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ABSTRACT
Introduction and aim. Tuberculosis (TB) remains a significant global health challenge. Early and accurate diagnosis is crucial to 
prevent further transmission. The present study aimed to correlate cycle threshold values with smear microscopy and culture 
positivity, and determine cut-off cycle threshold values for levels of smear grade and culture positivity. 
Material and methods. Forty presumptive cases of pulmonary TB were included and subjected to Ziehl- Neelsen stain, culture 
on Lowenstein Jensen media, CBNAAT and drug susceptibility testing for first line anti-tubercular drugs.
Results. Our study predicts 3+, 2+, and 1+ sputum smear grade at a cut-off of Ct value ≤ 16.74, ≤19.68, and ≤ 22.32 respectively. 
A strong positive correlation was found between time to culture positivity and Ct value. A cut-off of Ct value ≤22.32 predicts 
culture positivity with a sensitivity of 92%, and a specificity of 67%. None of the isolates showed rifampicin resistance by 1% 
proportion method. 
Conclusion. Understanding the appropriate utilization of CBNAAT Ct values and their correlation with smear microscopy grade, 
culture, and drug susceptibility testing can assist clinicians in early identification and prompt initiation of appropriate treat-
ment. This knowledge can contribute to the prevention of drug resistance, reduced transmission, and a decreased disease bur-
den associated with TB.
Keywords. CBNAAT, cycle threshold values, rifampicin resistance, smear microscopy, tuberculosis

ORIGINAL PAPER

Wydawnictwo UR 2023
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2023.4.11

Corresponding author: Bineeta Kashyap, e-mail: dr_bineetakashyap@yahoo.co.in

Received: 10.05.2023 / Revised: 24.07.2023 / Accepted: 13.08.2023 / Published: 30.12.2023

Kashyap B, Sarkar K, Singh K, Hyanki P. A study on the mycobacterial burden and phenotypic drug resistance pattern with refe-
rence to the GeneXpert Cycle Threshold values in pulmonary tuberculosis. Eur J Clin Exp Med. 2023;21(4):730–735. doi: 10.15584/
ejcem.2023.4.11.

Corresponding author: 

ORCID
BK: https://orcid.org/0000-0003-2471-4078
KrS: https://orcid.org/0000-0003-4648-5237

10.15584/ejcem.2023.4.11

Introduction
Tuberculosis (TB) continues to affect millions of people 
worldwide despite intensified standard TB control mea-
sures. Many patients with active TB, especially in TB 
and HIV endemic areas remain undiagnosed and con-
tinue to spread the disease in the community.1 Mycobac-
terial load, measured as smear positivity grades (scanty, 
1+, 2+, and 3+) in accordance with Revised National TB 
Control Programme (RNTCP) is used to determine in-
fectiousness and severity of the disease.2 Another mea-
sure of mycobacterial burden is the time to culture 

positivity, a culture-based method routinely used to as-
sess the bacillary burden in TB.3 However, conventional 
solid culture has a slow turnaround time of up to 10–
12 weeks, while smear microscopy has low sensitivity 
and quality control issues.4 Liquid culture techniques 
were developed for the early detection of mycobacte-
rial growth, but the turnaround time is still quite long 
for a diagnostic test to control transmission.5 The car-
tridge-based nucleic acid amplification test (CBNAAT), 
an automated molecular test for the detection of Myco-
bacterium tuberculosis (MTB) has been recommended 
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by WHO as a first line TB diagnostic test as an alterna-
tive to smear microscopy.6 The GeneXpert is based on 
real-time PCR technique that simultaneously detects 
DNA of Mycobacterium tuberculosis and rifampicin re-
sistance.7 The diagnostic techniques for the detection of 
resistance in M. tuberculosis isolates include phenotypic 
methods like 1% proportion method, absolute concen-
tration method and resistance ratio methods, which are 
based on assessment of growth of M. tuberculosis in cul-
ture media containing a critical concentration of spe-
cific anti-TB drugs. Genotypic or molecular methods 
for detection of drug resistance are the Xpert MTB/RIF 
assay and two commercial line probe assays, the MTB-
DR plus assay and the Nipro NTM plus MDR-TB detec-
tion kit 2 which detects resistance to rifampicin alone or 
in combination with isoniazid. Molecular methods are 
highly efficacious and provide faster results.8

Emerging technologies aim to maintain the trend of 
highly accurate TB tests that have been made possible 
by advancements in molecular TB diagnostics over the 
past few years. Despite notable scientific advancements, 
TB is still not properly diagnosed and monitored. Con-
cerns with improper diagnosis of latent cases and the 
alarming emergence of drug resistance continue.

Aim
Hence, the present study aimed to correlate cycle thresh-
old values with RNTCP smear microscopy grades and 
culture positivity, and also to determine cut-off cycle 
threshold values to predict the different levels of smear 
grade and culture positivity in pulmonary TB. We fur-
ther wanted to study the phenotypic drug resistance 
pattern to first line antitubercular drugs among various 
levels of cycle threshold values in pulmonary TB.

Material and methods
All presumptive cases of pulmonary tuberculosis diag-
nosed by Ziehl-Neelsen (ZN) staining for acid fast ba-
cilli and/or CBNAAT. All the general and COVID-19 
precautionary measures were taken before sample col-
lection. Two sputum samples (one spot and one early 
morning) were collected for each patient. The study was 
conducted in the Direct Observation Treatment Short-
course (DOTS) Centre of University College of Medical 
Sciences and Guru Teg Bahadur Hospital, New Del-
hi from November 2019 to October 2021. One sample 
was subjected to CBNAAT, while the other to micros-
copy and culture. Smears were made from the growth 
and identified on ZN staining, and further confirmed 
by MPT64 antigen detection assay. Drug susceptibili-
ty testing was performed by 1% Proportion method to 
Isoniazid, Rifampicin and Ethambutol as per RNTCP 
guidelines. We utilized the H37RV strain as a control to 
assess the drug susceptibility testing method for first-
line drugs.

Ethical approval
Informed written consent was taken from the study 
subjects prior to conducting the study. Participation 
was fully voluntary based including the right to with-
draw from the study at any time without presenting an 
explanation for their withdrawal. Data confidentiali-
ty was maintained through anonymity by avoiding any 
personal identifiers. Clearance for the study was taken 
from IEC-HR Institutional Ethics Committee-Human 
Research of the University College of Medical Sciences 
(IEC-HR/ 2019/41/68).

Data management and statistical analysis
MS Excel spreadsheet program was used to record the 
data. SPSS v23 (IBM Corp., Armonk, NY, USA) was 
used for data analysis. Descriptive statistics were elabo-
rated in the form of means/standard deviations and me-
dians/IQRs for continuous variables. Frequencies and 
percentages were used for categorical variables. Data 
were presented in a graphical manner wherever appro-
priate for data visualization using histograms/box-and-
whisker plots/column charts for continuous data and 
bar/pie charts for categorical data. Coefficient of cor-
relation (Spearman correlation coefficient) for Ct value 
with smear grade, time to culture positivity, serum ad-
enosine levels and clinical scores were calculated. The 
optimum value of sensitivity and specificity of Ct val-
ue were calculated at an optimum cut-off after obtain-
ing the ROC curve. Statistical significance was kept at 
p value <0.05.

Results
Our study had population range between 18 to 53 years, 
with male to female ratio 1.6:1. Out of the 40 samples 
tested, 2 were smear-negative, 12 (30%) had 1+ sputum 
smear grade, 15 (37.5%) had 2+, while 11 (27.5%) had 
3+ sputum smear grade as per RNTCP sputum smear 
grading. Our study reported 37 (92.5%) of the total sam-
ples to be culture positive. Out of the total 37 culture 
positive isolates, 8.10% were culture positive at the end 
of 3 weeks, 18.90% were positive at 4 weeks, followed 
by 13.50% at 5 weeks, 24.30% at 6 weeks, 16.20% at 7 
weeks and 18.90% at 8 weeks. The mean (SD) of time 
to culture positivity was 5.78 (1.6) weeks. The time to 
culture positivity ranged from 3-8 weeks. Eleven sam-
ples (27.5%) of the total had a high CBNAAT catego-
ry, while 22 (55%) and 7 (17.5%) had medium and low 
CBNAAT categories respectively. None (0%) showed ri-
fampicin resistance.

Correlation of Ct value (mean) and sputum smear mi-
croscopy (RNTCP sputum smear grade)
Table 1 depicts the comparison of the 4 subgroups of 
sputum smear microscopy grades in terms of the Ct val-
ue (mean). There was a significant difference between 
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the 4 groups of sputum smear grade in terms of Ct value 
(mean) (χ2=30.799, p<0.001), and the strength of associ-
ation (Kendall’s Tau) was 0.72 (large effect size).

Table 1. Comparison of the 4 Sputum smear microscopy 
grades in terms of Ct value (mean) (n=40)

Ct value 
(Mean)

Sputum smear microscopy grade
Kruskal Wallis 

Test

Negative 1+ 2+ 3+ χ2 p

Mean (SD) 20.67 (2.45) 22.25 (1.63) 19.39 (1.05) 14.53 (1.84)

30.799 <0.001
Median 

(IQR)
20.67  

(19.8–21.53)
21.86  

(21.09–23.89)
19.26  

(18.98–19.49)
14.9  

(14.71–15.09)

Range 18.94–22.4 19.5–24.56 17.12–21.58 11.08–16.74

The area under the ROC curve (Fig. 1) predicts 
3+ sputum smear grade at a cutoff of Ct value (Mean)  
≤ 16.74, with a sensitivity of 100%, and a specificity of 
100%, thus demonstrating an excellent diagnostic per-
formance. It was statistically significant (p<0.001). The 
odds ratio (95% CI) for smear grade 3+ when Ct value 
(mean) ≤ 16.74 was 413 (15.58–10944.98), while the rel-
ative risk (95% CI) was 30 (6–169.25). 

Fig. 1. ROC curve analysis showing diagnostic performance of 
Ct value (Mean) in predicting 3+ sputum smear grade (n=40)

The area under the ROC curve (Fig. 2) predicts 
2+ sputum smear grade at a cutoff of Ct value (mean) 
≤19.68, with a sensitivity of 92%, and a specificity of 
86%, thus demonstrating excellent diagnostic perfor-
mance. It was statistically significant (p = <0.001). The 
odds ratio (95% CI) for sputum smear grade 2+ when 
Ct value (mean) ≤19.68 was 46 (6.74–313.92), while the 
relative risk (95% CI) was 4.6 (2.01–13.12). 

Figure 3 depicts the ROC curve analysis showing 
the diagnostic performance of Ct value (Mean) in pre-
dicting 1+ sputum smear grade. At a cut-off of Ct value 
(mean) ≤ 22.32, it predicts sputum smear grade 1+, with 
a sensitivity of 90%, and a specificity of 50%.

Fig. 2. ROC curve analysis showing diagnostic performance 
of Ct value (Mean) in predicting 2+ sputum smear grade 
(n=40)

Fig. 3. ROC curve analysis showing diagnostic performance of 
Ct value (Mean) in predicting 1+ sputum smear grade (n=40)

Correlation of Ct value (mean) and culture positivity
Table 2depicts the correlation of Ct value (mean) and 
culture positivity. The mean (SD) and median (IQR) of 
Ct value (mean) in the culture positive group were 18.73 
(3.31) and 19.26 (16.62–21.1) respectively.

Correlation of Ct value (mean) and time to culture pos-
itivity 
Scatterplot in the figure (Fig. 4) shows a strong positive 
correlation between time to culture positivity (weeks) 
and Ct value (Mean), and this correlation was statisti-
cally significant (rho=0.88, p<0.001). For every 1 unit 
increase in time to culture positivity (weeks), the Ct Val-
ue (mean) increases by 1.75 units.
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Table 2. Comparison of the 2 Subgroups of Culture in terms 
of Ct value (mean) (n=40)

CT Value 
(Mean)

Culture
Wilcoxon-Mann-
Whitney U Test

Positive Negative W p

Mean (SD) 18.73 (3.31) 21.97 (2.83)

26.500 0.143Median (IQR) 19.26 (16.62–21.1) 22.4 (20.67–23.48)

Range 11.08–24.34 18.94–24.56

Fig. 4. Correlation between time to culture positivity 
(weeks) and Ct value (mean) (n=37)

The area under the ROC curve (Fig. 5) for Ct value 
(mean) in predicting culture positive vs culture negative 
was 0.761 (95% CI: 0.365–1), thus demonstrating fair 
diagnostic performance. At a cutoff of Ct value (mean)  
≤ 22.32, it predicts culture positivity with a sensitivity of 
92%, and a specificity of 67%. 

Table 3. Phenotypic DST pattern to 1st line anti-tubercular 
drugs (n=37)

Rifampicin resistance by CBNAAT Number of isolates resistant to 1st line 
anti-tubercular drug in DST by 1% 

proportion method

0  Isoniazid Rifampicin Ethambutol

1 0 0

Phenotypic drug susceptibility testing (DST) pattern to 
1st line anti-tubercular drugs
Table 3 shows the phenotypic drug susceptibility pattern 
to 1st line anti-tubercular drugs. Out of the 37 culture 
positive isolates, none showed resistance to rifampicin 
and ethambutol by 1% proportion method. However, 
1 (2.7%) isolate showed isoniazid mono-drug resistance. 
No significant association was found between isoniazid 
mono-resistance and the various other patients’ param-
eters like smear microscopy grade, culture positivity and 
Ct value (mean).

Fig. 5. ROC curve analysis showing diagnostic performance 
of Ct value (mean) in predicting culture positivity (n=37)

Discussion
Lack of adequate diagnostic facilities for TB is one of the 
key barriers to TB control in the majority of high-bur-
den countries. The steadily rising number of cases of 
drug-resistant TB emphasizes the critical need for pre-
cise and rapid diagnostic techniques for their detection.9 

The laboratory detection turnaround time should be as 
short as possible with a large capacity in order to reach 
the large number of patients efficiently.

Our study has demonstrated an excellent diag-
nostic performance of Ct value in predicting the vari-
ous grades of smear positivity, with higher sensitivity 
as well as specificity. We also found a significant differ-
ence between sputum smear grade and Ct value (mean) 
(χ2=30.799, p<0.001), with the strength of association 
(Kendall’s Tau) of 0.72 (large effect size). A study con-
ducted in Uganda among pulmonary TB patients found 
Xpert Ct values comparable with smear microscopy, 
similar to our findings. Their study reported a cut-off of 
23.62, which had the highest sensitivity and specificity 
in predicting +1 smear grade, comparable to our study 
findings.10

In a study conducted by Kassa et al. on pulmonary 
drug-resistant tuberculosis patients, 16.35% (95% CI: 
13.40, 19.79) were smear-negative, which is a slightly 
higher proportion compared to our study (5%).11 Fur-
thermore, the distribution of smear grades also var-
ied. While our study showed a higher proportion of 1+ 
smear grade (30.0%) compared to Kassa et al. (18.27%), 
their study reported a higher percentage of 3+ smear 
grade (34.42%) compared to our study (27.5%). It is 
evident that there are differences in the proportions 
of smear-negative cases and the distribution of smear 
grades which could be attributed to the variations in 
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study populations, sample sizes, and different geograph-
ical locations.11

Our study found a strong positive correlation 
(Spearman correlation coefficient=0.9) between time 
to culture positivity and Ct value (Mean), and this 
correlation was statistically significant (rho=0.88, 
p=<0.001). For every 1 unit increase in time to culture 
positivity (in weeks), the Ct value (mean) increases by 
1.75 units. Najjingo et al. found a correlation of 0.37 
between the Xpert Ct values and time to culture posi-
tivity in their study on pulmonary TB patients.10 Their 
study has also shown a linear relationship between 
time to culture positivity and Ct values; the Ct values 
were found to increase by 2.57 for every unit increase 
in days to culture positivity, which is comparable to 
our study findings. However, their study compared the 
time to culture positivity of liquid culture media with 
Ct values, in contrast to solid culture media used in 
our study.10

Our study showed 37 (92.5%) of the total samples 
to be culture positive. Out of the total 37 culture pos-
itive isolates, 8.10% were culture positive at the end 
of 3 weeks, 18.9% were positive at 4 weeks, followed 
by 13.50% at 5 weeks, 24.30% at 6 weeks, 16.20% at 7 
weeks and 18.9% at 8 weeks. The mean (SD) of time 
to culture positivity was 5.78 (1.6) weeks. The time to 
culture positivity ranged from 3–8 weeks. Palange et 
al. in his study found that the mean of time to culture 
positivity on Lowenstein Jensen media for pulmonary 
samples was 31.32 days which ranged from 30.8–31.64 
days.12 Among 7 low CBNAAT category detected sam-
ples in our study, culture growth was not seen in 3 
samples. However, one sample among the culture-neg-
ative samples showed 1+ sputum smear grade; rest two 
were smear-negative. Prakash et al reported similar 
discordance in his study in the very low category of 
CBNAAT.13 In his study, only two samples out of 34 
samples in the very low category were smear positive, 
one of which was culture negative, whereas growth was 
seen in 10 samples only. The two samples which were 
smear positive in the very low category did not show 
growth on culture which is comparable to our study 
findings. On the contrary, ten samples which showed 
growth on culture had delayed time to culture positivi-
ty and were AFB smear negative.13 Najjingo et al. in his 
study concluded that majority of low and very low Ct 
values quantified by Xpert were negative by smear mi-
croscopy.10 This poses a higher risk of TB transmission 
in the community.

In our study, the following patients’ parameters were 
significantly associated (p< 0.05) with Ct value (mean): 
sputum smear microscopy findings, culture time, and 
CBNAAT category. The mean (SD) of Ct value (mean) 
in smear-negative group was 20.67 (2.45), whereas the 
mean (SD) of Ct value (mean) in 1+, 2+ and 3+ grades 

were 22.25 (1.63), 19.39 (1.05) and 14.53 (1.84) respec-
tively. The Ct value (mean) ranged from 18.94–22.4 in 
the smear-negative group, whereas it ranged from 19.5–
24.56, 17.12–21.58, and 11.08–16.74 in 1+, 2+ and 3+ 
grades respectively. Najjingo et al. reported that the me-
dian Ct values were 25.4, 23.8, 18.2, 20.1 and 16.6 for 
negative, scanty, 1+, 2+ and 3 +smear grades respec-
tively.10 A recent study reported that the smear negative 
samples had a median Ct of 28.4 (IQR 24.2–31.44) com-
pared to 18.7 (15.8–22.6) for smear positive samples.14 

Fradejas et al. reported that the samples from smear-neg-
ative patients had a significantly higher mean Ct value 
than those from smear-positive patients 20.9(±5.8) vs. 
16.9 (±4.9), which is comparable to our study findings.6 
Another study reported a statistically significant differ-
ence in the mean Ct value between sputum smear-pos-
itive and sputum smear-negative patients (17.8±4.8 and 
22.3±6.7, respectively; p=0.002).15 This could possibly 
be due to variable sample size in the various studies de-
scribed above. Moreover, the co-morbid conditions and 
various other factors associated with the study popula-
tion also varied in different studies.

Conclusion
Several correlations were found between CBNAAT Ct 
values and various microbiological parameters. Various 
cutoff levels to determine different grades of smear and 
culture positivity were also established. Phenotypic drug 
resistance pattern was also analyzed. The knowledge of 
the proper utilization of Ct values by the treating physi-
cians and the drug resistance epidemiology will bridge 
the gap between the delay in diagnosis and management 
of TB with further prevention of transmission of drug 
resistant strains.
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