demographic
factors will account for maost of the predicted increase in annual incidence.

Shown in Table V are the predicted additional cases of tuberculosis, compared with 1990 incidencee,
due to demographic and cpidemiological factors. Over three-quarters of the predicted increase will result
from demographic factors, such as population growth and changing age structure of the population.

Less than 25% of the predicted increase will result from changes in age-specific incidence rates, These
forecast changes due to ¢pidemiological faclars represents the balance between increasing rates due, largely,
to the HIV epidemic versus falling rates due to effective intervention strategies. For example, by the year
1995, cpidemiological factors are expected to account for 234,000 additional cases expected annually (Table
V). This results from the 423,000 additional cases expected due to the HIV epidemic (see section 4.5),
minus 189,000 additional prevented cases due o intervention strategics. Clearly the impact of prevention
programimes, assuming they remain at their 1990 level, will be overshadowed by both population growth and
the HIV epidemic.

While the number of new cases per year in each region is forecast to increase dramatically, the data in
Table V indicate that prevention programmes are working. In South-East Asiz, Western Pacific, Eastern
Mediterranean and particularly the Americas, cpidemiological factors (falling age-specific incidence rates)
are preventing tens of thousands of additional cases from occurring each year. Unflortunately, at the global
level, these achievements are overshadowed by the increasing age-specific rates in Africa.

The interpretation of above findings is that advances are being made in preventing new cases of
tuberculosis, as seen by the falling age-specific rates, However, these efforts are insufficient to counter the
strong effects of population growth, the demographic aging of populations, and the HIV e¢pidemic.

Tables VI-XI1 show forecast annual incidence of tuberculosis in 1993, 2000 and 2005 at the regional
level. The top half of cach table shows predicted incidence due solely to demographic factors (age-specific
rales fixed at 1990 levels), while the lower half of each table shows predicted incidence when allowances are
made for both demographic and epidemiologieal factors.

In the South-East Asian region (Table VI), the benelits of a small decrease in age-specific rates will
be overshadowed by the strong effects of demographic factors, By the year 2005, an additional 1.3 million
cases will occur each year in South-East Asia. The effect of changing age structure of the population is
clearly shown in the top half of Table VI. With age-specific rates fixed at their 1990 levels, the crude
incident rate would increase from 237 per 100,000 population in 1990 to 257 per 100,000 in 2005, This
results [rom the increasing proportion of people in the middle and older age groups.

The Western Pacific (Table VID, Eastern Mediterrancan (Table [X) and American regions (Table X)
all show a similar pattern: age-speeific incidence rates are predicied 1o fall during 1990-2005 but the number
of new cases each year will continue to inerease due to populstion growth, and the crude incidence rates
(all ages) will continue to increase because of (he demographic aging of regional populations.

In sub-Saharan Africa (Table VII), the number of incident cases cach year s predicied to almost
triple during 1990-2005. This is the only region where epidemiological factors are stronger than
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demographic factors. Age-specifie incidence rates are {orecast to increase by around 10 additional cases per
100,000 population per year.through to the year 2005, This increase is almost entively due to the HIV
epidemic,

In Eastern Europe (including independent states of the former USSR), Western Europe and other
industrialiscd countries {Tables XT-XII), age-specific incidence rates are forecast to stay at their 1990 level

during 1990-2005, but increases in the number of new cases are expected due to demographic factors.

Tables XII-XVII show predicted incidence in 1995, 2000 and 2005 for selscted countrigs: China,
India, Indonesia, Pakistan and Brazil.

4.5, Impact of HIV epidemic

The interaction between HIV infection and tshereulosis infection has been reviewed elsewhere (1),
HIV infection in persons with a prior tuberculosis infection dramatically increases their risk of developing
tuberculosis,

Shown in Table XVIIIL is the prevalence of HIV infection by age among tuberculosis cases in 1990,
Prevalence was estimated from WHO data on HIV seroprevalence in tuberculosis patients from 75
countries in 1989-1992. The data suggest thar in 1990 around 25% of tubcreulosis cases aged 15-59 were
HIV seropesitive in sub-Saharan Africa, 5% in Western Europe and industrialised countries and Central
and South America, 2-3% in Sovth-Easl Asia and 1-29% in the Western Pacifie, Eustern Mediterranean and
Eastern Burope, There was little HIV infection among cases aged more than 60, For children, there were
Himited data gn the prevalence of HIV infection among those with tubereulosis. Data from Zambia suggest
that 40% of children with tuberculogis were HEV seropositive (77). In Eastern Africa it is estimated that
around 20% of children with wubereulosis were HIV seropositive in 1990, For other regions of the world, it
is assumed few children with tuberculosis were HIV seropositive.

Estimales of the prevalence of HIV infection among tubereulosis cases in 1995 and 2000 (Table
XVIID were based on previoss trends of HIV seroprevalence in tubereulosis patients and on consensus
opiuon of programme stalf st WHOQO.

Among adults co-infected with HIV and Mubercidosis, approximately 5-10% develop tuberculosis
cach year on average (//-14). By comparison, at most 0.2% of adults with M.uberculosis infection only
develop tuberculosts each vear on average (15). Based on these data, the risk of developing tuberculosis for
persons infected with both HIV and M.ubercrdosis is at feast 30 times higher than lor persons infected with
M.inberculosis only. Using a relative risk of 30, the atribwtable fraction (/6) (Le., (velative risk - 1)/relative
risk) for co-infection with HIV is 95%. Thus, 95% of tuberculosis cases co-infected for HIV ar¢ attributable
to the HIV infection, The remaining 5% of co-infected cascs would have developed tuberculosis irrespective
of their HIV status and refleet the oceurrence of disease in the absence of the HIV epidemic.

The number of incident (uherculosts cases in cach region attributable to co-infection with HEV (Table
XV1il) was caleulated by applying the attributable fraction and the regional estimates of HIV
seroprevalence among tuberenlosis cases W the estimates of regional tubercalosis incidence in 1990, 1995
and 2000,

Of the 7.5 million incident cases of wbcreulosis in 1990, 315,000 (4.2%) were attributable to co-
infection with HIV. These cascs would nat huve oceurred if the persons were not co-infected with HIV. In
sub-Saharan Africa, 25% of tubcrculosis cases among persons aged 15-59 are estimated Lo have been HIV
seropositive and 95% of such cases were attributable 1o HIV, Thus in sub-Saharan Africa, 23.5% of all
tubereulosis cases among adulls aged 1559 during 1990 were attributable to HIV infection. Less than 2%
of tubereulosts cases in the Western Pacific, Eastern Mediterrancan, Europe and other industriahsed
countries were aftributable 1o HIV infection,

By the year 1993 1t is estimated 733,000 (4.49) of the predicted 4.8 million new cases oceurring cach
year will be attributable to HIV infection. These estimates assume the prevalence of HIV infection among
tuberculosis casces will increase as shown in Tauble XV,
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By the year 2000, 1.4 million (13.8%) of the 10.2 million new cascs expected to occur each year will be
attributable to HIV infection. Substantial changes in the prevalence of HIV infeetion among persons
infected with M.auberculosis would alter the proportion of cases attributable to HIV infection.

4.6. Total incidence during 1990-1999

During the 10-year period 1990-1999 it is estimated that 88.2 million people will develop tuberculosis,
of which 8.0 million cascs will be attributable to HIV infection.

In South-Est Asia 33.1 million new cases of tuberculosis will occur during the decade, of which 2.8
million will be attributable to HIV infection, Around 20.5 million new cases will oceur in the Western
Pacific of which 0.4 million will be attributable to HEV infection, while 150 million cases will oceur in sub-
Saharan Africa of which 3.9 million will be attributable to HIV infection.

At the end of the decade, an extra 2.7 million tuberculosis cases will be occurring each year, compared
with 1990. Around 1.1 of these additional cases (40%) will be attributable to the HIV epidemic.

5. Tuberculosis Mortality Estimates

Notification data from Western Europe and other industrialised countries suggest that around 7% of
tubereulosis cases die of the discase (17). These deaths probably result from late presentation for treatment
and failure to diagnose tuberculosis as the underlying disease. Notification data from Eastern Europe
suggest a casc-fatality rate of around 15%, while for Central and South America it was assumed that around
20% of tuberculosis cases die of the disease. For other regions, case-latality rates were estimated using the
approach of Murray and colleagues (1991). A case-fatality rate of 55% is assumed for cases not receiving
treatment, and 15% for those receiving treatment (/8-20). Tt is also assumed that all notified cases have
been treated and that around 5% of trcated paticats are not notified (due to factors such as incomplete
reporting or exclusion of patients treated privately). By applying these assumptions to notification data, it is
estimated the case-fatality rate is around 35% in South-East Asia and the Western Pacific and slightly
higher in the Eastern Mediterranean and sub-Saharan Africa (Table X1X).

Annual tuberculosis mortality was calculated by applying the regional case-fatalily rates o the
estimates of annual incidence. The number of tuberculosis deaths attributable to HIV infection was
cstimated by applying case-fatality rates to the estimates of HIV-attributable cases. These rates were
conservatively assumed to be the same as those among HIV-uninfected cases. '

Table XX shows the estimated number of tuberculosis deaths in each region of the world for the years
1990, 1995 and 2000. 1t is estimated that 2,530,000 tuberculosis deaths oceurred in 1990 of which 116,000
were attributable to HIV infection. Around 1.1 million tuberculosis deaths oceurred in South-East Asian in
199}, :

By the year 2000 it is estimated, assuming the proportion of cases treated remains at the 1990 level,
3.5 million tuberculosis deaths will occur annually, almost 40% maore than in 1990, Half a million of these
deaths will be attributable to HIV infection, almost half of which will oceor in Sub-Saharan Africa. In
South-East Asia, 1.4 million deaths per year are anticipated by 2000,

The annual number of incident cases of tubereulosis is predicted to increase by 35.6% during 1990-
2000 (Table 111} while annual mortality is expected to increase by 38,79, A higher proportional increase in
deaths is expected because incidence is predicted to increase most in Africa where treatment rates are
lowest and therefore risk of dying highest.

5.1. Total deaths during 1990-1999

During the 10-year period 1990-1999 1t is estimaled that 30.0 million people will die of tuberculosis, of
which 2.9 million will be attributable to IV inlection.
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In South-East Asia 12.3 million tuberculosis deaths are forccast for the decade, of which 1.0 million
will be attributable to HIV infection. Around 6.0 million tuberculosis deaths are expected in Sub-Saharan
Africa, of which 1.5 million will be attributable to HIV inlection.

6. Discussion

Nearly 90 million new tuberculosis cases and 30 million tuberculosis deaths are expected to occur
through to the end of this decade without more cffective intervention, For a discase where intervention is
cost-effective (27), this is truly staggering,

These estimates are based on notification data and, because of under reporting of tuberculosis cases,
must be considered couservative. This is reflected in our estimated 1990 incidence of 7.5 million new cases
being slightly lower than previous cstimates which were based on annual risk of infection data (2). Similarly,
the estimation of tuberculosis mortality shouold be considered conservative. This study estimated 2.5 million
tuberculosis deaths in 1990, compared with previous estimates of 2.9 million deaths (2). While the exact
number of new cases and deaths is not known, the current and previous estimates are consistent in
suggesting that between 7.5 and 8.0 million new cases and 2.5-3.0 million tuberculosis deaths occurrid in
1990,

Current tntervention strategies are expected to result in substantal reductions in age-specific incidence
rates in the Eastern Mediterrancan region and Central and South America, and to a lesser degree in the
Western Pacific and South-East Asizn regions. However, the total number of new cases in these regions is
predicted to increase in the near future because of population growth.

The impact of the HIV epidemic is most evident in sub-Saharan Africa where the number of new
cases per year is forecast to double by the end of the decade. In South-East Asia and other regions there
has been little impact, to date, of the HIV epidemic on tuberculosis. However, by the year 2000 over
500,000 new cases and 200,000 deaths in South-East Asia will be attributable to HIV infection,

A pumber of assumptions were made in these analyses. It was estimated that 5% of all wreated cases
are not reported to WHO and that 100% of reported cases were treated. Limited global data are available
on the completeness and quality of notifications, These levels were chosen as conservative estimates of the
global situation. Earlier mortality estimates (2) used a case-fatality rate of 50% for HIV-positive
tuberculosis cases, whereas the current estimates did not assume maortality was dilferent between HIV-
positive and HIV.negative cases.

Forgcasting future incidence and mortality is difficult snd can only be based on data available at the
time of the modelling. Substantial changes in epidemiological factors, such as greater than expected
increases in the seroprevalence of HIV among persons infected with M. mberculosis, would increase the
future burden of disease. Conversely, increased availability of treatment, would reduce the forecast number
of future cases and deaths,

It has been demonstrated that clfcetive application of short-course chemotherapy in well-managed
national tuberculosis programmes produces excellent results, cven under the most adverse conditions (27).
Short-term chemotherapy of smear-positive tubcreulosis cases is one of the most cost-effective health
intcrventions available (22). A higher priority must be given (o this disease, both by the countries most
severely alfected and by donor countries which invest in health care programmes in those countrics.
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Table I, Estimated tuberculosis inecidence in 1990.

Region Sudre (2) New estimates

Cases Ratel! Cases Rate!
South-East Asia 2,480,000 195 3,106,000 237
Western Pacific? 2,557,060 192 1,839,000 136
Africa 1,398,000 265 992,000 191
Eastern Mediterranean 594,000 155 641,000 165
Americas® 564,000 127 569,000 127
Europe and others® 409,000 34 390,000 31
All regions 3,002,000 152 7,537,000 143

crude incidence rate per 100,000 population

2Excludes Japan, Australia and New Zealand

JExcludes USA and Canada

“Independent states of former USSR, USA, Canada, Japan, Australia and New
Zealand
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