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The impact of the roll-out of rapid molecular diagnostic testing for 
tuberculosis on empirical treatment in Cape Town, South Africa
Sabine Hermans,a Judy Caldwell,b Richard Kaplan,a Frank Cobelensc & Robin Wooda

Introduction
Sputum smear microscopy is traditionally the first-line di-
agnostic test for tuberculosis in countries without routine 
access to the gold standard: sputum culture. This approach 
is limited by low sensitivity, particularly among patients who 
test positive for the human immunodeficiency virus (HIV), 
and is associated with diagnostic delays, underdiagnosis 
and empirical treatment.1 The Xpert® MTB/RIF (Xpert®) test 
(Cepheid, Sunnyvale, United States of America) is an auto-
mated, cartridge-based, rapid molecular diagnostic test for 
Mycobacterium tuberculosis and its resistance to rifampicin.2 
The test detects the rpoB gene of M. tuberculosis, including 
mutations that encode rifampicin resistance, using a real-
time polymerase chain reaction and takes less than 2 hours. 
Because the test has higher sensitivity than smear microscopy 
(88% versus 65%, respectively),3 is rapid and has the ability 
to detect rifampicin resistance immediately, the World Health 
Organization (WHO) endorsed its use in resource-constrained 
settings in December 2010.4 By the end of 2014, concessionary 
pricing had led to widespread roll-out of the test in lower-
income countries.5

In 2013, WHO identified understanding the impact of the 
Xpert® test on individual and public health outcomes as one of 
the top 10 research areas in tuberculosis.6 Modelling studies 
indicated the test would increase tuberculosis case-finding and 
that the resulting earlier treatment would improve outcomes, 
leading eventually to reductions in tuberculosis incidence 

and mortality.7–9 However, the four large randomized trials 
published to date failed to document these reductions.10–13 
This failure may have been due to empirical treatment being 
replaced by bacteriologically confirmed treatment rather than 
to more patients being identified.14 Subsequently, when one of 
the original modelling papers was modified to align its results 
with one of the trials, the predicted decline in tuberculosis 
incidence decreased from 6% to 1.6%.10,15 Modelling the effect 
of the test in India produced similar results.16

There is a need for more data on the impact of the Xpert® 
test in practice. In South Africa, roll-out of this test as the 
primary test in a new tuberculosis diagnostic algorithm started 
in March 2011 – it was completed in Cape Town in February 
2013.17 In this study, we evaluated the impact of the test roll-out 
in Cape Town on the diagnosis of patients with drug-sensitive 
tuberculosis, stratified by HIV status. We also analysed as-
sociated changes in the proportion of notified tuberculosis 
cases that were confirmed bacteriologically and examined 
risk factors for empirical treatment. Finally, we determined 
whether the changes observed increased with time following 
the introduction of the test.

Methods
The estimated population of Cape Town in 2011 was 3.7 mil-
lion.18 The diagnosis and treatment of tuberculosis in the 
city was provided by 101 government primary-care clinics; 
tuberculosis treatment in private clinics was infrequent.19 The 
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diagnosis of pulmonary tuberculosis was 
generally based on sputum smear mi-
croscopy, with sputum culture reserved 
for patients who remained symptomatic 
despite negative microscopy findings 
or who were being retreated. At all 
clinics, chest X-ray facilities were avail-
able, either on-site or through referral. 
Although the empirical treatment of tu-
berculosis based on symptoms and chest 
X-ray findings alone was discouraged, 
it was an accepted practice for patients 
who remained symptomatic despite 
negative microbiological findings.

The Xpert® test machines were in-
stalled in all laboratories in Cape Town 
between August 2011 and February 
2013 and use of the test as the primary 
diagnostic test in the tuberculosis di-
agnostic algorithm for Western Cape 
Province was endorsed in a circular to 
all primary health-care clinics in January 
2013.17 Two sputum samples were col-
lected and submitted simultaneously to 
a laboratory – one was for the rapid test. 
If a rifampicin-sensitive M. tuberculosis 
strain was detected, the second sample 
was used to determine the sputum 
smear status pretreatment and, thereby, 
helps identify smear conversion dur-
ing follow-up. If a rifampicin-resistant 
strain was detected, the second sample 
was used for culture and for testing 
drug sensitivity. If the first sample from 
an HIV-infected patient tested nega-
tive, the second was used for culture. If 
the first sample from an HIV-negative 
patient tested negative, the second was 
discarded because of the test’s higher 
sensitivity in these patients. When the 
test was introduced, the treatment regi-
men for previously treated patients was 
changed to that for new patients because 
rifampicin resistance could then be 
identified before treatment.17

Our population-based study cov-
ered 2010 to 2014: 2010 was the last full 
calendar year before the test roll-out 
began in Cape Town and 2014 was the 
first full calendar year after roll-out had 
been completed. We included all pulmo-
nary tuberculosis patients aged 15 years 
or older who started treatment during 
that period. To avoid duplication, we 
excluded patients transferred between 
subdistricts. We used anonymized data 
from the City of Cape Town electronic 
tuberculosis register on the patients’ 
characteristics, microbiological test 
results, chest X-ray results, treatment 
initiation dates and treatment outcomes. 
Patients with drug-resistant tuberculosis 

were entered into a separate register and 
were not included in our evaluation.

We defined the primary method 
of diagnosis as either: (i) the rapid 
test; (ii) sputum smear microscopy; or 
(iii) sputum culture – if more than one 
test was positive, the primary method 
was the first test in this sequence. We 
defined bacteriological confirmation 
of infection as a positive result to one 
of these tests. Empirical treatment was 
defined as treatment given when no test 
was positive or no test was performed. In 
addition, patients who tested positive on 
sputum culture and negative on, or did 
not undergo, other tests were regarded 
as having started empirical treatment if 
their sputum sample was sent for culture 
after treatment initiation or up to 6 days 
before initiation (assuming that 7 days 
was the minimum time required for a 
positive sputum culture result).20 Treat-
ment followed national guidelines and 
did not differ by method of diagnosis.21 
Two definitions of time were used: the 
calendar year and the year relative to 
the time when the test was introduced 
in the diagnosing clinic. For the latter 
year, we identified the date on which 
the first test result was recorded for each 
clinic and used this date as the roll-out 
date for that clinic. Patients were then 
assigned to a year depending on when 
their treatment started relative to the test 
roll-out in their clinic: patients who ini-
tiated treatment in the 365 days before 
the roll-out date were assigned to year 0 
and those who started treatment 1096 
to 1460 days after the roll-out date were 

assigned to year 4; other patients were 
assigned to intermediate years accord-
ingly (Fig. 1). The patient was defined as 
HIV-positive at the time of tuberculosis 
treatment if the tuberculosis register 
recorded: (i) a positive HIV serological 
test result; (ii) treatment with antiret-
roviral therapy or co-trimoxazole; or 
(iii) a CD4+ T-lymphocyte (CD4+ cell) 
count. The patient was HIV-negative if 
a negative HIV serological test result 
had been recorded. All other patients 
were regarded as having an unknown 
HIV status.

Statistical analysis

We used descriptive statistics to pres-
ent data on patients’ demographic and 
clinical characteristics in each calendar 
year and on the primary method of 
diagnosis in each calendar year and in 
each year relative to the test roll-out. We 
calculated annual population disease 
rates by dividing the total number of 
bacteriologically confirmed and em-
pirically treated pulmonary tuberculosis 
patients aged 15 years or older in a year 
by the mid-year estimate of the adult 
population in the study area.22 Rates 
were also stratified by bacteriological 
confirmation and HIV status. The size 
of the HIV-negative and HIV-positive 
adult population was derived using an-
nual HIV prevalence estimates from the 
Actuarial Society of South Africa West-
ern Cape AIDS demographic model.23 
We also calculated population disease 
rates relative to the year of test roll-out, 
overall and stratified by bacteriological 

Fig. 1. Calendar year and year relative to rapid diagnostic test roll-out, Cape Town, 
South Africa, 2010–2014
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Notes: Patients who initiated tuberculosis treatment in the year before the Xpert® MTB/RIF test (Cepheid, 
Sunnyvale, United States of America) roll-out date for their clinic were assigned to year 0, those who 
started treatment in the first year after roll-out for their clinic were assigned to year 1 and so on up to 
year 4. The Xpert® MTB/RIF test was introduced gradually as the first-line diagnostic test at 101 clinics 
between August 2011 and February 2013.
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confirmation. We estimated the popu-
lation size for each year relative to test 
roll-out as follows, taking year 2 as an 
example: we calculated the proportion 
of all patients in each calendar year who 
were in year 2 of roll-out (Fig. 1) and 
multiplied this proportion by the esti-
mated population for the corresponding 
calendar year. We then summed these 
estimates for all calendar years, which 
gave us the total estimated population 
for year 2 of roll-out.

Factors associated with empirical 
tuberculosis treatment, both overall and 
stratified by HIV status, were identified 
by multivariable logistic regression 
analysis. A priori risk factors included 
age, sex, HIV status, CD4+ cell count at 
the start of tuberculosis treatment, his-
tory of tuberculosis treatment, calendar 
year and year relative to test roll-out. 
Age, calendar year and year relative 
to test roll-out were included as either 
continuous or categorical variables 
based on the results of tests for departure 
from linearity. Because of the collinear-
ity between our two-time variables, we 
used two separate multivariable logistic 
regression models – one included the 
calendar year and the other included 
the year relative to test roll-out. We ac-
counted for clustering at the clinic level 
by calculating robust standard errors. 
In addition, a sensitivity analysis was 
performed using random effects models 
that adjusted for clustering at the clinic 
level. We tested for changes over time 
in the odds of empirical treatment in 
years 2, 3 and 4 of test roll-out using a 
model that included only those years. 
All analyses were performed using 
Stata/IC version 13.0 (StataCorp. LP, 
College Station, USA) and Excel 2013 
(Microsoft Corporation, Redmond, 
USA). The study was approved by the 
Human Research Ethics Committee at 
the University of Cape Town and by the 
City of Cape Town Health Department.

Results
In 2010, 21 255 patients with pulmo-
nary tuberculosis aged 15 years or 
older were treated in Cape Town. The 
number declined annually to 19 174 in 
2014, the year after the test roll-out was 
completed. Table 1 shows the patients’ 
demographic and clinical characteris-
tics in each calendar year: their mean 
age was 35 years, 57% (57 664/102 007) 
were male and 48% (47 542/100 021) 
were HIV-positive. The HIV status was 

reported in 98% (100 021/102 007) of 
the patients. The only characteristic that 
changed substantially over time was the 
proportion of patients previously treated 
for tuberculosis, which was lower in later 
years. By March 2012, 62% (63/101) of 
tuberculosis clinics had access to the 
test. There was no difference in patients’ 
demographic or clinical characteristics 
by either year relative to test roll-out 
or calendar year. Details of the patients 
covered by rapid testing in each year and 
their characteristics are available from 
the corresponding author on request.

The pattern of microbiological 
testing in patients with pulmonary 
tuberculosis changed during the test 
roll-out: use of this test increased to 
88% (16 892/19 174) of patients in 2014, 
with 14 551 of the 16 892 (86%) testing 
positive. Correspondingly, utilization of 
sputum smear microscopy and sputum 
culture decreased. Fig. 2 shows that use 
of the test stabilized after the first 2 years 
of roll-out. Findings were similar among 
HIV-negative and HIV-positive patients 
(details available from the correspond-
ing author on request).

The reasons for starting tuberculo-
sis treatment changed over time: in 2010, 

the main reason was a positive sputum 
smear result in 67% (7100/10 643) 
of HIV-negative patients and in 41% 
(4082/9985) of HIV-positive patients; 
in 2014, the main reason was a positive 
Xpert® test result in 84% (8431/10 089) 
and 67% (5947/8823) of these patient 
groups, respectively (Table 2). Between 
2010 and 2014, the proportion treated 
empirically decreased by 12 percentage 
points among HIV-negative patients and 
by 15 percentage points among HIV-
positive patients. After excluding those 
for whom a positive sputum culture 
result became available after treatment 
initiation, the decrease in empirical 
treatment was 8 percentage points in 
both groups: among HIV-negative pa-
tients, the proportion decreased from 
19% (2009/10 643) in 2010 to 11% 
(1115/10 089) in 2014; and, among HIV-
positive patients, it decreased from 34% 
(3440/9985) to 26% (2293/8823). The 
proportion of patients with pulmonary 
tuberculosis diagnosed using the Xpert® 
test increased continuously during roll-
out up to year 3 and stabilized thereafter 
(Table 3). The principal change underly-
ing the decrease in empirical treatment 
during the study period was that fewer 

Table 1. Patients’ characteristics, impact of the rapid diagnostic test roll-out on 
tuberculosis diagnosis, Cape Town, South Africa, 2010–2014

Characteristic Number of patients (%)a

Calendar year

2010 2011 2012 2013 2014

All 21 255 20 828 20 657 20 093 19 174 
Female 9 602 (45) 9 214 (44) 8 883 (43) 8 621 (43) 8 023 (42)
Age in years
15–24 3 991 (19) 3 728 (18) 3 654 (18) 3 487 (17) 3 287 (17)
25–34 7 099 (33) 6 756 (32) 6 574 (32) 6 472 (32) 6 046 (32)
35–44 5 271 (25) 5 461 (26) 5 425 (26) 5 315 (27) 4 991 (26)
45–54 3 202 (15) 3 171 (15) 3 236 (16) 3 053 (15) 3 130 (16)
55–64 1 222 (6) 1 235 (6) 1 286 (6) 1 249 (6) 1 233 (6)
≥65 470 (2) 477 (2) 482 (2) 517 (3) 487 (3)
Previously treated 
for tuberculosis

6 626 (31) 6 588 (32) 6 714 (33) 5 738 (29) 4 864 (25)

HIV-positiveb 9 985 (48) 9 922 (49) 9 650 (48) 9 162 (46) 8 823 (47)
CD4+ 
T-lymphocyte 
count per mm3, 
median (IQR)c

167 
(77–296)

181 
(83–316)

185 
(80–329)

179 
(75–330)

173 
(73–339)

HIV: human immunodeficiency virus; IQR: interquartile range; SD: standard deviation.
a  All values in the table represent absolute numbers and percentages unless otherwise stated.
b  The number of patients whose HIV status was unknown was 627 in 2010, 413 in 2011, 412 in 2012, 272 in 

2013 and 262 in 2014.
c  The number of patients whose CD4+ T-lymphocyte count was unknown was 358 in 2010, 259 in 2011, 

310 in 2012, 287 in 2013 and 584 in 2014.
Note: The roll-out of the automated Xpert® MTB/RIF test (Cepheid, Sunnyvale, United States of America) 
occurred between August 2011 and February 2013.
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patients with a negative smear result 
were treated: among HIV-negative 
patients, 8% (800/10 643) were treated 
despite a negative smear result in 2010 
compared with 1% (36/10 089) in 2014; 
among HIV-positive patients, the corre-
sponding figures were 15% (1544/9985) 
and 1% (84/8823), respectively. In con-

trast, the proportion treated despite a 
negative Xpert® test result did not change 
substantially over time relative to test 
roll-out and the proportion treated be-
cause of abnormal chest X-ray findings 
alone decreased slightly among HIV-
negative patients but did not change 
among HIV-positive patients, by both 

time definitions (details available from 
the corresponding author on request).

The tuberculosis notification rate 
in the adult population decreased over 
the 5-year study period: by 12% among 
HIV-negative individuals and by 19% 
among HIV-positive individuals (Fig. 3 
and Fig. 4, respectively). The rate of 
bacteriologically confirmed tuberculosis 
increased by 1% and 3% in these two 
groups, respectively, and the rate of 
empirical treatment decreased by 56% 
and 49%, respectively. A slightly differ-
ent pattern was seen when the data were 
analysed by year relative to test roll-out: 
the rate of bacteriologically confirmed 
tuberculosis increased between year 0 
and year 4 by 7% in HIV-negative in-
dividuals (Fig. 5) and by 17% in HIV-
positive individuals (Fig. 6), and the rate 
of empirical treatment decreased by 47% 
and 37%, respectively. These changes 
stabilized after year 3.

Multivariable logistic regression 
analysis showed that the odds of em-
pirical tuberculosis treatment were 
2.75-fold higher in HIV-positive than 
HIV-negative patients (adjusted odds 
ratio: 2.75; 95% confidence interval: 
2.55–2.98). Other factors associated 
with empirical treatment were all pa-
tients older than 45 years and female 
sex in HIV-infected patients. After 
adjusting for these factors, the odds of 
empirical treatment decreased with time 
relative to test roll-out (Table 4). There 
was no evidence to support a further 
reduction in odds between years 2, 3 
and 4 (P = 0.22). When the analysis was 
performed separately in HIV-positive 
and HIV-negative patients, the same risk 
factors were identified (Table 4). Among 
HIV-positive patients, every 50-cells/
mm3 increase in CD4+ cell count at tu-
berculosis diagnosis was associated with 
4% lower odds of empirical treatment. 
These results were found to be robust 
in the sensitivity analysis performed 
using a random effects model (details 
available from the corresponding author 
on request).

Discussion
We found that the introduction of the 
Xpert® test as the first-line diagnostic 
test for tuberculosis in a large population 
cohort led to this test becoming the pri-
mary method of diagnosis in three quar-
ters of adults treated for drug-sensitive 
pulmonary tuberculosis. In addition, the 
rate of bacteriologically confirmed dis-

Fig. 2. Diagnostic tests for pulmonary tuberculosis, by year relative to rapid diagnostic 
test roll-out, Cape Town, South Africa, 2010–2014
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Notes: Patients who initiated tuberculosis treatment in the year before the Xpert® MTB/RIF test (Cepheid, 
Sunnyvale, United States of America) roll-out date for their clinic were assigned to year 0, those who 
started treatment in the first year after roll-out for their clinic were assigned to year 1 and so on up 
to year 4 (Fig. 1). The proportion of patients for whom only a sputum culture result was available was 
negligible.

Table 2. Reason for tuberculosis treatment before, during and after the roll-out of a 
rapid diagnostic test for tuberculosis, Cape Town, South Africa, 2010–2014

Reason for starting 
tuberculosis treatment

Number of patients (%)

Calendar year

2010 2011 2012 2013 2014

HIV-negative 
patients
Totala 10 643 10 493 10 595 10 659 10 089
Positive rapid test 
result

0 631 (6) 3 954 (37) 7 975 (75) 8 431 (84)

Positive sputum smear 7 100 (67) 6 623 (63) 4 040 (38) 1 012 (9) 452 (4)
Positive sputum culture 1 098 (10) 994 (9) 514 (5) 144 (1) 57 (1)
Empirical treatmentb 2 445 (23) 2 245 (21) 2 087 (20) 1 528 (14) 1 149 (11)
HIV-positive patients
Totala 9 985 9 922 9 650 9 162 8 823
Positive rapid test 
result

1 (0) 400 (4) 2 906 (30) 5 386 (59) 5 947 (67)

Positive sputum smear 4 082 (41) 3 693 (37) 2 290 (24) 658 (7) 248 (3)
Positive sputum culture 1 673 (17) 1 643 (17) 832 (9) 320 (3) 264 (3)
Empirical treatmentb 4 229 (42) 4 186 (42) 3 622 (38) 2 798 (31) 2 364 (27)

HIV: human immunodeficiency virus.
a  The number of patients whose HIV status was unknown was 627 in 2010, 413 in 2011, 412 in 2012, 272 in 

2013 and 262 in 2014.
b  Treatment was empirical when no test gave a positive result or no test was performed.

Note: The roll-out of the automated Xpert® MTB/RIF test (Cepheid, Sunnyvale, United States of America) 
occurred between August 2011 and February 2013.
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ease increased following the introduc-
tion of the test and the rate of empirical 
treatment decreased, resulting in a net 
decline in the total notification rate for 
pulmonary tuberculosis. These changes 
occurred cumulatively with test roll-out 
and stabilized after 3 years.

Few evaluations of the impact of 
routine Xpert® testing in programmatic 
settings have been published and most 
documented difficulties with roll-out 
and implementation.24–29 Increased 
proportions of bacteriological confir-
mation and less empirical treatment 
were reported in Nepal and India but 
an increase in the case notification rate 
was reported only in India.30,31 More-
over, the four large randomized clinical 
trials performed to date all reported 
increased proportions of bacteriological 
confirmation but only one, performed 
in Cape Town,11 found that the number 
of patients diagnosed with tuberculosis 
increased.10–13

Our data from a programmatic set-
ting in Cape Town are consistent with 
previous findings: routine use of the 
rapid test did not lead to an increase in 
the tuberculosis notification rate but was 
temporally associated with an increased 
bacteriological confirmation rate and 
a decrease in empirical treatment. The 
net effect was an apparent decline in 
the total tuberculosis notification rate. 
We previously reported that notifica-
tion rates have decreased since 2010 in 
both HIV-negative and HIV-positive 
individuals.32 There are two potential, 
complementary explanations: (i) the 
incidence of tuberculosis decreased 
(assuming access to diagnosis did not 
change); and (ii) empirical treatment 
decreased. It was not possible to separate 
the contributions of these factors using 
our data. However, the observation that 
the rate of bacteriologically confirmed 
tuberculosis remained stable with the 
increasing use of a more sensitive test 
suggests that the incidence of tubercu-
losis may have decreased. A possible 
underlying mechanism could be greater 
use of antiretroviral therapy in the 
HIV-infected population – coverage in-
creased from 0% in 2004 to 63% in 2013 
in Cape Town.32 However, the decline 
in tuberculosis notification rates we 
observed was not affected by HIV status, 
which does not support this explana-
tion. In contrast, the possibility that 
the empirical treatment rate decreased 
with the test roll-out is supported by our 
observation that the decline in this rate 

Table 3. Reason for tuberculosis treatment, by year relative to the rapid diagnostic test 
roll-out, Cape Town, South Africa, 2010–2014

Reason for starting 
tuberculosis treatment

Number of patients (%)

Year relative to rapid test roll-outa

0 1 2 3 4

HIV-negative 
patients
Totalb 10 553 10 827 10 610 7 207 918
Positive rapid test 
result

0 6 045 (56) 8 141 (77) 5 976 (83) 766 (83)

Positive sputum smear 7 189 (68) 2 532 (23) 888 (8) 323 (4) 29 (3)
Positive sputum culture 1 002 (9) 372 (3) 124 (1) 37 (1) 8 (1)
Empirical treatmentc 2 362 (22) 1 878 (17) 1 457 (14) 871 (12) 115 (13)
HIV-positive patients
Totalb 9 848 9 821 9 138 6 463 936
Positive rapid test 
result

0 4 177 (43) 5 494 (60) 4 297 (66) 630 (67)

Positive sputum smear 4 036 (41) 1 619 (16) 617 (7) 165 (3) 18 (2)
Positive sputum culture 1 636 (17) 726 (7) 310 (3) 165 (3) 22 (2)
Empirical treatmentc 4 176 (42) 3 299 (34) 2 717 (30) 1 836 (28) 266 (28)

HIV: human immunodeficiency virus.
a  Patients who initiated tuberculosis treatment in the year before the Xpert® MTB/RIF test roll-out date for 

their clinic were assigned to year 0, those who started treatment in the first year after roll-out for their 
clinic were assigned to year 1 and so on up to year 4 (Fig. 1).

b  The number of patients whose HIV status was unknown was 627 in 2010, 413 in 2011, 412 in 2012, 272 in 
2013 and 262 in 2014.

c  Treatment was empirical when no test gave a positive result or no test was performed.
Note: The roll-out of the automated Xpert® MTB/RIF test (Cepheid, Sunnyvale, United States of America) 
occurred between August 2011 and February 2013.

Fig. 3. Tuberculosis notification rates in HIV-negative patients, by calendar year, Cape 
Town, South Africa, 2010–2014
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slowed gradually during roll-out and 
then stabilized. This may reflect the time 
needed to fully implement the new test 
and, possibly, to apply the new diagnos-
tic algorithm. If the decrease in the tu-
berculosis notification rate we observed 

were mainly attributable to a reduction 
in empirical treatment, we would ex-
pect the decline to stabilize within 3 to 
4 years of the test being introduced at 
the last clinic (i.e. by the end of 2017). 
If the decline continues thereafter, it is 

probably attributable to another factor, 
such as declining incidence.12

The main limitation of our study 
was its inability to determine whether 
the decline in empirical treatment 
represented a decline in false-positive 
or true-positive diagnoses. The latter 
could have occurred because clinicians 
overestimated the negative predictive 
value of the rapid test. Interestingly, the 
proportional decline in empirical treat-
ment was smaller among HIV-infected 
patients, in whom the test is less sensi-
tive.3 Clinicians may have been reluctant 
to miss active tuberculosis disease in 
this vulnerable population, thereby 
increasing the number of false-positive 
diagnoses. Our lack of data on presump-
tive tuberculosis patients precluded an 
evaluation of whether roll-out of the test 
led to the identification and treatment 
of patients who would otherwise not 
have been treated. Moreover, we were 
not able to investigate the impact of 
symptomatology on the likelihood of 
empirical treatment (no data) or of the 
time to treatment initiation (incomplete 
recording of sputum collection dates). 
The apparent decrease in previously 
treated patients was probably due to 
misclassification following abolition of 
the distinct retreatment regimen.

In conclusion, routine use of the 
Xpert® test in a setting with a high preva-
lence of tuberculosis and HIV infection 
was associated with a halving of the 
empirical treatment rate. This reduc-
tion occurred gradually following the 
introduction of the test, probably due to 
the time needed for full implementation 
of a new diagnostic algorithm. More 
than a quarter of HIV-infected patients 
were still treated empirically, which 
highlights the difficulty of diagnosing 
tuberculosis in this group. ■
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Fig. 4. Tuberculosis notification rates in HIV-positive patients, by calendar year, Cape 
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Fig. 5. Tuberculosis notification rates in HIV-negative patients, by year relative to rapid 
diagnostic test roll-out, Cape Town, South Africa, 2010–2014
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Fig. 6. Tuberculosis notification rates in HIV-positive patients, by year relative to rapid 
diagnostic test roll-out, Cape Town, South Africa, 2010–2014

Nu
m

be
r o

f p
at

ien
ts 

wi
th

 pu
lm

on
ar

y t
ub

er
cu

lo
sis

 
pe

r 1
00

 00
0 H

IV
-p

os
iti

ve
 in

di
vid

ua
ls

7000

6000

5000

4000

3000

2000

1000

0

Year relative to rapid molecular diagnostic test roll-out
All patients Patients with bacteriologically confirmed tuberculosis
Patients who received empirical treatment

Year 0 Year 1 Year 2 Year 3 Year 4

HIV: human immunodeficiency virus.
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Sunnyvale, United States of America) roll-out date for their clinic were assigned to year 0, those who 
started treatment in the first year after roll-out for their clinic were assigned to year 1 and so on up to 
year 4 (Fig. 1). Treatment was empirical when no test gave a positive result or no test was performed.

ملخص
أثر طرح الاختبارات التشخيصية الجزيئية السريعة للسل على العلاج التجريبي في كيب تاون بجنوب أفريقيا

كاختبار  سريع  اختبار  طرح  عملية  تأثير  على  الوقوف  الغرض 
تشخيصي أولي للسل المقاوم للأدوية في كيب تاون بجنوب أفريقيا.
الطريقة يمثل Xpert® MTB/RIF )والمعروف اختصارًا باسم 
تم  المتسلسل،  البوليميراز  تفاعل  على  قائمً  آليًا  فحصًا   )Xpert® 
البيانات  وكانت  و2013.   2011 عامي  بين  ما  الفترة  في  نشره 
السل  من  علاجهم  تم  الذين  البالغين  من   102,007 عن  متاحة 
الرئوي في الفترة بين عامي 2010 و2014. وتم حساب معدلات 
عن  نسمة   100,000 تبلغ  سكانية  شريحة  لكل  السل  عن  الإبلاغ 
كل سنة تقويمية، وعن كل سنة تبعًا لعمليات طرح الاختبار على 
تم  البكتيريا.  تأكيد  طريق  وعن  عام،  وبشكل  المحلي،  المستوى 
تعريف العلاج التجريبي على أنه علاج مقدم دون تأكيد البكتيريا 
باستخدام اختبار  ®Xpert، أو الفحص المجهري لمسحة البلغم، أو 

مستنبت البلغم.
المصابين  غير  نسبة  انخفضت  و2014،   2010 عامي  بين  النتائج 
علاجًا  تلقوا  الذين   )HIV( البشري  المناعي  العوز  بفيروس 
 ٪ 11 إلى   )10,643/2445(  ٪ 23 من  السل  من  تجريبيًا 

بفيروس  المصابين  الم��رضى  يخص  وفيم  )10,089/1149(؛ 
 ٪ 42 من  النسبة  انخفضت  فقط   ،)HIV( البشري  المناعي  العوز 
انخفض  كم   .)8823/2364(  ٪ 27 إلى   )9985/4229(
المرضى  و  ٪19 بين  بنسبة  12 ٪  السل  المعدل الإجمالي للإبلاغ عن 
المصابين  بين  البشرية وكذلك  المناعة  نقص  بفيروس  المصابين  غير 
للبكتريا  المؤكدة  الحالات  معدل  وارتفع  التوالي؛  على  بالفيروس 
التجريبي  العلاج  انخفض معدل  التوالي، كم  1 ٪ و 3 ٪ على  بنسبة 
بنسبة  56 ٪ و49 ٪ على التوالي. ظهرت هذه التغيرات تدريجيًا بعد 

طرح الاختبار وثباته بعد 3 سنوات.
انتشار  بيئة ذات معدل  الاستنتاج ارتبط طرح الاختبار السريع في 
البشري  المناعي  العوز  فيروس  وعدوى  الرئوي  للسل  مرتفع 
بعد  تدريجيًا  حدث  الذي  التجريبي  العلاج  بخفض   )HIV(
للتنفيذ  اللازم  الوقت  الأرجح  على  يعكس  مما  الاختبار،  استقدام 
المناعي  العوز  بفيروس  المصابين  ربع  من  أكثر  يزال  ولا  الكامل. 
على  الضوء  يسلط  مما  تجريبيًا،  علاجًا  يتلقون  والسل  البشري 

التحدي التشخيصي لدى هؤلاء المرضى.

摘要
在南非开普敦开展结核病快速分子诊断检测对经验性治疗的影响
目的 旨在调查在南非开普敦引进一项快速检测作为药
物敏感性结核病一线诊断检测方法的影响。
方法 Xpert® MTB/RIF (Xpert®) 是一项基于聚合酶链
反应的自动分析项目，于 2011 年至 2013 年间开展。
分析数据可用于 2010 年至 2014 年间接受肺结核病治
疗的 102 007 名成人。分别针对开展的局部性检测、整

体性检测及经细菌学证实的检测计算了每个日历年及
每年每 100 000 人口的结核病呈报率。 经验性治疗被
定义为未经过 Xpert® 细菌学证实、未进行痰涂片镜
检或痰培养的疗法。
结果 在 2010 年至 2014 年间，接受结核病经验性
治 疗 的 人 类 免 疫 缺 陷 病 毒 (HIV)- 阴 性 患 者 的 比
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例 从 23% (2445/10 643) 降 至 11% (1149/10 089) ；
在 HIV- 阴性患者中，该比例从 42% (4229/9985) 降
至 27% (2364/8823)。 总 体 而 言，HIV- 阴 性 患
者 和 HIV- 阳 性 患 者 的 结 核 病 呈 报 率 分 别 降
低 12% 和 19% ；经 细 菌 学 证 实 的 病 例 比 率 分 别
增 加 1% 和 3% ；接 受 经 验 性 治 疗 的 比 例 分 别 降
低 56% 和 49%。 自该检测方法引进以来，这些变化逐

渐发生并在 3 年后稳定下来。
结论 在肺结核病和 HIV 感染高发地区开展快速检测
导致引进该检测后经验性治疗逐渐减少了一半，这可
能反映出全面推行该项检测所需的时间。 超过四分之
一的 HIV- 阳性结核病患者仍在接受经验证治疗，这
凸显了这些患者面临的诊断方面的挑战。

Résumé

Impact du déploiement de tests rapides de diagnostic moléculaire de la tuberculose sur les traitements empiriques au Cap, en 
Afrique du Sud
Objectif Analyser l’impact de l’introduction d’un test rapide comme 
test initial de diagnostic de la tuberculose pharmacosensible au Cap, 
en Afrique du Sud.
Méthodes Le test Xpert® MTB/RIF (Xpert®), un test automatisé qui 
repose sur le principe de l’amplification en chaîne par polymérase, 
a été déployé entre 2011 et 2013. Des données étaient disponibles 
au sujet de 102 007 adultes traités contre la tuberculose pulmonaire 
entre 2010 et 2014. Le taux de signalement de cas de tuberculose 
pour 100 000 habitants a été calculé pour chaque année civile et 
pour chaque année de déploiement du test à l’échelon local, global et 
avec confirmation bactériologique. Nous avons défini les traitements 
empiriques comme les traitements donnés sans confirmation 

bactériologique par le test Xpert®, examen microscopique de frottis 
d’expectorations ou culture d’expectorations.
Résultats Entre 2010 et 2014, la proportion de patients séronégatifs 
au virus de l’immunodéficience humaine (VIH) traités empiriquement 
contre la tuberculose est passée de 23% (2445/10 643) à 11% 
(1149/10 089); chez les patients séropositifs, elle est passée de 42% 
(4229/9985) à 27% (2364/8823). Le taux global de signalement 
des cas de tuberculose a baissé respectivement de 12% et de 19% 
chez les patients séronégatifs et séropositifs au VIH; le taux confirmé 
bactériologiquement a augmenté respectivement de 1% et de 3%; et le 
taux d’administration de traitements empiriques a baissé respectivement 
de 56% et de 49%. Ces changements sont intervenus progressivement 

Table 4. Risk factors associated with empirical tuberculosis treatment, Cape Town, South Africa, 2010–2014

Risk factor Risk of empirical treatment,a by multivariable logistic regression analysis

HIV-negative patients HIV-positive patients All patients

aOR (95% CI) P-value aOR (95% CI) P-value aOR (95% CI) P-value

Sex 0.92 < 0.001 0.15
Female Reference Reference Reference
Male 1.00 (0.92–1.08) 0.92 (0.88–0.97) 0.97 (0.93–1.01)
Age in years < 0.001 < 0.001 < 0.001
15–24 Reference Reference Reference
25–34 0.93 (0.83–1.04) 1.13 (1.04–1.22) 1.04 (0.96–1.12)
35–44 1.02 (0.92–1.14) 1.22 (1.12–1.34) 1.12 (1.03–1.22)
45–54 1.32 (1.18–1.47) 1.37 (1.22–1.54) 1.31 (1.19–1.44)
55–64 1.77 (1.51–2.07) 1.44 (1.23–1.68) 1.64 (1.45–1.87)
≥ 65 2.91 (2.56–3.31) 2.33 (1.65–3.29) 2.89 (2.55–3.27)
CD4+ T-lymphocyte 
count, per 50-cells/mm3 
increase

N/A N/A 0.96 (0.96–0.97) < 0.001 N/A NA

Prior tuberculosis 
treatment

0.54 < 0.001 0.02

No Reference Reference Reference
Yes 0.97 (0.87–1.07) 1.20 (1.11–1.30) 1.09 (1.02–1.18)
Year relative to rapid 
test roll-outb

< 0.001c < 0.001c < 0.001c

0 Reference Reference Reference
1 0.73 (0.64–0.82) 0.69 (0.63–0.77) 0.70 (0.64–0.77)
2 0.55 (0.48–0.61) 0.58 (0.51–0.65) 0.56 (0.51–0.62)
3 0.47 (0.41–0.54) 0.55 (0.47–0.64) 0.51 (0.45–0.58)
4 0.48 (0.32–0.71) 0.54 (0.41–0.72) 0.52 (0.39–0.68)

aOR: adjusted odds ratio; CI: confidence interval; HIV: human immunodeficiency virus; N/A: not applicable.
a  Treatment was empirical when no test gave a positive result or no test was performed.
b  Patients who initiated tuberculosis treatment in the year before the Xpert® MTB/RIF test (Cepheid, Sunnyvale, United States of America) roll-out date for their clinic 

were assigned to year 0, those who started treatment in the first year after roll-out for their clinic were assigned to year 1 and so on up to year 4 (Fig. 1).
c  P-values calculated using the Wald test were also < 0.001 for each roll-out year relative to year 0.
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après l’introduction du test et se sont stabilisés au bout de 3 ans.
Conclusion Le déploiement du test rapide dans une zone ayant une 
forte prévalence de tuberculose pulmonaire et de VIH a été associé 
à une réduction de moitié des traitements empiriques, qui s’est faite 
progressivement après l’introduction du test -ce qui reflète peut-être 

le temps nécessaire à sa mise en œuvre intégrale. Plus d’un quart des 
patients séropositifs au VIH atteints de tuberculose étaient encore 
traités empiriquement, ce qui montre les enjeux du diagnostic pour 
ces patients.

Резюме

Результаты внедрения экспресс-метода молекулярной диагностики туберкулеза при эмпирическом 
лечении в Кейптауне, Южная Африка
Цель Изучить влияние введения экспресс-метода в качестве 
диагностического теста первой линии на чувствительный к 
лекарственным средствам туберкулез в Кейптауне, Южная 
Африка.
Методы Xpert® MTB/RIF (Xpert®), автоматизированный анализ 
на основе полимеразной цепной реакции, который был 
введен в период между 2011 и 2013 годами. Имелись данные, 
полученные от 102 007 взрослых пациентов, которые лечились 
от туберкулеза легких в период с 2010 по 2014 год. Показатель 
регистрируемой заболеваемости туберкулезом (количество 
случаев на 100 000 человек) был рассчитан для каждого 
календарного года, а также для каждого года относительно 
введения теста на местном уровне в целом и с помощью 
бактериологического подтверждения. Эмпирическое лечение 
определяли как лечение, проводимое без бактериологического 
подтверждения с помощью Xpert®, микроскопии мазка мокроты 
или бактериологического исследования мокроты.
Результаты В период между 2010 и 2014 годами доля ВИЧ-
отрицательных (ВИЧ — вирус иммунодефицита человека) 

пациентов, получавших эмпирическую терапию при туберкулезе, 
снизилась с 23% (2445/10 643) до 11% (1149/10 089), у 
ВИЧ-положительных пациентов этот показатель снизился 
с 42% (4229/9985) до 27% (2364/8823). Общий уровень 
заболеваемости туберкулезом снизился на 12 и 19% среди 
ВИЧ-отрицательных и ВИЧ-положительных пациентов 
соответственно, частота бактериологически подтвержденных 
случаев заболеваемости увеличилась на 1 и 3% соответственно, 
и частота применения эмпирического лечения снизилась на 56 
и 49% соответственно. Эти изменения происходили постепенно 
после введения теста и стабилизировались через 3 года.
Вывод Введение экспресс-теста в условиях высокой 
распространенности туберкулеза легких и ВИЧ-инфекции было 
связано с двукратным сокращением применения эмпирического 
лечения, которое происходило постепенно после введения теста, 
что, по-видимому, отражает время, необходимое для полного 
внедрения. Более четверти ВИЧ-положительных пациентов 
с туберкулезом по-прежнему лечились эмпирически, что 
подчеркивает проблемы с диагностикой у этих пациентов.

Resumen

El impacto de la puesta en marcha de una prueba rápida de diagnóstico molecular para la tuberculosis en un tratamiento 
empírico en Ciudad del Cabo, Sudáfrica
Objetivo Investigar el impacto de la introducción de una prueba rápida 
como la prueba de diagnóstico de primera línea para la tuberculosis 
sensible a los medicamentos en Ciudad del Cabo, Sudáfrica.
Métodos Entre 2011 y 2013 se implementó Xpert® MTB/RIF (Xpert®), 
una prueba automatizada basada en una reacción en cadena de 
polimerasa. Se dispuso información sobre 102 007 adultos tratados 
de tuberculosis pulmonar entre 2010 y 2014. Se calcularon las tasas 
de notificación de tuberculosis por cada 100 000 habitantes por año 
civil y por año en relación con la puesta en marcha de la prueba a nivel 
local, general y por confirmación bacteriológica. El tratamiento empírico 
se definió como un tratamiento proporcionado sin confirmación 
bacteriológica por parte de Xpert®, microscopia de frotis de esputo o 
cultivo de esputo.
Resultados Entre 2010 y 2014, el porcentaje de pacientes negativos en el 
virus de la inmunodeficiencia humana (VIH) tratados de forma empírica 
de tuberculosis cayó de un 23% (2 445/10 643) a un 11% (1 149/10 089); 

en pacientes positivos en VIH, cayó de un 42% (4 229/9 985) a un 
27% (2 364/8 823). En general, la tasa de notificación de tuberculosis 
cayó un 12% y un 19% entre pacientes con VIH negativo y positivo, 
respectivamente; la tasa de casos confirmados a nivel bacteriológico 
aumentó un 1% y un 3%, respectivamente; y la tasa de tratamiento 
empírico se redujo un 56% y un 49%, respectivamente. Estos cambios 
se produjeron de forma gradual tras la implementación de la prueba y 
se estabilizaron pasados 3 años.
Conclusión La puesta en marcha de la prueba rápida en un lugar con 
una alta prevalencia de tuberculosis pulmonar e infección por VIH se 
asoció con una reducción a la mitad del tratamiento empírico que se 
aplicó de forma gradual tras la introducción de la prueba, reflejando 
posiblemente el momento necesario para la completa implementación. 
Aun así, más de un cuarto de los pacientes positivos en VIH y con 
tuberculosis se sometieron a un tratamiento empírico, lo que destaca 
el problema del diagnóstico en estos pacientes.
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