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Abstract 
Background: Extrapulmonary tuberculosis (EPTB) remains difficult to di-
agnose because the clinical specimens to be examined are often paucibacil-
lary and obtained with difficulty from inaccessible sites. An updated Xpert® 
MTB/RIF Ultra (Ultra) test has been designed and licensed to improve sensi-
tivity in the detection of Mycobacterium tuberculosis complex. The aim of 
the present study is to evaluate the performance of Ultra assay for the clinical 
diagnosis of EPTB in a low tuberculosis prevalence country. Methods: A ret-
rospective analysis was performed at “A. O dei Colli” of Naples on consecu-
tive extrapulmonary specimens for EPTB across a three-year period. All dif-
ferent types of extrapulmonary specimens were tested for EPTB by smear 
microscopy, culture and Ultra assay in accordance with relevant guidelines. 
Results: A total of 606 EPTB samples, 561 culture negative EPTB and 45 cul-
ture positive EPTB were included. Using culture as reference standard, the 
overall sensitivities and specificities of Ultra assay were 95.6% (95% CI 84.8 - 
99.5) and 97.5% (95% CI 95.8 - 98.6) respectively. Sensitivity and specificity 
of Ultra for individual category of specimens were also performed. Conclu-
sion: In a low-tuberculosis prevalence setting, Ultra assay confirms to have a 
good performance in the diagnosis of EPTB for all different extrapulmonary 
samples. 
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1. Introduction 

Tuberculosis (TB) remains a critical clinical and public health issue worldwide. 
The latest data provided by the World Health Organisation (WHO) shows that 
in 2019 about 10 million people developed Tuberculosis with 1.4 million deaths. 
At the national level, the annual incidence rate of Tuberculosis ranged from less 
than 5 to more than 500 new and relapsed cases per 100,000 inhabitants [1]. The 
countries that had a low incidence of tuberculosis (<10 cases per 100,000 popu-
lation per year) in 2019 were 54 located mostly in the WHO Region of the Ameri-
cas and the European Region plus a few countries in the Eastern Mediterranean 
and Western Pacific regions [1]. In Italy, the recorded notification rate in 2017 
was 6.5 cases per 100,000 people [2] indeed considered a low TB country. In the 
foreign-born population since 2009, more than 50% of the Tuberculosis cases 
notified each year and most of the cases of multidrug-resistant Tuberculosis (MDR- 
TB) have been registered [2]. TB mostly affects the lungs (pulmonary TB, PTB) 
but can also affect many other different sites such tissues, lymph nodes and blood 
(extrapulmonary TB, EPTB). EPTB diagnosis remains a great challenge due to 
the diversity of symptoms with which EPTB may present, the low level of suspi-
cion of clinicians and the difficulty in obtaining adequate samples for M. Tu-
berculosis complex (MTC) detection. The delayed diagnosis of EPTB may lead 
to inappropriate treatment [3] [4], indeed, patients are often started on empirical 
antituberculosis treatment based on composite reference standard, including 
clinical signs and symptoms and radiological findings [5]. 

In 2010 the revolutionary Polymerase chain reaction (PCR)-based test, Xpert® 
MTB/RIF (Xpert; Cepheid, Sunnyvale, CA) was introduced. It consists of a rapid, 
semi-quantitative, in vitro nested real-time PCR assay for the simultaneous de-
tection of MTC DNA and rifampicin resistance-associated rpoB gene mutations 
within two hours [6]. Previous studies have shown that Xpert has a good per-
formance in the diagnosis of PTB with smear positive sputum specimens [7]. In 
contrast, Xpert had a high specificity, but limited sensitivity in smear negative 
PTB samples and for the diagnosis of EPTB [7] [8]. To improve the performance 
of Xpert, an upgraded version of the assay, Xpert® MTB/RIF Ultra, has been de-
veloped by Cepheid (Ultra; Sunnyvale, USA) [5] [6]. The Ultra cartridge showed 
an increased sensitivity compared to the Xpert cartridge for the detection of MTC 
in specimens with low numbers of bacilli, especially in smear-negative, in HIV/ 
TB co-infected, in paediatric specimens and in extra-pulmonary specimens [9]. 
The incorporation of two new targets IS1081 and IS6110 significantly increases 
the sensitivity of the Ultra assay, enabling to detect 16 colony-forming units (CFU/ 
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mL), in contrast to the 114 CFU/mL, limit of detection of Xpert® MTB/RIF. To 
achieve this category result, named “trace”, at least one of the probes must be 
positive for IS1081 or IS6110 with cycle thresholds below 37 cycles and have no 
more than one rpoB probe with cycle thresholds below 40 cycles [10]. Since March 
2017 the WHO has recommended Ultra as a replacement for Xpert in all circum-
stances [11]. 

So far, most of the studies have compared the performance of Ultra to Xpert 
on pulmonary samples [12] [13] [14] or have investigated Ultra for diagnosing 
EPTB in TB endemic countries [5] [15] [16]. The aim of our study is to provide 
an evaluation of Xpert Ultra in a routine diagnostic mycobacteriology laboratory 
of a large metropolitan city of South Italy, Naples that is considered a low tu-
berculosis setting (<10 cases per 100,000 population per year) [1]. 

2. Material and Methods 
2.1. Study Design and Sample Inclusion 

This study was conducted at the Laboratory of Microbiology and Virology of 
“A.O dei Colli” (Naples, Italy) that is the regional referral centre for the diagno-
sis of Mycobacterium. We analysed retrospectively all consecutive extrapulmon-
ary samples received between January 1, 2018 and October 31, 2020 from pa-
tients with high suspect of EPTB. Patient information, including age, sex, nation-
ality, type of sample and microbiology results of routine TB diagnostic tests were 
collected from the laboratory information system. We presumed that the suspect 
of TB was generally high for tissues, lymph nodes and most of biological fluids 
samples due to the difficult of sample collection. The selection of pleural fluid 
samples that do not require an invasive sample collection was done in basis of me-
dium/high clinical suspect indicated in the request forms received in the labora-
tory. Any case with positive culture for M. tuberculosis was considered confirmed 
EPTB whereas any sample with negative culture for M. tuberculosis after 42 days 
of incubation was confirmed negative. Samples collected from patients receiving 
antituberculosis therapy or previously diagnosed as having TB were excluded 
from the analysis. No data of HIV status was available. 

2.2. Sample Processing and TB Diagnostic Analysis 

The collected EPTB specimens included: biological fluids, pus and abscess, tis-
sues, lymph nodes and aspirates from extrapulmonary sites. No less than 2 mL 
extrapulmonary fluids specimens were collected. Tissues were first homogenized 
by a tissue grinder and resuspended in 5 mL of sterile saline and then processed 
like other specimens. EPTB specimens with more than 5 mL were centrifuged at 
3000 g for 15 min and the sediments were resuspended in 2 mL PBS buffer (pH 
6.8) (Becton Dickinson, BBL MycoPrep Kit) via vortexing for 30 s. Specimens 
were pre-treated with N-acetyl-L-cysteine-NaOH for 20 min at room tempera-
ture, and then neutralized with PBS buffer (50 mL final volume). Cerebrospinal 
fluid (CSF) was centrifuged at 12,000 × g for 10 min. The pellet was resuspended 
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in PBS and treated without prior decontamination. After centrifugation at 3000 
g for 20 min, the remaining volume was processed as follows: 1) smear micros-
copy for acid-fast bacilli (AFB) with Ziehl-Neelsen (ZN) method, 2) Xpert® MTB/ 
RIF Ultra assay, 3) mycobacterial culture in solid (Löwenstein-Jensen) and liquid 
media (BACTEC MGIT 960; Becton Dickinson, Sparks, MD, USA). For liquid 
culture, the sediments were inoculated into a mycobacteria growth indicator tube 
(MGIT) to which an enrichment supplement (OADC) and an antibiotic mixture 
(PANTA) were added. The MGIT tubes were placed into the Bactec MGIT 960 
system (BACTEC MGIT 960, Becton Dickinson, Sparks, MD, USA), which is a 
fluorescence-based detection instrument. Liquid and solid cultures were con-
tinuously monitored for bacterial growth for 42 days. The rapid identification of 
MTB isolated from solid or liquid cultures was performed by immune chroma-
tographic assay BIO-LINE SD Ag MPT64 TB test (Standard Diagnostics, Yongin- 
si, Gyeonggi-do, Republic of Korea). Drug susceptibility test (DST) to first-line 
drugs was done using the Bactec MGIT 960 system. 

2.3. Microscopy 

To detect AFB, smears from clinical samples were stained by the ZN stain and ex-
amined under the oil immersion objective lens of the microscope (×100). 

2.4. Xpert MTB/RIF Ultra Assay 

Sample reagent was added as per protocol's instructions in a 3:1 ratio and incu-
bated for 15 min at room temperature. Two millilitres of the liquefied sample 
were transferred into the Xpert MTB/RIF Ultra cartridge and loaded into the 
Gene Xpert system. The semiquantitative scale for Xpert Ultra results was: trace, 
very low, low, medium, or high. 

2.5. Statistical Analysis 

Culture was used as the reference standard to calculate the sensitivity, specificity 
and accuracy of Xpert Ultra assay. A p value of less than 0.05 was considered sta-
tistically significant. Confidence intervals for sensitivity, specificity and accuracy 
are “exact” Clopper-Pearson confidence intervals. 

2.6. Ethical Statement 

This study was retrospective without interaction with patients and all patients’ 
information was de-identified prior to analysis. Therefore, institutional ethics 
committee approval was not required. 

3. Results 

A total of 845 non-respiratory specimens were received for routine diagnostics 
from January 2018 to October 2020. 239 pleural fluids were excluded due to a 
low clinical suspect of TB. Finally, a total of 606 samples (449 Italian natives, 157 
foreign-born people) were analysed for this study: 456 biological fluids (75.2%), 
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57 tissues (9.4%), 53 pus and abscess (8.7%) and 40 lymph nodes and aspirates 
(6.6%) (Figure 1, Figure 2). All these samples have culture (solid and liquid), 
ZN microscopy and Ultra results. Among these samples, 45 were culture posi-
tive, whereas 561 remained negative. Of 45 culture-positive, only 7 were smear 
positive and 38 were smear negative. Of the 561 culture-negative, ZN micros-
copy detected negative results in all these cases. The overall sensitivity of smear 
examination was only 15.6% (95% CI 6.5 - 29.5) and the overall specificity was 
100% (95% CI 99.3 - 100) (Figure 3). The positive predictive value (PPV) and 
the negative predictive value (NPV) of ZN microscopy was 100% and 93.7% 
(95% CI 92.9 - 94.4) respectively. The accuracy of ZN microscopy was 93.7% 
(95% CI 91.5 - 95.5). Of 45 culture-positive, Ultra detected positive results in 43 
cases and 2 cases resulted negatives. Among the 561 culture-negative, Ultra de-
tected negative results in 547 cases, 14 cases were detected positives. The positive 
results (true positive and false positive) of Ultra were categorised as follows: high 
(n = 3), medium (n = 9), low (n = 16), very low (n = 20) and trace (n = 9). 
Among the positive results of Ultra assay, only two samples detected rifampicin 
resistance (RIF-R), and both were in concordance with the DST results. The 
overall sensitivity and specificity of Ultra were 95.6% (95% CI 84.8 - 99.5) and 
97.5% (95% CI 95.8 - 98.6) respectively. The positive predictive value (PPV) and 
the negative predictive value (NPV) of Ultra assay was 75.4% (95% CI 64.6 - 
83.8) and 99.6% (95% CI 98.6 - 99.9) respectively. The sensitivity and specificity 
of Ultra assay did not vary significantly among different clinical samples. With  

 

 
Figure 1. Distribution of extrapulmonary specimens included in the study. 
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Figure 2. Study design and samples inclusion flowchart (EPTB extrapulmonary tubercu-
losis, Ultra GeneXpert MTB/Rif Ultra). 

 

 
Figure 3. Sensitivity and specificity of Xpert MTB/Rif Ultra compared to Zn (Ziehl-Neelsen) smear Mi-
croscopy (CI, confidence intervals). 

 
respect to the different specimen types, sensitivity of Ultra assay was 93.3% (95% 
CI 68 - 99.8) for biological fluids, 90% (95% CI 55.5 - 99.7) for tissues, 100% 
(95% CI 69.1 - 100) for lymph nodes, 100% (95% CI 69.1 - 100) for pus and ab-
scess. Specificity of Ultra assay was 98.2% (95% CI 96.5 - 99.2) for biological flu-
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ids, 95.7% (95% CI 85.5 - 99.5) for tissues, 93.3% (95% CI 77.9 - 99.1) for lymph 
nodes, 95.3% (95% CI 84.2 - 99.4) for pus and abscess. The study has shown an 
accuracy of Gene Xpert Ultra 97.4% (95% CI 95.7 - 98.5) (Figure 4, Table 1). 

4. Discussion 

The study focuses on the evaluation of the diagnostic performance of Ultra assay 
using data of suspected EPTB samples under clinical routine conditions in a 
low-prevalence setting. So far, only few studies have investigated the use of Ultra 
in a non-endemic setting [17] [18] [19]. Two of these studies have used defrosted 
samples and the conditions of cryopreservation could have influenced any varia-
tions of sensitivity [17] [18], instead, for our study we have used a retrospective 
analysis method based on criteria of sample inclusion that reflects the true popula-
tion-based investigation in a low prevalence setting. 

In the present study, Ultra showed an overall sensitivity of 95.6% on extrapul-
monary samples when culture is used as reference standard. The observed sensitivity  

 

 
Figure 4. Sensitivity and specificity of Xpert MTB/Rif Ultra for different specimens; biological flu-
ids, tissues and biopsies, lymph nodes and aspirates, pus and abscess (CI, confidence intervals). 

 
Table 1. Performance of Xpert MTB/RIF Ultra using culture as reference standard. 95% confidence intervals for sensitivity, speci-
ficity and accuracy were calculated using Clopper-Pearson intervals. (CI confidence interval, PPV positive predictive value, NPV 
negative predictive value). 

Specimen material 

N˚ of specimens 
Performance (%) 

EPTB culture positive EPTB culture negative 

Ultra  
positive 

Ultra  
negative 

Ultra  
positive 

Ultra  
negative 

Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

PPV 
(95% CI) 

PPN 
(95%CI) 

Accuracy  
(95% CI) 

Biological fluids (n = 456) 14 1 8 433 93.3% 98.2% 63.6% 99.8% 98.0% 

Tissues biopsies (n = 57) 9 1 2 45 90.0% 95.7% 81.8% 97.8% 94.7% 

Lymph nodes and aspirates (n = 40) 10 0 2 28 100% 93.3% 83.3% 100% 95.0% 

Pus and abscess (n = 53) 10 0 2 41 100% 95.3% 83.3% 100% 96.2% 

Total (n = 606) 43 2 14 547 95.6% 97.5% 75.4% 99.6% 97.4% 
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of Xpert® MTB/RIF Ultra assay is in line with other published studies in which 
reported sensitivities ranged from 69.2% to 100% [17] [19] [20]. 

The highest sensitivity was obtained in samples of pus and abscess (100%), 
lymph nodes and aspirates (100%), following by biological fluids (93.3%) and tis-
sues (90%). The results for tissues are in line with precedent studies where the sen-
sitivities reported were between 87% - 95% [4] [10]. We found a higher sensitiv-
ity for lymph nodes and pus specimens in respect to other studies where the sen-
sitivity reported was generally between 90% - 94% [10] [21] and 65% - 95% [10] 
[16] respectively. Our results showed a general increase of sensitivity for all types 
of extrapulmonary specimens, contributing to improvement in the diagnosis of 
Tuberculosis in paucibacillary samples. These results reflect the increasing sen-
sibility of Ultra assay due to the incorporation of multi-copy IS1081 and IS6110 
insertion enable to detect lowest bacillary load of MTB [9]. 

In our contest, Ultra significantly improved MTB detection in EPTB samples 
compared to ZN microscopy that showed a sensibility of only 15.6%. Indeed, of 
45 EPTB culture-positive, only 7 were detected by ZN microscopy while 43 were 
detected by Ultra assay. The high sensitivity of Ultra can facilitate the diagnosis 
of extrapulmonary forms of Tuberculosis featured by an almost complete nega-
tivity of smear microscopy [19] and in only two hours compared to 42 days of 
culture. 

The specificity of Ultra in our study is high (97.5%). This result is in concor-
dance with the specificities (97% - 100%) found in other low TB prevalent set-
tings where culture was used as reference standard [10] [19]. In low TB preva-
lent settings, even a small reduction in specificity could increase the rate of false 
positive cases. For this reason, Ultra should be performed on pre-selected sam-
ples with a high clinical suspect of TB disease [18]. In other studies, it has been 
reported that the increase in sensitivity with Ultra respect Xpert, specifically in pa-
tients with a history of TB [12] [22] and patients with meningitis [23] came at the 
expense of a decrease in specificity. Although we excluded samples collected from 
patients receiving anti-tuberculosis therapy or previously diagnosed as having TB, 
we found 14 false positive results with Ultra assay. The 14 false-positive results 
were categorised as low (n = 3), very low (n = 8) and trace (n = 3). No medium 
or high results were found. Due to the difficulty in obtaining qualified patho-
logical specimens, not repeated tests were done on tissues, lymph nodes and pus 
samples. On the 14 false positive, 7 were urine samples and were repeated. Out 
of 7 repeat tests, 6 of them turned out as not detected. Only one urine sample 
confirmed the positivity of Ultra assay and it was clinically diagnosed as pye-
lonephritis, an inflammation of the kidney, typically due to a bacterial infection. 
These results, although too small, suggest a reclassification of these samples as 
confirmed tuberculosis negative. 

The incidence of MDR-TB in our country, is low [1] [2]. Indeed, only two 
samples presented mutations related to RIF-R with Ultra assay, both confirmed 
with DST. One of them was a liquor. In this case, Ultra assay was essential to the 
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rapid diagnosis of Tuberculous meningitis and the initial treatment of TB with 
2nd line anti-tuberculosis drugs. One of the strengths of Ultra assay is to simul-
taneously detect MTC and RIF-R is but the inconsistency of our data does not 
permit to evaluate the overall performance of Ultra assay on MDR-TB EPTB 
samples. 

This study has some limitations. We conducted a retrospective investigation 
based on a short observation period and with a limited number of sample sizes 
that can lead to uncertain the sensitivity and specificity estimates. However, we 
used data over a period of three years, considering the new cartridge was in-
stalled in our setting at the end of 2017. Further studies, including clinical data, 
are needed to better investigate the accuracy of Ultra assay. 

5. Conclusion 

To conclude, our results confirm Ultra assay to have a good performance in the 
diagnosis of EPTB in our setting. More studies are required to investigate the 
decrease of specificity of Ultra assay on the different types of extrapulmonary 
samples and the incidence and clinical consequence of false-positives results in 
countries with low TB incidence. 
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