Nasicha et al | Article 10094
J Pure Appl Microbiol. 2025;19(2):1134-1144. doi: 10.22207/JPAM.19.2.16 O
Received: 23 November 2024 | Accepted: 21 March 2025

SN

Published Online: 21 May 2025 —

JOURNAL OF PURE AND APPLIED MICROBIOLOGY

P-ISSN: 0973-7510; E-ISSN: 2581-690X

RESEARCH ARTICLE OPEN ACCESS

Xpert® MTB/RIF Ultra Accuracy in Pulmonary
TB Diagnosis: Comparative Analysis with
Mycobacterial Growth Indicator Tube 960 System

Arifatun Nasicha'(®, Ni Made Mertaniasih?>*** (2, Eko Budi Koendhori*?
Pepy Dwi Endraswari**(2), Ariani Permatasari*®) and Atika®

'Resident of Clinical Microbiology, Faculty of Medicine, Airlangga University, Surabaya, Indonesia.
’Department of Clinical Microbiology, Dr. Soetomo Hospital, Surabaya, Indonesia.

3Department of Clinical Microbiology and Parasitology, Faculty of Medicine, Universitas Airlangga,

Surabaya, Indonesia.

“Department of Clinical Microbiology, Universitas Airlangga Hospital, Surabaya, Indonesia.

*Department of Pulmonology and Respiratory Medicine, Faculty of Medicine, Universitas Airlangga,
Surabaya, Indonesia.

5Department of Public Health and Preventive Medicine, Faculty of Medicine, Universitas Airlangga, Surabaya,
Indonesia.

Abstract

Tuberculosis (TB) is an infectious illness induced by Mycobacterium tuberculosis (MTB), a principal cause
of mortality globally. The incidence of TB in Indonesia is increasing every year. WHO recommends Xpert
MTB/RIF Ultra, which is sensitive and specific, as an initial method of TB diagnosis that detects 151081/
156110 of the Mycobacterium tuberculosis complex (MTBC). The study intends to analyze the accuracy
of Xpert Ultra with Mycobacterial Growth Indicator Tube (MGIT) 960 culture system of pulmonary
TB in the Clinical Microbiology Laboratory of Dr. Soetomo Academic Hospital, Indonesia. This was an
analytical, observational, and cross-sectional study that included 39 of 382 sputum samples that met
the inclusion and exclusion criteria from suspected pulmonary TB patients. The result showed that
56.4% (22/39) were adults, and 41% were elderly (>60 years), 61.5% (24/39) were male, and 43% of
them were smokers. Demographic factors, epidemiology, patients' clinical conditions, and chest x-ray
patterns all have no significant value on suspected pulmonary TB cases (p > 0.05). Xpert Ultra sensitivity
was 83.3%, specificity 82.5% and accuracy 84.6%. There are no statistical differences between the two
diagnostic methods (p = 0.687, McNemar’s). In conclusion, Xpert Ultra can diagnose pulmonary TB
as well as MGIT 960 system culture. Although demographic factor, epidemiology, clinical symptoms,
and also chest x-ray pattern cannot confirm the diagnosis of pulmonary TB, it is necessary to carry out
confirmation tests under the guidelines.
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INTRODUCTION

Tuberculosis (TB) is an infectious illness
caused by Mycobacterium tuberculosis (MTB), and
it is one of the top causes of death globally. The
global TB incidence rate (new cases per 100,000
population) in 2023 was 134, a slight (0.2%) rise
over 2022. The worldwide rise of the number
of people falling ill with TB was 10.8 million in
2023, a slight rise from 10.7 million in 2022, while
significantly exceeding 10.4 million in 2021 and
10.1 million in 2020.* There are 7,152 TB cases
reported by the US Centers of Disease Control
and Prevention (CDC) as of December 2024, led
by California and New York.2 Globally, Indonesia is
placed second (10%) among the five nations with
high-burden TB countries (India, Indonesia, China,
Philippines, Pakistan) accounting for 56% of TB
disease after India (26%).>® Indonesia is targeting
the detection of 1,035,000 tuberculosis (TB) cases
by 2025.%

Bacteriological examination is one of
the components of TB evaluation and is also very
important for diagnostic enforcement. Several
bacteriological examination methods carried
out are acid-fast bacillus (AFB) staining, direct
detection of MTB using Nucleic Acid Amplification
Testing (NAAT) including Xpert MTB/RIF Ultra
(Xpert Ultra), TB culture and drug susceptibility
for TB diagnosis with a molecular approach.®
AFB microscopy staining has varied sensitivity
because it depends on the sputum time collection,®
and it requires 5000-10,000 AFB/ml sputum
for positive result.”® AFB microscopy has low
sensitivity, several reports have demonstrated
the sensitivity of the staining varies between 18%
and 38%.%° In addition to AFB microscopy staining
as a bacteriological examination of TB, a culture,
which is the gold standard but consumes more
time for TB detection, it needs several weeks to
confirm. Therefore, for the initial diagnosis of TB,
it is recommended to use molecular testing, one
of which is Xpert MTB/RIF Ultra in accordance
with WHO recommendations since 2017 in
both children and adults.’® Xpert Ultra is more
sensitive in detecting low bacterial load of TB,
and the process takes less than 80 minutes to get
results.'1?

The Xpert Ultra detects Mycobacterium
Tuberculosis Complex (MTBC) and rifampicin

resistance simultaneously using 151081/1S6110,
which detects the presence of MTBC DNA in
the specimen and amplifies specific sequences
of the rpoB gene using rpo probes 1-4.%* IS6110
and 1S1810 are repeated mobile elements
particular to the MTBC, frequently noted for
their stability and typically comprising four to
six copies within the MTBC genome. Due to this
stability, several studies have used these genes
as a NAAT target.'**> Xpert MTB/RIF Ultra offers
much higher sensitivity than first-generation
Xpert for negative acid-fast bacilli (AFB) smear
but positive TB culture and HIV-associated TB,
and it demonstrates increased accuracy for the
detection of rifampicin resistance.’ Xpert Ultra
can detect with a minimal bacterial load of
12 cfu/ml*'; the process takes less than 80
minutes. It also has a larger DNA amplification®?
reaction space to increase diagnostic accuracy and
sensitivity (50 uL). However, culture is still used as
the gold standard for TB diagnosis.® The results
of the initial implementation of Xpert Ultra in
Jakarta, which was carried out in 3 cities, showed
that Xpert Ultra had a reasonably high examination
suitability, the examination technique was the
same as Xpert but had a shorter examination time
of 80 minutes, the referral network from health
facilities to the laboratory can be arranged using
the current network arrangement mechanism, in
addition, Xpert Ultra requires the exact cost as the
Xpert examination."

For MTBC detection can use solid media
such as Lowenstein Jensen (LJ), Middlebrook 7H10
and 7H11, and can also use liquid culture with
the Mycobacterial growth indicator tube (MGIT)
960 system, that contain 7H9 as the medium.*®
The MGIT 960 system is an autonomous, non-
radiometric continuous monitoring system that
serves as an alternative to radiometric methods
for the growth and detection of Mycobacterium.
The technique relies on fluorescence detection of
mycobacterial growth in a tube and a fluorescence
guenching-based oxygen sensor. It offers the
benefits of high throughput speed within 4-13 days
and facilitates easier result interpretation.’®?° The
liquid culture system detects most mycobacterial
growth in 4-14 days compared to solid media,
which takes 3-6 weeks.> Research by Lee et al.
stated that automatic liquid culture provides twice
as high and faster results than solid media.?! To
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identify MTB from MTBC, the rapid diagnosis of
MPT64 antigen detection is performed. MPT64,
a 24-kDa MTB protein, and a key pathogenic
bacteria secretory protein, is frequently used
as a diagnostic candidate protein. Capilia TB,
immunochromatography (ICT), enzyme-linked
immunosorbent assays (ELISA), SD Bioline, and
other methods are available for detecting the
MPT64 protein.2>

The accurate method of establishing the
diagnosis of pulmonary TB is determined by the
suitability of the Xpert MTB/RIF Ultra positive
results, which is MGIT 960, the gold standard
reinforced with data on clinical manifestations
of pulmonary TB, such as findings of specific
pulmonary TB images on chest x-ray. Because of
the discrepancy between Xpert Ultra results for
initial pulmonary TB screening and the patients
clinical symptoms in our hospital, and also there
are difference result between first generation
Xpert and TB culture, the study's objective is to
compare the accuracy of Xpert Ultra to that of
MGIT 960 culture in suspected pulmonary TB
patients.

MATERIALS AND METHODS

This cross-sectional, analytical
observational study aimed to determine how
accurate the Xpert MTB/RIF Ultra (GXMTB/
RIF-ULTRA-50, Cepheid, USA) technique was
at diagnosing pulmonary TB compared to the
MGIT 960 culture. This study was conducted
between July and September 2024 at the Clinical
Microbiology Laboratory, Dr. Soetomo Academic
Hospital in Surabaya, Indonesia, a primary referral
hospital in Indonesia. The total recorded sputum
sent for examination was 382 specimens analyzed
to identify MTBC by Xpert MTB/RIF Ultra (GXMTB/
RIF-ULTRA-50, Cepheid, USA) from suspected
pulmonary TB patients. All these samples were
tested using cartridge Xpert MTB/RIF Ultra
(Cepheid, USA). Out of 382 sputum samples, we
found 39 purulent spontaneous sputum specimens
from coughing and occasional blood streaks, with
each having 4 ml volume and all patients had gone
through chest x-ray exam. After the MGIT 960
culture (245122, BD, USA) was done, MTBC was
detected, and a rapid MPT64 antigen test (08FK50,
Abbot Bioline, Korea) was performed, which is

specific to MTBC. We also analyzed other factors
through patient electronic medical record data
observing the demographic factors such as age and
gender, then the patient's clinical conditions such
as cough, fever, weight loss, shortness of breath,
night sweats, as well as chest x-ray pattern such as
the presence of infiltrates, consolidation, pleural
effusion, cavities, and fibrosis on the Xpert Ultra
positifity in the diagnosis of pulmonary TB. There
are no age restrictions. The Ethical Committee
of Dr. Soetomo General Academic Hospital
has ethically approved this study (1041/KEPK/
VI1/2024).

Xpert MTB/RIF ultra method (Cepheid, USA)

From one volume of accurate sputum,
divided into 2 ml each for Xpert Ultra and 2 ml for
MGIT 960 culture system. The automated real-time
polymerase chain reaction (PCR) investigation
targeting 151081 and 1S6110 was performed
according to the manufacturer's guidelines. For
Xpert Ultra test, 2 ml sputum added with reagent
following the specimen's volume (1:1), the mixture
of sputum is shaken until it is homogenous.?®
Reagents can be added again if there are still
visible clumps in the mixture. The mixture is
left for 10 minutes at room temperature before
open the specimen container. For all specimen
handling steps performed at the biosafety
cabinet (BSC) in biosafety-level 2 (BSL-2). After
10 minutes at room temperature, 2 ml of mixture
sputum is added to the Xpert Ultra cartridge
(Cepheid, USA) by pipette (up to the pipette line)
to prevent bubbles that can cause errors. Then,
the catridge was slowly closed and inserted into
the GenXpert IV instrument. The results are
interpreted using the GeneXpert Dx software 6.2
System Software, USA. Among the observed results
are negative as MTB not detected, positive or MTB
detected with sensitive rifampicin or resistant, and
trace category that means detected MTB but has
low detectable amount of MTB genetic material so
that rifampicin result is indeterminate.*?

MTB culture with MGIT 960 method
Decontamination and processing of the samples
Sputum from the same specimen, 2
ml, was also examined for MTB MGIT 960 liquid
culture. Processing sputum specimens before
culture must be done in a Biosafety Cabinet (BSC).
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A 50 ml centrifuge tube (Falcon) was used to collect
sputum, which was then diluted with a similar
amount of Mycoprep (240862, BD, USA). This
decontaminating preparation contained N-acetyl-
L-cysteine-sodium hydroxide (NALC-NaOH) for the
processing of mycobacterial specimens. Then, the
vortex was inverted for 15-30 seconds, and the
tube can be inverted to expose all tube parts to
Mycoprep. Then added phosphate buffer saline
(PBS) (pH 6.8) to produce the suspension's total
amount of 45 ml after holding the tube for 15
minutes at room temperature, and by refrigerated
centrifugation, the samples were then centrifuged
at 3000 rpm for 15 minutes. Then, allow the tube
to remain in place for five minutes to permit
the aerosol to dissipate. Subsequently, the
supernatant is discarded, leaving the sediment in
the falcon tube. PBS (1-2 milliliter) is then added
to the sediment.®

Detection of mycobacterial growth

A suspension containing a combination
of the MGIT growth supplement (245124, BD,
USA) and the antibiotic mixture PANTA (245144,
BD, USA) as much as 0.8 ml was added to the
MGIT tube (245122, BD, USA) for liquid culture.
After that, half a milliliter of the concentrated and
decontaminated sputum specimen suspension
was added to the MGIT tube and thoroughly
mixed. After the tube is closed, then inverted
several times to mix the suspension evenly. The
incubation is carried out until a positive sign is
obtained in the form of a red light alarm as a sign
of MTB growth, or a negative in the form of a
green light is a sign of no MTB growth. If a positive
result is obtained, the tube was removed from
the machine, and then an acid-fast smear check
and gram staining are carried out.*® Tiny cords or
clumps that formed at the tube's bottom during
agitation are indicative of mycobacterial growth,
whereas uniform turbidity throughout the tube
indicates contamination.?®

MTBC was identified by a rapid diagnostic test of
the MPT64 antigen

After Mycobacterium that detected
from MGIT 960 culture system, followed by
immunochromatographic technique as rapid
diagnostic testing using the MPT64 kit (08FK50,
Abbott Bioline, Korea) that examined for the

presence of the MPT64 antigen. A droplet of
the positive culture is placed on the lateral flow
strip. The inoculated immunochromatographic
tests (ICT) cassettes were maintained at room
temperature and inspected after 15-20 minutes.
Two regions are called C as a control and T as a
test. If the band in the T area is the same as in the
Carea, itis said to be a positive MPT64 test. MPT64
antigen negative is characterized by the presence
of banding in C but absent in T region. No band in
‘C’ region was interpreted as an invalid test.??

RESULTS

We gather a 4 ml purulent with blood
streak occasionally sputum specimen from
suspected pulmonary TB patients as inclusion
criteria, if no chest x-ray is obtained from the
patient medical record, it will be excluded from
this study. Out of 382 sputum specimens sent to
the Clinical Microbiology Laboratory, 39 accurate
spontaneous sputum samples were examined by
Xpert Ultra that met the inclusion and exclusion
criteria, and the remaining samples are excluded
because the 343 samples had volumes less than
4 ml and the quality was not guaranteed in this
study. The results of the study are displayed as
a table (Table 1) containing percentage data,
which were analyzed Chi-square test in the SPSS
26 application. Statistical significance was set at
p < 0.05 significant. A total of 2.6% (1/39) were
children (0-18 years), 56.4% (22/39) were adults
(19-59 years) and 41% (16/39) were elderly (>60
years). The mean age was 54 (+14.6 SD), and
61.5% (24/39) of them were male. There were
10.8% with HIV co-infection. Most of the patients,
84.6% (33/39) were newly diagnosed pulmonary
TB patients, 10.3% were relapsed, and 5.1% were
withdrawn.

Most patients' clinical symptoms are
productive cough 35 (89.7%), breathlessness
27 (69.2%) followed by weight loss 21 (53.8%).
Patients had a history of tobacco smoking 17
(43%), and all of them were male, and a history
of diabetes mellitus 7 (17.9%). The most common
pattern on chest x-ray radiology examination was
infiltrates 74.4%, and fibrotic was 64.4%. For the
clinical symptoms in patients with suspected
pulmonary TB such as cough, shortness of breath,
weight loss, fever, night sweats and hemoptysis, all
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of them have p - value > 0.05, that means it does
not correlate with the incidence of pulmonary
TB (p=0.123, p=0.151, p =0.520, p = 1.000, p =
0.446, and p =0.119).

Demographic factors, epidemiology,
patients' clinical conditions, and also chest
x-ray patterns either infiltrates, consolidations,
pleural effusions, cavities and fibrosis all have no
significant value on Xpert MTB/RIF Ultra, where

all of them have p > 0.05 (p = 0.446, p = 0.715,
p = 0.083, p = 1.000, and p = 1.000), only pleural
effusion is close (p = 0.083) with chi-square
statistical analysis using SPSS (Table 1).26

In this study, 35.9% (14/39) of the Xpert
Ultra results were positive (Table 2). Of the 14
positive results, 71.4% (10/14) obtained positive
MTB growth on the MGIT 960 culture culture
system. At the same time, 4 had negative MTB

Table 1. Characteristics of the samples and factors associated with suspected pulmonary TB patients

Characteristic Total Xpert MTB/ Xpert MTB/ p-value
(N =39) RIF Ultra RIF Ultra Not-

Detected detected

(N =14) (N =25)
Demography dan
Epidemiology
Age 0.527
<18 years 1(2.6%) 0 (0.0%) 1(100%)
19-59 years 22 (56.4%) 9 (40.9%) 13 (59.1%)
>60 years 16 (41.0%) 5(31.3%) 11 (68.8%)
Gender 0.196
Male 24 (61.5%) 11 (45.8%) 13 (54.2%)
Female 15 (38.5%) 3 (20%) 12 (80%)
HIV Status 0.123
Yes 4(10.3%) 3 (75%) 1(25%)
No 35 (97.8%) 11 (31.4%) 24 (68.6%)
Diabetes Melitus 0.225
Yes 7 (17.9%) 4 (57.1%) 3 (42.9%)
No 32 (82.1%) 10 (31.3%) 22 (68.8%)
Category case 0.053
New Case 33 (84.6%) 10 (30.3%) 23 (69.7%)
Relaps 4(10.3%) 2 (50%) 2 (50%)
Drop-out 2 (5.1%) 2 (100%) 0 (0%)
Clinical Symptoms
Cough 35 (89.7%) 11 (31.4%) 24 (68.6%) 0.123
Dyspneu 27 (69.2%) 12 (44.4%) 15 (55.6%) 0.151
Weightloss 21 (53.8%) 9 (42.9%) 12 (57.1%) 0.520
Fever 16 (41.0%) 6 (37.5%) 10 (62.5%) 1,000
Nightsweats 10 (25.6%) 5 (50.0%) 5 (50.0%) 0.446
Hemoptysis 9(23.1%) 1(11.1%) 8 (88.9%) 0.119
Chest X-ray
Infiltrate 29 (74.4%) 9 (31.0%) 20 (69.0%) 0.446
Consolidation 14 (35.9%) 4 (28.6%) 10 (71.4%) 0.715
Pleural Effusion 13 (33.3%) 2 (15.4%) 11 (84.6%) 0.083
Cavity 8 (20.5%) 3 (37.5%) 5 (62.5%) 1.000
Fibrotic 29 (64.4%) 23 (63.9%) 6 (66.7%) 1.000
Microbiology
MGIT 960 Culture 0.687
Detected 12 (30.8%) 10 (83.3%) 2 (16.7%)
Not detected 27 (69.2%) 4 (14.8%) 23 (85.2%)
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Table 2. Sample proportion of Xpert Ultra and MGIT 960 culture system

MGIT 960 MGIT 960

Detected Not detected
Xpert MTB/RIF 10 (True positive) 4 (False positive) 14
Ultra Detected 71.4% 28.6%
Xpert MTB/RIF 2 (False negative) 23 (True negative) 25
Ultra Not detected 8.0% 92%

12 Total
39

growth, while 3 of them had trace, and 1 had very
low detection. Of the total samples, 30.8% (12/39)
had MTB growth on MGIT 960 culture system,
while 8% (2/12) had no MTB detected by Xpert
Ultra. Of the 71.4% (10/14) who were positive
for MTB growth on MGIT 960, 10% (1/10) had
Rifampicin resistant on Xpert Ultra, but all were
Rifampicin sensitive on MGIT 960.

In comparison with the liquid culture
MGIT 960 system, the ‘gold standard test’ for
MTB, the Xpert Ultra sensitivity is 83.3% (95% ClI
51.6 - 98), specificity 82.5% (95% Cl 66.27 — 95.81),
positive predictive value 71.43% (95% Cl 49.43-
86.48) and negative predictive value 92% (95%
Cl 76.27-97.63). For Xpert Ultra, the accuracy in
lung TB detection was 84.6% (95% Cl 69.4-94). The
statistical differences between the two diagnostic
methods, Xpert Ultra and MGIT culture, were
insignificant (p = 0.687 by McNemar’s test).

DISCUSSION

Tuberculosis is an infection caused by
MTB bacteria that is most commonly manifested
in the lungs.?” Some of the risk factors for TB are
age, smoking behavior, having a poor sanitary
environment and low socioeconomic factors.® In
this study, 56.4% of pulmonary TB suspect patients
were adults (19-59 years) followed by 41% elderly
(>60 years). The average age was 54 years, with a
higher proportion of male than female (61.5% vs.
38.5%, respectively). However, the results of the
chi-square correlation analysis of age and gender
showed no statistically significant correlation
between age (p = 0.527) and gender (p = 0.196)
with the pulmonary TB incidens. One study
states that in adults, post-primary tuberculosis
is common due to endogenous reactivation or
exogenous reinfection in a previously sensitized

patient who has maintained some previously
sensitized patients, who have maintained some
level of immunity.?® Further, several factors
are thought to play a role in the mechanism of
increased susceptibility in male such as smoking,
which can cause lung damage and decreased
immune system function, and alcohol use which
has an immunosuppressive effect.?°

Although HIV and DM are not correlated
with TB incidence in this study (p = 0.123 and
p = 0.225), it was found that 75% (3/4) of patients
with HIV, and 57.1% (4/7) of diabetes patients
had pulmonary TB. These two comorbidities are
often cited as influencing the incidence of TB,
suggesting that diabetes suppresses the immune
response, which in turn facilitates MTB infection
and/or progression to symptomatic disease. In
addition, poor glycemic control adversely affects
TB treatment outcomes with effects such as
prolongation of culture conversion, treatment
failure, relapse and death.3! Other study states
CD4* cells attacked by HIV causing the number
of CD4" T cells decrease, so that the remaining
T cells work excessively, resulting in exhausted T
cells, where the peak of the decrease in IFN-y and
TNF-a results in increased MTB activity.>?

In the description of clinical symptoms
in patients with suspected pulmonary TB such
as cough, shortness of breath, weight loss, fever,
night sweats and hemoptysis, does not correlate
with the incidence of pulmonary TB (p = 0.123,
p =0.151, p = 0.520, p = 1.000, p = 0.446, and p
= 0.119) with chi-square analysis, although the
suspected pulmonary TB patients samples in this
study were mostly cough (89.7%), dyspnea (53.8%)
and fever (41%). This could be due to cough and
shortness of breath are also common symptoms
that occur due to respiratory tract disorders, such
as lung infections or non-infections®** whether from
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the lungs, heart or other causes.** Fever may be
mediated by endogenous pyrogens (cytokines)
in response to exogenous pyrogens, especially
microorganisms or their products (toxins)* which
can also be caused by organs other than the
lungs.®

From the chest x-ray examination in
this study showed that each pattern did not
correlate with the incidence of pulmonary TB,
either infiltrates, consolidations, pleural effusions,
cavities and fibrosis (p = 0.446, p = 0.715, p =
0.083, p = 1.000, and p = 1.000) with chi-square
correlation analysis. This could be due to the fact
that chest x-ray in pulmonary TB can be in several
patterns of lession. It differs from size, shape,
density, and cavitation. It also can be found in
mixed nodular, fibrous, pleural effusion from
one person to another.*” In addition, chest x-ray
examination in pulmonary TB cannot distinguish
whether it is active TB or old TB, so in diagnosing
TB, only radiology examination cannot be done.®

In addition to Indonesia being a high-
burden country contributing to the world TB
incidence,! TB cases in Indonesia are also increasing
every year,* so the Indonesian government is
making various efforts to tackle TB cases, one of
which is conducting molecular screening tests
such as Xpert MTB/RIF Ultra as an initiation
of early TB diagnosis in accordance with WHO
recommendations.**3®

The Xpert MTB/RIF Ultra works by
detecting MTBC and rifampicin resistance
simultaneously by amplifying specific sequences
of the rpoB gene using rpo probes 1-4, and the
presence of one additional target gene, namely
1S1081/156110 for detection of MTBC DNA
presence in the specimen.?® IS6110 is a unique
insertion repetitive mobile element specific to
the MTBC, which is widely used as a genotypic
diagnostic.” In addition to 1S6110, another gene
is 1S1081 of the MTBC genome, which is often
reported to be very stable and consists of 4 to
6 copies. Several studies have used 1S1810 as a
NAAT target! related to conserved gene regions
and multi-copies of specific genes. Xpert MTB/RIF
Ultra has a larger DNA amplification reaction space
to increase diagnostic accuracy and sensitivity.'?3
Xpert Ultra has a much higher sensitivity compared
to first-generation Xpert in negative acid-fast
bacilli (AFB) smear but positive TB culture and

HIV-TB patients and shows increased accuracy for
the detection of MTBC and rifampicin resistance
(R|F)_1o,17

Several studies suggest that the sensitivity
of Xpert Ultra in diagnosing TB ranges from 92-95%
compared to the first generation Xpert (89.40%),
and specificity of 96.46% from all lung specimens
in pulmonary TB suspects.®**° This is different from
this study, where the sensitivity of Xpert Ultra was
83.3%, and specificity was 82.5% which is lower
than existing literature and some studies. This
could be due to there were 28.6% samples (4/14)
that did not show growth in MGIT 960 culture
system (2 false positive, 2 were NTM identified)
that affect these sensitivity and specificity results.

The first false positive patient had
received anti-tuberculosis therapy for 4 months
from previous TB and then dropped out due to
hepatitis B and regularly took antiretrovirals.
He also has a history of diabetes mellitus and
asthma that is controlled by inhaler. The patient's
clinical symptoms were suggestive of TB, and the
lung chest x-ray showed multiple infiltrates and
cavities as well as pleural effusion. The second
false positive was relapsed pulmonary TB, which
received anti-tuberculosis for 6 months and was
declared cured in the same year without any acid-
fast staining evaluation. The patient presented
with shortness of breath and cough, and the
patient was also a passive smoker. A chest x-ray
showed fibro-consolidation in the right lung
and right pleural effusion. From these two false-
positive results, could be due to the remnants of
non-viable MTB bacteria after receiving therapy.
There may be additional potential sources of
Mpycobacterium tuberculosis DNA in sputum if we
consider Tuberculosis as a spectrum of diseases
that includes subclinical and even latent stages.*
Otherwise, the MTB DNA found in sputum can
be intact with live or dead MTB, which can be
obtained from the lower respiratory system.*
Although both results were false positives, TB
management was still carried out in accordance
with the WHO TB diagnosis algorithm.*?

The remaining 2 specimens showed
growth on the MGIT 960 culture system but
were negative for MPT64 antigen, so they were
concluded to be NTM, not MTBC. The first
patients is lung adenocarcinoma and multiple-
site malignant lymphadenopathy, with the
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main complaint of a lump in the lymph node
accompanied by tightness and weight loss, without
respiratory symptoms and TB history. The chest
x-ray showed infiltrates in the left parahillary
and pleural effusion. The second patient had a
hemorrhagic stroke with the main symptoms of
dysarthria, she showed respiratory symptoms
after a few days of treatment. Chest x-ray radiology
showed a right parahilar fibro infiltrate. Of the
two patients, 1S6110 and 151081 should only be
found in MTBC with positive Xpert Ultra results,*?
and none of the NTM specimens had these gene
targets.* But one of these genes, 1S6110, can
also be found in NTM,* and another studies state
that both genes can be found in NTM,*4¢ so that
the Xpert Ultra results were positive and its grew
on the MGIT 960 culture system. However, the
research is very old, so it is necessary to re-do the
research with the same idea or modified.

Ofthe 28.6% (4/14) patients we described
above, 3 of them were trace category and 1
very low detection on Xpert Ultra. When the
Xpert Ultra test comes back with a trace result,
it's essential to evaluate many other aspects,
according to the WHO. These include the patient's
age, if they have HIV, whether they have ever
taken anti-TB medication, and the possibility that
the sample's location is linked to variations in
bacterial load. It is necessary to reevaluate clinical
symptoms and gather information on previous
tuberculosis cases to follow up on the Xpert
Ultra trace results. Additional Xpert Ultra tests
are not recommended for adults with symptoms
of pulmonary Tuberculosis with a positive initial
result.*

In research, specificity and sensitivity
may fluctuate with prevalence; thus, considerable
disparities in the case between the study and
actual practice might lead to spectrum bias in
accuracy assessments. However, for a test to
be useful, sensitivity combined with specificity
should be at least 1.525, or it can be said to be
150%. In this study, we found that the sensitivity
and specificity were 83.3% and 82.5%; when
summed up, the result is 165.8%, which means
that the Xpert Ultra method has good sensitivity
and specificity in diagnosing pulmonary TB.
Statistically, we conducted the McNemar test in
SPSS,?¢ which is a non-parametric test because
the sample in this study included paired nominal

data. The differences between the two diagnostic
methods, Xpert Ultra and MGIT culture, were
found to be insignificant (p = 0.687 by McNemar’s
test). This means that the Xpert Ultra method
for diagnosing pulmonary TB is the same as the
MGIT 960 culture, which is the gold standard for
TB diagnosis.

In this study, the positive predictive
value (PPV) and the negative predictive value
(NPV) were 71.43% and 92%. We assume that the
difference in PPV and NPV rates could be due to
some samples not detected by culture because the
patients had received previous therapy. Positive
and negative predictive values are attractive
because they are clinically intuitive.*” Predictive
values can differ from one setting to another for
the same diagnostic test, and they are affected
by the prevalence of the disease. The lower the
prevalence of the disease, the higher its negative
predictive value. And the higher the prevalence
of the disease, the higher the positive predictive
value.®®

The fundamental metrics of a test's
diagnostic accuracy are sensitivity and specificity.
Additional metrics include predicted values
and total accuracy. The most crucial factor in
the accuracy test is the reference standard that
validates the test, and there is the assumption that
it is 100% accurate. So, the standard benchmark
used in this study is MGIT 960 liquid culture
system, the gold standard for TB diagnosis.* So,
the closer the accuracy is to 100%, the better the
result is. According to this study, the accuracy of
Xpert MTB/RIF Ultra for pulmonary TB diagnosis
is 84.6%.

According to this discussion, the different
results between Xpert Ultra as initial TB diagnosis
and culture as the gold standard must still consider
clinical judgment as a guide to TB management,
the small number of good-quality sputum
samples obtained in the study, which can affect
the overall accuracy results, is a limitation of this
study. Effective coordination between doctors in
charge of the patient and the medical technicians
in the laboratory administering more than 1
month of anti-tuberculosis therapy can affect the
results of Xpert Ultra. Many sputum specimens
are sent to the laboratory for Xpert Ultra, but
most are not of good quality or are insufficient in
volume. Even with the quality of these specimens,

Journal of Pure and Applied Microbiology

1141

www.microbiologyjournal.org



Nasicha et al | J Pure Appl Microbiol. 2025;19(2):1134-1144. https://doi.org/10.22207/JPAM.19.2.16

positive results can still be produced. In addition,
discovering false positive results and NTM findings
gives a different view of the sensitivity and
specificity values. So, it is necessary to examine
the diagnostic accuracy of low-quality sputum, as
well as studies that can be focused on those who
have never received previous therapy.

CONCLUSION

Several factor such as demography,
epidemiology, clinical symptomps and also chest
x-ray pattern cannot confirm the diagnosis of
pulmonary TB, because in addition to being a
risk factor, the clinical conditions and chest x-rays
patterns of suspected pulmonary TB patients can
vary, so it is necessary to carry out confirmation
test in accordance with the guidelines.

According to this study, Xpert MTB/RIF
Ultra has a sensitivity of 83.3%, specificity of 82.5%,
and accuracy of 84.6% in diagnosing pulmonary TB
compared to the MGIT 960 system culture. From
these results, it can be concluded that Xpert MTB/
RIF Ultra is good enough to diagnose pulmonary
TB. These results are important for Dr. Soetomo's
health facilities as a provincial referral hospital, so
all primary and secondary health facilities conduct
examination for pulmonary TB diagnosis, which are
sometimes of unreliable quality and less accurate
sputum, therefore, it is still necessary to conduct
Xpert Ultra examination under the TB detection
algorithm guideline compliance (WHO, Health
ministry), starting from clinical patients as well as
chest x-ray radiology.
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