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	 Background:	 There are few studies of GeneXpert MTB/RIF (hereafter referred to as Xpert) detection technology in HIV-infected 
people in China. Therefore, this study aimed to evaluate the value of Xpert in HIV/TB co-infected patients and 
to provide reference and guidance for the diagnosis of TB in HIV-infected populations.

	 Material/Methods:	 This study reviewed medical records of human immunodeficiency virus (HIV) patients hospitalized at the 
Infection Center of Beijing Ditan Hospital affiliated to Capital Medical University from January 2018 to May 
2020, and patients diagnosed with pulmonary and extrapulmonary tuberculosis were screened as study sub-
jects. Sensitivity and specificity of Xpert were analyzed using ROC curves.

	 Results:	 Of the 413 HIV patients, 177 patients met the entry criteria, of which the diagnosis was active pulmonary tu-
berculosis (PTB): 145 and extrapulmonary tuberculosis (EPTB): 32. The sensitivity of Xpert for PTB and EPTB 
was 82.0% and 100%, higher than that of acid-fast bacilli (AFB) (61.0% and 58.3%), and slightly lower than that 
of T-SPOT.TB (91.0% and 100%); the specificity was 83.7% and 93.5%, higher than that of AFB (72.6%, 87.1%) 
and T-SPOT.TB (16.6%, 21.2%). The sensitivity of Xpert was 100% in bronchoalveolar lavage fluid (BALF) and 
80.0% in sputum; in patients with CD4+ <200 cells/mm3, the sensitivity of Xpert was 90.0% and specificity was 
84.8%, higher than that of AFB (60.0%, 75.5%) and T-SPOT.TB (90.0%, 21.5%).

	 Conclusions:	 Xpert has a high accuracy in HIV/TB co-infected patients, and Xpert still shows a high sensitivity and specific-
ity even in HIV patients with CD4+ <200 cells/mm3. Xpert is recommended for the diagnosis of tuberculosis in 
HIV-infected patients.
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Background

Currently, Acquired Immune Deficiency Syndrome (AIDS) and tu-
berculosis (TB) remain major public health problems. According 
to the World Health Organization’s 2020 Global Tuberculosis 
Report, there will be approximately 820 000 people with HIV/
TB co-infection globally (8.2% of all TB patients) in 2020, of 
which 214 000 will die from HIV/TB co-infection [1]. Considering 
that HIV populations are at much higher risk of Mycobacterium 
tuberculosis (MTB) infection than normal populations, prompt 
diagnosis and treatment in high-endemic areas is critical. It 
is worth noting that China has become one of the countries 
with the highest number of new TB cases in the past decade 
(although HIV remains at a low prevalence) [2].

Traditionally, Mycobacterium tuberculosis (MTB) culture has been 
the criterion standard for diagnosing TB, but MTB grows slowly, 
generally requires 2-6 weeks of culture, and is limited by the bac-
terial content of the specimen [3]. Acid-fast bacilli (AFB) smear 
is an inexpensive and rapid method for diagnosing tuberculo-
sis widely used in low- and middle-income countries, but it has 
poor sensitivity and a low positive rate [4]. These 2 diagnostic 
methods affect the diagnosis and treatment of tuberculosis to 
a certain extent. T-SPOT.TB is a new immunological detection 
method for diagnosing tuberculosis that has been widely used 
in China in recent years. However, because HIV patients are in 
an immunosuppressive state for a long time, T-SPOT.TB diag-
nostic performance may be limited by the number of CD4+T lym-
phocytes [5]. Xpert MTB/RIF (Cepheid, Sunnyvale, CA, USA) is 
an automated real-time PCR rapid test that detects MTB com-
plexes and rifampicin resistance within 2 h and is recommend-
ed by the World Health Organization (WHO) for the initial di-
agnosis of all individuals with signs and symptoms of TB [6]. In 
2014, the WHO stated Xpert is superior to conventional testing 

(including AFB, culture, or histopathology) [7]. However, most 
of the above results are from studies of Mycobacterium tuber-
culosis infection alone, and there are fewer clinical studies in 
HIV-infected populations. Therefore, the purpose of this study 
was to evaluate the diagnostic performance of Xpert in HIV/TB 
co-infected patients. and to provide some reference value for 
the diagnosis of TB in HIV-infected populations.

Material and Methods

Study Design and Patients

This study was conducted at Beijing Ditan Hospital affiliated to 
Capital Medical University, Beijing, China, which is a specialist 
hospital for the infectious diseases. From January 2018 to May 
2020, a total of 413 HIV patients were included in this study; all 
patients were uniformly tested and patient medical records were 
available. We established the following screening criteria accord-
ing to the World Health Organization (WHO) guidelines [8] and 
the guidelines of the National Health and Wellness Commission 
of the People’s Republic of China [9]: (1) age >18 years old and 
HIV-1 antibody-positive; (2) exclusion of HIV patients in the acute 
infection phase or patients with combined malignancy; (3) PTB 
patients with MTB culture-positive, or AFB smear-positive and 
imaging findings consistent with the characteristics of active pul-
monary tuberculosis; (4) EPTB patients with definite tuberculo-
sis involving organs other than the lungs, MTB from non-pul-
monary origin tissue isolated, or with strong clinical evidence 
consistent with active EPTB histology. Ultimately, 236 patients 
were excluded from the analysis (139 non-TB patients, 42 miss-
ing culture results, 20 missing Xpert results, 29 missing AFB re-
sults, and 6 missing specimens). Therefore, 177 patients were 
included in the final analysis: PTB (145) and EPTB (32) (Figure 1).

All patients
n=413

Included in analysis (HIV/TB)
n=177

Excluded from analysis
n=236

PTB
n=145

134 Culture-negative
99 Xpert-negative
114 AFB-negative
26 T-SPOT-negtaive

11 Culture-negative
46 Xpert-negative
31 AFB-negative
119 T-SPOT-negtaive

EPTB
n=32

42 culture not done

1 Culture-negative
3 Xpert-negative
5 AFB-negative
22 T-SPOT-negtaive

31 Culture-negative
29 Xpert-negative
27 AFB-negative
10 T-SPOT-negtaive

20 Xpert errors

29 AFB not done

6 un-sample

119 non-tuberculosis

Figure 1. �Of the 413 HIV patients, 177 patients met the inclusion criteria, including those diagnosed with active PTB (145), and EPTB 
(32); 236 patients were excluded from the analysis. (PowerPoint, 2016 version, Microsoft).
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Test Method

With the MTB culture method, collected specimens were placed 
in centrifuge tubes, treated with N-acetylcysteine and sodium 
hydroxide, shaken for 20 s to fully mix, and let stand at room 
temperature for 15 min, then centrifuged at 3000 r/min in 
the vessel and resuspended in 1.5 ml phosphate buffer. The 
BACTEC MGIT 960 system (BD microbial system) was used to 
inoculate the prepared sample into the solid medium.

With AFB smear microscopy, according to the operation re-
quirements of AFB smear microscopy, 300 different fields are 
randomly selected for testing. If acid-fast bacilli were found, 
it was positive, otherwise it was negative.

With the Interferon-gamma release assay (by T-SPOT.TB), the 
heparinized blood of patients was collected and used for the 
T-SPOT®.TB test (Oxford Immunotec, Oxford, UK) in accordance 
with the manufacturer’s instructions. When the negative and 
positive quality controls were under control, the results were 
considered positive if either panel A or panel B had ³6 spots.

With the Xpert test, Xpert MTB/RIF reagent was added to the 
specimen at a ratio of 2: 1. If the sample volume was less than 
1 ml, we added reagents to the sample at a ratio of 3: 1 to 
meet the volume requirements, and centrifuged for 15 min. 
The sealed specimen was vigorously stirred at room temper-
ature for 15 min. Then, we transferred 2 ml of sample to the 
kit and inserted it into the test platform. Xpert automatically 
performs DNA extraction, nucleic acid amplification, and spe-
cific nucleic acid detection of Mycobacterium tuberculosis and 
rpo-B mutation of rifampicin resistance gene. The results are 
obtained in 2-3 h.

Statistical Analysis

For continuous variables, the data are expressed as median 
and interquartile spacing. The chi-square test and rank sum 
test were used to compare culture-positive and culture-nega-
tive groups. With sputum Mycobacterium tuberculosis culture 
as the criterion standard, sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and area 
under the curve (AUC), were assessed in 4 tests. Logistic re-
gression predicted probability, and SPSS software was used 
to draw ROC curve to calculate sensitivity and specificity. Data 
were processed and analyzed using SPSS (version 21), Origin 
(version 21), and Microsoft Excel 2016. P<0.05 was considered 
statistically significant.

Ethical Approval

The study was approved by the Ethics Review Committee of 
Beijing Ditan Hospital (approval number: 201704002).

Results

Patient Characteristics

In this study, 177 patients were included. The median age was 
37 (20-83) years, there were 66 (37.2%) patients with a his-
tory of tuberculosis; 17(5.7%) were female and 160 (94.3%) 
were male, with a median CD4 count of 103 (9-886). The main 
clinical symptoms were fever (72.4%), cough (38.7%), sputum 
(21.4%), night sweats (1.1%), and weight loss (3.3%); the im-
aging manifestations were nodules (80.6%), patchy shadow 
(34.6%), and pleural effusion (33.6%) (Table 1).

Performance of Xpert, AFB, T-SPOT.TB in PTB, EPTB, and 
Total Cases

The positivity rates of Xpert, AFB, and T-SPOT.TB were 42.3% 
(75/177), 32.7% (58/177), and 72.8% (129/177), respectively. 

Data HIV/TB% (n=177)

Age (IQR) 	 37	 (20-83)

Gender

	 Male 	 160	 (94.3)

	 Female 	 17	 (5.7)

CD4 count (cells/ml) (IQR) 	 103	 (9-886)

CD4/CD8 (IQR) 	 0.185	 (0.002-1.897)

HIV-1 RNA, log10 copies/mL (IQR) 	 3.629	 (1.041-7)

Clinical features

	 Fever 	 71	 (72.4)

	 Cough 	 38	 (38.7)

	 Expectoration 	 21	 (21.4)

	 Night sweats 	 6	 (0.06)

	 Weight loss 	 2	 (0.02)

Imaging featur

	 Nodules 	 79	 (80.6)

	 Patchy shadows 	 34	 (34.6)

	 Pleural effusion 	 33	 (33.6)

PreviousTB

	 Yes 	 66	 (37.2)

	 No 	 11	 (62.8) 

Table 1. Demographic characteristics of enrolled patients.

Data are presented as number (%) of patients or median 
(interquartile range (IQR)) values.
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Compared with the criterion standard, the diagnostic perfor-
mance of AFB (AUC=0.713, sensitivity 58.3%, specificity 76.3%) 
was significantly better than that of T-SPOT.TB (AUC=0.564, 
sensitivity 91.6%, specificity 21.2%) (P<0.001). Xpert had the 
best diagnostic performance (AUC=0.798, sensitivity 83.3%, 
specificity 84.2%), which was significantly higher than the oth-
er 2 methods (P<0.001) (Figure 2, Table 2).

Accuracy of Xpert in Different Samples of PTB and EPTB

In pulmonary samples, BALF had higher sensitivity (100%,95% 
CI: 19.7-100) and specificity (81.2%,95% CI: 69.1-89.5) than 
sputum. Among extrapulmonary samples, CSF specificity was 
the highest (95.0%, 95% CI: 73.1-99.7), and urine specificity 
was the lowest (50.0%, 95% CI: 2.6-97.3).

Diagnostic Performance of Xpert, AFB, and T-SPOT.TB in 
Patients with CD4+ <200 Cells/mm3

For patients with CD4+<200 cells/mm3, the sensitivity of Xpert 
and T-SPOT.TB were both 90.0% (95% CI: 54.1-99.4%), which 
was significantly higher than that of AFB: 60.0% (95% CI: 27.3-
86.3%) (P<0.001). The specificity of Xpert was 84.8% (95% CI: 
77.6-90.1%), and the specificity of AFB: 75.5% (95% CI: 67.3-
82.2%), which was significantly higher than that of T-SPOT.TB: 
21.5% (95% CI: 15.2-29.5%) (P<0.001).

Discussion

Xpert is a new technology for rapid detection of tuberculosis 
and drug resistance recommended globally by the WHO, and 
with advances in molecular biology, this test is increasingly 
being used in China. This study confirmed the superior diag-
nostic performance of Xpert (AUC=0.798, sensitivity: 83.3%, 
specificity: 84.2%), which was significantly higher than that of 
AFB and T-SPOT.TB (P<0.001). This highlights the usefulness 
of Xpert for TB diagnosis and as a basis for early initiation of 
TB treatment [10].
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Figure 2. �Receiver operating curves (ROC) for Xpert, Acid-fast 
bacilli (AFB) and T-SPOT.TB to differentiate tuberculosis 
(TB) and non-TB cases. AUC, area under the ROC. 
(SPSS, 21 version, Microsoft).

Sensitivity (95% CI, %) Specificity (95% CI, %) PPV (95% CI, %) NPV (95% CI, %)

PTB cases (n=145)

	 Xpert 	 82.0	 (44.2-96.4) 	 83.7	 (74.7-88.5) 	 82.8	 (66.7-91.2) 	 98.1	 (92.7-99.6)

	 AFB 	 61.0	 (27.3-86.3)* 	 72.6	 (62.8-79.1) 	 69.7	 (49.8-83.2) 	 96.7	 (88.9-98.6)

	 T-SPOT.TB 	 91.0	 (54.1-99.4) 	 16.6	 (10.3-22.7)# 	 6.7	 (3.3-12.8) 	 95.8	 (76.8-99.7)

EPTB cases (n=32)

	 Xpert 	 100.0	 (5.4-100.0) 	 93.5	 (77.1-98.8) 	 66.7	 (12.5-98.2) 	 100.0	 (85.4-100.0)

	 AFB 	 100.0	 (5.4-100.0) 	 87.1	 (69.2-95.7) 	 80.0	 (29.8-98.9) 	 100.0	 (84.4-100.0)

	 T-SPOT.TB 	 100.0	 (5.4-100.0) 	 32.2	 (17.3-51.4)# 	 95.4	 (75.1-99.7) 	 100.0	 (65.5-100.0)

Total (n=177)

	 Xpret 	 83.3	 (50.8-97.5) 	 84.2	 (77.5-89.2) 	 72.2	 (54.5-85.2) 	 98.5	 (94.4-99.7))

	 AFB 	 58.3	 (28.5-83.5)# 	 76.3	 (69.4-82.4) 	 84.7	 (70.5-93.1) 	 96.1	 (90.8-98.5)

	 T-SPOT.TB 	 91.6	 (59.7-99.5) 	 21.2	 (15.4-28.3)# 	 7.8	 (4.1-13.8) 	 97.2	 (83.7-99.8)

Table 2. Performance of Xpert, AFB and T-SPOT in detecting PTB, EPTB and total cases.

AFB – acid-fast bacilli; PPV – positive predictive value ; NPV – negative predictive value; TB – tuberculosis. * Fisher exact P=0.021 for 
comparison the sensitivity of Xpert with that of AFB in PTB; # statistical differences between the sensitivity or specificity of Xpert or 
AFB and T-SPOT, chi-square test (c2), P<0.001.
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According to our findings, 37.2% of HIV/TB patients had a his-
tory of tuberculosis, which may indicate that a history of pre-
vious tuberculosis is informative for the diagnosis of tubercu-
losis in the HIV-infected population [11].However, in patients 
with previous TB, antigen-specific memory T cells may be pres-
ent in the body for a long time, which can lead to false-posi-
tive results [5,11]. Therefore, the diagnosis of TB is more chal-
lenging in HIV-positive than in HIV-negative patients.

Opinions differ in several Xpert studies on different sample types 
(eg, sputum, BALF, CSF, pleural fluid, urine, blood, abscess as-
pirate) [4,10,12], but its accuracy is important for MTB detec-
tion. Previous studies have shown that Xpert has sufficient ac-
curacy in diagnosing PTB, but lacks good accuracy in diagnosing 
EPTB [13,14]. In our study, Xpert examined 32 extrapulmonary 
specimens (20 CSF, 1 ascites specimen, 2 urine specimens, and 
3 pleural fluid specimens) (see Table 3). There was no significant 
difference between extrapulmonary specimen types and Xpert 
assay performance. In particular, there were no positive test re-
sults for CSF samples, which may be due to the paucibacillary 
nature of the extrapulmonary specimens, which is roughly the 
same as in another study [15]. Moreover, invasive specimen col-
lection for microbiological diagnosis by biopsy or fine-needle as-
piration for EPTB patients, which makes bacteriological confir-
mation more difficult [16].

Nontuberculous mycobacteria (NTM) such as M. avium complex 
and M. abscessus are a multi-species group of environmental 
mycobacteria that can cause pulmonary disease in humans that 
clinically resembles tuberculosis. People living with HIV with se-
vere immunosuppression are particularly vulnerable to infections 
caused by NTM [17]. Previous studies have shown that Xpert MTB/
RIF does not cross-react with other mycobacterial species [18].

We compared the sensitivity and specificity of AFB, Xpert and 
T-SOPT.TB in patients with CD4+ <200 cells/mm3. The results 
showed that Xpert had higher sensitivity and specificity than 
AFB, but the specificity of Xpert decreased compared to the 
overall data, which is the same as the results of another study, 
in which the accuracy of Xpert in diagnosing PTB was decreased 
in patients with CD4+ <200 cells/mm3, but the difference was 
not statistically significant [11] (see Table 4).

In addition, the positive rate of rifampicin resistance in this 
study was 9.6% (17/177) (for information only), which was 
higher than the average level of multidrug resistance in China 
in 2012 (8.3%) [19], and lower than in a 2018 study in a chest 
hospital in Beijing, China (61.9%, 13/21) [20]. This suggests 
that the burden of multidrug-resistant tuberculosis (MDR-TB) 
in China is severely underestimated and that universal access 
to Xpert testing technology is imminent. Also, HIV-positive 

N (%) Xpert-positive Sensitivity (95% CI) Specificity (95% CI)

PTB cases 145

	 Sputum 	 25	(18.2%) 	 12	(84.0%) 	 80.0	(29.8-98.9) 	 71.4.	(47.6-87.8)

	 BALF 	 66	(48.1%) 	 9	(28.7%) 	 100.0	(19.7-100.0) 	 81.2	(69.1-89.5)

EPTB cases 32

	 CSF 	 20	(62.5%) 	 0	(0%) N/A* 	 95.0	(73.1-99.7)

	 Ascitic fluid 	 1	(3.1%) 	 1	(100%) NA N/A

	 Urine 	 2	(3.2%) 	 1	(50.0%) N/A 	 50.0	(2.6-97.3)

	 Pleural fluid 	 3	(9.3%) 	 2	(66.6%) N/A 	 66.6	(12.5-98.2)

Table 3. Sensitivity and specificity of Xpert in different specimens.

BALF – bronchoalveolar lavage fluid; CSF – cerebrospinal fluid; NA – not available. * If fewer than 3 positive cases are tested, no 
calculation will be made.

Positive
N=149

Sensitivity (95% CI, %) Negative specificity (95% CI, %)

Xpert 43 	 90.0	 (54.1-99.4) 	 106 84.8	 (77.6-90.1)

AFB 27 	 60.0	 (27.3-86.3)* 	 122 75.5	 (67.3-82.2)

T-SPOT.TB 118 	 90.0	 (54.1-99.4) 	 31 21.5	 (15.2-29.5)*

Table 4. �Comparison of the performance of Xpert, AFB and T-SPOT.TB in the diagnosis of pulmonary tuberculosis when CD4+ 
<200 cells/mm3.

* Statistical differences between the sensitivity or specificity of Xpert, AFB and T-SPOT.TB, chi-square test (c2), P<0.001.
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patients are at higher risk of developing MDR-TB than oth-
er populations, and HIV-positive patients with MDR-TB have 
poorer treatment outcomes than HIV-negative patients with 
MDR-TB [21,22]. Therefore, it is necessary to monitor the oc-
currence of tuberculosis and rifampicin resistance in HIV-
positive people, and to maintain good tuberculosis preven-
tion and treatment practices [23].

Our study has some limitations. This was a single-center ret-
rospective study, which may limit the generalizability of the 
findings. The study is limited by the small sample size of EPTB. 
The use of Xpert for the diagnosis of EPTB needs to be fur-
ther investigated by expanding the sample size and optimiz-
ing the sample handling process for EPTB to draw more ac-
curate conclusions. There will be uncertainty in the results of 
Xpert MTB/RIF test for oligobacterium samples, and when HIV 
patients are infected with tuberculosis, the sensitivity of Xpert 
diagnosis will be reduced. Therefore, the subsequent devel-
opment of Xpert Ultra aims to improve the sensitivity of tu-
berculosis detection, especially in AFB-negative patients and 
HIV-positive patients [24]. In addition, Xpert MTB/RIF may have 
false-positive results of rifampicin resistance when initially 
testing rifampicin-resistant patients [25]. Finally, we did not 
include HIV-negative patients. However, some studies reported 

that the sensitivity of Xpert was higher in HIV-negative peo-
ple than in HIV- positive people [12].

Conclusions

In conclusion, our study showed that the specificity of Xpert 
was higher than that of AFB and T-SPOT.TB, and even in HIV 
patients with CD4+<200 cells/mm3, Xpert still showed high ac-
curacy. Our results support the use of Xpert as a diagnostic 
method for TB in HIV patients, and Xpert has outstanding ad-
vantages in detecting rifampicin resistance.
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