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Abstract
Background: Microbiological confirmation of tuberculosis disease in children remains difficult due to
paucibacillary disease and inability to obtain optimal samples. Recently introduced Cartridge based nucleic
acid amplification test (CBNAAT) has improved microbiological diagnosis in pediatric tuberculosis.
Objectives: We aimed to study association of CBNAAT grading based on cycle threshold value with
conventional microbiological diagnosis. Methodology: This prospective study was conducted over a period
from November 2016 to October 2017 in the Departments of Microbiology and Pediatrics, University
College of Medical Sciences and Guru Teg Bahadur Hospital, Delhi. CBNAAT positive pediatric TB cases
≤12 years were recruited and subjected to Ziehl-Neelsen staining for acid fast bacilli (AFB) & culture on
Lowenstein Jensen medium. CBNAAT positivity was graded based on cycle threshold value: very low, low,
medium and high. Results: Smear and culture positivity was highest (100%) among specimens with high
positive CBNAAT result based on CT value. Time to culture positivity was inversely related to CBNAAT
grading (p=0.000). Conclusion: CBNAAT grading has significant positive association with smear and
culture positivity. [Bangladesh Journal of Infectious Diseases, December 2020;7(2):72-77]
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Introduction
Despite the discovery of effective and affordable
anti tubercular therapy more than fifty years back,
TB remains one of the top ten causes of mortality
worldwide1. Children constitute approximately 10.0
to 20.0% of the total TB cases in developing
economies like India2. According to WHO Global
Tuberculosis Report 2018 estimated total incidence
of TB in India in 2017 was 27.4 lakhs of which 2.24
lakhs cases were contributed by the pediatric age
group3.
Children may present with vague symptoms
mimicking other common childhood diseases.
Moreover, microbiological diagnosis also remains
difficult in children due to paucibacillary disease
and suboptimal specimens leading to diagnostic
dilemma2. The sensitivity of culture for
Mycobacterium tuberculosis, considered as gold
standard in adult cases, remains less than 30 to 40%
in pediatric cases4. These factors lead to diagnostic
delays and hence, pediatric TB remains
underreported. There is no gold standard for
diagnosis of TB in children4. Therefore in most
cases, the clinician has to rely on clinical diagnosis
based on history, tuberculin skin test, contact
tracing, radiology and lack of response to
antibiotics.
Cartridge based nucleic acid amplification test
(CBNAAT) which was recently introduced and is
now recommended by WHO and Revised National
Tuberculosis Control Program (RNTCP) as
preliminary diagnostic tool among children, has
proved to be a breakthrough in the diagnosis of TB
in pediatric age group. It provides rapid
identification and rifampicin resistance from direct
specimen within 2 hours5. In this heminested rtPCR assay Mycobacterium tuberculosis is detected
by
five
overlapping
molecular
probes
complementary to the entire 81bp rpoB core region.
Mycobacterium tuberculosis is detected when at
least 2 of the five probes give positive signals with
a cycle threshold (CT) of ≤38 cycles. A semi
quantitative estimate of the concentration of bacilli
can be defined by CT range (>28 =very low, 2228=low, 16-22=medium, <16= high)6. Rifampicin
resistance is reported when difference between the
first (early CT) and the last (late CT) M.
tuberculosis specific beacon was >3.5 cycles and
was reported sensitive if ≤3.5 cycles.6 Smear
microscopy is usually the first test available for
suspected cases of TB. Cultures take a long time to
show growth7. The use of CBNAAT has reduced
the median time to start treatment for AFB smear
negative TB from 56 days to 5 days8. Few studies
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have been done to compare conventional
microbiological techniques with CBNAAT7,9-10. But
similar studies in pediatric age group are lacking.
We aimed to study association of CBNAAT
grading based on cycle threshold value with
conventional microbiological diagnosis in pediatric
TB cases.
Methodology
This prospective study was conducted over a period
from November 2016 to October 2017 in the
Departments of Microbiology and Pediatrics,
University College of Medical Sciences and Guru
Teg Bahadur Hospital, Delhi, India after approval
by the institutional research ethics committee.
Written consent and assent were taken wherever
applicable. All clinically suspected pediatric TB
cases ≤12 years of age were recruited in the study
based on presence of clinical features, suggestive
radiography findings and/or history of exposure to
an infectious case of TB and/or reactive tuberculin
skin test (TST).11 Pulmonary TB cases: Either
clinically diagnosed or microbiologically confirmed
cases with involvement of lung parenchyma,
tracheobronchial tree, miliary TB and cases with
both pulmonary as well as extrapulmonary
features.12 Patients presented with features like
fever and cough for ≥2 weeks, unexplained
significant weight loss, loss of appetite, history of
contact with infectious case, suggestive chest
radiography and reactive TST.11 Extrapulmonary
TB cases: Either clinically diagnosed or
microbiologically
confirmed
cases
with
12
involvement of organs other than lungs. Patients
presented with features like fever, loss of weight,
anorexia and specific symptoms as per the site of
involvement with/without supportive radiographic
evidence
and/
or
reactive
TST.11
Immunocompromised patients and previous history
of TB were excluded from this study. Relevant
samples from suspected pediatric TB cases were
collected in sterile, leak-proof, disposable and
appropriately labeled containers in 2 aliquots. One
aliquot was subjected to CBNAAT at DOTS centre
of the hospital as per the standard protocol.12 A
semiquantitative grading of CBNAAT positive
specimen indicating bacillary load was reported on
the basis of cycle threshold (CT) value as very low
(CT>28), low (CT 22-28), medium (CT 16-22) and
high (CT<16). The other aliqout was subjected to
Ziehl-Neelsen staining for acid fast bacilli (AFB)
and culture on Lowenstein Jensen (LJ) medium. All
specimens were handled and processed in biosafety
cabinet type II B2.13 Non sterile specimens were
initially processed using N-acetyl L-cysteine
(NALC) - 4% Sodium Hydroxide (NaOH) method
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and then inoculated onto LJ slants. Cultures were
incubated at 37℃ and were observed weekly for up
to 8 weeks before reporting as negative. Cultures
were identified by characteristic rough, tough and
buff colored colonies and isolates were further
confirmed as Mycobacterium tuberculosis complex
by MPT64 antigen detection test and no growth on
media containing Para nitro benzoic acid14. First 50
CBNAAT positive specimens were included in the
study. Data was analyzed using SPSS 20.0
software. Non-parametric tests were applied to
report significance.

Results
The age of the patients in this study ranged from 2
months to 12 years (mean=7.34±3.93 years). Of
total 50 cases, 27(54%) were females and 23 were
males. Pulmonary specimens constituted a majority
of 35/50 (70%) while only 15 (30%) were
extrapulmonary. AFB smear were positive for 17
(34%) while culture showed growth of
Mycobacterium tuberculosis for 30 (60%)
specimens.

Table 1: Conventional Microbiological Diagnosis of Various Specimens in Pediatric TB
Specimen
Pulmonary (n=35)
Extrapulmonary (n=15)
Types
of CSF (n=8)
extraPus (n=3)
pulmonary Pleural fluid (n=1)
specimens
Empyema pus (n=1)
Wound aspirate (n=1)
Liver aspirate (n=1)
Total (n=50)

Positive by Smear
Microscopy, n=17 (%)
15/35 (43%)
2/15 (13%)
0
1 (33%)
0
0
1(100%)
0
17 (34%)

The conventional microbiological diagnosis of
various specimens in pediatric TB was recorded.
Smear positivity and culture positivity was much
higher among pulmonary specimens in 43.0% and
69% respectively as compared to extrapulmonary in
13.0% and 40.0% respectively (Table 1).
Maximum number of samples was reported to be
“low” positive (48%) by CBNAAT while minimum
number was reported to be “high” positive (12%).
Only pulmonary specimens that are sputum and
gastric aspirate were reported as “high” or
“medium” positive. All extrapulmonary specimens
were very low or low positive except 1
cerebrospinal fluid (CSF) specimen which was
reported to be medium positive (Table 2).
Figure I shows status of AFB smear and result of
culture on Lowenstein Jensen media in relation to
CBNAAT grading. 100% of the specimens reported
as “very low” positive were smear negative while
100% of those reported as “high” positive were
smear positive. Among those reported to be “low”
positive, the smear was positive in 21% of the cases
while among cases reported as “medium” positive,
60% were smear positive.
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Positive by Culture for M.
tuberculosis, n=30 (%)
24/35 (69%)
6/15 (40%)
2 (25%)
3 (100%)
1(100%)
0
0
0
30 (60%)

Again, 100% of the specimens reported as “very
low” positive did not show growth on culture while
100% of those reported as “high” or “medium”
positive showed growth of Mycobacterium
tuberculosis in culture. Among specimens reported
as “low” positive, 58.0% specimens showed growth
on culture. All specimens in “very low” category
were smear and culture negative while all in “high”
category were positive for AFB on smear and
showed growth of Mycobacterium tuberculosis in
culture.

Figure I: AFB Smear Status and Culture Result
in Relation to CBNAAT grading
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Table 2: Distribution of Specimens According to CBNAAT Results
Specimens

GA
CSF
Pleural fluid
Pus
Sputum
Empyema pus
Liver aspirate
Wound biopsy
Total

CBNAAT Positive Results on The Basis of
Cycle Threshold Value
Very Low
Low
Medium
High
5
13
6
4
3
4
1
0
0
1
0
0
0
3
0
0
1
1
3
2
1
0
0
0
0
1
0
0
0
1
0
0
10(20%)
24(48%)
10(20%)
6(12%)

Table 3 shows distribution of specimens reported as
“medium” positive and “low” positive on CBNAAT
along with their smear and culture status.
Pulmonary specimens (GA & sputum) showed
maximum smear positivity and 100.0% culture
positivity among medium positive specimens while
among low positive specimens, 5/24 (21.0%)
specimens were smear positive and 14(58.0%)
showed growth of Mycobacterium tuberculosis on
culture.
Figure II shows time to culture positivity of the
specimens and also correlation of specimens
according to CBNAAT grading with time to
positivity of cultures. Of 30 positive cultures,

Total

P value

28
8
1
3
7
1
1
1
50

>0.05

maximum number of specimens (40%) showed
growth during 4th-5th weeks of incubation while
30% showed growth from 2nd to 3rd weeks and the
remaining 30.0% showed growth from 6th to 8th
weeks of incubation. Specimens reported to be
“high” positive by CBNAAT showed growth early
and latest by 5th week while “medium” positive
specimens showed growth over a wide range of
incubation period from 2nd week to 8 weeks. No
specimen reported as “low” positive showed growth
before 4th week. Hence, time to culture positivity
was found to be inversely related to CBNAAT
grading (spearman’s rho= -0.644) and the
correlation was statistically significant (p=0.000).

Table 3: Smear and Culture Status of Specimens with Medium and Low Positive Result on CBNAAT
Medium Positive Specimens
Sample
GA
Sputum
CSF
Pus
Pleural fluid
Wound aspirate
Liver aspirate
Total

Total
6
3
1
0
0
0
0
10

Smear
Positive
3(50%)
3(100%)
0
0
0
0
0
6 (60%)

Culture
Positive
6 (100%)
3 (100%)
1 (100%)
0
0
0
0
10 (100%)

Low Positive Specimens
Total
13
1
4
3
1
1
1
24

Smear
Positive
3 (23%)
0
0
1(33.33%)
0
1 (100%)
0
5 (21%)

Culture
Positive
8 (61.5%)
1 (100%)
1 (25%)
3 (100%)
1 (100%)
0
0
14 (58%)

Chi-square test was applied. CBNAAT grading was found to have a significant positive association with smear (p=0.000) and
culture (p=0.000) positivity.

Discussion
Pediatric TB remains difficult to confirm
microbiologically by conventional techniques.
WHO recommended upfront CBNAAT for
diagnosing TB in presumptive pulmonary and
extra-pulmonary pediatric TB cases15. This assay
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may prove to be a reliable solution to achieve the
objective of early and accurate diagnosis of TB and
rifampicin resistance which is crucial in pediatric
population for early initiation of accurate
treatment16.
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off values ranging from 27.7 to 31.8 with variable
sensitivities and specificities17-19.

Figure II: Correlation of CBNAAT Grading and
Time To Positivity
Since, there is a lack of studies on pediatric
population comparing CT values of CBNAAT and
conventional microbiological techniques, most of
the studies referred to were conducted on adult
population. Smear and culture positivity were much
higher among pulmonary specimens (43.0% and
69.0% respectively) as compared to extrapulmonary
(13% and 40% respectively) specimens in this
study. 68.0% of the specimens in this study tested
“very low” or “low” positive by CBNAAT. Above
findings clearly indicate that in most of the cases,
the bacillary load in children remains low which
leads to difficulty in diagnosis by conventional
methods. Microbiological diagnosis is even more
difficult to be established in extrapulmonary TB
due to paucibacillary nature of specimens.
In this study, 100% of the specimens with CT value
more than 28 (very low positive) were smear
negative; 21.0% with CT 22 to 28 and 60.0% with
CT 16 to 22 were smear positive while 100.0% of
those with CT value less than 16 (high positive)
were positive for AFB on microscopy. Chi-square
test was applied which showed that CBNAAT
grading had a significant positive association with
smear positivity that is higher the grading, higher is
the chance of smear being positive. A recent study
conducted in Uganda also found a decreasing trend
in CT values with increasing grades of smear10.
About 75.0% specimens with CT value less than 22
were detected to have AFB on direct microscopy.
Similar results were obtained in a recent study on
patients with pulmonary TB, where 81.0% of the
cases with cut off value of CT as 21.1 were
identified as smear positive7. Hence, low CT value
can identify even smear negative specimens with
high bacillary load. Since smear negative cases are
a possible source of transmission, grading or
quantification in CBNAAT could be utilized for
identifying such potentially infectious cases7. Other
studies have also reported strong association of
CBNAAT CT values and smear positivity with cut
Bangladesh J Infect Dis
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About 100.0% specimens in this study with CT
value up to 22 that is “medium” and “high” positive
showed growth of Mycobacterium tuberculosis on
LJ media while 100% of the specimens with CT
value >28 “very low” positive were culture
negative. Among specimens with CT value 22-28
(“low” positive), 58% showed growth on culture.
Hence, higher grade of CBNAAT is associated with
significantly increased chances of culture being
positive. Such positive correlation between growth
on culture and CT value has been seen in previous
studies too9-10. In one of those, there was also a
decreasing pattern of median CT values associated
with increasing categories of culture grade from
scanty to +3 on LJ media10.
Time to culture positivity had a significant inverse
relation with CBNAAT grading in our study which
is also supported by another recent Indian study9.
Other studies have also suggested strong correlation
of time to culture positivity and CT values; and that
CT values or CBNAAT grading may be used as a
surrogate marker for mycobacterial load and
response to treatment in both pulmonary and
extrapulmonary TB17,19-20.
Conclusion
CBNAAT grading has significant positive
association with smear and culture positivity.
Paucibacillary disease in children is indicated by
high percentage of low or very low CBNAAT
grading. High and medium CBNAAT grading may
be more reliable for initiation of ATT. Wider
availability and easy accessibility of CBNAAT
might be helpful in diagnosis of at least some cases
negative
by
conventional
microbiological
techniques. Since culture positivity and time to
positivity can act as an indirect measure of bacillary
load, cases with “high” and “medium” positive
specimens have higher culture positivity rates.
These patients need to be put on treatment
immediately.
For cases with “very low” positive samples,
physician might wait for the culture reports before
intervening unless there is a very high suspicion of
TB. A strong clinical correlation is advisable to aid
decision making in “low” positive cases. Newer
diagnostic techniques are needed to be developed
which can detect even a very low bacillary load in
children.
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