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Abstract

The incidence of extrapulmonary tuberculosis (EPTB) in low- and middle-income countries, as well as, high-income coun-
tries has increased over the last two decades. The acid-fast bacillus (AFB) smear test is easy to perform and cost-effective
with a quick turnaround time but the test has low sensitivity. Culture remains the gold standard for detecting TB; however,
it has low sensitivity and slow bacterial growth patterns, as it may take up to 6 to 8 weeks to grow. Therefore, a rapid detec-
tion tool is crucial for the early initiation of treatment and ensuring an improved therapeutic outcome. Here, the Xpert Ultra
system was developed as a nucleic acid amplification technique to accelerate the detection of MTB in paucibacillary clinical
samples and endorsed by the World Health Organization. From March 2020 to August 2021, Xpert Ultra was evaluated for
its sensitivity and specificity against EPTB and compared with those of the routinely used Xpert, culture, and AFB tests in
845 clinical samples in Saudi Arabia. The results indicate the overall sensitivity and specificity of Xpert Ultra to be 91%
and 95%, respectively, compared with the Xpert (82% and 99%, respectively) and AFB smear (18% and 100%, respectively)
tests. The results also indicated that despite the low microbial loads that were categorized as trace, very low, or low on Xpert
Ultra, yet, complete detection was achieved with some sample types (i.e., 100% detection). Consequently, Xpert Ultra has
great potential to replace conventional diagnostic approaches as a standard detection method for EPTB.
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NND Number needed to diagnose

PPV Positive predictive value

RT-PCR Real-time polymerase chain reaction
RIF Rifampicin

RR Rifampicin resistance

RRDR RR-determining region

TB Tuberculosis

WHO World Health Organization

ZN Zeihl-Neelsen

1 Introduction

Tuberculosis (TB) is a leading global health problem that
results in significant morbidity and mortality. The infection
is caused by the airborne pathogen Mycobacterium tuber-
culosis (MTB) [1-3] and is arguably the leading cause of
infectious disease-related mortality worldwide [4]. Since
nearly one-third of all active TB cases are underreported and
undiagnosed, the rapid detection of MTB is a crucial, life-
saving intervention [4]. TB is classified either as pulmonary
TB if involving the lung parenchyma, and extrapulmonary
TB (EPTB), if involving sites other than the lungs. Several
studies have suggested that the site of EPTB varies depend-
ing on the geographic location and population. According
to the World Health Organization (WHO), EPTB accounts
for 16% of all TB cases worldwide [3, 5]. Young children
and immunocompromised individuals have a higher risk of
EPTB infections [2, 6-8]. Since the advent of HIV infection,
EPTB has become more predominant and has been found
concurrent with HIV infection in more than 50% of patients
[2]. However, the diagnosis of EPTB tends to be more chal-
lenging than that of pulmonary TB due to the paucibacillary
nature of the disease [1, 2].

TB is generally diagnosed by a microbiological, radiolog-
ical, or histological approach. The microbiological approach
includes smear examination, culture, and molecular-based
tests. While culture remains the gold standard laboratory
method for diagnosing MTB, it has low sensitivity against
EPTB with a low bacillary load and requires 6 or 8 weeks
for optimal bacterial growth in a liquid or solid medium,
respectively [2, 3]. Culture is also required for drug sus-
ceptibility testing (DST). Therefore, the delay in diagnosis
may increase the rate of TB disease transmission if drug
resistance is present.

The acid-fast bacilli (AFB) smear test can be used as a
rapid test (24-h turnaround time) for TB detection [9]. How-
ever, the limit of detection (LOD) of the conventional AFB
smear technique of fewer than 10,000 bacterial units per
milliliter (mL) is difficult to estimate under microscopy [5].
The sensitivity of the AFB smear is reported to be ~50% but
could be as low as 10-20% for paucibacillary disease [10,
11]. Traditional staining methods, such as Zeihl-Neelsen

(ZN), Kinyoun, and Auramine-O, are more cost-effective
and might provide rapid results but are similarly limited by
a lower sensitivity and specificity than those of the culture
and nucleic acid-based methods [12]. Furthermore, several
reports have demonstrated that MTB may not be detectable
using conventional staining methods [13-16]. Thus, MTB
detection using nucleic acid amplification techniques can be
considered as more favorable and rapid detection, which are
crucial features for early treatment initiation and improved
therapeutic outcomes.

In December 2010, the WHO endorsed the implementa-
tion of a rapid nucleic acid amplification test for the diagno-
sis of TB called Xpert MTB/RIF (Cepheid, Sunnyvale, CA,
USA) [1, 17, 18]. Xpert is a real-time polymerase chain reac-
tion (RT-PCR) assay that can concurrently detect rifampicin
resistance (RR) as an indicator of multi-drug resistant TB
(MDR-TB). The assay was designed to use low biosafety
level settings for the simultaneous detection of the genetic
material of MTB and its mutations, with a turnaround time
of <2 h [1, 17, 19]. The pooled sensitivity of Xpert for
culture-positive TB is 98% and 67% for smear-positive and
-negative specimens, respectively. In the case of RR-TB,
the sensitivity and specificity of Xpert is 95-96% and 98%,
respectively [20, 21]. Xpert is also used to diagnose HIV,
with a pooled sensitivity of 79-81% regardless of the spu-
tum smear status. A previous report demonstrated that the
routine addition of a molecular-based test to the diagnostic
algorithm of EPTB has an overall moderate clinical utility,
with excellent performance for cold abscess, tuberculous
meningitis, and renal TB [22].

The next generation of the Xpert, known as Xpert Ultra,
was launched in 2017. It improves upon the performance
of the Xpert in smear-negative specimens for better detec-
tion of MTB and a higher LOD of 15.6 CFU/mL [23, 24].
The sensitivity of the Xpert Ultra was increased by com-
bining two new PCR assays targeting the multi-copy genes
156110 and IS1081, a larger DNA reaction chamber, and
a transformation from the hemi-nested to the fully-nested
PCR reactions. Conversely, the specificity of the Xpert Ultra
decreased as a result of enhancing its sensitivity [1, 24]. The
WHO endorsement of the Xpert Ultra assay was based on a
prospective study that included 129 HIV-positive adults in
Uganda with suspected tuberculous meningitis, which was
confirmed in 22. The study established the sensitivity of
Xpert Ultra at around 95% vs. 45% for Xpert [25]. Never-
theless, a subsequent randomized trial conducted to confirm
concurrent HIV infection in 205 patients with tuberculous
meningitis showed that Xpert Ultra was not superior to
Xpert [26]. This has delayed the official use of Xpert Ultra
as the gold standard diagnostic tool rather than the culture
for TB detection [26]. Furthermore, studies evaluating the
performance of the Xpert Ultra with various EPTB speci-
mens, especially in HIV-negative populations, are limited to

@ Springer



784

Journal of Epidemiology and Global Health (2023) 13:782-793

certain geographical regions. Therefore, this study evaluated
retrospective data from EPTB clinical specimens analyzed
at reference TB laboratories in the central (Riyadh City),
and eastern (Dammam City) provinces of Saudi Arabia
over 18 months (March 2020 to August 2021). This study
evaluated the performance and diagnostic accuracy of Xpert
Ultra for detecting EPTB and compared it with those of the
routinely used culture, AFB, and Xpert tests in different
clinical settings. All EPTB specimens were diagnosed by
Kinyoun AFB staining, microbiological growth indicator
tube (MGIT) culture, MGIT DST, Xpert, and Xpert Ultra,
with the MGIT culture test used as the reference standard
method.

2 Materials and Methods

This study compared the performance of three diagnostic
methods to diagnose EPTB in Saudi Arabia based on sample
type, age group, gender, and nationality. The experiment
in this study was designed in two phases. The first phase
included 140 EPTB samples, from different nationalities,
to compare Xpert Ultra, Xpert, and AFB staining with the
MGIT, whereas the second phase included 845 EPTB sam-
ples, in addition to the 140 samples of the first phase, to
compare Xpert Ultra and AFB with MGIT.

2.1 Specimens Processing and Laboratory Settings

EPTB clinical samples were obtained from 845 patients
suspected of EPTB. Specimen types included cerebrospinal
fluid (CSF), tissue biopsies, pus, pleural fluid, gastric aspi-
rate, and urine, among others (Table 1). All samples were
collected and managed in modified Biosafety Level 3 labo-
ratories in two regions in Saudi Arabia, i.e., the Mycobacte-
riology Reference Laboratory in Riyadh City (an ISO 15189
accredited laboratory specializing in MTB detection) and the
TB laboratory at the regional laboratory in Dammam City.

Nonsterile clinical specimens were subjected to treatment
with MycoPrep decontamination solution (MycoPrep, Bec-
ton Dickinson, Sparks, MD, USA) [27]. Briefly, samples
were transferred into 50-mL sterile tubes to be decontami-
nated by adding equal volumes of MycoPrep solution. After
20 min of incubation at room temperature, freshly prepared
phosphate buffer saline (PBS; pH 6.8) was added at a final
volume of 50 mL to neutralize the samples. Samples were
centrifuged at 3000 g for 15 min. The supernatant was
decanted, and the concentrated sediment was resuspended
into 2-3 mL PBS. The resulting pellets were tested using
three methods: (i) Kinyoun smear microscopy; (ii) MGIT
using a Bactec 960 instrument (BACTEC MGIT, Becton
Dickinson, Sparks, MD, USA) for liquid culture; and (iii)
Xpert and Xpert Ultra assays.

@ Springer

Table 1 The distribution of EPTB in different clinical specimens

Specimen Number (n=_845) Percentages (%)
Tissue 377 44.62
Pleural fluid 179 21.18
Pus 83 9.82
Biopsies 41 4.85
CSF 38 4.50
Ascitic fluid 32 3.79
Peritoneal fluid 20 2.37
Pericardial fluid 18 2.13
Gastric aspirate 17 2.01
Synovial fluid 13 1.54
Aspiration fluid 9 1.07
Abscess 8 0.95
FNA 5 0.59
Bone 2 0.24
Stool 1 0.12
Swab 1 0.12
Urine 1 0.12

CSF cerebrospinal fluid, FNA fine-needle aspirates

2.2 Culturing of EPTB Specimens

All EPTB specimens were inoculated into a liquid culture
based on bacterial growth fluorometry. Liquid culture was
prepared according to the manufacturer's recommendation.
MGIT tubes were supplemented with an enrichment supple-
ment (i.e., OADC) and an antibiotic mixture (i.e., PANTA).
The decontaminated/sterile portion (0.5 mL) was inoculated
into the MGIT tube. All tubes were incubated in an auto-
mated liquid culture BACTEC MGIT 960 system (Becton
Dickinson) for a maximum incubation period of 42 days at
35-38 °C.

2.3 Direct Drug Sensitivity Testing of EPTB
Specimens

For all positive culture samples, first-line direct DST was
performed using Bactec MGIT 960 SIRE and Bactec MGIT
960 pyrazinamide kits (Becton Dickinson) that included iso-
niazid (INH), rifampicin (RIF), ethambutol, and pyrazina-
mide anti-tuberculous drugs. Strains resistant to INH and
RIF were considered to be MDR.

2.4 Kinyoun Smear Microscopy of EPTB Specimens

AFB smears were prepared according to the manufacturer’s
recommendation of the Kinyoun staining kit (Becton Dick-
inson). Briefly, smears were sprayed with carbol fuchsin
for 5 min and then de-stained with sulfuric acid for 2 min.
The counterstain was then added to the smears for 1 min.
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In Kinyoun staining, mycobacteria would appear as red or
purple rods against a blue background. The quantification
of AFB was reported according to the Centers for Disease
Control and Prevention scoring system.

2.5 Xpert MTB/RIF Assay of EPTB Specimens

The Xpert MTB/RIF (Xpert; Cepheid, Sunnyvale, CA, USA)
molecular assay was performed as described previously [28].
EPTB clinical specimens were diluted with a sample reagent
at a ratio of 1:2 according to the manufacturer's recommen-
dation. These mixtures were vortexed every 5 min during
a 15-min incubation period at room temperature. Aliquots
(2 mL) of the mixtures were transferred to the Xpert test
cartridge. Cartridges were placed into the Xpert instrument
that automatically generates results, which were read after
90 min. MTB detection was divided into five categories:
high, medium, low, very low, and not detected.

2.6 Xpert MTB/RIF Ultra Assay of EPTB Specimens

The Xpert MTB/RIF Ultra (Xpert Ultra; Cepheid, Sunny-
vale, CA, USA) assay was performed as recommended by
the manufacturer. EPTB clinical specimens were diluted
with a sample reagent at a 1:2 ratio. These mixtures were
manually agitated twice for at least 10 s and incubated for
15 min at room temperature. Aliquots (2 mL) of the mix-
tures were transferred to the Xpert Ultra disposable plastic
cartridge. Cartridges were loaded into the Xpert instru-
ment. Xpert Ultra uses a hemi-nested PCR to amplify the
RR-determining region (RRDR) of the MTB rpoB gene.
The results were automatically generated by the instrument
within 80 min. MTB detection was divided into six catego-
ries (high, medium, low, very low, trace, and not detected).
The "trace" category indicates the lowest detectable
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bacillary burden, which is IS6110/IS1081 positive but rpoB
negative. The Xpert Ultra reports RR results as detected
or not detected for all categories of MTB-positive samples
except for the “trace” category, for which the RR results are
reported as “indeterminate,” owing to the very low quantity
of MTB DNA.

2.7 Statistical Analysis

All Figures were plotted by Microsoft Excel 2013 software,
except for Fig. 5, which was analyzed and plotted by Graph-
Pad Prism 5.00 software (San Diego, CA, USA). Descrip-
tive statistics were used to analyze the study population;
normally distributed continuous data were expressed as
mean + standard deviation and non-normally distributed
continuous data as median and interquartile range. The anal-
ysis of categorical variables was assessed using Pearson’s
chi-square test. Comparisons between Xpert and Xpert Ultra
assays were performed using the X2 test. P <0.05 was con-
sidered statistically significant. The positive predictive value
(PPV) and negative predictive value (NPV) were indicated
as a percentage chance that the results were true positive and
negative, respectively.

3 Results

Of the 845 submitted clinical specimens, 682 were nega-
tive for bacterial culture (80.71%), while 163 were posi-
tive (19.29%). Cases involving Saudis accounted for 64%
(n=539), whereas cases with non-Saudis accounted for 36%
(n=306), as shown in Fig. 1. More cases were detected in
men (60%, n=>505) than in women (39%; n=334). The
cases were divided into four age groups: <25 (24%; n=206),
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25-44 (39%; n=329), 45-64 (24%; n=203), and > 65 years
(11%; n=93).

Although the percentage of samples collected from Sau-
dis was 64% of the total cases in this study (n=845), the
number of confirmed cases (positive or infected) was only
39%, compared with the confirmed cases among non-Saudis
which was higher (61%).

The average age of the patients was 32+ 17.1 years. Fig-
ure 2 shows the number of positive cases according to age
group and gender. The positive cases in the 25-44 age group
increased by approximately 50% of the total positive cases,
followed by the <25 age group at 27% and >45 age group
at 22%.

3.1 Diagnostic Performance of Xpert, Xpert Ultra,
and AFB Staining Compared with That of MTB
Culture

A total of 140 samples from different nationalities were ran-
domly analyzed using Xpert Ultra, Xpert, and AFB staining.
Patients with MTB were clinically diagnosed, and the source
of the specimens was obtained. Comparatively, the MTB
culture found 10 positive samples, whereas Xpert found 10,
Xpert Ultra found 16, and AFB staining found 2 samples
(Table 2).

The differences in diagnostic sensitivity and specificity
between Xpert and Xpert Ultra were — 9% and 4%, respec-
tively. The overall sensitivity of the Xpert and Xpert Ultra
compared with the reference standard of bacterial culture
was 82% and 91%, respectively, whereas the overall specific-
ity of the Xpert and Xpert Ultra was 99% and 95%, respec-
tively (Table 2). The PPV and NPV for the Xpert were 90%
and 98%, respectively, compared to 62.5% and 99%, for the
Xpert Ultra, whereas, they were 100% and 93%, respectively,

Fig.2 Comparison of TB cases 45
by age group and gender

Table 2 Diagnostic performance of Xpert, Xpert Ultra, and AFB
compared with the MGIT culture

Xpert Xpert Ultra AFB MTB culture
Positive tests 10/140 16/140 2/140 10/140
Sensitivity 82% 91% 18% -
Specificity 99% 95% 100% -
PPV 90% 62.5% 100% -
NPV 98% 99% 93% -

PPV positive predictive value, NPV negative predictive value

for the AFB. Due to the limited positive samples found by
AFB staining, more samples were included in the second
phase (845 samples) to confirm the low sensitivity (i.e.,
18%) of this method in comparison to those of Xpert Ultra
and MTB culture.

3.2 Diagnostic Performance of Xpert Ultra and AFB
Compared with That of MTB Culture

The second phase included 845 samples from 17 different
specimens (Table 1) to compare Xpert Ultra and AFB with
MTB culture. Figure 3 shows the number of TB-positive
samples diagnosed using MTB culture. The number of posi-
tive TB isolates confirmed in 163 samples were distributed
as follows: 35% tissues; 19% pleural fluid; 17% pus; 5%
CSF; 4% biopsies; 3% gastric aspirate; 2% each of ascitic
fluid, synovial fluid, aspiration fluid, and pericardial fluid;
1% for peritoneal fluid; and 6% for samples collected from
stool, urine, swabs, abscess, fine-needle aspirates (FNA),
and bone.

The type of specimen may influence the sensitivity and
specificity of TB detection using Xpert Ultra. For instance,
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diagnosis using gastric aspiration, synovial fluid, and pus
specimens showed the highest sensitivity at almost 100%,
whereas the detection of the true-positive was the lowest in
peritoneal fluid and biopsy samples, which failed detection
in nearly half of the samples (50%). Furthermore, the speci-
ficity of Xpert Ultra was the highest in CFS samples (97%),
followed by peritoneal fluid and biopsy samples (94%). Syn-
ovial fluid and gastric aspiration specimens showed the low-
est specificity at almost 80%, although they were the highest
in terms of sensitivity. The overall sensitivity of Xpert Ultra
for all samples was 82%, while the overall specificity was
89% (Table 3).

Analysis of the diagnostic performance of AFB staining
revealed that its sensitivity and specificity against MGIT cul-
ture were 21% and 100%, respectively, and 14% and 100%
against Xpert Ultra, respectively. For the smear to show
positivity, a high bacterial load (10°/mL) is required, as the
decrease in the microbial load could reduce the chances of
true-positive results [3]. The average microscopic test dura-
tion for suspected tuberculosis samples is 30 min, which
gives this method superiority over the culture. However,
TB detection in low bacterial load samples and the initial
stages of the disease cycle is difficult using this method. In
addition, the type of sample could significantly influence
MTB detection. Luo et al. reported the limited diagnostic
performance of AFB staining for detecting MTB in CSF
samples with a sensitivity of 2.3% [29]. Similarly, in the
current study, the diagnostic sensitivity obtained for AFB
staining using CSF samples was 0% compared with 78%
for Xpert Ultra. Therefore, based on the current findings,
using an AFB smear as an initial diagnostic tool for EPTB
is not recommended due to its poor sensitivity and clinical
utility index.

é\ega c_‘,( ?éz Q\;a \ob \\S\b \\Sb \\S\b &
Q 9 < < & Q S\
(;é\ b\q} Q:b\ A&\ -\OQ [e)
& -&‘ ,&0(\ & .\(S"
& & AN
TYPE OF SAMPLES

[ No. of TB cases detected by culture

The NPV for the samples detected by Xpert Ultra were
generally higher than the samples tested by the AFP. This
was in contrast to the PPV, which was higher for the samples
tested by AFP compared to Xpert Ultra, except for the sam-
ples obtained from biopsy, CSF, pericardial fluid, peritoneal
fluid and other aspiration fluids where the PPV was 0%.

3.3 Diagnostic Performance of Xpert Ultra Based
on Microbial Load

MTB detection by Xpert Ultra was further evaluated accord-
ing to sample concentration or microbial load, in which the
microbial genomic replication was detected. This method
of detection was compared with the MGIT culture. Positive
results on Xpert Ultra were further categorized as trace, very
low, low, medium, or high depending on the sample concen-
tration against the bacterial genomic replication detection.
The Xpert Ultra produced 636 negative findings compared
with 682 for culture and 209 positive findings compared
with 163. However, Xpert Ultra obtained 29 false-negative
results. Conversely, the Xpert Ultra obtained 132 true-pos-
itive results (trace [n=10], very low [n=36], low [n=45],
medium [n=28], and high [rn=13]) from 163 culture-
positive samples and 75 (trace [n=43], very low [n=18],
low [n=10], medium [n#=2], and high [n=2]) from 682
culture-negative samples. The association between the type
and concentration of the samples analyzed by Xpert Ultra
was then analyzed (Fig. 4).

In evaluating the diagnostic performance of Xpert Ultra,
the association between the duration of MGIT culture and
the amount of microbial load was analyzed. No significant
difference was found between the amount of microbial load
and the duration of MGIT culture (P =0.46364). Figure 5
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Fig.5 Time to culture positivity compared with the Xpert Ultra
results. Outliers were removed, and the dots represent the 25th, 50th,
and 75th quartile of data, with upper and lower whiskers representing
minimum and maximum values

shows a relative decrease in the duration of MGIT culture
detection for high microbial loads against the time of culture.

3.4 Diagnostic Ability of Xpert Ultra for RR-MTB

MGIT culture detected 163 MTB-positive samples, 15
(9.20%) of which were identified as drug-resistant using
DST. Three of the 15 were classified as RR on Xpert Ultra,
whereas the MGIT culture detected 4 samples out of 15.
Some samples showed resistance to the other anti-TB drugs,
which included streptomycin (in 7 samples), isoniazid (in 5
samples), pyrazinamide (in 3 samples), and ethambutol (in
1 sample) from the overall 15 isolates. These samples were
also shown to be resistant to more than one anti-TB drug,

4 Discussion

The results showed that the sensitivity and specificity of
Xpert Ultra in diagnosing patients who are HIV-negative
with EPTB were 91% and 95%, respectively, which are
superior to those of Xpert (82% and 99%, respectively) and
AFB smear (18% and 100%, respectively). Xpert Ultra thus
has great potential to replace the conventional diagnostic
approaches as the standard detection method for EPTB.
Multiple studies have been conducted to compare Xpert
and Xpert Ultra. One prospective multinational study com-
pared the diagnostic accuracy of Xpert with that of Xpert
Ultra in sputum. The study findings emphasized the superi-
ority of Xpert Ultra to that of Xpert in diagnosing patients
with paucibacillary disease and HIV [30]. The same study
showed that the sensitivities of Xpert Ultra and Xpert were
63% and 46%, respectively, for 137 negative smears (90%)
and positive culture sputum specimens (77%) in 115 HIV-
positive participants. However, the specificities of Xpert
Ultra and Xpert were 96% and 98%, respectively, and
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slightly lower for patients with previous TB (93%). How-
ever, both assays performed similarly in detecting RR [30].
Other reports have reported high, moderate, and low sensi-
tivities of Xpert for samples taken from the lymph nodes and
pleural fluid, respectively [31, 32]. The pooled sensitivity
and specificity of Xpert against RR with EPTB were 95%
and 98.7%, respectively [31]. However, Xpert Ultra demon-
strated poor sensitivity (44.23%) in a cohort study of 208
patients with pleural TB [33], while it showed a higher sen-
sitivity (90.91%) using osteoarticular TB samples in a study
performed in 132 patients with confirmed TB [34].

Wang et al. compared the performance of Xpert Ultra to
Xpert in the diagnosis of tuberculous meningitis against the
culture test for 160 patients in China. They found that Xpert
Ultra had a higher sensitivity of 45% than the Xpert (28%)
and culture (18%); however, the specificity of all three tests
was 100% [35]. Sharma et al. also investigated the diagnosis
of tuberculous meningitis using Xpert Ultra and compared
its performance to that of the Truenat MTB Plus assay using
148 cerebrospinal fluid samples. The findings showed that
Xpert Ultra was superior in detecting RR but was compa-
rable to Truenat in terms of tuberculous meningitis diag-
nosis, with a sensitivity of 67.6% and 78.7%, respectively.
Conversely, a higher sensitivity of Xpert Ultra and Truenat
were shown at 96% and 85.5%, respectively, in detecting
definite tuberculous meningitis [36]. Most recently, Boloko
et al. evaluated the diagnostic performance of Xpert Ultra
using blood samples from 659 patients with suspected HIV-
associated TB in South Africa, among whom 447 met the
microbiological reference standard for TB diagnosis. Xpert
Ultra positively diagnosed 165 (37%) of 447 participants,
which consequently contributed to the use of pre-processed
blood samples in the study [37]. Another recent study by
Costales et al. assessed the diagnostic performance of Xpert
Ultra on nasopharyngeal samples collected post-mortem
from 205 decedents in Tanzania. Xpert Ultra identified 27
(i.e., 13.2%) TB-positive samples at autopsy. It was able to
diagnose MTB in 21 (i.e., 77.8%) of the 27 confirmed cases
of TB at a sensitivity and specificity of 70.4% and 98.9%,
respectively [38].

Few studies have evaluated the diagnostic performance of
Xpert Ultra for EPTB using various specimens, especially in
HIV-negative populations. Wu et al. found that the overall
sensitivity and specificity of Xpert Ultra for culture-pos-
itive EPTB samples (including CSF, lymph nodes, bone,
and urine) were 83.7% and 92%, respectively, and 52.5%
and 92%, respectively, for culture-negative EPTB samples
[39]. A systematic review and meta-analysis highlighting
the performance of Xpert Ultra with TB samples reviewed
16 studies on TB and EPTB and found that seven studies
assessing the performance of Xpert Ultra using EPTB sam-
ples have shown a pooled sensitivity of 85.1% and specific-
ity of 95.7% [40]. Mekkaoui et al. assessed the detection of
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MTB and RR using Xpert Ultra against other conventional
phenotypic techniques for 1120 TB and 461 EPTB clinical
samples in Belgium. Overall, Xpert Ultra detected MTB in
223 (14.1%) samples with a sensitivity and specificity of
91.1% and 94.5%, respectively. In the case of smear-negative
EPTB samples, the sensitivity of the Xpert Ultra was higher
(87.1%) than that of the AFB smear (81.8%). Furthermore,
the sensitivity and specificity of the Xpert Ultra for RR were
100% and 99.2%, respectively. Thus, the study demonstrated
the reliability of the Xpert Ultra test in diagnosing TB and
EPTB in a significantly shorter time than the culture test [3].

Although the percentage of samples collected from Sau-
dis in our study was 64% of the total cases (n=_845), the
number of confirmed cases (also called positive or infected)
was 39% only, compared with the confirmed cases of non-
Saudis (61%). These findings are consistent with those of
a previous study that reported a lower prevalence of TB
among Saudis [41]. Another report conducted over two
decades in Saudi Arabia demonstrated that the number of
cases recorded among non-Saudis is 2-3 times higher than
that of Saudis. In addition, the same study found that, due
to the Hajj and Umrah seasons (Islamic religious seasons),
increased transmission of the disease from travelers occurs,
with a corresponding increase in cases, especially in the
Makkah region [42]. These further indicate a higher rate
of confirmed EPTB cases in non-Saudis than in the Saudis.

Our study showed that more cases were detected in men
(60%; n=>505) than women (39%; n=334). This is con-
sistent with a 2019 study that found an increased propor-
tion of men infected with TB than women 1.7 over the past
century [43]. Furthermore, the study reported an infection
rate of 60% in men compared with 37% in women, with 3%
reported as unknown. The high prevalence rate of TB in men
compared with that in women may need further investiga-
tion at the genetic and physiological levels to determine the
association between both genetic and physiological changes
to the disease occurrence.

The current study found a higher incidence of TB in the
25-64 age group compared to <24 and > 65 age groups.
A previous study reported that the infection rates of TB
increased for the > 45 age group in Saudi Arabia [42], while
a more recent study showed that the infection rate was 53%
among individuals aged 21-60 years old [44]. The high
incidence rate could be due to the reactivation of latent TB
particularly in the infection rate among non-Saudi patients
exceeding 60% of the total study samples. The number and
nationalities of expatriate employees should also be consid-
ered in future studies since 10% of the positive cases in this
study involved Ethiopian nationals, while 4% were from the
Philippines and India.

Our study showed that Xpert Ultra demonstrated higher
sensitivity but slightly lower specificity than Xpert for
diagnosing TB, which is consistent with the results of
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several previous studies [45]. Yu et al. found that Xpert
Ultra showed higher sensitivity (81%) and lower specific-
ity (90%) in FNA samples compared with Xpert (71% and
100%, respectively) [46]. Another study by Signorino et al.
suggested that the reason for the low specificity of the Xpert
Ultra may be attributed to the unsatisfactory quality of the
culture method, as a reference test, and needs further inves-
tigation [47]. Donovan et al. found that Xpert Ultra demon-
strated a better performance than Xpert in low TB incidence
settings with better rates for false positives and negatives
at 90% and 62.5%, respectively. Furthermore, Xpert Ultra
had higher sensitivity than the Xpert for tuberculous men-
ingitis [48]. Finally, a cohort study of 23 patients with HIV
and definite or probable tuberculous meningitis showed that
Xpert Ultra and Xpert had a sensitivity of 69.6% and 43.5%,
respectively, and a specificity of 81.8% and 83.3%, respec-
tively [26]. Consequently, the results of Xpert Ultra were
adopted in this present study throughout the next phase that
included the Xpert Ultra only rather than the Xpert.

Our results showed no significance in the amount of
microbial load and duration of MGIT culture, (P=0.46364).
This is in contrast to previous studies reporting an inverse
relationship between the microbial load and the duration of
MTB growth, i.e., a high microbial load with a lower culture
period [49-51]. The reason for the inconsistency between
the results could be the splitting of one sample into aliquots
for the diagnostic assessments, which may have affected
the microbial loads in each aliquot. In contrast, other stud-
ies only compared Xpert Ultra with one other alternative
method of MTB detection [49-51]. Further studies are
required to determine the role and reliability of Xpert Ultra
in the diagnosis of TB as a single test.

This present study also demonstrated that despite the low
microbial loads that were categorized as trace, very low, or
low on Xpert Ultra, complete detection was achieved with
some sample types (i.e., 100% detection). For instance,
although the microbial loads of MTB from FNA were trace,
very low, and low in 3 out of 5 samples, the detection rate
and sensitivity were 100%. In contrast, the microbial loads
were trace, very low, and low in 37 out of 47 pleural fluid
samples, but 5 positive results were not detected. Some neg-
ative MTB cultures (i.e., false-negative) from FNA, CSF,
synovial fluid, swab, urine, gastric aspirate, and stool sam-
ples tested positive on Xpert Ultra. Conversely, some sam-
ples had high and medium microbial loads but low detection
levels, such as biopsies, which had a PPV of 60%, sensitivity
of 50%, and specificity of 94% (Table 3). These results were
consistent with those of a very recent study that reported a
sensitivity of 45% for pleural biopsy samples [50]. Although
pleural fluid is the most frequently used sample type for the
diagnosis of pleural tuberculosis, this disease has a very low
bacterial load that is below the detection limit of Xpert Ultra
and smear microscopy [50].

We found that the sensitivity and specificity of Xpert
Ultra against RR-TB were 100% and 98%, respectively. In
a recent study conducted in the Makkah region of Saudi
Arabia, the prevalence of drug resistance was 17.1% among
patients with TB [52], while the prevalence of MDR-TB was
5%. The reason for the increase in the spread of drug resist-
ance in the Makkah region could also be religious seasons,
as the majority of pilgrims come from high TB-burdened
countries. In another study on Saudi Arabia’s public health
perspective of TB, the percentage of MDR strains was
25.49% [41]. In a study on osteoarticular tuberculosis, Xpert
Ultra accurately identified all 9 RR and 38 RIF-sensitive
cases identified by DST phenotype. Therefore, Xpert Ultra
was 100% compatible with the DST phenotype for the detec-
tion of RIF resistance [34].

In a large pool study (57 studies) involving several coun-
tries with a high PTB burden, Xpert Ultra showed 96% sen-
sitivity and 98% specificity for RR-TB detection [21]. In
another study involving patients with EPTB, Xpert Ultra
showed almost 100% accuracy (i.e., sensitivity and specific-
ity) for RR-TB detection [31]. The differences in sensitivi-
ties reported among the previous studies might be due to
genetic variation in the study populations. Moreover, the
geographical locations of the sample collection, variances in
the sampling technique, and rpoB mutations may have also
contributed to the variations in diagnostic performance. The
assay conditions and technical expertise may also influence
the results. Further investigation and evaluation on the cause
of the relatively low accuracy of RR-TB detection using both
assays is needed to derive conclusive answers.

Our study has some limitations. Despite the large sample
size of our study, it included a low number of sample types
(e.g., urine and stool). Thus, further investigations should
validate the superiority of Xpert Ultra over the alternative
methods for EPTB detection using different specimen types.
In addition, further studies are needed to evaluate the nature
of EPTB samples (i.e., fresh or stored) against the diagnostic
accuracy of Xpert Ultra.

In conclusion, the present study indicated that the sensi-
tivity of Xpert Ultra (91%) for EPTB detection was greater
than that of Xpert (82%) by 9%, while the specificity was
99% for the Xpert and 95% for the Xpert Ultra. Thus, Xpert
Ultra has great potential to replace conventional diagnostic
tools as the standard detection method for EPTB and TB.
To our knowledge, this study was the largest in terms of
sample size (n=_845) that compared four diagnostic assays
in the Middle East.
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