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Abstract

BACKGROUND. Extrapulmonary tuberculosis (EPTB) accounts for more than 20% of
tuberculosis (TB) cases. Xpert MTB/RIF (Xpert) (Cepheid, Sunnyvale CA, USA) is a fully
automated amplification system for which excellent results in the diagnosis of pulmonary TB in
highly endemic countries have been recently reported. We aimed to assess the performance of
Xpert system in diagnosing EPTB in a low incidence setting.

METHODS. We investigated with Xpert a large number of consecutive extra-pulmonary
clinical specimens (1,476, corresponding to 1,068 patients) including both paediatric (494) and
adult samples.

RESULTS. We found, in comparison with a reference standard consisting of combination of
culture and clinical diagnosis of TB, an overall sensitivity and specificity of 81.3 and 99.8% for
Xpert while the sensitivity of microscopy was 48%. For biopsies, urines, pus and cerebrospinal
fluids the sensitivity exceeded 85% while it was slightly under 80% for gastric aspirates. It was,
in contrast, lower than 50% for cavitary fluids. High sensitivity and specificity (86.9% and
99.7% respectively) were also obtained for paediatric specimens.

CONCLUSIONS. Although the role of culture remains central in the microbiological diagnosis
of EPTB, the sensitivity of Xpert in rapidly diagnosing the disease makes it a much better choice

compared to smear microscopy. The ability of ruling out the disease still remains suboptimal.



Introduction

The proportion of extrapulmonary tuberculosis (EPTB) is quite high in industrialized countries.
In the US it is steadily increasing and according to the last available data (year 2005) it
accounted for 21% of all tuberculosis (TB) cases [1]. In 2009, in European Union countries
(including Italy and excluding the five WHO-Euro high-priority-countries), a quarter of TB
cases (24.4%) were extra-pulmonary and a further 4.9% of patients had both pulmonary and
extrapulmonary disease [2]. Differently from pulmonary TB, the diagnosis of EPTB is still a
serious problem in industrialized countries where it remains undetected for a long time in a
considerable number of cases. A major hindrance to the diagnosis of EPTB is the atypical
presentation often simulating neoplasia and/or inflammatory disorders. Furthermore in the non-
respiratory specimens the bacterial load is generally very low, therefore strongly affecting the
sensitivity of rapid tests such as acid-fast microscopy and nucleic acid amplification (NAT).

The large majority of commercially available NATSs are validated for pulmonary samples only
and the CDC, even in their most recent recommendations, consider published data insufficient to
promote their use in routine diagnostic testing [3].

Xpert MTB/RIF (Xpert) (Cepheid, Sunnyvale CA, USA), a fully automated real time hemi-
nested PCR system implementing molecular beacon technology for the diagnosis of pulmonary
TB infection, has been recently endorsed by the Scientific and Technical Advisory Board of the
World Health Organization (WHQO) as the most sensitive fast test for TB diagnosis in
paucibacillary respiratory samples [4]. The test is currently recommended as “first line” fast
diagnostic test in endemic countries when rapid results are crucial for TB diagnosis in HIV
infected patients or for appropriate management of multidrug-resistant TB cases. Recent papers
have investigated the capacity of Xpert assay to diagnose pulmonary TB in high burden TB
countries [5,6]. In this study, we have evaluated the performance of Xpert system on high
number of different extrapulmonary specimens in a country with low TB incidence. The large
collection of data allowed as well the assessment of microscopy and culture performance in

extrapulmonary samples.

Materials and methods



Eight Italian laboratories contributed to the survey by providing retrospective results of a
number of consecutive extra-pulmonary specimens accepted for the diagnosis of EPTB. Xpert
system was already in use in five laboratories; in the other three it was added to the routine
workflow for TB diagnosis. Personnel involved in performing and reporting of Xpert were blind
to the results of microscopy and cultures. All the contributing centres are accredited by the
Italian Ministry of Health for laboratory diagnosis (including molecular tests) of TB. The study
was approved by the Ethics Committee of the lead Institution of this study.

The number of samples processed in each laboratory ranged from 34 to 376 for a total of 1,493
corresponding to 1,068 patients. The specimens consisted mainly of biopsies, pleural fluids and
gastric aspirates but a significant number of samples representative of each form of EPTB was
included in the study (Table 1). Body fluids other than pleural and cerebrospinal (CSF) were
classified as cavitary fluids. Gastric aspirates were also included in the study, although normally
used to diagnose pulmonary TB, they differ substantially from sputum and their yield in Xpert
test is poorly known.

Of the 1,476 samples with a valid result, 494 were collected from paediatric patients (age range
0-18 years).

A different pre-treatment was adopted according to the sample type; non sterile samples were
decontaminated with standard NALC NaOH (1% final concentration) procedure and
concentrated by centrifugation [7], while for sterile samples, only mechanical homogenization
was performed (if needed) before resuspension in saline and concentration.

On all the specimens, acid-fast microscopy (Auramine-Rhodamine staining) and culture, both in
solid (Lowenstein-Jensen) and liquid (MGIT 960, Becton Dickinson Biosciences, Sparks MD,
USA) media were performed. The mycobacteria grown in culture were identified using
commercially available DNA-probe assays. Phenotypic susceptibility testing was performed by
the “gold standard” automatic MGIT 960 SIRE (Becton Dickinson).

Only samples for which at least 5 mL of concentrated specimen was available for Xpert test
were included in the study. Samples providing “indeterminate” Xpert results (Error, Invalid, No
result), were not retested. The protocol suggested by the producer for sample preparation and

testing of non-respiratory samples was strictly followed.



Xpert results were compared with culture results. For patients whose samples were Xpert-
positive and culture-negative, medical records were examined for clinical diagnosis of TB [8,9].
Patients with radiologic and/or histologic signs suggesting TB were considered TB cases only if
a clinical improvement after anti-TB treatment was recorded. Patients not treated for TB, or not
presenting evident improvement after treatment were not considered TB cases.

Statistical analysis included the determination of specificity, sensitivity, and positive and
negative likelihood ratios. The likelihood ratios were preferred to positive and negative
predictive values as, differently from the latter, are not affected by prevalence [10]. Comparison
between categorical variables was made using the Fisher’s test; a p value lower than 0.05 was

considered statistically significant.

Results

The tests results were quite homogeneous and no significant variation in performance was
observed across the different centres participating to the study.

In a very small proportion of samples (17, 1.1%), indeterminate Xpert results were obtained.

In 128 samples (116 culture positive) acid-fast bacilli were detected by microscopy while in 183,
smear negative, growth of mycobacteria was obtained in culture. In 61 culture-positive samples
(18 of which were also smear-positive) a nontuberculous mycobacterium (NTM) was identified.
The sensitivity of microscopy was 48%, when compared with culture, and 47.0%, when
compared to Xpert. Among the samples examined (including the culture-positives ones and
those with clinical diagnosis), the sensitivity of culture was 81.3%.

Out of 238 samples positive in culture for M. tuberculosis complex (MTC), Xpert was positive
in 188 and negative in 50 (Table 1). Thirty-four samples MTC culture-negative samples scored
positive with Xpert; for 30 of the enrolled patients from which they had been collected, TB was
clinically confirmed while, for two, it was ruled out. The remaining two, lost to follow up and
therefore lacking a confident diagnosis were only included in the analysis comparing Xpert to

culture results.



Overall sensitivity and specificity of Xpert were 79.0 and 97.3% respectively when compared to
culture; these rose to 81.3 and 99.8% once discrepancies were resolved by considering the
clinical diagnosis (Table 2).

Separate analysis of the paediatric samples revealed (Table 2) higher sensitivity and specificity
values in comparison with the ones originated from adults.

As expected, the sensitivity in smear-negative samples was significantly lower than in smear-
positive (p value <0.0001) but the specificity was higher (Table 2).

When considering the yield of different clinical specimens, a sensitivity higher than 85% was
obtained with CSF, biopsies, urines, pus samples and fine-needle aspirates while it was very
poor for the body fluids (Table 2). The specificity was excellent for all the types of samples
examined and ranged from 99.1 to 100%; none of the samples growing NTMs in culture scored
positive in Xpert assay.

Xpert detected rifampin resistance only in seven patients; all results were in full agreement with
phenotypic DST performed by the automatic MGIT 960.

Xpert test also provides a semiquantitative report of the number of DNA copies detected in the
sample; as expected it was “very low”, or “low”, in the large majority (78.4%) of the samples

that scored positive.

Discussion

This is the first assessment of Xpert performance conducted on a high number of samples, from
adult and paediatric patients, in a non TB-endemic country.

A fair comparison with two previous studies investigating the performance of Xpert on
extrapulmonary clinical samples is not possible because of major differences in study design.
The first study [11], similar to ours for the epidemiological background, omitted in the
evaluation the clinical diagnosis, while the other [12] was carried out in a high prevalence TB
country. In addition, both studies did not target the paediatric population. When considering the
overall sensitivity (Fig. 1) and specificity, our results did not differ significantly either from the
ones obtained by Vadwai et al. [12] in their survey in India (p value =0.36) or from those
reported by Hillemann et al. [11] in Germany (p value =0.53). Diagnostic accuracy values better

than ours were reported for body fluids and pus, in the first study, and, for urine and gastric



aspirates, in the second. In contrast, the diagnostic accuracy of our results was higher, for
biopsies and CSF, compared to both the aforementioned studies.

In a third paper [13] excellent Xpert results (95% sensitivity and 100% specificity) have been
reported for 340 extrapulmonary specimens, without providing, however, any separate analysis
for different specimen types.

A very recent paper [14] evaluated Xpert’s ability in diagnosing tuberculous lymphadenitis from
50 fine needle aspirates and reported 96.7% sensitivity and 88.9% specificity. On 119 needle
aspirates, our sensitivity was significantly lower (84.8%) but specificity was 100%.

For what concerns data obtained with extrapulmonary specimens using commercial NATs other
than Xpert, only two studies investigated large numbers of samples [15,16]; likewise in the
present one, in both studies molecular results were compared to a gold standard combining both
culture results and clinical diagnosis. The first [15] evaluated the AMTD (Gen-Probe, San
Diego, USA) on 682 specimens, while in the second [16] 918 samples were assayed by the
ProbeTec ET (Becton Dickinson). Both reported very good results with important categories of
specimens such as CSFs, gastric aspirates and tissue samples and for both the overall sensitivity
was high (89.3 and 82.7% respectively). In the paper by Laraque et al., however, the high
sensitivity was counterbalanced by very poor specificity (74.5%)[15].

There is a large number of studies evaluating Xpert on pulmonary specimens [5,6,17-23]; the
sensibility varies from 95 to 100% in smear-positive sputa, and from 47 to 77% in smear-
negative ones. Our data score high within these ranges, despite the well-known lower yield of
extra-pulmonary samples in term of sensitivity.

A substantial proportion of tests (494, 33.5%) were performed on paediatric samples. In this
subgroup sensitivity and specificity (86.9% and 99.7% respectively) were even higher than those
in adults (difference not statistically significant, p value = 0.1). The somehow unexpected better
sensitivity obtained in paediatric specimens in comparison with adults” ones is most likely due
to the different distribution of low-yield materials (pleural and other cavitary fluids) in the two
groups; they accounted in fact for 9.1% in children and for 38.7% in adults.

In the only paper targeting paediatric specimens [22] induced sputa were investigated for the

diagnosis of pulmonary TB; the results are therefore not comparable to ours. In this study, the



only specimens aiming to diagnose pulmonary TB in children were gastric aspirates (n. 174); the
sensitivity was 88%, not substantially different from the one reported by Nicol et al. (74.3%).

Of the two false-positive Xpert results, one was obtained on a urine sample collected from a
patient with bladder cancer. A positive Xpert result due to intravescical instillation of Bacillus
Calmette Guérin cannot be excluded, as the patient had been cared for in a hospital
implementing the immunotherapy for treatment of bladder cancer. Unfortunately the patient
record was not available to confirm this hypothesis. The alternative explanation for this false
positive result, and for the other (concerning a CSF of a child for whom the TB was excluded)
remains cross-contamination, despite the potentially contamination-free technology on which
Xpert system relies upon.

As reported by others [12] it is possible that the decontamination step, required for performing
the culture of non-sterile samples, has determined the lowering of bacillary load and
consequently the reduction of test sensitivity.

Out of the scope of this study was the evaluation of the performance of Xpert to detect rifampin
resistance, because of low prevalence of rifampin resistant TB in our epidemiological setting.
Conventional susceptibility testing confirmed however the seven cases of rifampin resistance
revealed by Xpert.

The diagnosis of TB, and especially of EPTB, is based on the combination of multiple tests;
among them, the main role of the culture is once more confirmed with the potential of Xpert
being high in ruling in, but suboptimal in ruling out EPTB. Among the rapid tests investigated
here, Xpert’s sensitivity scored twice as high in comparison with microscopy thus doubling the

proportion of rapid diagnoses with important rebound on the patients’ outcome.
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Table 1. Comparison of Xpert results with culture and clinical data (two samples Xpert-positive and MTC-culture-negative, from
patients lacking a confident diagnosis, were not included in the table).

Sample type Xpert- Xpert- Xpert- Xpert- Xpert- Xpert- Xpert- Total (%
positive and negative positive, negative positive, negative, | indeterminate proportion)
MTC- and MTC- NTM- MTC- MTC-
positive MTC- negative positive negative negative
culture positive culture and culture culture and culture
culture B NON TB
diagnosis diagnosis
Biopsy 71 11 12 19 0 255 4 368  (25.0)
specimen®
Pleural fluid 5 10 3 0 0 312 4 330 (24.4)
Gastric 45 13 3 14 0 149 0 224  (15.2)
aspirate
Pus 40 7 8 22 0 118 4 195 (13.2)
CSF 11 2 1 0 1 118 5 133 (9.0)
Urines 11 2 3 6 1 107 0 130 (8.8)
Cavitary fluid" 5 5 0 0 0 84 0 94 (6.4)
Total 188 50 30 61 2 1,143 17 1,474  (100)

MTC, Mycobacterium tuberculosis complex; TB, tuberculosis; NTM, nontuberculous mycobacteria.
including 119 fine-needle-aspirates.
®including 60 peritoneal, 19 synovial and 15 pericardial fluid samples.
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Table 2. Sensitivity, specificity and likelihood ratios (LR) of Xpert assay®.

Samples Patients N a) gold standard = MTC positive culture or b) gold standard = MTC positive culture
clinical diagnosis of TB
sensitivity | specificit | positi | negativ | sensitivity | specificit | positi | negativ
% (95% CI) y veLR | elLR % (95% CI) y% veLR | eLR
%

Biopsy all 368 | 88.3(82-95) 100 o 0.1 | 86.6(79-94) 955| 19.1 0.1
specimens adults 267 | 84.7 (76-93) 100 o 0.1| 825(73-92) 956 | 18.7 0.2
children 101 100 (100- 100 o 0.0 100 (100- 96.3| 27.3 0.0

100) 100)
Pleural fluid | all 330 | 44.4 (21-67) 100 o 0.6 33.3(9-57) 99.0| 35.2 0.7
adults 292 33.3 (9-57) 100 o 0.7 16.7 (0-38) 989 | 155 0.8
children 38 100 (100- 100 o 0.0 100 (100- 100 o 0.0

100) 100)
Gastric all 224 | 78.7 (68-89) 100 o 0.2 | 77.6(67-88) 976 | 324 0.2
aspirate adults 50| 66.7 (36-97) 100 o 03| 62.5(29-96) 97.7| 26.9 0.4
children 174 81 (70-91) 100 o 0.2 80 (69-91) 976 | 33.1 0.2
Pus all 195 | 87.3(78-96) 100 0 0.1 | 85.1(75-95) 946 | 15.7 0.2
adults 86 | 81.6(69-94) 100 o 0.2 | 76.7 (61-92) 85.7 54 0.3
children 109 100 (100- 100 o 0.0 100 (100- 100 o 0.0

100) 100)
CSF all 133 | 85.7 (67-104) 99.1| 102.0 0.1 | 84.6 (65-104) 98.3| 50.8 0.1
adults 86 100 (100- 100 o 0.0 100 (100- 98.8| 81.0 0.0

100) 100)
children 47 | 75.0 (45-105) 97.4| 292 0.3 | 75.0 (45-105) 97.4| 292 0.3
Urine all 130 | 87.5 (71-104) 99.1| 99.7 0.1 | 84.6 (65-104) 96.6 | 24.7 0.2
adults 112 | 92.3 (78-106) 99.0| 914 0.1] 90 (71-109) 96.1| 22.9 0.1
children 18 | 66.7 (13-120) 100 o 0.3 | 66.7 (13-120) 100 o 0.3
Cavitary all 94 50 (19-81) 100 o 0.5 50 (19-81) 100 o 0.5
fluids adults 87 50 (15-85) 100 o0 0.5 50 (15-85) 100 o 0.5
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children 7] 50(0-119) 100 i 05| 50 (0-119) 100 i 05
Total all 1,474 | 81.3 (77-86) 99.8 | 490.5 02| 79.0 (74-84) 97.3| 28.8 0.2
adults 980 | 77.6 (71-84) 99.9 | 636.6 0.2 | 735 (66-81) 96.9| 23.9 0.3
children 494 | 86.9 (80-93) 99.7| 3355 0.1| 86.3(80-93) 98.2| 48.3 0.1
smear- 127 | 99.0 (97-101) 958 | 23.8 0.0 | 99.0 (97-101) 742 3.8 0.0
pos
smear- | 1,347 | 70.3(63-77) 99.9 | 831.0 03| 655 (58-73) 97.9| 31.6 0.3
neg

MTC, Mycobacterium tuberculosis complex; TB, tuberculosis; Cl, confidence interval.
% In the evaluation versus the gold standard including the culture, only two samples from patients lacking of a confident diagnosis (b)

(one smear-positive biopsy from an adult and one smear-negative gastric aspirate from a child) were included in the analysis.

Figure 1. Forest plot comparing sensitivity estimates for MTC detection in different types of extra-pulmonary samples. (Three studies,

including the present: only specimen’s types represented by at least 25 samples have been included.)
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