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Fig. 2. Estimated prevalence of HIV infection among adults aged 15 to 49 years in 
Kenya from 1990 to 20046
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Fig. 3. Smear-positive TB notification rate from 1995 to 2006, Kenya
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The smooth line is the logistic curve that was fitted to data up to the year 2000. It was assumed that the increase 
in the notification rate before 2000 was due to a rise in HIV-related tuberculosis and that the curve reached an 
asymptote in that year. Increases after 2000 were assumed to be due to a rise in the case detection rate.

by five times,9 suggesting that R must 
be close to 1. Here, our first assump-
tion is that the HIV epidemic increased 
the incidence of TB disease but not TB 
transmission.

The second assumption concerns 
the lifetime risk that an HIV-positive 
individual will develop TB. If, as above, 
we let the prevalence of HIV in adults 
be p and the annual risk that an HIV-
positive individual will develop TB be p, 
then the incidence of TB in HIV-positive 
individuals will be pp. Now, if the propor-
tion of HIV-positive TB patients who are 
smear-positive is s, then the incidence of 
smear-positive TB in HIV-positive indi-
viduals will be pps. Finally, if the smear-
positive case notification rate among 
those with HIV is n per year, then the 
smear-positive CDR among HIV-positive 
individuals will be

                                   (2) 

The parameter with the greatest uncer-
tainty is p, the annual risk that an HIV-
positive individual will develop TB. In 
published papers, p has been reported to 
be between 5% and 15% per annum,13–17 
but no paper has provided strong sup-
porting evidence for its estimate of p. 
Furthermore, the value of p is likely to 
increase as an HIV epidemic matures 
and the proportion of HIV-positive 

individuals whose immune system is 
severely compromised increases. In the 
study of gold miners in South Africa 
referred to above,9 the incidence of TB 
in HIV-positive men increased from 
2% to 10% per annum between 1991 
and 2000 as the HIV epidemic ma-
tured. One systematic review assessed 
the risk of TB disease by allowing for a 
nonlinear relationship between the risk 
of disease and the time from seroconver-
sion.12,18–26 Averaged over the lifetime of 
HIV-positive individuals, the incidence 

of TB was estimated to be 5.0% (95% 
CI: 2.5−10) per annum,12 which is the 
value we used for the annual incidence 
of TB among HIV-positive individuals 
never treated with antiretrovirals.

The third assumption is that the 
incidence of TB peaked in 2001, 4 years 
after the estimated peak in HIV infec-
tion prevalence. The mean value of the 
reported median CD4 cell counts at 
which HIV-positive individuals develop 
TB is 200 cells/ml,12,27 with some varia-
tion among studies. This occurs, on aver-
age, about 8 years after seroconversion 
so that, at the population level, there 
is likely to be a delay of about 8 years 
between the rise in the incidence of 
HIV and the rise in the incidence of 
TB. Since the prevalence of HIV in-
fection peaks about 4 years after the 
incidence of HIV,28 the delay between 
the peak prevalence of HIV infection 
and the peak incidence in TB is likely 
to be about 4 years.29 The prevalence 
of HIV infection in Kenya peaked in 
1997 (Fig. 2), so we would expect any 
increase in the incidence of TB disease 
due to HIV to have peaked by 2000. 
Here we assume, conservatively, that 
the impact of HIV on TB remained 
constant after the year 2000. We there-
fore fitted a logistic curve to the data up 
to 2000, which reflected the increase in 
HIV-related TB, and used this curve to 
predict the expected notification rate, 
in the absence of changes in the CDR, 
beyond the year 2000 (Fig. 3).

An estimate of the 1997 smear-
positive TB CDR in Kenya was made 
by a panel of experts, including regional 
advisers and WHO staff in the WHO 
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African Region, and was extrapolated to 
1996.2 The smear-positive TB incidence 
in preceding and subsequent years was 
then calculated on the assumption that 
the smear-positive TB incidence was 
proportional to a 3-year moving average 
of the notification rate for all forms of 
TB. On this basis, the smear-positive 
TB CDR for 1996 was found to be 
57%,2 and, to allow for uncertainties 
in making the original estimate, we 
assumed an error in this estimate of 
±10%.

Results
HIV-negative individuals
In 1996, the smear-positive TB notifi-
cation rate in Kenya was 61 per 100 000 
population2 and in 2006, it was 124 
per 100 000, according to TB control 
programme data. In 1996, the estimated 
prevalence of HIV in smear-positive 
TB patients was 30% (95% CI: 23–37) 
and, in 2006, the measured prevalence 
was 52% (95% CI: 51.5–52.5). The 
annual smear-positive TB notification 
rate in HIV-negative individuals there-
fore increased from 42.5 per 100 000 
in 1996 to 59.5 per 100 000 in 2006, 
or 40% (95% CI: 30–50). Taking the 
1997 smear-positive TB CDR of 57% 
(95% CI: 47–67), as derived above, 
the estimated smear-positive TB CDR 
in HIV-negative individuals for 2006 
would be 79% (95% CI: 64–94).

HIV-positive individuals
In Kenya in 2006, 52% of TB patients 
were HIV-positive, giving a smear-posi-
tive TB notification rate in HIV-positive 
individuals, n, of 60 per 100 000, and 
the prevalence of HIV in adults in the 
general population, p, was 0.07 (95% 
CI: 0.06–0.08) (Fig. 2). We assumed 
that the proportion of HIV-positive TB 
cases that were smear-positive, s, was 
0.30 (95% CI: 0.25–0.35).30 Assum-
ing that the annual risk that an HIV-
positive individual will develop TB, p, is 
0.05 (95% CI: 0.025−0.10), as derived 
above, Equation 2 gives 57% (95% CI: 
26–88) as the smear-positive TB CDR 
in HIV-positive individuals.

All adults
In the final method, we attribute the 
increase in TB notifications before 2000 
to the effect of HIV, and the increase af-
ter 2000 to improved performance of the 
TB control programme. Between 2000 
and 2006, the case notification rate 

increased by 26% (95% CI: 16–36), 
from 85 to 107 per 100 000 population. 
Assuming that the TB CDR remained 
constant between 1996 and 2000, as 
indicated by programme performance 
data shown in Fig. 4, Fig. 5 and Fig. 6 
(available at: http://www.who.int/
bulletin/volumes/87/03/08-051474/
en/index.html), and using the 1996 
smear-positive TB CDR of 57% (95% 
CI: 47–67), as derived above, as the 
value for the year 2000, we obtain a 2006 
smear-positive TB CDR for all adults of 
72% (95% CI: 53–91).

Discussion
Over the last 6 years, there has been a 
significant increase in the TB diagnos-
tic effort in Kenya. Between 2000 and 
2006, the number of TB diagnostic 
facilities increased by 122% (Fig. 4), 
the number of health facilities provid-
ing TB treatment increased by 58% 
(Fig. 5) and the number of suspected 
TB patients examined increased by 
470% (Fig. 7), while the staff involved 
more than doubled, with 83% of the 
increase occurring at the district level 
(Fig. 6). It would have been surprising if 
this increase in diagnostic effort, facili-
ties and staff had not led to an increase 
in the TB CDR.

Here we estimated the TB CDR in 
three different ways. The first estimate 
of 79% (95% CI: 64–94) for the smear-
positive TB CDR in HIV-negative 

individuals may be an overestimate 
because it assumes that the HIV epi-
demic had no impact on the incidence 
of TB among those who were HIV-
negative. Furthermore, while we now 
have precise data for the prevalence of 
HIV in TB patients, this was not the 
case in 1996 and the confidence limits 
are correspondingly wide. The second 
estimate of 57% (95% CI: 26–88) for 
the smear-positive TB CDR in HIV-
positive individuals is lower, but not 
significantly lower, than the estimate 
for HIV-negative individuals. In this 
case, the main source of uncertainty 
lay in the annual risk that an HIV-
positive individual would develop TB. 
The weighted average of these first two 
estimates gives an overall estimate for 
the TB CDR in all patients of 68% 
(95% CI: 49–87). The third estimate 
of 72% (95% CI: 53–91) for the 
smear-positive TB CDR in all adults 
lies between the other two. This esti-
mate assumes that all increases in the 
CDR took place after the year 2000, 
at a time when the incidence of TB 
may have been falling. This could have 
led to an underestimate of the overall 
increase in the CDR. The weighted 
average of the three estimates of the TB 
CDR is 70% (95% CI: 58–82). While 
there is considerable uncertainty sur-
rounding the CDR estimate for 1996, 
with two of the methods used here we 
first estimated the increase in the CDR 
between 1996 and 2006. The estimated 
increase in the CDR in HIV-negative 

Fig. 7. Number of suspected TB patients examined per 100 000 populationa in Kenya 
from 1996 to 2006
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a 	The variability arises because different subsets of districts reported data in different years.
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smear-positive TB patients was 40% 
(95% CI: 30–50), while the estimated 
increase in HIV-positive smear-positive 
TB patients was 26% (95% CI: 16–36), 
giving an average increase of 33% (95% 
CI: 26–40). Regardless of the actual TB 
CDR in 2006, there certainly appears 
to have been a significant increase be-
tween 1996 and 2006.

In seven of the 22 countries with 
a high burden of TB, the prevalence of 
HIV infection is greater than 10%, while 
in another four countries it is between 
5% and 10%. Of these countries, only 
Kenya has reported TB notifications 
classified by HIV status, although sur-
veys of the prevalence of HIV infection 
have been carried out in four more.31 
Fortunately, the importance of rou-
tinely reporting the prevalence of HIV 
infection in TB patients is increasingly 
being recognized, and much better data 
should become available over the next 
few years. By monitoring the notifica-
tion rate in HIV-negative TB patients it 
will be possible to better monitor trends 
in the CDR in many more countries.

It is important to acknowledge that 
the uncertainty in all these estimates 
arises not only from our imprecise 
knowledge of the prevalence of HIV 
infection in all adults and, historically, 
in TB patients, but also from our still 
relatively poor understanding of the 
dynamics of the relationship between 
HIV infection and TB disease. As noted 

above, the smear-positive TB CDR in 
Kenya in 1996 was estimated by a panel 
of experts, including regional advisers 
and WHO staff in the WHO African 
Region,2 so it is uncertain as well.

Conclusion
The Millennium Development Goals32 
(MDGs) highlight the need for im-
proved measurement of health indi-
cators, including TB-specific MDG 
indicators such as incidence, prevalence, 
mortality, success with DOTS (directly 
observed treatment, short course), and 
case detection with DOTS. Most TB 
occurs in countries with weak routine 
communicable disease surveillance sys-
tems, and progress towards case detec-
tion targets relies on uncertain estimates 
of the incidence of TB disease. The sub-
stantial impact of HIV on the incidence 
of TB disease and the effect of rapidly 
expanding TB control programmes on 
case notification must be evaluated 
carefully to reduce the uncertainty sur-
rounding estimates of incidence and, 
thus, of the CDR.

This analysis suggests that the TB 
CDR in Kenya increased from 57% 
(95% CI: 47–67) in 1996 to 70% 
(95% CI: 58–82) in 2006, an increase 
of 23% or 13 percentage points (95% 
CI: 6–20). Thus, Kenya has probably 
reached, or is very close to reaching, the 
70% target set for 2005. If the quality of 

the TB programme can be maintained 
and the prevalence of HIV infection 
among adults continues to drop, TB 
transmission in Kenya is likely to de-
cline in the years ahead, and this should 
be reflected in the notification rates for 
cases of HIV-negative smear-positive 
TB. National surveillance of HIV in 
adults and TB patients has been weak 
in all countries, but the situation has 
begun to change in some. Fortunately, 
testing for HIV is rapidly becoming 
routine practice in Kenya. In 2006, 
564 000 women attending antenatal 
clinics (representing approximately 
40% of live births) were tested for HIV 
and, by the end of 2006, approximately 
60% of all TB patients had been tested 
for HIV. If these high rates of testing 
can be maintained or even increased, 
it will be possible to directly measure 
trends in HIV infection in the general 
population and in TB patients. Apply-
ing the methods developed here to 
more accurate data will make it possible 
to obtain significantly improved esti-
mates of TB control programme perfor-
mance in settings where the prevalence 
of HIV infection is high.  ■
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Résumé

Nouvelles méthodes d’estimation du taux de dépistage de la tuberculose dans les pays à forte prévalence du 
VIH : exemple du Kenya
Objectif Mettre au point de nouvelles méthodes pour estimer le 
taux de dépistage de la tuberculose à frottis positifs dans les pays 
de forte prévalence des infections à VIH.
Méthodes Nous avons estimé ce taux chez les adultes positifs et 
négatifs pour le VIH et chez l’ensemble des adultes au Kenya. Nous 
avons utilisé des données de tendance dans le temps des taux de 
notification de la tuberculose et des données de prévalence de 
l’infection à VIH chez les adultes et les individus tuberculeux, ainsi 
que des informations sur les performances du programme de lutte 
antituberculeuse.
Résultats En 2006, le taux de dépistage des cas de tuberculose 
à frottis positifs chez les adultes négatifs pour le VIH était estimé 
à 79 % (intervalle de confiance à 95 %, IC : 64-94) et chez les 
adultes positifs pour ce virus à 57 % (IC à 95 % : 26-88), ce qui 
donnait une moyenne pondérée de 68 % (IC à 95 % : 49-87). 
En estimant séparément le taux de dépistage pour l’ensemble 
des cas de tuberculose à frottis positifs, on obtenait une valeur 
de 72 % (IC à 95 % : 53-91), d’où une moyenne globale pour 

les trois estimations de 70 % (IC à 95 % : 58-82). Le taux de 
dépistage de la tuberculose en 1996 étant de 57 % (IC à 95 % : 
47-67), l’augmentation entre 1996 et 2006 a été estimée à 13 
points de pourcentage (IC à 95 % : 6-20), soit 23 %. En parallèle 
à cet accroissement, le montant des ressources consacrées à la 
lutte antituberculeuse au Kenya, y compris les installations et le 
personnel, a plus que doublé.
Conclusion En utilisant trois approches pour estimer le taux de 
dépistage de la tuberculose dans un pays de forte prévalence du 
VIH, nous avons montré que l’expansion du programme de lutte 
antituberculeuse kenyan avait entraîné une augmentation de 23 % 
du taux de dépistage de la tuberculose entre 1996 et 2006. 
Bien que les méthodes mises au point puissent être appliquées 
dans d’autres pays de forte prévalence des infections à VIH, cette 
application doit s’appuyer sur des données précises concernant les 
tendances de la prévalence de ces infections parmi la population 
générale et les individus tuberculeux.
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Resumen

Nuevos métodos para estimar la tasa de detección de casos de tuberculosis en los países con alta prevalencia 
de VIH: el ejemplo de Kenya
Objetivo Desarrollar nuevos métodos para estimar la tasa de 
detección de casos (TDC) de tuberculosis con frotis de esputo 
positivo en un país con alta prevalencia de infección por VIH.
Métodos Estimamos la TDC de tuberculosis bacilífera en adultos 
VIH-negativos y VIH-positivos, así como en todos los adultos de 
Kenya. Se utilizaron datos sobre las tendencias temporales de 
las tasas de notificación de casos de tuberculosis y sobre la 
prevalencia de la infección por VIH en los adultos y en los pacientes 
con tuberculosis, junto con datos sobre la eficacia del programa 
de lucha antituberculosa.
Resultados En 2006, la TDC estimada de tuberculosis bacilífera 
fue del 79% (intervalo de confianza, IC, del 95%: 64–94) para 
los adultos VIH-negativos, y del 57% para los VIH-positivos, 
(IC95%: 26–88), lo que arroja una media ponderada del 68% 
(IC95%: 49–87). La estimación correspondiente a todos los 
casos bacilíferos de tuberculosis fue del 72% (IC95%: 53–91), lo 

que arroja una media global para las tres estimaciones del 70% 
(IC95%: 58–82). Dado que la TDC de tuberculosis en 1996 fue del 
57% (IC95%: 47–67), el aumento estimado para 2006 es de 13 
puntos porcentuales (IC95%: 6–20), lo que supone un incremento 
del 23%. Este aumento se asoció a una más que duplicación de 
los recursos dedicados al control de la tuberculosis en Kenya, 
incluidos trabajadores e instalaciones.
Conclusión Estimando de tres formas distintas la TDC en un 
país con alta prevalencia de infección por VIH, mostramos que 
la expansión del programa de lucha antituberculosa en Kenya 
condujo a un aumento del 23% de la TDC entre 1996 y 2006. 
Aunque pueden aplicarse en otros países con alta prevalencia de 
VIH, los métodos aquí desarrollados exigen datos precisos sobre 
las tendencias de esa prevalencia en la población general y entre 
los enfermos de tuberculosis.
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ملخص
طرق جديدة لتقدير معدل اكتشاف حالات السل في البلدان ذات معدلات الانتشار المرتفعة: مثال من كينيا

الهدف: تطوير طرق جديدة لتقدير معدل اكتشاف حالات السل الإيجابية 
اللطاخة البلغمية في بلد تنتشر فيه العدوى بفيروس الإيدز.

الإيجابية  السل  حالات  اكتشاف  معدل  بتقدير  الباحثون  قام  الطريقة: 
اللطاخة لدى جميع البالغين السلبيـين والإيجابيـين لفيروس الإيدز في كينيا. 
واستخدموا المعطيات الخاصة بالاتجاه الزمني لمعدلات الإخطار عن حالات 
السل وحول معدلات انتشار العدوى بفيروس الإيدز بين البالغين من مرضى 

السل إلى جانب المعطيات المستمدة من أداء برنامج مكافحة السل.
الإيجابية  السل  حالات  اكتشاف  معدل  بلغ   2006 عام  في  الموجودات: 
اللطاخة بين البالغين السلبيـين لفيروس الإيدز 79% )بفاصلة ثقة 95% إذ 
تراوح المعدل بين 64 و94(. كما بلغ بين البالغين الإيجابيـين لفيروس الإيدز 
إلى  ذلك  ويؤدي  و88(،   26 بين  المعدل  تراوح  إذ   ،95 ثقة  )بفاصلة   %57
قيمة تقديرية وسطية مقدارها 68% )بفاصلة ثقة 95 إذ تراوحت القيم بين 
49 و87(. أما التقدير المنفصل لجميع حالات السل الإيجابية اللطاخة فكان 
72% )بفاصلة ثقة 95% إذ تراوح التقدير بين 53 و91( ويؤدي ذلك إلى 

تقدير وسطي إجمالي للتقديرات الثلاثة مقداره 70% )بفاصلة ثقة 95% إذ 
تراوحت التقديرات بين 58 و82(. ولما كان معدل اكتشاف حالات السل عام 
1996 57% )بفاصلة ثقة 95، إذ تراوح المعدل بين 47 و67(، فإن الزيادة 
المقدرة بحلول عام 2006 تعادل 13 من نقاط النسبة المئوية )بفاصلة ثقة 
23%. وقد صاحبت  يعادل  ما  أو  6 و20(  بين  الزيادة  تراوحت  إذ   ،%95
هذه الزيادة زيادة لأكثر من الضعف في الموارد التي خصصت لمكافحة السل 

في كينيا، بما في ذلك المرافق والعاملون.
أدى  كينيا  السل في  مكافحة  برنامج  ع في  التوسُّ أن  الباحثون  بيَّن  الاستنتاج: 
إلى زيادة مقدارها 23% في معدل اكتشاف حالات السل بين عامي 1996 
و2006 إثر استخدام ثلاثة أساليب لتقدير معدل اكتشاف حالات السل في 
بلد تنتشر فيه العدوى بفيروس الإيدز. وفي حين يمكن تطبيق الطرق المتبعة 
على  الإيدز  بفيروس  العدوى  فيها  تنتشر  أخرى  بلدان  في  الدراسة  هذه  في 
ذلك  اتجاهات  دقيقة حول  معطيات  توافر  تعتمد على  فإنها  واسع،  نطاق 

الانتشار بين عموم الناس وكذلك بين مرضى السل.
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Fig. 4. Number of diagnostic facilities for TB per 100 000 population from 1996 to 
2006, Kenya
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Fig. 5. Number of health units for treating TB per 100 000 population in Kenya from 
1996 to 2006

TB, tuberculosis.
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Fig. 6. Change in the number of personnel involved in the TB programme in Kenya 
from 1996 to 2006

TB, tuberculosis.
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