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Abstract: Conventional sputum collection for TB diagnosis is difficult in TB meningitis patients since
most of them are admitted with decreased consciousness. It is assumed that unconscious patients
swallow their sputum; therefore, gastric aspiration can replace sputum collection in unconscious
patients. A prospective study was conducted to see whether examining gastric aspirate could
increase the diagnosis certainty of pulmonary TB in such subjects. The inclusion criteria were age
18–60 years, decreased level of consciousness, and use of a nasogastric tube. Subjects who had taken
antituberculosis drugs for more than 3 days were excluded. Gastric lavage was performed in the
morning after an overnight fast. Specimens were examined for direct smear, culture, and rapid
molecular testing. Demographic, clinical, chest X-ray, and laboratory data were also recorded.
During the study period, 31 subjects were available. The positivity rates for microbiological tests were
19.3%, 41.9%, and 48.4% for smear, culture, and rapid molecular testing, respectively. All positive
smears were confirmed by either culture or rapid molecular testing. Gastric lavage can be considered
a tool for improving extraneural TB diagnosis in unconscious patients.
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1. Introduction

Tuberculosis (TB) is caused by Mycobacterium tuberculosis (Mtb). The World Health Organization’s
report shows approximately 6.3 million new cases of TB every year, and Indonesia is the second country
worldwide with the highest estimated incident cases of TB infection per year [1,2]. This condition
is related to poverty, poor hygiene, malnutrition, and corticosteroid use and in the last decades was
boosted by HIV coinfection [2,3].

Mtb initially infects the lung but can spread to other organs, such as meninges, bone, and kidney,
with TB meningitis comprising around 1%–2% of the total TB infection. TB meningitis is the most
severe extrapulmonary TB infection with high mortality and morbidity rate. TB meningitis is also
the most common central nervous system infection in Hasan Sadikin Hospital, with a high mortality
(more than 50%) [3–5].

A definite diagnosis of TB meningitis is challenging because of the paucibacillary nature of
cerebrospinal fluid (CSF). For practical reasons, scoring systems are developed to weigh up the
probability of the diagnosis of TB meningitis. One of the components of scoring systems is evidence
of Mtb infection in the extracranial compartment, such as the lung [6]. Based on a previous cohort,
40% of TB meningitis patients have chest X-rays consistent with pulmonary TB, but a definite diagnosis
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of pulmonary TB is hard to establish due to hindrance in collecting sputum since 70%–85% of TB
meningitis patients are admitted to the hospital with decreased consciousness [3,4,7].

It is assumed that unconscious TB meningitis patients swallow their sputum, so gastric lavage
can be performed to obtain specimen for mycobacteriological examination and therefore can replace
sputum collection in unconscious patients. As a matter of fact, gastric lavage is commonly performed
on pediatric patients for the same purpose [8,9]. A mycobacteriological test of gastric aspirate is
assumed to be an alternative way to improve the definite diagnosis of pulmonary TB in unconscious
TB meningitis patients. This study aimed to increase the diagnosis certainty of pulmonary TB by
performing microbiological examinations on gastric aspirate in unconscious TB meningitis patients.

2. Materials and Methods

2.1. Patients’ Characteristics and Study Design

A prospective study was conducted from January to March 2019 at Hasan Sadikin Hospital
Bandung. Patients aged 18 to 60 years old with clinical TB meningitis and decreased level of
consciousness and on nasogastric tube (NGT) were included in this study. Patients were excluded if
they had taken antituberculosis drugs for more than 3 days. Lumbar puncture was performed on all
the subjects included in the study to obtain CSF. All the subjects were also tested for HIV and had chest
X-ray and head computed tomography (CT) as part of routine care. The patients received high-dose
rifampicin (900 mg per day for 2 months), along with isoniazid, ethambutol, and pyrazinamide
according to National TB Guidelines.

2.2. Gastric Lavage

Gastric lavage was performed on the subjects after an overnight fasting. Around 50 mL of normal
saline was injected into the NGT. Then approximately 35 mL of gastric aspirate was drained from
the NGT into a sterile falcon tube. Gastric aspirate was sent to the laboratory for further testing.
Samples taken during weekends or holidays were stored in a refrigerator and processed on the next
working days.

2.3. Sample Processing

Gastric aspirate was processed using 4% NaOH, then centrifuged at 3000 rotation per minute
for 15 min. The sediment was collected for direct smear (Ziehl–Neelsen; ZN), liquid culture using
microscopic observation of drug susceptibility (MODS), and rapid molecular testing using GeneXpert.
Demographic data and results of the laboratory test, chest X-ray, and head CT were recorded.

2.4. Diagnostic Criteria

TB meningitis was suspected if the patients had clinical signs of meningitis (headache, fever,
and neck stiffness with or without decreased level of consciousness). A probable diagnosis of TB
meningitis was established if the CSF result revealed cells >10/mm [3] and low CSF:blood glucose ratio as
described elsewhere [10]. A definite diagnosis of TB meningitis was obtained if the microbacteriological
tests revealed a positive result in one diagnostic modality or more [10], while a definite diagnosis of
pulmonary TB was made if either the culture or rapid molecular test or both revealed a positive result
irrespective of the chest X-ray result [11].

2.5. Analysis and Statistics

Analysis and statistics were done by SPSS ver22.0. (IBM Corp, Armonk, NY, USA).
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3. Results

Patient Characteristics

Within the study period, there were 60 patients with clinical TB meningitis. Twenty-nine patients
were excluded (18 patients were not on NGT due to being fully alert, 5 died before the gastric aspirate
procedure was performed, 4 had already taken oral anti-TB for more than 3 days, and 2 were older
than 60 years), leaving 31 subjects eligible for this study. Among these 31 subjects, 20 had suspected
pulmonary TB based on chest X-rays, and Mtb was found in 17 subjects (Figure 1).

Figure 1. Subject flow.

There was a slight female predominance in the study population (58%:42%), with a median age of
34 years. Around 10% of the study subjects had positive HIV serology, and 3 subjects (9.7%) had a
history of pulmonary TB infection. The CSF profiles of the subjects were consistent with TB meningitis
(i.e., increased white cell number with mononuclear cell predominance, high protein level, and low
CSF:blood glucose ratio). Hyponatremia was common among the study subjects, with a median blood
sodium level of 129 mEq/dL. Thirty of the 31 study subjects had grade 2 TB meningitis, 1 had grade 3
TB meningitis, and consistent with the inclusion criteria, there were no study subjects who had grade 1
TB meningitis.

Microbiological test results revealed that 17 (54.8%) had a positive result for rapid molecular testing,
while 21 (67.5%) were culture positive, and 8 (25.8%) were direct staining positive. Positive composite
mycobacterial test results (i.e., having positive result in one or more of the three mycobacteriological
modalities performed) were obtained in 22 (71.0%) subjects.

Mycobacteriological examination of the specimens from gastric aspiration showed that 6 (19.4%)
subjects had positive direct smear, whereas culture and rapid molecular testing were positive in 13
(41.9%) and 15 (48.4%) subjects, respectively. Definite pulmonary TB infection was found in 17 subjects
(54.8%), based on composite mycobacterial testing. Twenty subjects (65.5%) had chest X-ray consistent
with pulmonary TB, in which 14 (45.2%) subjects showed nonmiliary-type and 6 (19.4%) miliary-type
pulmonary TB (Table 1). Half of the subjects with nonmiliary pulmonary TB and 5 of the 6 subjects
with military TB had a positive microbiology result from gastric aspiration. Among the remaining 11
subjects with normal chest X-ray, 5 (45.4%) had a positive microbiology result. Further, of the 9 (29.0%)
subjects without a definite diagnosis of TB meningitis, 5 (55.5%) had a positive microbiological result
from gastric aspiration.
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Table 1. Characteristics of subjects (n = 31).

General Characteristics

Age in years—median (IQR) 34 (25–43)

Sex

Male 13 (41.9)
Female 18 (58.1)

History of pulmonary TB 3 (9.7)
Positive HIV serology 3 (9.7)

Laboratory examination
Blood test

Serum sodium (mEq/L)—median (IQR) 129 (123–137)
Blood glucose (mg/dL)—median (IQR) 117 (94–128)

CSF
Protein (mg/dL)—median (IQR) 191.7 (136–327)
Cell count (cell/mL)—median (IQR) 71 (6–195)
% lymphocyte—median (IQR) 81 (56–96)
% glucose ratio CSF:serum—median (IQR) 16.9 (10.4–35.8)

Microbiology of gastric aspirate
Positive direct staining 6 (19.4)
Positive culture 13 (42.0)
Positive rapid molecular testing 15 (48.4)

Radiology
Chest X-rays

Not pulmonary TB 11 (35.5)
Abnormal:

-Nonmiliary pulmonary TB 14 (45.2)
-Miliary pulmonary TB 6 (19.4)

Head CT
Communicating hydrocephalus 10 (32.3)
Noncommunicating hydrocephalus 2 (6.45)

Diagnosis
Grade of TB meningitis *

Grade 2 30 (96.8)
Grade 3 1 (3.2)

Tuberculous meningitis
Definite 22 (71.0)
Probable 4 (12.9)
Possible 5 (16.1)

Pulmonary TB
Definite 17 (54.8%)

* Grade 1 TB meningitis was excluded, TB—tuberculosis, CSF—cerebrospinal fluid, IQR—interquartile range;
All numbers are presented as n(%) unless stated otherwise.

Five of the 6 subjects with miliary TB had microbacterial confirmation of TB infection, while only
half of the subjects with nonmiliary-type pulmonary TB had confirmation. Interestingly, 5 of the 11
subjects whose chest X-ray showed no TB had a positive microbiology result (Table 2).

Table 2. Comparison of chest X-ray and microbiology results.

Chest X-rays Mycobacteriology Result *

Positive Negative

No pulmonary TB (n = 11) 5 6

Nonmiliary pulmonary TB (n = 14) 7 7

Miliary pulmonary TB (n = 6) 5 1

* Positive mycobacteriology result was defined as having one or more positive results from the three
mycobacteriological modalities used in this study.
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4. Discussion

The result of this study showed that mycobacterial confirmation from gastric lavage of unconscious
TB meningitis subjects is quite satisfying, with 17 of the 31 subjects revealing a positive mycobacterial
result, in which subjects with miliary TB based on chest X-ray had higher mycobacterial confirmation
as compared with those with another chest X-ray abnormality (5/6 vs. 7/14). Further, subjects without
chest X-ray abnormality still had quite a big proportion of mycobacterial confirmation (i.e., 5 out of 11),
reinforcing the established standpoint that the diagnosis of pulmonary TB cannot be based on chest
X-ray appearance only.

The positivity rates for the microbiological modalities were 48.4%, 42.0%, and 19.4% for rapid
molecular testing, culture, and direct staining, respectively. These results are different from previous
reports from studies using gastric aspirate, such as those from Baghaei (positivity rate for rapid
molecular testing, 87%; culture, 85.7%; and direct staining, 66.7%) and Aslam (positivity rate for
rapid molecular testing, 82.8%; culture, 67.8%; and direct staining, 61%) [12,13]. This discrepancy
may be related to different study populations from that of this study. The subjects of this study were
unconscious TB meningitis patients with or without known history of pulmonary TB, while the subjects
of the above-mentioned studies were conscious patients with high suspicion of pulmonary TB based
on history, clinical signs, and chest X-ray [12,13].

The positivity rate of rapid molecular testing in this study was a bit higher than that for sputum
testing of suspected pulmonary TB patients from the general population in China (48.4% vs. 45.9%) [14].
A study in India also showed rapid molecular testing superiority over culture and direct staining using
specimens from bronchoalveolar lavage and sputum [15]. Direct staining has the lowest positivity
rate (19.4%), and positive direct staining is always confirmed by positive culture and/or positive rapid
molecular testing. This may lead to a conclusion that direct staining is not necessary for examination
in patients when rapid molecular testing or culture is available. All in all, performing TB tests from
gastric aspirate can be considered to confirm pulmonary TB in unconscious subjects.

With regard to the HIV-infected subjects, 2 of the 3 subjects in this study had negative direct
staining but positive culture and rapid molecular testing. A similar result was shown in a study
conducted in Brazil, in which 53 of 78 HIV-infected subjects (68.0%) with pulmonary TB had negative
direct staining but positive culture and/or rapid molecular testing [16]. A negative result of direct
staining with a positive culture result is commonly found in pulmonary TB subjects coinfected with
HIV [17].

Since a definite diagnosis of TB meningitis is difficult to attain, many clinical scoring systems have
been developed to consider the possibility of certain patients having the disease, with extraneural TB
diagnosis being one of the common parts of these scoring systems. One of the most commonly used
scoring systems is a scoring from an international collaborative task force on tuberculous meningitis [6],
which is usually referred to as Marais score. In this scoring system, extraneural TB adds up to the score.
In this study, a definite diagnosis of pulmonary TB was achieved in 60% of the subjects with chest
X-ray results consistent with TB infection (7 of the 14 subjects with nonmiliary pulmonary TB and 5 of
the 6 subjects with military TB). This condition increases the score. Additionally, a definite diagnosis of
pulmonary TB was obtained from 5 of the 9 subjects without a definite diagnosis of TB meningitis.
Additional evidence of extraneural TB obtained from gastric aspiration results also adds to the score,
thereby increasing the probability of having TB meningitis in this group of patients.

These results show that a microbiological test of gastric aspirate can help confirm pulmonary TB
on unconscious TB meningitis patients. Another method for collecting samples for microbacteriological
confirmation in cases of pulmonary TB with sputum smear negative for AFB is bronchial/bronchoalveolar
lavage (BAL). In a study conducted in India, rapid molecular testing detected Mtb in 31% of all the
patients, while culture at 6 weeks was positive in 22% [18]. In comparison with bronchoalveolar
lavage, specimen sampling in gastric lavage is somewhat easier. The gastric lavage procedure is less
invasive and presumably will not inflict additional harm to patients. Considering the result of this study,
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this gastric lavage procedure can be recommended to be undergone by unconscious patients, especially TB
meningitis patients.

This study has several limitations. Clinically, we cannot be certain that the Mtb identified from
gastric lavage really originated from swallowed sputum. Additionally, the protocol for TB culture of
specimens from gastric lavage needs to be improved since the contamination rate is still high.

5. Conclusions

Microbiological testing of gastric aspirate improves the diagnosis of pulmonary TB in unconscious
adults with TB meningitis. Compared with other microbiological modalities, rapid molecular testing is
superior. Positive direct staining is always accompanied by positive rapid molecular testing, culture,
or both.

Author Contributions: A.R.G., study design, data collection and analysis, first manuscript draft; L.W.D.,
data collection and analysis; L.C., study design, microbiological works, data analysis; U.G., study design,
data analysis. All authors reviewed and contributed to the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: The study was funded by a grant from the Indonesian Ministry of Research and Technology/National
Research and Innovation Agency.

Acknowledgments: The authors would like to thank the Indonesian Ministry of Research and Technology/National
Research and Innovation Agency for providing the grant for this study.

Conflicts of Interest: The authors declare no potential conflict of interest.

References

1. Zhang, L.; Feng, G.D.; Zhao, G. Tuberculous meningitis in Asia. Neurol. Asia 2015, 20, 1–6.
2. WHO. WHO Global Tuberculosis Report 2020; WHO: Geneva, Switzerland, 2020.
3. Ganiem, A.; Parwati, I.; Wisaksana, R.; Van Der Zanden, A.; Van De Beek, D.; Sturm, P.; Van Der Ven, A.;

Alisjahbana, B.; Brouwer, A.-M.; Kurniani, N.; et al. The effect of HIV infection on adult meningitis in
Indonesia: A prospective cohort study. AIDS 2009, 23, 2309–2316. [CrossRef] [PubMed]

4. Van Laarhoven, A.; Dian, S.; Aguirre-Gamboa, R.; Avila-Pacheco, J.; Ricano-Ponce, I.; Ruesen, C.; Annisa, J.;
Koeken, V.A.; Chaidir, L.; Li, Y.; et al. Cerebral tryptophan metabolism and outcome of tuberculous
meningitis: An observational cohort study. Lancet Infect. Dis. 2018, 18, 526–535. [CrossRef]

5. Patkar, D.; Narang, J.; Yanamandala, R.; Lawande, M.; Shah, G.V. Central Nervous System Tuberculosis.
Neuroimaging Clin. N. Am. 2012, 22, 677–705. [CrossRef] [PubMed]

6. Marais, S.; Thwaites, G.; Schoeman, J.F.; Török, M.E.; Misra, U.K.; Prasad, K.; Donald, P.R.; Wilkinson, R.J.;
Marais, B.J. Tuberculous meningitis: A uniform case definition for use in clinical research. Lancet Infect. Dis.
2010, 10, 803–812. [CrossRef]

7. Siddiqi, Z.; Siddiqi, M.S.; Fatma, J.; Karoli, R.; Singhal, V.; Gupta, M. Cerebrospinal Fluid Lactate ini
Tubercular Meningitis: Diagnostic or Prognostic Marker? J. Assoc. Physician India 2018, 66, 18–21.

8. Rahbar, M.; Hajia, M. Value of Gastric Lavage for Diagnosis of Pulmonary Tuberculosis. Pak. J. Med. Sci.
2007, 23, 3.

9. Maciel, E.L.N.; Brotto, L.D.D.A.; Sales, C.M.M.; Zandonade, E.; Sant’Anna, C.C. Gastric lavage in the
diagnosis of pulmonary TB in Children. Rev. Saúde Pública 2010, 44, 735–742. [CrossRef] [PubMed]

10. Dian, S.; Hermawan, R.; van Laarhoven, A.; Immaculata, S.; Achmad, T.H.; Ruslami, R.; Anwary, F.;
Soetikno, R.D.; Ganiem, A.R.; van Crevel, R. Brain MRI findings in relation to clinical characteristics and
outcome of tuberculous meningitis. PLoS ONE 2020, 15, e0241974. [CrossRef] [PubMed]

11. Ministry of Health Republic of Indonesia. Sub: Case Definition. Indonesia Tuberculosis Prevalence Survey
2013–2014; Ministry of Health Republic of Indonesia: Jakarta, Indonesia, 2015; p. 37.

12. Baghaei, P.; Tabarsi, P.; Farnia, P.; Radaei, A.H.; Kazempour, M.; Faghani, Y.A.; Mirsaeidi, M.; Novin, A.;
Chitsaz, E.; Mansouri, D.; et al. Utility of gastric lavage for diagnosis of tuberculosis in patients who are
unable to expectorate sputum. J. Glob. Infect. Dis. 2011, 3, 339–343. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/QAD.0b013e3283320de8
http://www.ncbi.nlm.nih.gov/pubmed/19770694
http://dx.doi.org/10.1016/S1473-3099(18)30053-7
http://dx.doi.org/10.1016/j.nic.2012.05.006
http://www.ncbi.nlm.nih.gov/pubmed/23122262
http://dx.doi.org/10.1016/S1473-3099(10)70138-9
http://dx.doi.org/10.1590/S0034-89102010005000019
http://www.ncbi.nlm.nih.gov/pubmed/20585739
http://dx.doi.org/10.1371/journal.pone.0241974
http://www.ncbi.nlm.nih.gov/pubmed/33186351
http://dx.doi.org/10.4103/0974-777X.91054
http://www.ncbi.nlm.nih.gov/pubmed/22223995


Infect. Dis. Rep. 2020, 12 140

13. Aslam, W.; Tahseen, S.; Schomotzer, C.; Hussain, A.; Khanzada, F.; Haq, M.U.; Mahmood, N.; Fatima, R.;
Qadeer, E.; Heldal, E. Gastric specimens for diagnosing tuberculosis in adults unable to expectorate in
Rawalpindi, Pakistan. Public Heal. Action 2017, 7, 141–146. [CrossRef]

14. Shi, J.; Dong, W.; Ma, Y.; Liang, Q.; Shang, Y.; Wang, F.; Huang, H.; Pang, Y. GeneXpert MTB/RIF Outperforms
Mycobacterial Culture in Detecting Mycobacterium tuberculosis from Salivary Sputum. BioMed Res. Int.
2018, 2018, 1–5. [CrossRef]

15. Agrawal, M. Comparative Study of GeneXpert with ZN Stain and Culture in Samples of Suspected Pulmonary
Tuberculosis. J. Clin. Diagn. Res. 2016, 10, DC09-12. [CrossRef] [PubMed]

16. Campos, L.C.; Rocha, M.V.V.; Willers, D.M.C.; Silva, D.R. Characteristics of Patients with Smear-Negative
Pulmonary Tuberculosis (TB) in a Region with High TB and HIV Prevalence. PLoS ONE 2016, 11, e0147933.
[CrossRef] [PubMed]

17. Kwan, C.K.; Ernst, J.D. HIV and Tuberculosis: A Deadly Human Syndemic. Clin. Microbiol. Rev. 2011,
24, 351–376. [CrossRef] [PubMed]

18. Revendran, J.; Nair, G.; Uppe, A.; Sengal, V.; Sinha, K.; Jain, S. Title: Smear Negative Pulmonary Tuberculosis:
Clinico-radiological profile and diagnostic role of bronchoscopy with BAL studies in Indian population.
Tuberculosis 2017, 50 (Suppl. S61). [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.5588/pha.16.0126
http://dx.doi.org/10.1155/2018/1514381
http://dx.doi.org/10.7860/JCDR/2016/18837.7755
http://www.ncbi.nlm.nih.gov/pubmed/27437212
http://dx.doi.org/10.1371/journal.pone.0147933
http://www.ncbi.nlm.nih.gov/pubmed/26808299
http://dx.doi.org/10.1128/CMR.00042-10
http://www.ncbi.nlm.nih.gov/pubmed/21482729
http://dx.doi.org/10.1183/1393003.congress-2017.pa2711
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patients’ Characteristics and Study Design 
	Gastric Lavage 
	Sample Processing 
	Diagnostic Criteria 
	Analysis and Statistics 

	Results 
	Discussion 
	Conclusions 
	References

