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collection methods to achieve microbioogical confirmation of 
ITB in children from LMIC. Our main objective was to deter-
mine and compare the diagnostic yield of IS, NPA and GA 
using culture and Xpert in children with presumptive ITB. Our 
secondary objective was to determine the proportion of addi-
tional cases detected when collecting several samples and the 
value of combining different methods.

Methods
Search strategy and selection criteria
Randomised controlled trials, cohort, cross-sectional or case–
control studies published between January 1990 and f 2018 
were included. Reviews, opinion papers and case reports were 
excluded. Studies from LMIC (World Bank definition) investi-
gating the yield of GA, NPA or IS sampled for culture or Xpert 
were considered for inclusion. Expectorated samples (ES) were 
excluded from this review but studies investigating ES could be 
included if GA, NPA or IS were simultaneously evaluated and 
separate results were presented. Study participants aged less than 
15 years tested for presumptive ITB were included. Presumptive 
ITB was defined by the presence of at least one symptom sugges-
tive of tuberculosis. Studies that included asymptomatic patients 
(child contacts or children participating in a vaccination trial or 
prevalence survey), children investigated for acute pneumonia 
and children on antituberculosis treatment were excluded.

We conducted systematic search of scientific publications 
and grey literature in the scientific databases Embase, Medline/
Pubmed, BIOSIS and New York Academy of Medicine Grey 
Literature Report. The key words used were gastric aspirate, 
induced sputum, nasopharyngeal aspirate, tuberculosis, child 
and their synonyms. Identification and screening of the records 
on the basis of their title/abstract was done by a single author 
(VI). In case no abstract was available, the study was considered 
as potentially eligible based on the title only. Full-text articles 
were reviewed independently by two authors (HC and VI) for 
study eligibility and by a third reviewer (MB) in case of discor-
dance. Reasons for excluding studies were documented.

Data extraction and analysis
Data on main/secondary outcomes, study, patients and index 
tests characteristics (age, HIV status, inpatients/outpatients, 
chest X-ray (CXR) findings) were collected through a structured 
data collection form separately by HC and VI and discrepan-
cies were discussed with MB. Methodological quality of eligible 
studies was assessed with the Quadas-2 assessment tool that 
includes four domains: patient selection, index test, reference 
standard, flow and timing. Because of the absence of a reference 
standard of childhood ITB, the items related to reference stan-
dard and 2×2 tables were omitted. Signalling questions were 
added to address the methodological issues of studies comparing 
index tests between them. It resulted in an ‘adapted Quadas-2’ 
(online Supplementary table 1).

After a preliminary review of included studies and before 
systematic data extraction, we identified nine criteria commonly 
used to define ‘presumptive ITB’: symptom complex suggestive 
of ITB (>1 symptom without specification), cough more than 
2 weeks, weight loss or failure to gain weight, fever more than 
1 or 2 weeks, painless swelling of superficial nodes, TB contact 
history, CXR suggestive of ITB or abnormal CXR, positive 
tuberculin skin test, persistence of symptoms or CXR abnormal-
ities after empirical antibiotic treatment. We defined low pretest 
probability of ITB by the presence of at least one clinical sign 
or symptom; moderate probability by the presence of at least 

two criteria (including at least one clinical sign or symptom OR 
presence of the criteria ‘symptom complex suggestive of tuber-
culosis’) and high probability by the presence of at least three 
criteria including at least one clinical sign or symptom OR two 
criteria including one clinical sign or symptom and persistence of 
symptoms or CXR abnormalities after empirical antibiotic treat-
ment. If there was no information on the definition of ‘presump-
tive ITB’ or if the definition included less than three criteria out 
of eight criteria (excluding ‘symptom complex suggestive of 
tuberculosis’) preventing the classification of high probability, 
the pretest probability was qualified as ‘indeterminate’. We also 
collected, whenever reported, the number of adverse events per 
procedure and per patient.

Quantitative data and quality assessments (‘adapted Quadas-
2’) were entered in RevMan V.5.3 to generate descriptive statis-
tics, figures and tables. The yield of a sample collection method 
for a diagnostic test (Xpert and culture) was defined as the 
number of patients with a positive test out of the total number 
of patients tested. Because of the absence of reference standard, 
sensitivity and specificity could not be calculated. Detection 
yields with exact binomial 95% CI are presented according to 
the pretest probability of ITB. Additional yields of second spec-
imen (ie, number of positive patients in the second specimen 
while being negative on the first) are presented in absolute 
percentage of study participants.

The study protocol was registered in PROSPERO (Interna-
tional Prospective Register of Systematic Reviews) under the 
number CRD42014012924.

Results
Studies characteristics
Out of 440 records screened, 30 studies (31 articles)5–35 were 
included in the review (online Supplementary figure 1).

The total number of study participants was 11 554. The greater 
number of patients were from India (n=3098, 27%)11 12 14–16 33 
and South Africa (n=3312, 29%).10 18–20 22 27 29 32 35 There was 
great heterogeneity of definitions of presumptive ITB and patient 
characteristics across studies (table  1). Most studies were 
done in tertiary care centres and only two20 32 in primary care 
centres. Half of the studies included inpatients and outpatients. 
Pretest probability of ITB was estimated as ‘moderate’ in half 
of the studies and could not be assessed in four studies15 23 25 28 
(online  Supplementary table 2). In 23 (77%) studies, majority 
of children were aged <5 years. When reported, proportion of 
HIV patients across studies varied from 8%20 to 70%.8 Culture, 
Xpert and both were used in 29, 13 and 12 studies, respectively. 
Solid culture media was used in nine studies, liquid media in 11 
and both media in seven studies.

Specimen collection procedures
GA was performed early morning, after an overnight or 
4–8 hours fast. Only two studies29 30 reported the minimum 
volume of gastric liquid aspirated: 10 mL for the first and 20 mL 
for the second. Four studies16 25 29 33 reported the use of a normal 
saline wash to collect gastric liquid and in two studies, the use 
of sterile water in case of aspiration of less than 3 mL of gastric 
fluid.7 27 NPA was preceded by instillation of normal saline in 
three studies7 19 20 but not in two studies.5 8 IS procedure was 
well described and standardised in 19/20 studies (online Supple-
mentary table 3). Main differences were the type of nebulizer 
used (jet vs ultrasonic), the concentration of the hypertonic 
saline (3 vs 5%) and use of physiotherapy to help induction. 
Physiotherapy was performed in nine  studies. In 16 studies, 







Figure 1  Yield of culture according to specimen collection method and pretest probability of intrathoracic tuberculosis. GA, gastric aspirate; IS, 
induced sputum; NPA, nasopharyngeal aspirate.

Figure 2  Yield of Xpert MTB/RIF according to specimen collection method and pretest probability of intrathoracic tuberculosis. GA, gastric aspirate; 
IS, induced sputum; NPA, nasopharyngeal aspirate.

definition of presumptive TB. In children with low pretest prob-
ability, yields are low and IS tends to detect more cases than 
GA and NPA. In children with high pretest probability, detection 

yields tend to be better with GA. These trends are more obvious 
in sufficiently powered studies comparing head to head IS and 
GA, like in the Zar et al29 and Mukherjee et al33 studies. Although 
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