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Introduction: In underdeveloped countries, Tuberculosis (TB) is a major source of morbidity & mortality. 
For clinical microbiologists, identifying and detecting Mycobacterium tuberculosis (MTB) constitutes as 

an important hurdle. Thus, to eliminate the disease early and lower morbidity, early diagnosis of TB and drug resistance is 
crucial. When there is insufcient, inadequate sputum and paucity of bacilli, diagnosing TB can be difcult.  Our study aimed 
to compare Ziehl-Neelsen's (ZN) stain, Fluorescent stain, and CBNAAT (Cartridge based nucleic acid amplication assay) in 
accordance with National Tuberculosis Elimination Programme (NTEP) guidelines.  A total of 500 Respiratory  Methods:
samples of clinically suspected TB cases were tested using ZN stain, Fluorescent stain & CBNAAT. This prospective Cross-
sectional study was conducted in Department of Microbiology at tertiary care hospital, Nagpur over a period of 6 months. The 
results were recorded and analysed.  In our study, out of 500 cases, 372 were males and 128 were females with TB Results:
positivity rate more in rural area than in urban area. Overall, 30 (6%) were found positive on ZN staining, 50 (10%) were positive 
on Fluorescent staining & CBNAAT had positivity rate of 80 (16%).  The sensitivity of CBNAAT is more than Conclusion:
Microscopic staining methods. While sensitivity of Fluorescent staining (62.5%) is more as compared to ZN staining (37.5%). For 
smear-negative cases, the CBNAAT assay is an effective & reliable method. When diagnosing TB, this technique is highly 
appealing due to its simplicity, sensitivity, speed, and automation. It also offers the benet of detecting patients that are Multi-
drug resistant (MDR).
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INTRODUCTION:
Tuberculosis (TB) is caused by bacilli Mycobacterium 
tuberculosis (MTB), one of the most prevalent infectious 
diseases in the world.  Moreover, TB was the most common 
infectious agent-related cause of death globally until the 

(1)COVID-19 pandemic (it was higher than HIV/AIDS) . An 
estimated 2 billion people (~29% of the world's population) 
are exposed to MTB each year, and 8 million new cases of TB 
are diagnosed, leading to 2 million deaths. As a result, TB 

(2)continues to be a public health concern (WHO, 2006) . Lungs 
are the organ/site most frequently affected by MTB, 
accounting for 90% of cases. Chest pain, fever, and 
expectoration in the cough are typical symptoms. The 
emergence of resistant strains, including Multi drug resistant 
(MDR) and Extensively drug resistant (XDR) strains, has 
presented a signicant challenge, and the inability of 
traditional sputum microscopy to identify resistance has 

(3)contributed signicantly to the spread of the illness .

The primary method of diagnosis in low- and middle-income / 
underdeveloped countries is microscopic examination. 
However, this method only has a sensitivity of 50–60% in cases 
of conrmed (bacillary) pulmonary TB, and an even lower 
sensitivity (<30%) in patients who are HIV-positive, 

(4)immunosuppressed, or in children . Auramine was rst used 
as a uorescent marker in the 1940s. By concentrating sputum 
in a sediment and using auramine-O uorescence staining, 
direct microscopy's sensitivity can be increased, but this 
method is insufcient to differentiate MTB from other 
mycobacteria. Microscopy can also help us assess the severity 
of the disease as well as treatment outcome. For the analysis 
of patient sputum from pulmonary TB patients, Kivihya-
Ndugga et al. (2003) compared the efcacy and cost-
effectiveness of FM with those of the ZN approach. It has been 
demonstrated that FM has more sensitivity when evaluating 

(5)cost-effectiveness (78 % vs 60 % for ZN) . The current gold 
standard for the quick identication of MDR TB is the liquid 
culture technique with molecular line probe, according to the 

World Health Organisation (WHO). However, growth needs a 
highly specialised, regulated laboratory setup, as well as 
highly skilled personnel, and it takes two to six weeks to yield 

(6)results . The sole advantage of the rapid diagnosis is that 
different specimens can be used to identify even minute 
genomic copies of MTB using these methods. The WHO most 
recently approved the CBNAAT or GenXpert for the diagnosis 
of tuberculosis. The introduction and expansion of CBNAAT 
was implemented by National Tuberculosis Elimination 
Programme (NTEP) under the National Strategic Plan 2012-17.  
It has been reported that CBNAAT may accurately diagnose 
both pulmonary and extrapulmonary tuberculosis.  It's the rst 
fully automated, quick, easy benchtop CBNAAT TB detection 

(7)test that needs minimum technical knowledge . It takes about 
10,000 AFB/mL of sputum for standard microscopy to detect 
them. GeneXpert (CBNAAT) has a detection limit of 
approximately 131 bacilli/mL of specimen. GeneXpert (Xpert 
Ultra) detects 16 bacilli/mL, making it more sensitive and 

(8)selective than GeneXpert . Xpert MTB/RIF uses three distinct 
primers & unique molecular probes to achieve a high degree 
of specicity in the detection of MTB and mutations that confer 
rifampicin resistance. In less than two hours, the assay 

(9)delivers results directly from the sample .

METHODS
The prospective Cross-sectional study was conducted in 
Department of Microbiology of a tertiary care hospital in 
Nagpur. A total of 500 samples of suspected symptomatic 
patients of Pulmonary TB from TB Chest Medicine OPD were 
collected over a period of 6 months i.e. from November 2023 to 
April 2024 under NTEP. All extrapulmonary samples, Patients 
not  giv ing consent ,  Pat ients  on/previously  taken 
Antitubercular treatment were excluded.

Sample Collection & Storage:
Sputum samples (Spot and early morning) of these patients 
were collected in wide mouth screw capped sterile container. 
Other samples included Bronchoalveolar lavage (BAL), 

VOLUME - 13, ISSUE - 06, JUNE - 2024 • PRINT ISSN No. 2277 - 8160 • DOI : 10.36106/gjra

112 X GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS



Gastric lavage (GL). Sample was divided into 2 parts: one part 
used for CBNAAT and rest was divided for direct microscopy.

Microscopy:
All the samples were subjected to staining. Mucopurulent 
portion of the sputum was picked with a piece of clean wooden 
stick and an oval shaped uniform smear measuring 2 x 3 cm in 
size was prepared. 2 such smears on different slides were 
made from each sample. The uniformity of smear was 
assessed by placing the slide over a printed paper. It should 
be able to read the print. The slides were subjected to ZN-
staining & uorescent staining and screened under light 
microscope and LED microscope respectively. The 
interpretation was conrmed based on grading given by 

(10,11)NTEP guidelines . Acid fast bacilli (AFB) were seen as red, 
beaded rods when assessed under oil immersion (X 100) lens 
(g no- 1.1). Whereas for Fluorescent staining the tubercle 
bacilli appeared bright brilliant greenish yellow against dark 
background using 40 X lens using LED microscope (g no-
1.2).

Cartridge Based NAAT:
All the samples were tested by CBNAAT as per manufacturer's 
guidelines and results were interpreted as MTB Detected/ 
MTB Not detected and RIF resistance detected/not detected.

A comparison of ndings from all three diagnostic modalities 
was done, results were statistically analyzed and P value 
calculated.

RESULTS
1) Gender wise distribution: Out of 500 TB suspected cases, 
372 (74%) were males and 128 (25%) were females showing 
male preponderance. TB positivity was seen in 80 cases, 
among which 61 (76%) were males and 19 (24%) were females 
as shown in g. no 2.

Fig no 2- Gender wise distribution

2) Geographical distribution:  Among the 500 cases, 327 
cases were from Rural area while 173 were from Urban area. 
Out of these TB positives were 49 (61%) & 31 (39%) from rural 
and urban areas respectively which showed higher rate of TB 
cases from Rural areas as compared to Urban area as shown 
in Fig no. 3.

Fig no 3- Geographical distribution

3) Age Wise Distribution: The number of TB cases were found 
to be maximum in the age group of 31-45 years which is about 
65%, followed by age group of 15-30 years showing 20% of 
total positive cases. Those with age of >50 years showed 14% 
positive rate while lowest rate of about 1% was seen in below 
15 years of age as shown in Table no. 1.

Table No. 1- Age Wise Distribution

4) HIV-TB Co-infection: Out of the 500 cases tested, 444 cases 
were HIV negative while 56 cases had HIV positive status. TB 
positive results were seen in 21 cases among HIV positive 
patients and 59 cases among HIV negative patients showing 
positivity rate of 38% and 13% respectively as shown in g. no 
4. Also, the HIV positivity was higher in TB negative cases 
(62%) than in TB positive cases (38%). 

Fig no. 4- HIV-TB Co-infection

5) Diagnostic Tools:
Microscopy: The samples from all 500 cases were subjected to 
microscopy by doing ZN staining and Fluorescent staining. 
Out of these, 30 (6%) were found positive on ZN staining while 
50 (10%) were found positive on Fluorescent staining as shown 
in Table no. 2.

CBNAAT: All these samples were again tested on CBNAAT 
and results were recorded. 80 (16%) cases among the total 500 
tested were found to be positive. This was higher than those 
tested by microscopic methods. Out of the 80 positive samples, 
Rifampicin resistance was detected in 15 patients as shown in 
Table no. 2.

Thus, it was found that sensitivity of CBNAAT (100%) is much 
more than Microscopy. While sensitivity of Fluorescent 
staining (62.5%) was more compared to ZN staining (37.5%). 
Since culture was inaccessible, CBNAAT was used as the gold 
standard to compare test sensitivities (table no- 3).
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Fig 1.1- TB bacilli on ZN 
stain.

Fig 1.2- TB bacilli on 
Fluorescent stain

AGE NO OF TB SUSPECTED 
CASES

TB POSITIVE 
CASES

<15 14 1 (1%)
15-30 132 16 (20%)
31-45 292 52 (65%)
>50 62 11 (14%)
TOTAL 500 80 (100%)
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Table No. 2- Comparison Of Diagnostic Findings Of TB 
Cases

Table No.3- Sensitivity & Specicity Of Diagnostic Tests
                           

                           

DISCUSSION:
The present study showed that, out of 500 cases tested, 372 
(74%) were males and 128 (25%) were females showing male 
preponderance. Also, the positivity rate was higher in males 
(76%) than females (24%) (gure 2). A similar study was 

(12)conducted by Ashwini BS et al (2020) , showing similar 
results with male preponderance. Men tend to have higher 
rates of proximal risk factors for TB, such as drinking and 
smoking. Also, men often stay out later than women, which 
increases the chance of acquiring an infection.  Men may be 
more vulnerable to M. tuberculosis due to their larger lung 
capacities because the disease is unusual in that it is 
genuinely airborne rather than disseminated by respiratory 
droplets.

In this study, out of 500 cases, majority cases were from Rural 
area (327) while others from Urban area (173). Also, TB 
positivity rate was similar showing higher prevalence in Rural 
area 49 (61%) than Urban area 31 (39%) (g no 3). A similar 

(13)study conducted by Surpreet kaur et al (2018)  & Mukul Singh 
(14)et al (2023) , showed higher prevalence of TB cases in rural 

areas. Information regarding community management of TB 
and treatment-seeking patterns in rural area is rare, poor 
socio-economic status, overcrowding, lack of education also 
contributes to higher prevalence of cases from Rural areas. 
Since private labs are primarily used by the urban population, 
there is no record of them being entered, resulting in fewer 
cases overall.

Out of 500 cases, maximum number was found to be in age 
group of 31-45 years (292) followed by age group of 15-30 
years (132). Lowest number was from below 15 years age (14). 
Also, the positive cases were found to be maximum in 31-45 
years of age (65%), followed by 20%, 14% & 1% in age groups 
15-30, >50 & <15 years respectively (table 1). Similar ndings 
were seen in study conducted by Sriram Selvaraju et al (2023) 
(15). As people age, a higher prevalence of tuberculosis (TB) 
may be caused by more frequent social interactions and 
increasing usage of public transportation, which might 
increase exposure.

The HIV-TB co-infection rate in our study was 38% while HIV 
positivity rate in TB negative case was 62% (g 4) and 13% of 
TB positive cases were HIV negative. A study conducted by 

(16)Tiewsoh.et al (2023)  showed co-infection rate of 42%. In HIV 
positive patients, the chances of developing Extra-pulmonary 

 (17)TB are more than Pulmonary TB . This fact coincides with our 
study as we found HIV positive rate less in Pulmonary TB 

positive cases (38%) than pulmonary TB negative cases (62%). 
The ndings were statistically signicant (P<0.0001).

Diagnostic tools: In our study all the samples were tested by 
ZN staining, Fluorescent staining & CBNAAT. TB positivity rate 
by all these methods was, 30 (6%) were found positive on ZN 
staining while 50 (10%) were found positive on Fluorescent 
staining. CBNAAT reported 80 (16%) cases which were much 
higher than above two methods (table no- 2). All the 
differences between yields of smears verses CBNAAT were 
highly statistically signicant (P<0.0001).  Loveena Oberoi et 

 (18)al (2021)  conducted a study showing similar ndings with TB 
positive cases detection rate higher with CBNAAT. Rathod UD 

 (19)et al(2016)  also demonstrated that sensitivity of Fluorescent 
staining was more than ZN staining.

Thus, it concludes that sensitivity of CBNAAT (100%) is higher 
followed by Fluorescent staining (62.5%) and lowest 
sensitivity is that of ZN staining (37.5%) (Table no- 3). Also, 
CBNAAT could detect Rifampicin resistance found in 15 (19%) 
TB positive cases which could not be done by staining 

(20)methods. In a study by Jain G et al (2019) , they showed 15% 
Rifampicin resistance on CBNAAT.

The COVID-19 pandemic still negatively affects both the 
burden of TB disease and access to TB diagnosis and 
treatment. Reductions in the reported number of cases of TB in 
2020 and 2021 indicate that more people may have 

(21)undiagnosed and untreated TB . The early identication of 
cases is crucial to the control of the disease, even with the 
abundance of very sensitive diagnostic technologies at our 
disposal. This process is particularly dependent on the 
identication of acid-fast bacilli in clinical samples. Thus, 
CBNAAT are the go-to option for improving turnaround times 
because of their quick results, great sensitivity, and low 
technical knowledge.

CONCLUSION:
Smear negative TB cases forms majority of these 
undiagnosed cases that leads to morbidity and mortality. 
CBNAAT's introduction for peripheral sites is a game-changer 
in the ght against tuberculosis, offering fast, real-time results 
that benet the patient, as well as the added benet of 
lowering testing personnel risks. With the capacity to detect 
even those cases that could be missed due to restrictions such 
as paucity of Bacilli, person-to-person variance in 
observation, defective staining procedures, inappropriate 
reagents, insufcient sputum the greater positivity rate of 
CBNAAT over ZN staining is the cherry on top. Additionally, it 
can be used to test for MDR-TB and detect rifampicin 
resistance. In MDR-TB era, this study highlights the high 
sensitivity of CBNAAT technique for proper management, 
better treatment outcome and successful TB control, lowering 
the rates of morbidity and mortality. Thus, now there is a shift 
in approach to diagnosis of TB from conventional microscopy 
to molecular techniques (NAAT) in NTEP.
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ZN STAINING FLUORESCENT 
STAINING

CBNAAT

POSITI
VE

NEGAT
IVE

POSITI
VE

NEGAT
IVE

POSITI
VE

NEGAT
IVE

TOTAL 
NO OF 
SAMPL
ES 
(500)

30 (6%) 470 
(94%)

50 
(10%)

450 
(90%)

80 
(16%)

420 
(84%)

RIFAMP
ICIN 
RESIST
ANT

NA NA 15 
(19%) 

ZN 
STAINING

FLOURESCEN
T STAINING

CBNAAT

TB POSITIVE 30 50 80
TB NEGATIVE 470 450 420
TOTAL SAMPLES 500 500 500
SENSITIVITY 37.5% 62.5% 100%
SPECIFICITY 100% 100% 100%

114 X GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS



Revisiting the methods for detecting Mycobacterium tuberculosis: what has 
the new millennium brought thus far? Access Microbiol. 2021 Aug 
2;3(8):000245. doi: 10.1099/acmi.0.000245. Erratum in: Access Microbiol. 2022 
Jan 12;4(1):000294. PMID: 34595396; PMCID: PMC8479963.

6. Zijenah LS. The World Health Organization Recommended TB Diagnostic 
Tools. In: Kayembe, J. N., editor. Tuberculosis [Internet]. London: IntechOpen; 
2018

7. Akhtar S, Kaur A, Kumar D, Sahni B, Chouhan R, Tabassum N, Akhtar S, 
Gandhi SG.Diagnostic Accuracy between CBNAAT, TrueNat, and Smear 
Microscopy for Diagnosis of Pulmonary Tuberculosis in Doda District of 
Jammu and Kashmir- A Comparative StudyJ Clin of Diagn Res.2022; 
16(11):DC08-DC12. https://www.doi.org/10.7860/JCDR/2022/59404/17055

th8. Koneman's colour atlas & Textbook of Diagnostic Microbiology Practical; 6  
Ed., 1997. 

9. Sachdeva K, Shrivastava T. CBNAAT: A Boon for Early Diagnosis of 
Tuberculosis-Head and Neck. Indian J Otolaryngol Head Neck Surg. 2018 
Dec;70(4):572-577. doi: 10.1007/s12070-018-1364-x. Epub 2018 Apr 16. PMID: 
30464918; PMCID: PMC6224834.

10. https://www.ntep.in/node/1224/CP-smear-microscopic-examination-
different-grades-smear-ndings (accessed on 7 May 2024)

11. https://tbcindia.gov.in/WriteReadData/l892s/7890638455Flourescence_ 
Microscopy%20Manual.pdf (accessed on 7 May 2024)

12. Ashwini BS, Anuradha K. Comparison of microscopic methods with CBNAAT 
in suspected pulmonary tuberculosis patients among HIV seropositive. 
International Journal of Research and Review. 2020; 7(4): 553-559.

13. Supreet Kaur Kalra, Surinder Paul, S.P. Singh A Comparative Study of 
Fluorescence Microscopy with Ziehl Neelsen Staining for Detection of Acid 
Fast Bacilli in Lymph Node Aspirates International Journal of Science and 
Research (IJSR) Volume 7 Issue 6, June 2018 DOI: 10.21275/ART20183250

14. Mukul Singh, Anuj Malik, Dhammshila L Devhare3, Dipti BRuikar, 
Karthickeyan Krishnan Comparative Case Study On Tuberculosis Patients 
Between Rural And Urban Areas Journal of Survey in Fisheries Sciences 
Volume 10 - Issue 2 (2023) DOI: https://doi.org/10.53555/sfs.v10i2.1183

15. Sriram Selvaraju, Banurekha Velayutham, Raghuram Rao, Kiran Rade, 
Kannan Thiruvengadam, Smita Asthana, Rakesh Balachandar, Sampada 
Dipak Bangar et al, Prevalence and factors associated with tuberculosis 
infection in India, Journal of Infection and Public Health,Volume 16, Issue 12, 
2023, Pages 2058-2065, ISSN 1876-0341

16. Utang Babat Ain Tiewsoh,HIV-TB co-infection with clinical presentation, 
diagnosis, treatment, outcome and its relation to CD4 count, a cross-sectional 
study in a tertiary care hospital in coastal Karnataka, JFMP ,March 2020, 
Volume 9 : Issue 2

17. Shivakoti R, Sharma D, Mamoon G, Pham K. Association of HIV infection with 
extrapulmonary tuberculosis: a systematic review. Infection. 2017 
Feb;45(1):11-21. doi: 10.1007/s15010-016-0960-5. Epub 2016 Nov 9. PMID: 
27830524; PMCID: PMC5303538

18. Loveena Oberoi, Naveen Pandhi, Muskan Khullar and Tavishi Oberoi. 2021. 
Comparative Evaluation of Gene Xpert and Various Staining Techniques in 
the Diagnosis of Pulmonary Tuberculosis. Int.J.Curr.Microbiol.App.Sci. 10(06): 
532-538. doi: https://doi.org/10.20546/ijcmas.2021.1006.058

19. Rathod UD, Joshi A, Turbadkar S, Hirani N, Chawdhary A. Different Methods 
of Staining to optimize Smear Microscopy for Diagnosis of Pulmonary and 
Extra Pulmonary Tuberculosis. Indian J Microbiol Res 2016;3(3):322-328

20. Jain G , Jain VK , Mishra M , Maan L , Garg A , Bhardwaj G To Study the 
Comparative yield of Zn Staining v/s CBNAAT (Gene Xpert) in Clinically 
Diagnosed cases of Tubercular Pleural Effusion journal of medical science 
and clinical research Volume 07 Issue 04 April 2019 ISSN (e)-2347-176x ISSN 
(p) 2455-0450

21. World Health Organization. Global tuberculosis report.Geneva. 2022. 
Licence: CC BY-NC-SA 3.0 IGO

VOLUME - 13, ISSUE - 06, JUNE - 2024 • PRINT ISSN No. 2277 - 8160 • DOI : 10.36106/gjra

  X 115GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS


