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In individuals infected with Myobac-
terium tuberculosis, the risk of developing
tuberculosis (TB) increases in those also
infected with HIV.14 In various countries
with a high prevalence of HIV infection, TB
notification rates have increased.4,5 It is
unclear whether this increase is the result of
an increased risk ofTB infection in individu-
als without HIV infection.

Kenya has a high prevalence of HIV
infection. As ofNovember 1996, 69005 AIDS
cases had been reported to the Ministry of
Health.6 Kenya has had a national TB control
program since 1958. Between 1958 and the
period firom 1986 through 1990, the annual risk
ofTB infection declined by 75% (from 2.5% to
0.6%), approximatly 4.6% annually7 National
tuberculin surveys were carried out in 1986
through 1990 and in 1994 thrugh 1996. In this
article, we report trends in annual risk ofTB
infection and their association with TB case
notification rates and HIV infection prevalence.

Methods

The 1986-1990 tuberculin survey was
carried out in 12 districts representing the
locations included in a 1958 survey.78 Within
districts, schools were sampled via probabil-
ity-proportional-to-size methods.7 9 The
1994-1996 survey was carried out in the
same districts and the same schools. Readers
ofMantoux skin-test indurations (2 in the first
survey, 4 in the second) were trained by the
same reference nurse. Agreement between
trainer and readers was good (weighted kappa
values were 0.9 or higher for all readers with
the allowance of 2-mm differences). The sur-
vey was approved by the ethical committee of
the Kenya Medical Research Institute and the
director ofeducation ofKenya.

On the day of the survey, a list of chil-
dren in grades 1 through 3 was prepared.

Age, sex, and the presence of a BCG vacci-
nation scar were recorded. A 1-mL dispos-
able syringe and a disposable 26-gauge nee-
dle were used in administering 2 TU purified
protein derivative (PPD) RT-23 with Tween
on the dorsal side of the right forearm. Reac-
tions to the Mantoux test were read 3 days
later (with a ruler) as the maximum trans-
verse diameter of the induration.10"'

In calculating district prevalences ofTB
infection, we assigned equal weights to the
prevalences of infection among non-BCG-
vaccinated children in each school. 12 Simi-
larly, in estimating the national prevalence,
we assigned equal weights to each district
prevalence. The confidence interval (CI) of
the national prevalence was based on the
variation among districts.'3 As in the earlier
survey, infection prevalence was estimated by
the number of reactions of 17 mm in addition
to twice the number of larger reactions.7"4"5
We explored alternative cutoff points in the
range of 10 mm to 25 mm for a "positive"
PPD to estimate trends.'6

We used the formula 1 -(1 - Preva-
lence)l/m'an age to calculate the annual risk of
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TABLE 1-Study Population, BCG Vaccination Status, Tuberculous Infection Prevalence, and Annual Risk of Infection: Kenya,
1994-1996

Tested Non-BCG Tuberculous Annual Risk of
No. and Read,a Vaccinated,b Infection Mean Infection (95%

District Enrolled No. (%) No. (%) Prevalence, % Age, y Confidence Interval)

Kisii
South Nyanza-Homa Bay
Kakamega
Siaya
Nairobi
Nakuru
Muranga
Kitui
Elgeyo Marakwet
Meru
Kilifi
Kwale

Total

4529
3927
5107
4560
4637
4993
4975
4373
3764
4345
6090
5139
56439

3796 (84)
3354 (85)
4447 (87)
3741 (82)
4205 (91)
4511 (90)
4420 (89)
3558 (81)
3255 (86)
3997 (92)
4846 (80)
4492 (87)
48622 (86)

538 (14)
654 (19)
667 (15)
546 (15)
389 (9)
411 (9)
330 (7)
395 (11)
276 (8)
485 (12)

1 525 (31)
1 340 (30)
7556 (16)

6.3
12.2
8.9
9.8

20.9
5.1
5.7

10.2
15.3
4.1
6.7
8.6
9.5

8.8
9.6
8.9
9.0
8.0
8.4
8.3
9.6
8.9
9.6
9.4
9.7
9.0

0.7 (0.3,1.2)
1.3 (0.8,1.9)
1.0 (0.5,1.6)
1.1 (0.6,1.7)
2.9 (1.9, 4.0)
0.6 (0.2, 1.1)
0.7 (0.1, 1.3)
1.1 (0.5,1.7)
1.9 (0.6, 3.3)
.0.4 (0.1, 0,)4 *
0.7 (O 5, 1 .Q :
0.9 (0.6,1.2)
1.1 (0.8,1.4)

aAmong children aged 6-14 years.
bin calculations, equal weights were given to the prevalences at each school.

TB infection, the fraction of the population
that is infected (or reinfected) during a calen-
dar year.'7,18

Numbers of new smear-positive TB
cases were obtained from the National Lep-
rosy and Tuberculosis Control Programme,
which applied a uniform notification system
over the study period. Population data were
based on the 1989 census and the district-
specific intercensus growth rate from 1979
through 1989.19 District-specific HIV preva-
lence rates in TB patients were obtained
from a survey conducted in 1993-1994, in
which 1135 consecutive new smear-positive
TB patients were tested for HIV in the study
districts (J. van Gorkom et al., unpublished
data, 1997).

We examined the association between
changes in TB notification rates and the
annual risk ofTB infection by comparing 3
groups of districts. In group 1, notification
rates of smear-positive TB began to increase
before 1994 (i.e., before the survey); in
group 2, notification rates increased from
1994 through 1996; and in group 3, notifica-
tion rates did not increase.

The start of the increase was defined as
the first year in which the notification rate
was at least 30% higher than the average dur-
ing 1986-1989. Odds ratios (ORs) of infec-
tion in the 2 surveys were adjusted via logis-
tic regression analyses involving age, sex,
and district; schools were used as the clusters
of observation.

Results

During 1994-1996, 56439 children
were tested; 48 622 (86%) of the children

were aged 6 to 14 years, classified by BCG
status, and present when indurations were
read (Table 1). Of these 48 622 children,
7556 (mean age: 9.0 years) had no BCG
scar and were included in analyses. Their
distribution of indurations is presented in
Figure 1. The prevalence ofTB infection
in these children was estimated at 9.5%
(95% CI = 6.6%, 12.3%), corresponding to
an annual risk ofTB infection of 1.1% (95%
CI = 0.8%, 1.4%) (Table 1). The annual risk
ofTB infection was higher during 1994-1996
than during 1986-1990 (OR= 1.4, 95%
CI = 1.2, 1.7) (Table 2). The difference
between the surveys was little affected by
the cutoff point for a "positive" PPD, with
crude odds ratios for different cutoff points
varying between 1.5 and 1.8. There was no
association between the size of the indura-
tion used as the cutoff point and the odds
ratio (r=-0.093, P>.05).

Notification rates of smear-positive
TB increased strongly in group 1 districts
and moderately in group 2 districts; no
increases were seen in group 3 districts (see
Figure 2A). Group 1 included districts in
western Kenya and Nairobi, group 2 was sit-
uated in central Kenya, and group 3 was situ-
ated in eastern Kenya (Figure 2B). As shown
in Table 2, there was a marked increase in TB
infection prevalence in group 1 districts
(OR= 3.1, 95% CI = 2.3, 4.1), no significant
increase in group 2 districts (OR= 1.1, 95%
CI = 0.8, 1.5), and a small decrease in group
3 districts (OR= 0.7, 95% CI= 0.5, 1.0).

In 1994, H[V prevalence rates amongTB
patients in district groups 1, 2, and 3 were
50%, 29%, and 27%, respectively (C2 = 23. 1,
P<.0001) (Table 2). The corresponding BCG
vaccination coverage rates were 85%, 90%,

and 69% (Table 1). BCG coverage increased
between the 2 surveys in all districts. The
increase was highest in group 2 (OR= 5.0),
somewhat lower in group 1 (OR= 3.6), and
lowest in group 3 (OR= 1.9).

Discussion

This study shows that the annual risk of
TB infection in Kenya has increased in the
past decade. The largest increase occurred in
districts where TB notification rates had
risen before 1994; these districts also had
high HIV prevalence rates among both TB
patients and patients attending antenatal
clinics (Kenya National AIDS Control Pro-
gramme, unpublished data, 1998; also avail-
able at: http://www.who.int/emc-hiv/fact_
sheets/africa.html). This is the first documen-
tation of an increased annual risk of TB
infection in young schoolchildren associ-
ated with rising TB incidence rates in areas
with a high prevalence ofHIV

HIV infection strongly increases the
risk of developing smear-positive TB. -3

Although the infection prevalence may be
somewhat lower in smear-positive TB
patients with HIV than in smear-positive
patients without HIV,2022 the marked
increase in TB incidence in individuals with
HIV apparently is not offset by this decrease
in infectiousness.

During most of the period of exposure
to TB infection of the children included in
the survey, "standard" chemotherapy was
used in Kenya, comprising 18 months of iso-
niazid and thiacetazone (in the first month,
in combination with streptomycin). During
1993-1995, short-course chemotherapy was
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introduced, consisting of 2 months of infection can be contained by a well-estab- mens have cure rates on the order of85%, as
rifampicin, isoniazid, pyrazinamide, and lished directly observed therapy short- opposed to the 65% rate associated with
streptomycin, followed by 6 months of iso- course program. It is possible that a more "standard" therapy.23'24
niazid with either thiacetazone or etham- limited increase in the risk ofTB infection In this study, schoolchildren were not
butol. Thus, this study does not directly would be observed in countries where tested for HIV, an infection that may cause
address the question of the extent to which rifampicin-containing short-course regi- anergy and thereby lead to underestimation
increased transmission ofTB due to HIV mens were introduced earlier; these regi- of increases in annual risks ofTB infection.

1080 American Journal of Public Health
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FIGURE 1-Frequency distributions of indurations in reaction to 2TU purified protein derivative RT-23 in non-BCG-
vaccinated schoolchildren: Kenya, 1986-1990 and 1994-1996.

TABLE 2-Trends In Tuberculous (TB) Infection Prevalence in 3 District Groups In Kenya, Defined by Year in Which Notification Rates
Increased by More Than 30% vs the Period 1986-1989

HIV Prevalence Initial Year Prevalence of Infection Adjusted Odds
Among TB Patients, of Notification 1986-1990, 1994-1996, Crude Ratioc (95%

District and Trend 1993-1994, % Rate Increase No. Positivea (%) No. Positivea (%) Odds Ratiob Confidence Interval)

1. Early increase (1990-1993) 50 ... 241 (3.7) 315 (11.3) 3.3 3.1 (2.3, 4.1)
Kisii 26 1990 46 (3.2) 38 (7.1) 2.3 2.4 (1.3, 4.1)
South Nyanza-Homa Bay 73 1991 50 (4.0) 77 (11.8) 3.2 2.7 (1.5, 4.6)
Kakamega 33 1991 47 (3.3) 49 (7.3) 2.4 2.8 (1.4, 5.8)
Siaya 80 1992 44 (2.9) 54 (9.9) 3.7 3.7 (1.9, 7.5)
Nairobi 36 1993 54 (6.9) 97 (24.9) 4.5 4.0 (2.2, 7.2)

2. Late increase (1994-1996) 29 ... 364 (5.9) 130 (6.9) 1.2 1.1 (0.8, 1.5)
Nakuru 41 1994 65 (4.7) 21 (5-1) 1.1 1.2 (0.5, 2.9)
Muranga 21 1994 16 (1.2) 16 (4.8) 4.2 4.3 (1.7,11)
Kitui 34 1995 146 (11.7) 39 (9.9) 0.8 0.8 (0.4, 1.4)
Elgeyo Marakwet ... 1995 51 (5.4) 32 (11.6) 2.3 1.8 (0.9, 3.7)
Meru 20 1996 86 (6.9) 22 (4.5) 0.6 0.6 (0.3, 1.2)

3. No increase 27 ... 248 (10.1) 213 (7.4) 0.7 0.7 (0.5, 1.0)
Kilifi 24 ... 176 (13.8) 106 (7.0) 0.5 0.5 (0.3, 0.7)
Kwale 29 * 72 (6.1) 107 (8.0) 1.3 1.3 (0.8, 2.1)

Total 36 ... 853 (5.7) 658 (8.7) 1.6 1.4 (1.2, 1.7)

aCalculated as number with an induration of 17 mm plus 2 times the number with an induration of 18 mm or more.
bCalculated via the numbers of children positive and negative.
cCalculated via comparisons of all indurations of 17 mm or more and adjusted for age, sex, and district, taking schools as clusters of
observations and using generalized estimating equations. All odds ratios compared the odds in 1994-1996 with the odds in 1986-1990.
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A. Trends in notification rates.

- Group 1: Early (1990-1993)
---- Group 2: Late (1994-1996)
----Group 3: No increase (yet)

1986-1989 1990 1991 1992 1993 1994 1995 1996

Year

2

3

FIGURE 2-Groups of districts defined by year in which
TB notification rates began to Increase:
Kenya,1986-1996.

However, HIV prevalence is probably very

low in this age group and is unlikely to have
influenced the results. In 1995, treatment
completion rates in district groups 1, 2, and
3 were 66%, 74%, and 62%, respectively.
Differences in cure rates do not explain the
observed results. Although increased notifi-
cation rates were observed in group 2 dis-
tricts after 1994, the annual risk of TB
infection had not (yet) increased. As mea-

sured during 1994-1996, this annual risk
represents an average lifetime risk for
schoolchildren. Although the risk probably
increased from 1994 through 1996 in group 2

districts, its influence on the average lifetime
risk among 7-year-olds (as measured during
1994-1996) should be very limited.

The results in Muranga District differed
from those in other districts: no increasedTB
notification rates were found, but a signifi-
cant increase in the prevalence ofTB infec-
tion was noted. Perhaps, as suggested in the
report on the first survey,7 this is the result of
underestimation ofTB infection prevalences
in that survey in Muranga owing to measure-
ment problems. Because Muranga was not in
group 1, this finding cannot invalidate our

conclusion that increasedTB rates accounted

for the increased infection prevalence in
group 1 districts.

BCG vaccination coverage increased
considerably between the 2 surveys. Non-
BCG-vaccinated individuals may have become
increasingly unrepresentative of the general
population, and an increasing proportion of
those categorized as not having a BCG scar

may have been misclassified.16,25 The latter
would have little impact on our results; the
odds ratios in groups 1, 2, and 3 among
BCG-vaccinated children were 2.2, 1.1, and
0.7, respectively. Moreover, BCG vaccination
coverage and its increase between the surveys
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were highest in the districts ofgroup 2, where
no increase was observed in TB infection
prevalence.

In conclusion, countries with increasing
HIV prevalence rates may face an increasing
TB problem in individuals both with and
without HIV infection. Thus, additional
resources for TB control are needed for the
currently increased number of patients as well
as for patients in the additional cases arising
from the increased risk ofTB infection. DH
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