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Abstract
Purpose  Stool is an alternative specimen matrix for tuberculosis (TB) tests, because Mycobacterium tuberculosis (MTB) 
can be swallowed and detected in the samples from digestive tract. We aimed to assess the performance of GeneXpert on 
stool and gastric lavage fluid (GALF) in diagnosing TB among patients with severe pulmonary TB.
Methods  We enrolled adults with suspected pulmonary TB who were unable to produce sputum at visit between January 
2016 and June 2018. Bacteriological samples consisted of one transtracheal aspirate sputum specimen, one stool specimen 
and/or one gastric lavage fluid specimen. Bacterial culture of transtracheal aspirate sputum provided the gold standard.
Results  Of 65 individuals recruited for analysis, MGIT culture identified the presence of MTB in 32 samples. Overall, 29 
of 32 stool samples from culture-positive cases were detected by the GeneXpert test, demonstrating a sensitivity of 90.6%. 
For GALF, 13 patients were detected as infected with MTB by GeneXpert, yielding a sensitivity of 56.5%. The statistical 
analysis revealed that GeneXpert showed significantly better sensitivity in detecting MTB from stool samples than GALF 
samples (P = 0.003). Among individuals with GeneXpert-positive stool, the percentage of individuals with comorbid diabetes 
was significantly higher than among individuals with GeneXpert-negative stool (19.4% vs. 2.9%, P = 0.034).
Conclusions  In conclusion, our data reveal that GeneXpert provides a higher detection rate on stool compared to GALF, 
indicating stool should be considered as an alternative for adult TB patients unable to produce sputum. Individuals with 
diabetes are more likely to have positive GeneXpert stool than nondiabetic individuals.
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Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculo-
sis (MTB) complex, is a leading cause of death worldwide 
resulting from a single bacterial infection [1, 2]. In 2016, 
the World Health Organization (WHO) estimated the annual 
burden of tuberculosis to be 10.4 million cases and 1.67 mil-
lion deaths in the world [1]. Early detection of TB is cru-
cial to effective patient management and to TB control [3]. 
Despite the use of multiple available TB tests, only 57% of 
the pulmonary TB cases reported globally were bacterio-
logically confirmed [1]. In other words, approximate half 
of patients are treated empirically for TB, based on clinical 
symptoms, radiographic findings, and contact history with 
index patients. Therefore, there is an urgent need to develop 
a rapid and accurate diagnostic test for the detection of TB.

Sputum specimens remain the most important clinical 
samples used for current bacteriological test to confirm TB 
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[4]. Their yield is expected to be suboptimal for patients 
with TB who are unable to expectorate sputum in the vol-
ume or quality required for sputum-based tests [5]. As an 
alternative, different specimen types have been studied to 
improve the sensitivity of bacteriological examination, such 
as induced sputum, bronchoalveolar lavage fluid, and gastric 
lavage fluid (GALF) [6–8]. Numerous previous reports have 
demonstrated that all three of these specimens have been 
shown to increase the diagnostic yield, especially for chil-
dren with TB disease [6, 7]. Despite these advantages, the 
collection of induced sputum, bronchoalveolar lavage fluid 
and GALF are resource intensive and relatively unsafe for 
critically ill patients.

Stool is an alternative specimen matrix for TB tests, 
because MTB can be swallowed and detected in the sam-
ples from digestive tract [9, 10]. In particular, stool is easy 
to obtain for severe TB patients, the diagnosis of whom 
in more challenging [11]. WHO endorsed the automated 
nucleic acid amplification test (NAAT) GeneXpert MTB/
RIF for the diagnosis of MTB from various specimen types 
[12]. In previous TB detection studies performed on stool, 
the GeneXpert assay yielded promising performance for the 
detection of TB bacilli from pediatric stool samples [11, 13]. 
To date, there are still limited data on the performance of 
GeneXpert MTB/RIF on stool for adult TB patients unable 
to produce sputum. The objectives of this study were to 
assess the performance of GeneXpert on stool and GALF in 
diagnosing TB among patients with severe pulmonary TB. 
We also aimed to determine the demographic and clinical 
factors associated with positive stool GeneXpert results.

Materials and methods

Study design and participants

We conducted a prospective study in Beijing Chest Hospital, a 
National Clinical Center of TB in China. From January 2016 
to June 2018, adults with a suspicion of severe pulmonary TB 
were screened for enrolment. The adults with suspected severe 
pulmonary TB had at least one of the following symptoms: 
(1) cough for more than 2 weeks; (2) TB contact history; (3) 
radiological features. In addition, these cases were unable to 
produce sputum due to the pre-existing unconsciousness. The 
patients receiving anti-TB treatment prior to current hospital 
admission were excluded from this study. The staff recorded 
all demographic and clinical details for recruited patients 
within 6 h of admission. Bacteriological samples were col-
lected using standard collection methods that consisted of one 
transtracheal aspirate sputum specimen, one stool specimen 
and/or one GALF specimen. The transtracheal aspirate sputum 
was obtained with a suction tube connected to the aspirator 
system. For the patients without mechanical ventilation, the 

tongue depressor was used to pull the tongue forward and open 
the trachea. Then, the tube was introduced into the trachea 
through the mouth. The automated vacuum suction was con-
nected to the tube to aspirate sputum. All procedures were 
performed without the use of sedatives and muscle relaxants, 
and no adverse effects were recorded among these patients. 
All the clinical samples were transported to laboratories for 
bacteriological examinations.

Laboratory examinations

The transtracheal aspirate sputum specimens were decon-
taminated with N-acetyl-l-cysteine and sodium hydroxide, 
and centrifuged [14]. Direct examination was performed 
using the Auramine O staining for acid-fast bacilli (AFB) 
[14]. In addition, the sample pellet suspensions were inocu-
lated into BACTEC MGIT tubes (BD Microbiology Sys-
tems, USA). Positive culture from specimens was identified 
as M. tuberculosis complex by the sequence analysis of par-
tial fragment of 16S rRNA gene.

In addition, the transtracheal aspirate sputum and gastric 
lavage fluid (GALF) samples were diluted 2:1 in sample 
reagent, and shaken vigorously. After incubation at room 
temperature for 15 min, 2 mL of the inactivated material was 
transferred to a cartridge for GeneXpert analysis.

Stool specimens were processed prior to GeneXpert 
MTB/RIF testing to remove the inhibitors of polymerase 
chain reaction. Briefly, 1 g of stool was homogenized with 
5 mL of phosphate buffered saline (PBS) and vortexed. After 
steeling, 1 mL of supernatant was diluted in 2 mL of sample 
reagent, and loaded to the GeneXpert instrument.

Statistical analysis

Bacterial culture of transtracheal aspirate sputum provided 
the gold standard. The sensitivity, specificity, positive pre-
dictive value (PPV) and negative predictive value (NPV) 
were calculated to assess the performance of GeneXpert for 
stool and GALF samples. In addition, the chi-square test 
was performed to compare the performance of GeneXpert 
between stool and GALF specimens. Univariable analysis 
was performed to identify factors associated with GeneX-
pert-positive stool. All statistical analyses were done using 
SPSS version 14.0 (SPSS Inc., Chicago, IL), and differences 
were considered to be statistically significant at P < 0.05.

Results

Patients

In total, 83 individuals with suspected pulmonary TB who 
were unable to produce sputum at visit were recruited for 
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our analysis. Of 83 cases, 9 (10.8%) underwent mechani-
cal ventilation. By reviewing the laboratory examination 
results, 18 patients (21.7%) were excluded, including 9 
with no culture results from transtracheal aspirate sputum 
specimens, 9 with no GeneXpert results from stool and 2 
with contaminated culture results (Fig. 1). As summarized in 
Table 1, 46 out of 65 patients included in final analysis were 
male, and the other 19 were female. Ages ranged from 18 to 
85 years (median age 42 years, interquartile range 26–69). In 
addition, liver disease (8/65, 12.3%) was the most frequent 
comorbidity observed in the individuals enrolled with sus-
pected pulmonary TB, followed by diabetes (7/65, 10.8%). 
IGRA testing yielded positive results in 73.8% (48/65) of 
subjects and negative results in 26.2% (17/65) of subjects.

Performance of GeneXpert MTB/RIF in stool 
and GALF samples

Bacterial culture of transtracheal aspirate sputum provided 
the gold standard. As shown in Table 2, MGIT culture 
identified the presence of MTB in 32 (49.2%) samples, 

Fig. 1   Participant enrollment

31 individuals with 
positive culture 

results

34 individuals with 
negative culture 

results

83 individuals with suspected severe 
pulmonary TB were enrolled in this study

18 individuals were excluded from further 
analysis:

9 individuals had no culture results from 

transtracheal aspirate sputum specimen.

9 had no GeneXpert results from stool.

2 were culture-contaminated.

65 individuals with suspected severe 
pulmonary TB were included in analysis

Xpert positive stool: 29
Xpert positive GA: 13*

Xpert negative stool: 2
Xpert positive GA: 0

Table 1   Characteristics of 
patients with suspected severe 
pulmonary TB enrolled in this 
study

BMI body mass index, IGRA​ 
interferon gamma release assay

Characteristics No. (%)

Sex
 Male 46 (70.8)
 Female 19 (29.2)

Age (years)
 Median 42
 Range 18–85

BMI(kg/m2)
 < 18.5 45 (69.2)
 > 18.5 20 (30.8)

Comorbidity
 No 43 (66.2)
 Diabetes 7 (10.8)
 Liver disease 8 (12.3)
 Others 7 (10.8)

IGRA​
 Positive 48 (73.8)
 Negative 17 (26.2)
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while the remaining 33 (50.8%) were culture negative. 
Overall, 29 of 32 stool samples from culture-positive cases 
were detected by the GeneXpert test, demonstrating a sen-
sitivity of 90.6% (95% CI 80.5–100.0%), and GeneXpert 
also identified 31 of 33 stool samples from culture-nega-
tive cases, demonstrating a specificity of 93.5% (95% CI 
85.8–100.0%) (Table 2).

In addition, 40 patients provided GALF samples for 
GeneXpert and MGIT culture testing, including 23 culture-
positive and 17 culture-negative patients determined by 
transtracheal aspirate sputum cultures. Out of 23 culture-
positive patients, 13 patients were detected as infected with 
MTB by GeneXpert, yielding a sensitivity of 56.5% (95% 
CI 36.3–76.8%). The statistical analysis revealed that Gen-
eXpert showed significantly better sensitivity in detecting 

MTB from stool samples than GALF samples (P = 0.003) 
(Table 2).

Factors associated with having GeneXpert‑positive 
stool

Univariable analysis of demographic and clinical character-
istics and their association with GeneXpert-positive stool is 
summarized in Table 3. Among individuals with GeneXpert-
positive stool, the percentage of individuals with comor-
bid diabetes (19.4%, 6/31) was significantly higher than 
among individuals with GeneXpert-negative stool (2.9%, 
1/34), indicating that diabetes was associated with hav-
ing positive stool GeneXpert results (OR [95% CI] 10.125 
[1.116–91.879], P = 0.034). In contrast, sex, age, BMI and 

Table 2   Performance of GeneXpert MTB/RIF assay for detecting MTB from stool and gastric lavage fluid specimens

PPV positive predictive value, NPV negative predictive value
a Fourty individuals with results from gastric lavage fluid were enrolled in analysis

Specimen GeneXpert
MTB/RIF

Refer-
ence 
standard

Total Sensitivity (%, 95% 
CI)

Specificity (%, 95% 
CI)

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

Pos Neg

Stool Pos 29 2 31 90.6 (80.5–100.0) 93.9 (85.8–100.0) 93.5 (84.9–100.0) 91.2 (81.6–100.0)
Neg 3 31 34
Total 32 33 65

Gastric lavage fluida Pos 13 0 13 56.5 (36.3–76.8) 100.0 (100.0–100.0) 100.0 (100.0–100.0) 63.0 (44.7–81.2)
Neg 10 17 27
Total 23 17 40

Table 3   Factors associated with 
positive stool GeneXpert among 
suspected severe pulmonary 
tuberculosis patients

OR odds ratio, CI confidence interval, BMI body mass index

Characteristics Positive GeneXpert 
(n = 31)

Negative GeneXpert 
(n = 34)

OR (95% CI) P value

No. Col % No. Col %

Sex
 Male 23 74.2 23 67.6 1.375 (0.468–4.043) 0.562
 Female 8 25.8 11 32.4 1.000 Ref.

Age group (years)
 < 25 9 29.0 6 17.6 1.000 Ref.
 25–64 14 45.2 15 44.1 0.622 (0.176–2.202) 0.460
 > 64 8 25.8 13 38.2 0.410 (0.106–1.594) 0.194

BMI (kg/m2) 0.0
 < 18.5 23 74.2 22 64.7 1.568 (0.539–4.566) 0.408
 > 18.5 8 25.8 12 35.3 1.000 Ref.

Comorbidity
 No 16 51.6 27 79.4 1.000 Ref.
 Diabetes 6 19.4 1 2.9 10.125 (1.116–91.879) 0.034
 Liver disease 5 16.1 3 8.8 2.813 (0.591–13.374) 0.249
 Others 4 12.9 3 8.8 2.250 (0.445–11.365) 0.416



615GeneXpert of stool versus gastric lavage fluid for the diagnosis of pulmonary tuberculosis…

1 3

other comorbidities were not significantly associated with 
stool GeneXpert results (P > 0.05).

Discussion

In this study, we demonstrated the diagnostic value of Gen-
eXpert MTB/RIF assay on stool samples for the diagno-
sis of TB in adult individuals. Our data have demonstrated 
that GeneXpert produces excellent performance in detect-
ing MTB from stool samples in severe TB patients, with an 
overall sensitivity of 90.6%. Similar to our observation, a 
recent report by Rahman and colleagues revealed that the 
sensitivity of the stool GeneXpert assay is 94.8% in adults 
[15]. Numerous studies show that GeneXpert testing of 
stool yields promising performance in cohorts of children 
with high probability of pulmonary TB, with sensitivities 
of 41–89% compared with culture of respiratory samples 
[11, 13, 16], which were lower than our observation. The 
lower sensitivity reported compared to our results in adults 
may be explained in several possible ways. On one hand, a 
laboratory study by Blakemore and colleagues indicated that 
the positive GeneXpert results require higher bacillary load 
in stool samples than in respiratory samples [17]. There-
fore, given that the presence of tubercle bacillus in stool 
comes from swallowed sputum, the paucibacillary nature of 
childhood TB may be associated with the limited sensitivity 
of GeneXpert from stool samples in children. On the other 
hand, this is possibly because of the severe spectrum of TB 
in individuals included in this study, who had higher MTB 
bacillary load.

Interestingly, we observed that stool samples have been 
shown to yield higher sensitivity in detecting MTB than 
GALF samples when tested with GeneXpert assay. We 
hypothesize that the longer stay duration of sputum in intes-
tinal tract compared to stomach may result in the increased 
frequency of collection of specimens with MTB from stool 
samples. In addition to the promising performance, another 
advantage of stool test is that stool samples can be obtained 
from severe pulmonary TB patients without their active col-
laboration. Therefore, they are more conventional compared 
to GALF samples, especially for the patient population at 
high risk of rapid disease progression. Taken together, stool 
is a more suitable specimen type than GALF for accurately 
detecting MTB in clinical settings.

Evidence in human studies suggests that diabetes is asso-
ciated with an increased risk of TB [18]. More importantly, 
diabetic guinea pigs infected with MTB presented severe and 
rapid progressive TB, such as shorten survival interval and a 
higher bacterial burden compared with nondiabetic controls 
[19]. In line with previous findings [20], we observe that 
individuals with diabetes are more likely to have positive 
GeneXpert stool than nondiabetic individuals, reflecting that 

this population with both diseases present with a higher bac-
illary load. Although the exact reason remains unclear, the 
increased bacillary load in the diabetes could be attributed 
to their impaired immunity against TB, thereby resulting 
in the uncontrolled bacterial growth and delayed bacterial 
clearance [20]. In view of the increasing overlap of popula-
tions at risk for TB and diabetes in recent years, TB patients 
with diabetes should be considered as important targets for 
early diagnosis and treatment interventions, which will bring 
a beneficial impact on TB control.

There are several limitations to our study. First, despite 
the great effort in the enrollment of patients, the small num-
ber of patients associated with a low prevalence of severe 
pulmonary TB weakens the overall significance of our study 
conclusion. Therefore, there is an urgent need to elucidate 
the diagnostic accuracy of GeneXpert on stool samples with 
a larger sample size. Second, the reference mycobacterial 
culture was only carried out on transtracheal aspirate sputum 
rather than stool tested by the GeneXpert assay, because 
mycobacteria culture was not routinely performed on stool 
samples in this study. Third, there is strong evidence that 
testing multiple stool samples could increase the sensitiv-
ity of GeneXpert [21], whereas only a single sample was 
analyzed in this study due to high cost of this cartridge. 
Fourth, given that lung tissues are the habitat of tubercle 
bacilli, it is more convenient to obtain a respiratory sample 
by tracheal suction for severe TB patients with mechanical 
ventilation. Nevertheless, our evaluation results demonstrate 
that GeneXpert is equally effective with transtracheal aspi-
rate sputum, which could be used as standard sample for 
severe pulmonary TB patients.

In conclusion, our data reveal that the GeneXpert assay 
provides a higher detection rate on stool compared to GALF, 
indicating stool should be considered as an alternative for 
adult TB patients unable to produce sputum. Individuals 
with diabetes are more likely to have positive GeneXpert 
stool than nondiabetic individuals, reflecting that this popu-
lation with both diseases presents with a higher bacillary 
load. Further studies are urgently needed to verify our 
results through the enrollment of more severe pulmonary 
TB patients.

Acknowledgements  We would like to thank members of the National 
Tuberculosis Reference Laboratory at the Chinese Center for Disease 
Control and Prevention for their technical assistance.

Funding  This work was supported by the Beijing Municipal Adminis-
tration of Hospitals’ Youth Programme (QML20171601), and the Chi-
nese Clinical Trial Cooperation Support Programme (2018KYJJ002).

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no competing 
interests.



616	 R. Liu et al.

1 3

Ethical approval  This study was approved by the Ethic Committee of 
Beijing Chest Hospital affiliated to Capital Medical University. Written 
informed consent was obtained from the immediate relative on behalf 
of each patient.

References

	 1.	 World Health Organization. Global tuberculosis report 2017. 
Geneva: WHO 2017; 2017 (WHO/HTM/TB/2017.13).

	 2.	 Tan Y, Su B, Zheng H, Wang Y, Pang Y. Prothionamide suscepti-
bility testing of Mycobacterium tuberculosis using the resazurin 
microtitre assay and the BACTECMGIT 960 system. Eur J Clin 
Microbiol Infect Dis. 2017;36:779–82.

	 3.	 Nahid P, Pai M, Hopewell PC. Advances in the diagnosis and 
treatment of tuberculosis. Proc Am Thorac Soc. 2006;3:103–10.

	 4.	 Pai M, Schito M. Tuberculosis diagnostics in 2015: landscape, 
priorities, needs, and prospects. J Infect Dis. 2015;211:21-8.

	 5.	 Aslam W, Tahseen S, Schomotzer C, Hussain A, Khanzada F, 
Ul Haq M, et al. Gastric specimens for diagnosing tuberculosis 
in adults unable to expectorate in Rawalpindi, Pakistan. Public 
Health Action. 2017;7:141–6.

	 6.	 Pang Y, Wang Y, Zhao S, Liu J, Zhao Y, Li H. Evaluation of the 
Xpert MTB/RIF assay in gastric lavage aspirates for diagnosis of 
smear-negative childhood pulmonary tuberculosis. Pediatr Infect 
Dis J. 2014;33:1047–51.

	 7.	 Larson JL, Ridzon R, Hannan MM. Sputum induction versus fiber-
optic bronchoscopy in the diagnosis of tuberculosis. Am J Respir 
Crit Care Med. 2001;163:1279–80.

	 8.	 Ruiz Jimenez M, Guillen Martin S, Prieto Tato LM, Cacho Calvo 
JB, Alvarez Garcia A, Soto Sanchez B, et al. Induced sputum 
versus gastric lavage for the diagnosis of pulmonary tuberculosis 
in children. BMC Infect Dis. 2013;13:222.

	 9.	 Wolf H, Mendez M, Gilman RH, Sheen P, Soto G, Velarde AK, 
et al. Diagnosis of pediatric pulmonary tuberculosis by stool PCR. 
Am J Trop Med Hyg. 2008;79:893–8.

	10.	 Cordova J, Shiloh R, Gilman RH, Sheen P, Martin L, Arenas F, 
et al. Evaluation of molecular tools for detection and drug suscep-
tibility testing of Mycobacterium tuberculosis in stool specimens 
from patients with pulmonary tuberculosis. J Clin Microbiol. 
2010;48:1820–6.

	11.	 Walters E, van der Zalm MM, Palmer M, Bosch C, Demers AM, 
Draper H, et al. Xpert MTB/RIF on stool is useful for the rapid 
diagnosis of tuberculosis in young children with severe pulmonary 
disease. Pediatr Infect Dis J. 2017;36:837–43.

	12.	 World Health Organization. Xpert MTB/RIF assay for the diagno-
sis of pulmonary and extrapulmonary TB in adults and children, 
WHO Policy update. Geneva: WHO 2014; 2014. (WHO/HTM/
TB/2013.16).

	13.	 Orikiriza P, Nansumba M, Nyehangane D, Bastard M, Mugisha 
IT, Nansera D, et al. Xpert MTB/RIF diagnosis of childhood 
tuberculosis from sputum and stool samples in a high TB-HIV-
prevalent setting. Eur J Clin Microbiol Infect Dis. 2018.

	14.	 Tan Y, Li Q, Wang Q, Sun H, Chen J, Cai X, et al. Evaluation of 
the MTBDRplus 2.0 assay for the detection of multidrug resist-
ance among persons with presumptive pulmonary TB in China. 
Sci Rep. 2017;7:3364.

	15.	 Rahman SMM, Maliha UT, Ahmed S, Kabir S, Khatun R, Shah 
JA, et al. Evaluation of Xpert MTB/RIF assay for detection of 
Mycobacterium tuberculosis in stool samples of adults with pul-
monary tuberculosis. PLoS One. 2018;13:e0203063.

	16.	 Nicol MP, Spiers K, Workman L, Isaacs W, Munro J, Black 
F, et al. Xpert MTB/RIF testing of stool samples for the diag-
nosis of pulmonary tuberculosis in children. Clin Infect Dis. 
2013;57:e18–21.

	17.	 Blakemore R, Story E, Helb D, Kop J, Banada P, Owens MR, et al. 
Evaluation of the analytical performance of the Xpert MTB/RIF 
assay. J Clin Microbiol. 2010;48:2495–501.

	18.	 Jeon CY, Murray MB. Diabetes mellitus increases the risk of 
active tuberculosis: a systematic review of 13 observational stud-
ies. PLoS Med. 2008;5:e152.

	19.	 Podell BK, Ackart DF, Obregon-Henao A, Eck SP, Henao-Tamayo 
M, Richardson M, et al. Increased severity of tuberculosis in 
Guinea pigs with type 2 diabetes: a model of diabetes-tuberculosis 
comorbidity. Am J Pathol. 2014;184:1104–18.

	20.	 Ronacher K, Joosten SA, van Crevel R, Dockrell HM, Walzl 
G, Ottenhoff TH. Acquired immunodeficiencies and tuberculo-
sis: focus on HIV/AIDS and diabetes mellitus. Immunol Rev. 
2015;264:121–37.

	21.	 Banada PP, Naidoo U, Deshpande S, Karim F, Flynn JL, O’Malley 
M, et al. A novel sample processing method for rapid detection 
of tuberculosis in the stool of pediatric patients using the Xpert 
MTB/RIF assay. PLoS One. 2016;11:e0151980.


	GeneXpert of stool versus gastric lavage fluid for the diagnosis of pulmonary tuberculosis in severely ill adults
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design and participants
	Laboratory examinations
	Statistical analysis

	Results
	Patients
	Performance of GeneXpert MTBRIF in stool and GALF samples
	Factors associated with having GeneXpert-positive stool

	Discussion
	Acknowledgements 
	References


