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Introduction: Tuberculosis (TB) is a major public health concern in Indonesia,

where the incidence was 301 cases per 100,000 inhabitants in 2020 and the

prevalence of multi-drug resistant (MDR) TB is increasing. Diagnostic testing

approaches vary across Indonesia due to resource limitations. Acid-fast bacilli

(AFB) smear is widely used, though Xpert MTB/RIF has been the preferred

assay for detecting TB and rifampicin resistance since 2012 due to higher

sensitivity and ability to rapidly identify rifampicin resistance. However, <1,000

Xpert instruments were available in Indonesia as of 2020 and the Xpert supply

chain has suffered interruptions.

Methods: We compared the performance of Xpert MTB/RIF and AFB smear

to facilitate optimization of TB case identification. We analyzed baseline data

from a cohort study of adults with pulmonary TB conducted at seven hospitals

across Indonesia. We evaluated sensitivity and specificity of AFB smear and
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Xpert MTB/RIF using Mycobacterium tuberculosis (Mtb) culture as the gold

standard, factors associated with assay results, and consistency of Xpert

MTB/RIF with drug susceptibility test (DST) in detecting rifampicin resistance.

Results: Sensitivity of AFB smear was significantly lower than Xpert MTB/RIF

(86.2 vs. 97.4%, p-value <0.001), but specificity was significantly better (86.7 vs.

73.3%, p-value <0.001). Performance varied by hospital. Positivity rate for AFB

smear and Mtb culture was higher in subjects with pulmonary cavities and in

morning sputum samples. Consistency of Xpert MTB/RIF with DST was lower

in those with rifampicin- sensitive TB by DST.

Discussion: Additional evaluation using sputa from primary and secondary

Indonesian health centers will increase the generalizability of the assessment

of AFB smear and Xpert MTB/RIF performance, and better inform health policy.

Clinical trial registration: [https://clinicaltrials.gov/], identifier [NCT027

58236].

KEYWORDS

tuberculosis, diagnosis, sputum culture, sputum microscopy, Xpert MTB/RIF, DST,
rifampicin, mycobacteria

Introduction

Tuberculosis (TB) is the most important public health
problem in Indonesia. The TB incidence was 301 cases
per 100,000 inhabitants in 2020 (1), second only to India
globally (2). Indonesia is also amongst 30 nations designated
as high multi-drug resistant (MDR)-TB burden countries
(2, 3). Cases spread through 514 districts in 34 provinces
across the 17,000 island archipelago (3). Geographic, economic
and social diversity present challenges to standardization of
healthcare practices, including TB diagnosis. Following the
WHO recommendation, Xpert MTB/RIF became the front-
line test for detection of TB and rifampicin resistance in 2012.
However, <1,000 Xpert MTB/RIF instruments were available
across 478 districts in 2020 (3). Thus, acid-fast bacilli (AFB)
smear remains the standard at more than 12,000 primary and
secondary healthcare facilities.

Though AFB smear sensitivity is relatively low (58–68%
compared to sputum culture) (4), it is cost-effective, easy to
perform, and offers rapid results (<1 h vs. 6–8 weeks for
sputum culture) (5). Therefore, it is still widely used for
diagnostic purposes and for monitoring treatment response. To
overcome the limitations of AFB smear and sputum culture,
Xpert MTB/RIF was endorsed by the WHO in 2010 (6).
Xpert MTB/RIF is a rapid molecular-based assay which uses
a single cartridge to simultaneously identify Mycobacterium
tuberculosis (Mtb) and rifampicin resistance in 2 h. Performance
has been evaluated in many studies that used varying designs
and included different populations. Sensitivity ranges from
83 to 92% in Mtb culture-positive subjects and is estimated

to be 67% in those who are AFB smear-negative; specificity
ranges from 97 to 99% (7). However, the Xpert MTB/RIF
instrument and cartridges are considered too expensive for
broad implementation in lower and middle income countries
and the supply chain has suffered interruptions in the last 2 years
due to the switch of priority to COVID-19, disrupting TB case
detection, prevention, and treatment (8).

We analyzed baseline data from a prospective cohort study
of adults with pulmonary TB (TRIPOD) conducted at seven
hospitals across Indonesia to assess the performance of AFB
smear and Xpert MTB/RIF compared to sputum culture.
Performance of Xpert MTB/RIF in AFB smear-negative but
culture-positive pulmonary TB and factors associated with the
positivity of AFB smear, Xpert MTB/RIF, and Mtb culture
were also assessed.

We additionally evaluated the consistency of rifampicin
resistance results from Xpert MTB/RIF and culture-
based drug susceptibility test (DST) conducted at the five
TB reference laboratories in Indonesia. These data are
important for informing National TB Program (NTP) policy,
diagnostic algorithms, prevention strategies, and management
recommendations.

Materials and methods

Study design and population

This is a cross-sectional analysis of baseline data from a
prospective cohort study that enrolled patients from February
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2017 to November 2018 at seven DR-TB referral hospitals
in seven large cities in Indonesia (Dr. Soetomo Hospital,
Surabaya; Sanglah Hospital, Denpasar; Dr. Sardjito Hospital,
Yogyakarta; Dr. Kariadi Hospital, Semarang; Persahabatan
Hospital, Jakarta; H. Adam Malik Hospital, Medan; and
Dr. Wahidin Sudirohusodo, Makassar). Enrollment criteria
included age >18 years, presumptive pulmonary TB with
cough for at least 2 weeks, at least one other TB symptom
(fever, unexplained weight loss, loss of appetite, hemoptysis,
shortness of breath, chest pain, night sweats, or fatigue) and
consistent chest x-ray. Subjects were excluded if they had
received TB treatment for more than 7 days in the last month,
had any serious comorbidities (liver disease, chronic kidney
disease, or psychiatric illness), or were pregnant at enrollment.
Demographic, clinical, laboratory, and radiologic data were
collected. Based on microbiological examinations (AFB smear,
Xpert MTB/RIF, and culture), subjects were classified as (1)
clinically diagnosed TB when none of the microbiological results
were positive and (2) bacteriologically confirmed TB when at
least one of the three examinations was positive. Clinicians
were aware of all examination results and decided on the TB
treatment after reviewing them.

Specimen collection and testing

Sputum was obtained for AFB smear, Xpert MTB/RIF, and
Mtb culture examination. Sputum was classified as a morning
specimen if it was the first sputum produced for that date
(overnight accumulation of secretions); sputum was otherwise
classified as a spot specimen. Subjects were instructed to collect
a minimum of 2 mL morning or spot sputum, which is
sufficient for AFB smear, Xpert MTB/RIF, and culture. If the
sputum was insufficient, separate specimens collected within
24 h were pooled together. While waiting for additional sputum,
the earliest sputum was stored in the refrigerator at 2–8◦C.
Commonly, 2–3 sputa were pooled together. The same sputum
was used for all examinations. Sputum was induced if necessary.

Microbiological work-up

Acid-fast bacilli smear and Xpert MTB/RIF were
performed at the study hospital microbiology laboratory.
Mtb culture and DST were conducted at certified National
TB Program Reference Laboratories and followed the
hospital region’s standard of care. Adam Malik Hospital,
Medan; Center for Health Laboratory, Surabaya; Center
for Health Laboratory, Semarang; Clinical Microbiology
Laboratory, Faculty of Medicine, University of Indonesia,
Jakarta; Persahabatan Hospital, Jakarta; Sanglah Hospital,
Denpasar; Microbiology Laboratory, UGM, Yogyakarta;
Wahidin Sudirohusodo Laboratory, Makassar, and Hasanuddin

University Medical Research Center, Makassar were the
laboratories involved in this study.

Acid-fast bacilli (AFB) smear
microscopy test

Dedicated trained laboratory technicians conducted direct
smear microscopy without sputum decontamination under
supervision of a microbiologist. For direct smear microscopy,
the laboratory technician used a loop to pick up a small
amount (∼100 µL) of purulent sputum and transfer it to the
slide. The smear was heat-fixed after being air-dried. The fixed
smear was then flooded with carbol-fuchsin and gently heated
to steaming for 5 min. The stain was then washed off with
distilled water and decolorized with 3% acid-alcohol for 2–
3 min. The acid-alcohol was washed off with distilled water,
and the slide was tilted to drain. The slide was then flooded
with methylene blue as a counterstain for 1–2 min before being
washed with distilled water. After that, the slide was drained
and air-dried. AFB remained red, whereas other organisms
and cells took up the counterstain and turned blue. The
laboratory technician examined the smear microscopically using
the 100× oil immersion objective. Smear-positive specimens
were reported semi-quantitatively (scanty, 1+, 2+, 3+, and 4+)
using the standard scale from International Union Against
TB and Lung Disease (IUATLD) as recommended by the
United States–Centers for Disease Control and Prevention (US-
CDC) (9).

Xpert MTB/RIF

Xpert MTB/RIF was performed according to the
manufacturer’s recommendations (Cepheid, Sunnyvale, CA,
USA). Xpert MTB/RIF software was used to generate results.

Mycobacterium tuberculosis culture
and drug susceptibility test

Culture and DST methods varied amongst hospitals
according to each national TB referral laboratories’ standards.
Sputum was inoculated into solid media [Lowenstein Jensen
(LJ) or Ogawa] prepared according to manufacturer’s
instructions (BBL, BD, MD, USA) (10) or a liquid medium,
Mycobacteria Growth Indicator Tube (BBL MGIT), which
contains PANTA supplemented modified Middlebrook 7H9.
Laboratories that used the LJ medium were Center for Health
Laboratory, Surabaya; Center for Health Laboratory, Semarang;
Sanglah Hospital, Denpasar; Microbiology Laboratory, UGM,
Yogyakarta; and Wahidin Sudirohusodo Laboratory, Makassar.
Persahabatan Hospital, Jakarta, used the Ogawa medium. Adam
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Malik Hospital, Medan; Clinical Microbiology Laboratory,
Faculty of Medicine, University of Indonesia, Jakarta; and
Hasanuddin University Medical Research Center, Makassar
used the MGIT medium.

Before inoculation, sputum was decontaminated using a
mixture of NALC (0.5%)–NaOH (2%) solution in equal volume.
The mixing process was less than 30 s, and the mixture was
then kept at room temperature for 15 min to decontaminate.
The mixture was concentrated by centrifugation (3000 RPM for
15 min), then the supernatant was removed, and the sediment
was resuspended in sterile phosphate buffer to a final volume of
2 ml. This suspension was then used for inoculation into LJ slant
(2–3 drops) or BACTEC MGIT 960 culture tube (0.5 ml). Mtb
was identified using TB Antigen MPT64 and para nitro-benzoic
acid. The cultures were incubated at 35–37◦C until growth was
observed or discarded as negative after 8–10 weeks to anticipate
a very slow growing Mtb.

Drug susceptibility test was performed with the MGIT
system (Becton Dickinson, USA). We followed the WHO and
Indonesia Ministry of Health TB control regulations available in
2016. These specified the concentration of drug in DST for first-
line anti-TB drugs was to be 1.0 µg/ml Rifampicin, 0.1 µg ml
Isoniazid, 5.0 µg/ml Ethambutol, and 1.0 µg/ml Streptomycin.
The concentration of the drug in DST for second-line anti-TB
drugs was to be 2 µg/ml Ofloxacin, 1 µg/ml Amikacin, and
1 µg/ml Kanamycin. According to this regulation, Pyrazinamide
and other anti-TB drugs were not tested (11, 12).

Statistical analysis

Descriptive data are presented as means (SD) and
frequencies (percentages). Cases are categorized into new and
previously treated TB cases based on subject report. Sensitivity
and specificity for identification of Mtb were calculated
for AFB smear and Xpert MTB/RIF using sputum culture
as the gold standard. McNemar’s test was used to assess
whether the sensitivity and specificity differ between AFB
smear and Xpert MTB/RIF. Positivity rates of AFB smear,
Xpert MTB/RIF, and sputum culture were analyzed based
on gender, treatment history, the presence of cavities, and
types of sputa using composite results of the three methods
as the denominators. Sensitivity and specificity for detection
of rifampicin susceptibility by Xpert MTB/RIF was calculated
using DST as the gold standard.

Study approvals

The Indonesia National Institute of Health and Research
Development Health Research Ethics Committee provided
ethical clearance for this study. The study has been registered
at ClinicalTrials.gov with registration number: NCT02758236.

Results

Demography and case distribution by
diagnostic method

The TRIPOD study enrolled 490 subjects from 2017 to 2018.
A total of 43 subjects were excluded for insufficient sputum
(27 subjects), error or indeterminate Xpert MTB/RIF results
(4 subjects), non-tuberculous mycobacteria or contaminated
culture results (9 subjects), and no DST results (3 subjects).
Of the 447 subjects, 312 subjects had positive sputum culture
and were used for evaluation of sensitivity, the remaining
99 subjects that had no bacterial evidence of Mtb infection
(AFB smear, Mtb culture, and Xpert MTB/RIF negative)
and 36 subjects that were only AFB smear and/or Xpert
MTB/RIF positive were used for evaluation of specificity. Of
note, 33.1% (53/160) of negative AFB smear specimens were
positive by Xpert MTB/RIF. Use of Xpert MTB/RIF added
53 cases (15.6%) of bacteriologically confirmed TB by AFB
smear or Xpert MTB/RIF (340 subjects). Details are shown in
Figure 1.

Mean (SD) subject age was 41.3 (14.1) years old, 274
(61.3%) subjects were male, and 260 (58.2%) cases were newly
diagnosed TB. Kariadi and Adam Malik Hospitals contributed
the most previously treated cases (83/187; 44.4%) (Table 1).
The majority of subjects were from Soetomo, Surabaya (123),
followed by Kariadi, Semarang (103), Persahabatan, Jakarta (80),
and Sardjito, Yogyakarta (75).

Sensitivity and specificity of AFB smear
and Xpert MTB/RIF compared to Mtb
culture

The sensitivity of Xpert MTB/RIF was significantly
higher than AFB smear (97.4 vs. 86.2%, p ≤ 0.001), while
specificity was significantly lower (73.3 vs. 86.7%, p < 0.001)
(Table 2). The sensitivities of AFB smear and Xpert MTB/RIF
in newly diagnosed subjects were comparable to previously
treated subjects (83.8 vs. 89.2%, p = 0.17, and 97.1 vs. 97.8%,
p = 0.73, respectively). However, AFB smear specificity
was significantly higher in newly diagnosed subjects, while
that for Xpert MTB/RIF trended toward being higher
though this was not statistically significant (92 vs. 77.1%,
p = 0.01, and 77 vs. 66.7%, p = 0.19, respectively). Details
of the AFB smear and Xpert MTB/RIF sensitivity and
specificity analysis, including performance by site, are shown in
Table 2.

Sensitivity of AFB smear was comparable amongst 5 sites
(83.3–94.3%), but lower in Sardjito, Yogyakarta (50%) and
Adam Malik, Medan (64.3%). Specificity ranged from 93 to
100% in four sites, and was lower at Soetomo, Surabaya (64.7%),
Kariadi, Semarang (76.9%), and Persahabatan, Jakarta (79.2%).
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FIGURE 1

Case distribution by diagnostic methods. Number of participants are shown as n (%).

TABLE 1 The distribution of sex, age, and treatment history in each study site.

Sanglah Wahidin Kariadi Soetomo Sardjito Persahabatan Adam Malik All

Enrolled subjects 32 25 108 128 83 89 25 490

Analyzed subjects 25 20 103 123 75 80 21 447

Sex

Male 17 (68%) 13 (65%) 52 (51%) 71 (58%) 44 (59%) 63 (80%) 13 (62%) 274 (61%)

Female 8 (32%) 7 (35%) 51 (50%) 52 (42%) 31 (41%) 16 (20%) 8 (38%) 173 (39%)

Age (mean, SD year) 36.8 (12.2) 39.8 (17) 41.6 (12.2) 40.6 (12.8) 43.7 (17) 40.3 (14.7) 46.4 (15.1) 41.3 (14.1)

Treatment history

Newly diagnosed 22 (88%) 19 (95%) 36 (35%) 70 (57%) 59 (79%) 49 (61%) 5 (24%) 260 (58%)

Previously treated 3 (12%) 1 (5%) 67 (65%) 53 (43%) 16 (21%) 31 (39%) 16 (76%) 187 (42%)

The sensitivity of Xpert MTB/RIF among sites was more
consistent, with lowest sensitivity at Sanglah, Bali (87.5%) and
highest at Kariadi, Semarang; Sardjito, Yogyakarta; and Adam
Malik, Medan (100%). In contrast, specificity of Xpert MTB/RIF
was only above 80% at two sites, Sanglah, Bali (88.9%) and Adam
Malik, Medan (100%).

Factors associated with the positivity
of AFB smear, Xpert MTB/RIF, and Mtb
culture

Table 3 compares the positivity of AFB smear, Xpert
MTB/RIF, and Mtb culture by gender, treatment history, and

presence of cavities in 348 subjects with bacteriologically
confirmed TB. The positivity rate of AFB smear and Mtb culture
was higher in subjects with cavities compared to those without
cavities (89 vs. 76.1%, p = 0.002; 94.8 vs. 84.7%, p = 0.002). AFB
smear positivity rate was also significantly higher in previously
treated TB patients compared to newly diagnosed (87.1 vs.
78.8%, p = 0.04).

Mycobacterium tuberculosis culture using morning sputum
vs. mixed or spot trended toward being more positive, though
differences did not achieve significance. For AFB smear, the
positivity rate was significantly different with highest positivity
rate in mixed sputum and lowest rate in spot sputum (p = 0.04).
Type of sputum did not affect the positivity of Xpert MTB/RIF.
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TABLE 2 Diagnosis of tuberculosis by AFB smear and Xpert MTB/RIF compared to sputum culture as the gold standard.

AFB smear Xpert MTB/RIF

Sensitivity Specificity Sensitivity Specificity

All subjects 86.2% (269/312) 86.7% (117/135) 97.4% (304/312) 73.3% (99/135)

History of treatment

New TB patients 83.8% (145/173) 92% (80/87) 97.1% (168/173) 77% (67/87)

Previously treated 89.2% (124/139) 77.1% (37/48) 97.8% (136/139) 66.7% (32/48)

Sites/hospitals

Sanglah 68.8% (11/16) 100% (9/9) 87.5% (14/16) 88.9% (8/9)

Wahidin Sudirohusodo 83.3% (10/12) 100% (8/8) 91.7% (11/12) 62.5% (5/8)

Kariadi 90% (81/90) 76.9% (10/13) 100% (90/90) 61.5% (8/13)

Soetomo 94.3% (100/106) 64.7% (11/17) 96.2% (102/106) 52.9% (9/17)

Sardjito 50% (9/18) 93.0% (53/57) 100% (18/18) 84.2% (48/57)

Persahabatan 87.5% (49/56) 79.2% (19/24) 98.2% (55/56) 58.3% (14/24)

Adam Malik 64.3% (9/14) 100% (7/7) 100% (14/14) 100% (7/7)

TABLE 3 The positivity of AFB smear, Xpert, and Mtb culture by presence of cavity, new and previous treatment, gender, and sputum type,
compared to composite results of the three methods.

AFB smear Xpert MTB/RIF Mtb culture

Cavity 89 (153/172) p = 0.002 99.4 (171/172) p = 0.06 94.8 (163/172) p = 0.002

No cavity 76.1 (134/176) 96 (169/176) 84.7 (149/176)

Newly diagnosed TB 78.8 (152/193) p = 0.04 97.4 (188/193) 0.73 89.6 (173/193) p = 0.99

Previously treated TB 87.1 (135/155) 98.1 (152/155) 89.7 (139/155)

Male 81.2 (177/218) p = 0.41 98.6 (215/218) p = 0.13 87.2 (190/218) p = 0.04

Female 84.6 (110/130) 96.2 (125/130) 93.9 (122/130)

Morning sputum 85.4 (204/239) p = 0.04 98.7 (236/239) p = 0.33 90.8 (217/239) p = 0.07

Mixed sputum 89.8 (44/49) 98 (48/49) 81.6 (40/49)

Spot sputum 74.2 (49/66) 98.5 (65/66) 83.3 (55/66)

Rifampicin resistance

Table 4 shows that the consistency of Xpert MTB/RIF
with DST was better in the rifampicin-resistant group than
in the rifampicin-sensitive group (96 vs. 84%). Six rifampicin-
sensitive and two rifampicin-resistant sputa were negative by
Xpert MTB/RIF. Consistency of Xpert MTB/RIF in rifampicin-
resistant cases across sites was excellent. In the rifampicin
sensitive group, Xpert MTB/RIF classified 50, 15, and 12.5% as
resistant in Kariadi, Semarang, Soetomo, Surabaya, and Sanglah,
Bali, respectively.

Discussion

In this prospective cohort of adults with TB conducted at
seven major Indonesian hospitals, we enrolled newly diagnosed
and previously treated TB cases and assessed drug-susceptibility

profiles. The sensitivity of Xpert MTB/RIF was significantly
higher than that of AFB smear while specificity was significantly
lower when Mtb culture was considered the gold standard. Xpert
MTB/RIF demonstrated good sensitivity at all sites, while other
performance characteristics for Xpert MTB/RIF and AFB smear
showed high variation. Furthermore, higher positivity rates of
AFB smear and Mtb culture were found in subjects with cavities
and in morning sputum samples. Lastly, discordance between
Xpert MTB/RIF and Mtb culture DST results mainly occurred
in rifampicin sensitive sputum by DST.

Our findings confirm previous reports that Xpert MTB/RIF
is better than AFB smear for detection of TB (13, 14). A review
of 48 high quality studies showed that Xpert MTB/RIF has
a sensitivity of 96% (95% CI: 94–97%) (15). Xpert MTB/RIF
detects the genome of Mtb rather than the whole bacilli detected
by AFB smear, so would be expected to be more sensitive (6).
Furthermore, interpretation of AFB smear requires training and
is more subjective, particularly in sputa with lower bacilli load
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TABLE 4 Performance of Xpert MTB/RIF vs. DST for rifampicin susceptibility testing by sites/hospitals.

Positive Mtb culture (n = 312)

DST Rifampicin sensitive (n = 196) Rifampicin resistant (n = 116)

Xpert
MTB/RIF

Negative n
(%)

Sensitive n (%) Resistant n
(%)

Negative n (%) Sensitive n (%) Resistant n
(%)

sites/hospitals

Sanglah 2 (12.5) 12 (75) 2 (12.5) 0 (0) 0 (0) 0 (0)

Wahidin
Sudirohusodo

1 (9) 10 (91) 0 (0) 0 (0) 0 (0) 1 (100)

Kariadi 0 (0) 10 (50) 10 (50) 0 (0) 1 (1) 69 (99)

Soetomo 2 (2) 67 (83) 12 (15) 2 (8) 0 (0) 23 (92)

Sardjito 0 (0) 14 (100) 0 (0) 0 (0) 0 (0) 4 (100)

Persahabatan 1 (2) 48 (96) 1 (2) 0 (0) 1 (17) 5 (83)

Adam Malik 0 (0) 4 (100) 0 (0) 0 (0) 0 (0) 10 (100)

Total 6 (3) 165 (84) 25 (13) 2 (2) 2 (2) 112 (96)

(16). In our study, overall sensitivity of AFB smear, though lower
than Xpert MTB/RIF, was still higher than in other reports. Our
subjects were more likely to be AFB smear positive because 45%
of them were previously treated, and the new TB cases were
likely more complicated as they were already being seen at our
TB referral study sites (more problematic than subjects at the
primary health centers). The low sensitivity of AFB smear at
two study sites (Sardjito and Adam Malik hospitals) may be
due to a high proportion of newly diagnosed subjects with no
pulmonary cavities, suggesting low bacillary load that resulted
in negative AFB smear.

The low specificity of Xpert MTB/RIF compared to Mtb
culture has been reported previously (17, 18). Similar to
our study, the low specificity in these two studies was due
to the inclusion of re-treated TB patients. Therefore, our
results are representative of centers with similar populations.
Performance may be different in centers where newly diagnosed
TB patients predominate. One plausible explanation is that
Xpert MTB/RIF detects residual genomes in previously treated
subjects. Persistent detection 5 years after pulmonary TB
treatment has been reported (19, 20) with up to 27% of
patients remaining positive 6 months after successful treatment
(21, 22). Theron et al. reported that patients false-positive
by Xpert MTB/RIF were more likely to have recent previous
TB with low Mtb DNA load (high Ct value), and chest
X-ray non-suggestive of active-TB (23). Accordingly, our study
showed the specificity of Xpert MTB/RIF trended toward
being higher in newly diagnosed subjects, though it was
not statistically significant. Thus, a thorough exploration of
clinical, radiologic and TB treatment history, in conjunction
with detailed Xpert MTB/RIF results should be undertaken for
patients who are Xpert MTB/RIF positive and culture negative
(18). Additionally, the low specificity of Xpert MTB/RIF,
suggests that AFB smear still has a role, particularly during
monitoring of treatment response (22). However, positive

Xpert MTB/RIF but negative culture can be seen in newly
diagnosed patients with low cavitation frequency and low
bacillary load (24).

The high sensitivity of Xpert MTB/RIF (98.4%) compared
to AFB smear in our study highlights the potential benefit
of broadly deploying Xpert MTB/RIF. For case identification
in high prevalence settings, the more sensitive assay should
be used, even at the cost of specificity. Xpert MTB/RIF is
available in only about 1,000 healthcare facilities in Indonesia.
Capacity should be scaled up as a component of public health
policy to combat TB. Expansion of Xpert MTB/RIF testing
to district hospitals, primary healthcare facilities, and private
providers must be accompanied by training and resources
to support sustainability (25). Use of Xpert MTB/RIF can
enhance bacteriologic confirmation of TB, improve detection
of rifampicin resistance, shorten the time to diagnosis, reduce
transmission, and enable early treatment (6). Despite the benefit
of detecting rifampicin resistance in just a few hours by Xpert
MTB/RIF, rifampicin resistance results should be interpreted
with caution as the phenotype may still be sensitive.

Our finding that AFB smear and Mtb culture are more
sensitive in subjects with cavities is consistent with a prior study
comparing bacillary loads between TB patients with and without
cavities. Mean log10 CFU/ml of sputum values for cavitary
(n = 100) and non-cavitary (n = 144) patients, were 5.2 ± 1.4
(range, 1.1–7.3) and 4.0 ± 1.6 (range, 0.9–7.4), respectively
(P ≤ 0.0001) (26). However, we found a subset of smear positive
but culture negative samples. Technical issues such as improper
sputum storage and transportation, inaccurate decontamination
and centrifugation procedures, and temperature fluctuations in
the incubator might have contributed to lack of culture growth
and the requirement for repeat culture testing (27). A biological
explanation for failure to detect growth of the Mtb culture
is the presence of non-replicating bacteria, and mycobacterial
resuscitation-promoting factor (RPF) treatment may activate
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the growth of dormant bacteria (28). Pang Y et al. reported 5.7%
growth detection failure of BACTEC MGIT 960 culture reflected
Mtb poor fitness in vitro, despite the positivity grade of AFB
smear (29).

Our trend toward better sensitivity of AFB smear and Mtb
culture with morning sputum aligns with a systematic review
and meta-analysis that showed early morning sputum was
superior to other sputum specimens, though the difference was
not significant (OR 1·5, 95% CI 0·9–2·6, p = 0·2, for AFB smear;
and 1·4, 0·9–2·4, p = 0·2, for Mtb culture) (30). Concentration of
bacilli in early morning samples may be due to accumulation of
sputum in the lungs overnight (31). As for Xpert MTB/RIF, the
very sensitive nature of this assay suggests no specific sputum is
preferred (32).

We found that discordance between Xpert MTB/RIF and
Mtb culture DST mostly occurred in sputum rifampicin
sensitive by DST, but resistant by Xpert MTB/RIF (25 of 27
discordant cases). It has been reported that DST in South Africa
identifies less than 50% of rifampicin resistance compared to
Xpert MTB/RIF (33). Similar results have also been reported in
Iran and South Africa, regardless of HIV status (34–36). This
discordance between Xpert MTB/RIF and DST is most likely
due to the ability of Xpert MTB/RIF to detect silent mutations in
which the genetic changes have no impact on protein structure
(37). Also, Xpert MTB/RIF can detect borderline rifampicin
resistance, which is associated with low levels of rifampicin
resistance (38). However, very low bacillary loads may result in
insufficient amplification of sequences present on specific Xpert
MTB/RIF probes, resulting in attachment failure and false-
positive rifampicin resistance results (39). Absent or delayed
specific probes, such as B or E, are also associated with false-
positive rifampicin resistance by Xpert MTB/RIF (40). Amongst
our 25 discordant cases, 10 were newly diagnosed and 15 were
previously treated. Following the national TB guideline, sputa
from the 10 newly diagnosed subjects were re-tested for Xpert
MTB/RIF; one of these subjects was rifampicin-sensitive, treated
as DS-TB and cured. Seven newly diagnosed subjects who were
treated as MDR-TB were also cured, whereas two others were
lost to follow-up.

The two subjects with rifampicin sensitivity by Xpert
MTB/RIF but phenotypic resistance by DST included one
newly diagnosed and one previously treated subject. The newly
diagnosed subject was treated as DS-TB even after the DST
revealed resistance to rifampicin. However, the treatment was
extended through 1 year. Treatment for the previously treated
subject was switched from DS-TB to DR-TB once the DST
results that showed rifampicin, INH, ethambutol, streptomycin,
and ofloxacin resistance were available. Both subjects were
cured. The discordance of Xpert MTB/RIF and DST in these
two patients may have several explanations. Xpert MTB/RIF
cannot detect rifampicin resistance unless 65–100% of the
DNA population in the sample is mutant (41). Failure in
detecting several mutations by Xpert MTB/RIF may occur due
to binding competition if the mutation is located at the probe

junctions (42). The rare (2–5%) rpoB mutations can also occur
outside the rifampicin-resistant determining region (RRDR),
which has been reported by two studies in Indonesia. In
Makassar, South Sulawesi, 80% (40/50) of Mtb isolates had these
mutations (Gln432Pro, Asp435Val, Ser441Leu, His445Asp,
Ser450Leu, and Ile491Phe). In Jayapura, Papua, 89% (17/19)
of Mtb isolates had these mutations (Leu430Pro, Gln432Lys,
Asp435Tyr, His445Tyr, and Ser450Leu) (43, 44).

In addition, the high prevalence (1.9–28.8%) of hetero-
resistant sputum, which contains both sensitive and resistant
Mtb bacilli in regions with high TB endemicity, may result
in rifampicin resistance by Xpert MTB/RIF but sensitive in
sputum culture, or vice versa (45, 46). This may explain the
high discordance of results from two TB referral hospitals
(Kariadi and Soetomo) in Central and East Java provinces where
TB cases were most prevalent in Indonesia (1). As these two
hospitals enrolled many previously treated patients, a higher
proportion of mixed-type bacilli and rare mutations would
be expected (47). Almost all plausible explanations above are
biological, therefore we cannot determine whether results from
one of the assays was inaccurate. Clinicians should carefully
assess results from both assays to avoid under- and over-
diagnosis of rifampicin resistant TB cases. Regarding the rare
mutations outside the RRDR that are missed by XPert MTB/RIF,
improvement is needed. Finally, as the epidemiology of rpoB
mutations in Indonesia is still limited, further study to evaluate
the performance of the Xpert MTB/RIF for detecting rifampicin
resistance (48) is required, including gene amplification and
sequence analysis.

Our study had several limitations. First, it was conducted
in the referral hospital setting in large cities, which have
fewer supply chain and human resource limitations. Use of
Xpert MTB/RIF may not be feasible in more remote settings.
Furthermore, we found high performance variation across sites.
Both the high variation and specific population mean that
our results cannot be generalized to other types of healthcare
facilities. However, our results show that AFB smear performs
reasonably well and still has a role in TB control efforts.
Lastly, our population was skewed toward previously treated
subjects and problematic new subjects, which may have affected
performance measures.

Our findings support the need to expand and decentralize
Xpert MTB/RIF for TB case detection, particularly in newly
diagnosed TB, to improve TB control in Indonesia. Though
Xpert MTB/RIF aids in detecting rifampicin resistance,
clinicians should carefully evaluate results on a case-by-case
basis and consider DST results. We recommend maintaining
the capacity for AFB smear for monitoring treatment response
as it demonstrated higher specificity than Xpert MTB/RIF, is
relatively easy to perform, and is inexpensive. Further studies
should assess strategies for scale-up of Xpert MTB/RIF, evaluate
performance of TB diagnostics in remote areas, and explore
strategies to improve consistency amongst Xpert MTB/RIF,
AFB smear, and DST.
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