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Abstract

Background: HIV is a major driver of the tuberculosis epidemic in sub-Saharan Africa. The population-level impact
of antiretroviral therapy (ART) scale-up on tuberculosis rates in this region has not been well studied. We conducted
a descriptive analysis to examine evidence of population-level effect of ART on tuberculosis by comparing trends in
estimated tuberculosis notification rates, by HIV status, for countries in sub-Saharan Africa.

Methods: We estimated annual tuberculosis notification rates, stratified by HIV status during 2010–2015 using data
from WHO, the Joint United Nations Programme on HIV/AIDS, and the United Nations Population Division. Countries
were included in this analysis if they had ≥4 years of HIV prevalence estimates and≥ 75% of tuberculosis patients with
known HIV status. We compared tuberculosis notification rates among people living with HIV (PLHIV) and people
without HIV via Wilcoxon rank sum test.

Results: Among 23 included countries, the median annual average change in tuberculosis notification rates among
PLHIV during 2010–2015 was -5.7% (IQR -6.9 to -1.7%), compared to a median change of -2.3% (IQR -4.2 to -0.1%)
among people without HIV (p-value = 0.0099). Among 11 countries with higher ART coverage, the median
annual average change in TB notification rates among PLHIV was -6.8% (IQR -7.6 to -5.7%) compared to a
median change of -2.1% (IQR -6.0 to 0.7%) for PLHIV in 12 countries with lower ART coverage (p = 0.0106).

Conclusion: Tuberculosis notification rates declined more among PLHIV than people without HIV, and have declined
more in countries with higher ART coverage. These results are consistent with a population-level effect of ART
on decreasing TB incidence among PLHIV. To further reduce TB incidence among PLHIV, additional scale-up
of ART as well as greater use of isoniazid preventive therapy and active case-finding will be necessary.
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Background
Human immunodeficiency virus (HIV) infection is the
most powerful known risk factor for tuberculosis (TB).
HIV increases both the risk of reactivation of latent
TB infection and the risk of rapid progression to ac-
tive TB disease [1–4]. At the population level, the in-
creased risk of TB among people living with HIV
(PLHIV) has resulted in the resurgence of TB epi-
demics worldwide [5, 6]. Nowhere has this conver-
gence of epidemics been more pronounced than in
sub-Saharan Africa where HIV remains a major driver
of the TB epidemic [7–9]. While only 10% of 10.4 mil-
lion new TB cases reported worldwide in 2016 were
among PLHIV, almost three quarters of these cases oc-
curred in sub-Saharan Africa [9]. Successful TB
control in this region requires addressing the dispro-
portionate burden of TB among PLHIV.
In the last decade, the use of antiretroviral therapy

(ART) in sub-Saharan Africa has greatly increased [10].
By helping to restore the immune system, ART has been
shown to have a substantial effect on preventing TB in
PLHIV [11–14]. In a meta-analysis of 11 studies, partici-
pants receiving ART had a 65% reduction in the devel-
opment of TB compared to participants receiving no
ART, regardless of their baseline CD4 count [11]. Given
its proven individual-level effect, one would expect that
the expansion of ART coverage would lead to the
population-effect of declining TB incidence among
PLHIV. Indeed, in Kenya, South Africa, and Malawi, TB
notification rates among people with HIV are estimated
to have declined substantially more than TB notification
rates among people without HIV, concurrent with the
expansion of ART coverage [15–18]. However, the extent
to which this is true across the sub-Saharan African re-
gion is unclear.
To examine whether there is evidence of a population-

level effect of ART on TB across sub-Saharan Africa, we
estimated TB case notification rates stratified by HIV sta-
tus for countries in the WHO African region. We then
sought to compare trends in case notification rates among
PLHIV and people without HIV, assessing both in the con-
text of changing ART coverage.

Methods
Data sources
We estimated TB case notification rates stratified by
HIV status using several existing, publicly available data
sources. We obtained the number of total notified TB
cases in each country, the number with HIV test results,
and the number with positive HIV test results, by year,
from WHO [19]. We obtained HIV prevalence estimates
among adults aged 15–49 years, by year, from the Joint
United Nations Programme on HIV/AIDS (UNAIDS)
[20], and population estimates among adults aged 15–

49 years, by year, from the United Nations Population
Division (UNPD) [21].
To describe trends in ART coverage, we obtained ART

coverage estimates, by year, from UNAIDS [22]. Cover-
age is defined as the percentage of all adults and chil-
dren living with HIV who are currently receiving ART
[23]. At the time of publication, ART coverage estimates
from UNAIDS were available from 2010 onwards, and
population estimates from UNDP were available through
2015; the period of our analysis was therefore from 2010
through 2015.

Inclusion and exclusion criteria
All 47 countries in the WHO African region were con-
sidered for this analysis. We considered data quality for
each country and each year to determine inclusion. A
year of data was considered to be of adequate quality if
an HIV prevalence estimate was available and if ≥75%
of notified TB cases had been tested for HIV. Any
country with <4 years of data meeting these criteria
was excluded from analysis. After estimating HIV-
stratified TB notification rates, we excluded countries
that showed greater than 50% year-to-year variation in
the estimated notification rates, suggesting either data
quality issues or too few patients with TB to make rate
calculations meaningful.

Estimating TB notification rates stratified by HIV status
To estimate TB notifications among PLHIV, we esti-
mated a numerator based on TB notifications and a de-
nominator based on population-level HIV-prevalence
estimates (Fig. 1a). For the numerator, we estimated the
annual number of notified TB cases in PLHIV in a coun-
try in a given year by multiplying the number of total
notified TB cases in the country by the proportion of TB
cases with an HIV-positive test result. We therefore as-
sumed that TB cases who did not receive an HIV test
had an equal likelihood of being HIV-positive as those
who did; we believe this assumption to be reasonable for
the countries included in our analysis given that routine
HIV testing for TB patients has been recommended
since 2004 [24] and that we only included countries
where ≥75% of TB patients had been tested. We used
aggregate TB case notifications instead of age-stratified
TB case notifications due to inconsistencies in the age-
stratified data. For the denominator, we calculated the
number of PLHIV in each country by multiplying
UNAIDS HIV prevalence estimates among adults aged
15–49 years by the UNPD population estimate for this
age group. We restricted this population denominator to
adults aged 15–49 years, as the HIV prevalence esti-
mates are more robust for this age group than for chil-
dren or older adults. To address the mismatch between
the age groups in the numerator and denominator, we
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multiplied the numerator by the median average propor-
tion of notified TB cases that were aged 15–49 years old
among 19 countries in which the sum of all reported TB
cases with a known age was ≥90% of all reported TB
during 2010–2015 (median: 72%, interquartile range
[IQR]: 69–75%).
A similar process was used to estimate TB notification

rates among people without HIV (Fig. 1b). We sub-
tracted the calculated TB/HIV cases from total notified
TB cases to obtain the numerator, multiplying by 72% to
correct for the mismatch in age groups between numer-
ator and denominator. We subtracted the population of
adults 15–49 years old with HIV from the total popula-
tion in this age group to form the denominator.

Trends in TB notification rates
To describe trends in TB notification rates during 2010–
2015, we calculated for each country the average annual
percent change in TB notification rate among PLHIV
and the average annual percent change in TB notifica-
tion rate among people without HIV. These calculations
were based on the corresponding 2010 and 2015 notifi-
cation rates and assumed a constant annual percent
change during this period. That is:

N ¼ M� 1þ Að Þ4

Where:
N = case notification rate in 2015
M = case notification rate in 2010
A = average annual percent change in case notification rate
For countries that lacked data for either 2010 or 2015,

we performed an analogous calculation using notifica-
tion rates for the terminal years of the date range.
Because of the potential error introduced by the as-

sumptions we made in estimating TB case notification

rates stratified by HIV status, we focused our analysis on
assessment of trends over time, reasoning that even if
the estimates for a country were inaccurate in a system-
atic way, the relationship between estimates in different
years would remain robust. We used the Wilcoxon rank
sum test with exact p-values to compare whether aver-
age annual changes in TB notification rates among
PLHIV were significantly different from average annual
changes in TB notification rates among people without
HIV across all countries. To determine whether declines
in TB notification rates among PLHIV were greater in
countries with higher ART coverage, we compared the
countries with greater-than-average ART coverage to
those with lower-than-average ART coverage using the
Wilcoxon rank sum test. The same comparison was
made for declines in TB notification rates among people
without HIV. Data were analyzed using SAS version 9.3
(SAS Institute, Cary, NC).

Results
Countries included in analysis
Of 47 countries in the WHO African region, 23 (49%)
met inclusion criteria (Figs. 2 and 3) with 156 individual
years of data included across the 23 included countries.
In 2010, the median HIV prevalence in these countries
was 5.6% (IQR 1.9–14.2%) and median WHO estimated
TB incidence was 219 cases per 100,000 population
(IQR 133–633 cases per 100,000 population; Table 1). In
2010, the median ART coverage was 26% (IQR 16–33%).
From 2010 to 2015, the median absolute increase in
ART coverage, defined as the difference between ART
coverage in 2015 and ART coverage in 2010, was 25%
(IQR 16–31%). Across all 156 years of included data, the
median HIV testing coverage among TB cases was 96%
(IQR 90–99%).

A B

Fig. 1 a and b Calculation of estimated annual TB notification rates for (a) people living with HIV and (b) people without HIV
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Trends in TB notifications
Among 19 countries with sufficient data to make HIV-
stratified TB case notification estimates for 2010, the
median estimated TB case notification rate among
PLHIV (rounded to the nearest 10) was 1420 cases per
100,000 population (IQR 910–2410 cases per 100,000
population, Fig. 4a). In 2015, all 23 countries had

sufficient data, and the median estimated TB notifica-
tion rate among PLHIV was 1250 cases per 100,000
population (IQR 780–1580 cases per 100,000 popula-
tion). By contrast, the median estimated TB case noti-
fication rate among people without HIV in 2010 was
130 cases per 100,000 population (IQR 70–220 cases
per 100,000 population, Fig. 4b). In 2015, it was 120

Fig. 2 Flowchart depicting selection of countries for this analysis

Fig. 3 Countries included in analysis — sub-Saharan Africa, 2010–2015, (n = 23)
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cases per 100,000 population (IQR 60–180 cases per
100,000 population).
Among all countries in the analysis, the median annual

average change in estimated TB notification rates among
PLHIV was -5.7% (IQR -6.9 to -1.7%; range -10.9 to
+3.3%) compared to a median change of -2.3% (IQR -4.2
to -0.1%; range -7.4 to +9.3) for people without HIV
(Table 1). This difference was statistically significant
(p = 0.0099). TB notification rates declined more among
PLHIV than among people without HIV in 16 (70%)
countries; in 1 (4%) country, TB notification rates in-
creased in both populations, but the increase was
smaller for PLHIV than with people without HIV. In 6
(26%) countries, TB notification rates either decreased
less or increased more than TB notification rates in
people without HIV; 5 (83%) out of these 6 countries
were located in western Africa.
Among 11 countries whose average ART coverage

during the analytic period was greater than the me-
dian of 36%, the median annual average change in
TB notification rates among PLHIV was -6.8% (IQR
-7.6 to -5.7%) compared to a median change of -2.1%
(IQR -6.0 to 0.7%) for PLHIV in 12 countries whose
average ART coverage was less than or equal to the
median. This difference was statistically significant (p
= 0.0106). By contrast, the median annual average
change in TB notification rates among people without
HIV in the 11 countries with higher ART coverage
was -3.9% (IQR -4.7 to -0.1%) compared to a median
change of -1.8% (IQR -3.3 to 0.9) for people without
HIV in the 12 countries with lower ART coverage.
This difference was not statistically significant (p =
0.1693).

Discussion
Based on estimated HIV-stratified TB case notification
rates in 23 sub-Saharan African countries, TB notification
rates among PLHIV have declined more than among
people without HIV, concurrently with the expansion of
ART. Additionally, TB notification rates among PLHIV
declined more in countries with higher ART coverage.
While this analysis was descriptive and could not explore
causality, these results are consistent with a population-
level effect of ART on decreasing TB incidence among
PLHIV.
To our knowledge, this analysis is the first attempt

to broadly examine the relationship between ART
coverage and TB notification rates among PLHIV
across sub-Saharan Africa. Reports from a few coun-
tries in eastern and southern Africa [15–17] had previ-
ously shown greater declines in TB notification rates
among PLHIV than among people without HIV in the
era of ART scale-up. Our results suggest this to be the
case in other eastern and southern African countries
as well. However, in most of the western African coun-
tries in our analysis, TB notification rates among
PLHIV decreased less than among people without
HIV, or actually increased. One possible contributor
to this worrisome trend is the low ART coverage in
several western African countries; there may be a
threshold of ART coverage that is required before
population-level declines in TB are observed. Another
possible contributor is the fact that western African
countries tend to have concentrated rather than gener-
alized HIV epidemics, which leads to greater uncer-
tainty in their adult HIV prevalence estimates.
Furthermore, the marginalization of key populations

A B

Fig. 4 a and b Trends in estimated TB notification rates among (a) PLHIV and (b) people without HIV by region in Africa — 23 countries, sub-
Saharan Africa, 2010–2015
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with HIV in these countries may exacerbate their sus-
ceptibility to TB despite the availablity of ART [25].
Thus, without more information about the overlap of
TB and HIV epidemiology in these settings, estimates
made based only on population-level data are more
difficult to interpret. Nonetheless, improving the ac-
cessibility and acceptability of HIV testing and ART to
key populations in these countries may be critical to
decreasing TB among PLHIV.
As countries move toward implementing the “Test

and Start” policy [26] to treat all PLHIV with ART re-
gardless of CD4 cell count, monitoring the impact of
ART scale-up on TB trends will become increasingly
important. The ability to do so depends on being able
to stratify TB trends by HIV status. As our study dem-
onstrates, it is possible to make crude estimates based
on the types of data that are currently available. How-
ever, only half the countries in the region had suffi-
cient data of adequate quality, with insufficient HIV
testing coverage among TB patients being the most
common reason for excluding countries from our ana-
lysis. Prioritizing HIV testing for TB patients is thus
not only important to ensure appropriate clinical man-
agement, but also for monitoring trends in TB inci-
dence among PLHIV.
Although ART is expected to play a critical role in re-

ducing TB incidence among PLHIV, it is not the only
important factor. For example, isoniazid preventive ther-
apy (IPT) has been shown to reduce the development of
TB, independent of ART, and is increasingly considered
an integral component of routine care for PLHIV [27–
29]. As scale-up of IPT also occurs across sub-Saharan
Africa, monitoring the population-level impact of both
ART and IPT on reducing TB incidence will be needed.
Furthermore, focusing interventions only on PLHIV will
not be sufficient to halt the incidence of TB among
PLHIV. People without HIV tend to be a reservoir for
TB transmission to PLHIV [1, 6, 30–32], so investment
in general TB elimination strategies such as active case-
finding to find and treat all cases are crucial to reducing
TB incidence among PLHIV. Finally, to better under-
stand the contribution of different factors on reducing
TB incidence among PLHIV, research is needed that
goes beyond analyzing population-level indicators. For
instance, long-term cohort studies of PLHIV can help
quantify the impact of IPT and ART delivered in pro-
grammatic settings, while molecular epidemiology stud-
ies can provide insight into transmission of TB from
people without HIV to PLHIV.
Our study was subject to limitations that affect the

conclusions that can be drawn from our results. Inher-
ent in a descriptive analysis is the limitation that
causal inferences cannot be made. Therefore, although
TB incidence declined more among PLHIV than

people without HIV, and although the declines in TB
incidence were greater among PLHIV in countries
with the highest ART coverage, we cannot claim that
ART caused the declines. Other factors such as im-
proved nutrition or housing conditions, as well as im-
proved TB programs or health system improvements
that occurred in the process of building stronger pro-
grams to deliver ART, may have affected TB incidence.
It is also possible that increasing IPT coverage could
have contributed to the greater declines in TB notifi-
cation rates observed among PLHIV compared to
people without HIV. However, we were unable to as-
sess the potential impact of IPT, or even describe its
scale-up, as notification data for the number of people
receiving IPT were completely missing for a third of
the countries in this analysis, and missing for two
thirds of countries for the early years of the analytic
period [19].
Our study was also subject to limitations related to

the data that were available for analysis. Because we
were limited to publicly available country-level data,
adequate data were unavailable for over half of the
countries in the WHO African region. As a result, our
analysis was relatively complete in its coverage of east-
ern and southern African countries, but highly incom-
plete for the countries of western and central Africa.
This limitation highlights the need to strengthen data
in major public domains if we are to assess the impact
of recent policy changes moving forward.
Finally, as with all analyses based on TB case notifi-

cations, we were unable to account for potential
changes in case detection rates over time, or differ-
ences in case detection between PLHIV and people
without HIV. While we do not know for sure how case
detection rates have changed over time, it is likely that
improvements in national reporting systems over time
have led to increases in the likelihood of people with
TB being notified to WHO; therefore, our analysis
could underestimate the declines in case notification
rates that have occurred. In addition, TB case detec-
tion among PLHIV and people without HIV may dif-
fer, but the direction of this difference is unknown.
For example, given that HIV is a stigmatized disease
and the majority of new HIV cases tend to present
with advanced immunosuppression [33], delays in TB
diagnosis (or missed TB diagnoses altogether) occur more
frequently than for people without HIV. By contrast,
PLHIV who are in care are routinely screened for TB,
while people without HIV are generally not, so case detec-
tion among PLHIV may be higher than among people
without HIV in some settings. Thus, the quantitative com-
parison between the case notification rates we estimate for
PLHIV and people without HIV must be interpreted with
these limitations in mind.

Surie et al. BMC Infectious Diseases  (2018) 18:481 Page 7 of 9



Conclusion
This analysis suggests encouraging trends that TB noti-
fication rates have declined more among PLHIV than
among people without HIV from 2010 to 2015. We be-
lieve that the expansion of ART has likely contributed
to this decline. To further reduce TB incidence among
PLHIV, additional scale-up of ART, as well as active
case-finding in the general population will be necessary.
To monitor the impact of these activities, it will be im-
portant to collect data on each intervention as well as
routinely assess TB case notification rates stratified by
HIV status. And finally, to better understand the factors
contributing to changes in TB epidemiology among
PLHIV, long-term cohort studies will be important to
help interpret trends in programmatic data.
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