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ABSTRACT 

Background: Tubercular lymphadenitis (TBLN) is a significant diagnostic challenge in resource-

limited settings due to its paucibacillary nature. While Ziehl-Neelsen (ZN) staining is widely 

accessible, its low sensitivity often leads to under diagnosis. This study evaluates the efficacy of 

the Modified Bleach concentration technique compared to conventional ZN staining, using 

CBNAAT as the reference standard. 

Materials and Methods: A hospital-based comparative cross-sectional study was conducted at the 

Chhattisgarh Institute of Medical Sciences among 75 patients with clinically suspicious 

tubercular lymphadenopathy. Fine-needle aspiration cytology (FNAC) was performed. Aspirates 

were processed via conventional ZN staining and the Modified Bleach method (using 5% NaOCl 

and centrifugation). CBNAAT/TruNAAT was used for confirmation. Statistical performance was 

evaluated based on sensitivity, specificity, and predictive values. 

Results: The disease predominantly affected young adults (21-30 years; 32%) and showed a 

female predominance (62.7%). Most nodes were single, unilateral (76%), and firm. 

Cytomorphological Pattern 6 (necrosis with inflammatory cells) was the most common finding 

(62.7%). The Modified Bleach technique demonstrated significantly higher AFB positivity 

(82.7%) compared to conventional ZN staining (42.7%). Notably, the bleach method detected 

AFB in 74.4% of ZN-negative cases (p = 0.029). Compared to CBNAAT, the Modified Bleach 

technique achieved 100% sensitivity and 100% NPV, whereas ZN staining showed poor 

sensitivity (52%) and NPV (37%). 

Conclusion: The Modified Bleach method is a highly sensitive, cost-effective, and practical tool 

that significantly improves the diagnostic yield of AFB in paucibacillary samples. It serves as a 

reliable alternative or adjunct to molecular tests in resource-constrained settings. 

Key words: Tubercular Lymphadenitis, Modified Bleach Technique, FNAC, CBNAAT, Ziehl-

Neelsen Staining 
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Introduction 

Tuberculosis (TB) remains a premier global health challenge, with the World Health 

Organization reporting 10 million new cases and 1.5 million deaths in 2024 [1]. The burden is 

most severe in resource-limited nations where poverty, malnutrition, and HIV prevalence 

complicate disease control [2]. While pulmonary involvement is typical, extrapulmonary 

tuberculosis (EPTB) accounts for 15-20% of cases [3,4]. Tuberculous lymphadenitis (TBLN) is 

the most common manifestation of EPTB, frequently presenting in cervical nodes with the 

formation of organized granulomas immune cell aggregates surrounding a necrotic core of 

caseum [5]. 

Diagnosis of TBLN is often complex. While clinical characteristics suggest EPTB, they are 

insufficient for a definitive diagnosis [6,7,8]. Although Fine Needle Aspiration Cytology (FNAC) 

is a popular outpatient procedure for presumptive morphological diagnosis, it lacks specificity. 

Conventional diagnostic methods like Ziehl-Neelsen (ZN) staining are fast and affordable [9], 

yet they yield a low sensitivity of only 20-43% in EPTB cases [10,11]. Advanced molecular tools 

like the Cartridge Based Nucleic Acid Amplification Test (CBNAAT) provide high sensitivity 

and detect rifampicin resistance within two hours; however, their high cost remains a barrier in 

many settings [12]. Similarly, while culture is highly sensitive, its utility is limited by long 

turnaround times and the need for Bio safety Level III facilities [13]. 

To bridge this gap in resource-limited settings, the modified bleach concentration technique 

offers a viable alternative. By liquefying specimens with sodium hypochlorite (NaOCl) and 

concentrating bacilli through centrifugation, this method clears the background and significantly 

improves the visibility of acid-fast bacilli (AFB). Studies indicate this can raise sensitivity to 60-

70% [14,15,16]. This study aims to evaluate the performance and reproducibility of this bleach 

concentration method compared to conventional ZN staining at the Chhattisgarh Institute of 

Medical Sciences. 

 

Material and Methods 

Study Design and Setting 

This hospital-based comparative cross-sectional study was conducted in the Department of 

Pathology at the Chhattisgarh Institute of Medical Sciences (CIMS), Bilaspur. Following 

institutional scientific and ethical committee clearance, data collection was performed over a 

one-year period. 

Study Participants and Sampling 

The study included 75 patients (calculated via EPI Info with 80% power and 5% significance) 

presenting with clinically suspicious tuberculous lymphadenopathy. The sample size was derived 

using the formula $n = Z^2pq/d^2$, based on a 35% prevalence ($p=0.35$). Inclusion criteria 

encompassed suspected TBLN cases and patients on anti-tubercular treatment referred for 

FNAC. Non-cooperative patients or those with contraindications for FNAC were excluded. 
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Procedural Methodology 

After obtaining informed consent and detailed clinical histories, Fine Needle Aspiration 

Cytology (FNAC) was performed using a 22-gauge needle. Initial aspirates were used for direct 

smears, while remaining material was transferred to 1 ml of normal saline for modified bleach 

concentration and CBNAAT/TruNAAT. 

Laboratory Processing and Staining 

Smears were processed using Papanicolaou (PAP), Haematoxylin & Eosin (H&E), and May-

Grünwald Giemsa (MGG) stains to categorize cytomorphology into six distinct patterns, ranging 

from epithelioid granulomas (Pattern 1) to predominantly necrotic material (Pattern 6). 

 Conventional ZN Staining: Air-dried smears were stained with carbolfuchsin, heat-

fixed, decolorized with acid-alcohol, and counterstained with methylene blue. 

 Modified Bleach Technique: Aspirates were mixed with 2 ml of 5% sodium 

hypochlorite (NaOCl), incubated for 15 minutes, and centrifuged at 3000 rpm for 15 

minutes after adding distilled water. The resulting sediment was used for ZN staining. 

 

Grading and Evaluation 

AFB load was quantified according to RNTCP guidelines (Scanty to 3+). CBNAAT/TruNAAT 

served as the confirmatory reference standard. Statistical analysis evaluated independent 

variables (age, sex, site) against dependent clinical findings (size, fixity, aspirate appearance). 

       

 

 

  

FIG 1 & 2-Tuberculous lymphadenitis - Pattern 1 showing epithelioid granuloma 

with caseous necrosis 
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Results:  

1. Demographic Profile 

The demographic characteristics of the 75 study participants are summarized in Table 1. 

Table 1. Demographic Profile of Study Participants (n = 75) 

Variable Category n (%) 

Age Group 21-30 years 24 (32.0%) 

Sex 

  

Female 47 (62.7%) 

Male 28 (37.3%) 

 

Table 1 shows that the majority of cases were in the 21-30-year age group (32.0%), with a female 

predominance (62.7%), indicating a higher occurrence among young adults and females. 

2. Clinical Characteristics 

The clinical presentation of the lymph nodes, including number, laterality, and physical 

properties, is detailed in Table 2. 

Table 2. Clinical Characteristics of Lymph Nodes 

Parameter Category n (%) 

FIG 3-Acid-fast bacilli positivity by bleach method with a clear background in 

a case cytologically diagnosed as tuberculous lymphadenitis - Pattern 1  
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Number Single 58 (77.3%) 

Laterality Unilateral 57 (76.0%) 

Size 1-2 cm 55 (73.3%) 

Consistency Firm/soft-firm 73 (97.3%) 

Table 2 demonstrates that single and unilateral lymph node involvement was most common, with 

most nodes measuring 1-2 cm and presenting with a firm consistency. 

3. Cytomorphological Patterns 

Fine Needle Aspiration Cytology (FNAC) patterns observed across the samples are presented in 

Table 3. 

Table 3. Cytomorphological Patterns on FNAC 

Pattern Description n (%) 

Pattern 6 Necrosis with inflammatory cells 47 (62.7%) 

Others Granulomas ± necrosis 28 (37.3%) 

 

Table 3 shows that necrotic material with inflammatory cells (Pattern 6) was the predominant 

cytomorphological finding. 

4. Diagnostic Yield Comparison 

The comparative effectiveness of the three primary diagnostic methods is shown in Table 4. 

Table 4. Diagnostic Yield of Individual Diagnostic Methods 

Method Positive n (%) Negative n (%) 

Ziehl-Neelsen (ZN) 

Staining 
32 (42.7%) 43 (57.3%) 

Modified Bleach 

Technique 
62 (82.7%) 13 (17.3%) 

CBNAAT 56 (74.7%) 19 (25.3%) 

 

Table 4 highlights that Acid-Fast Bacilli (AFB) positivity was highest with the modified bleach 

technique (82.7%), followed by CBNAAT (74.7%), while ZN staining showed the lowest yield 

(42.7%). 
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5. Correlation Between Diagnostic Methods 

Tables 5 and 6 provide a cross-comparison between the modified bleach technique and other 

modalities. 

Table 5. Comparison of Ziehl-Neelsen Staining with Modified Bleach Technique 

ZN Result Bleach Positive Bleach Negative Total 

ZN Negative 32 (74.4%) 11 (25.6%) 43 

ZN Positive 30 (93.8%) 2 (6.2%) 32 

Total 62 13 75 

p-value = 0.029 
   

 

Table 5 shows that the modified bleach technique detected AFB in 74.4% of ZN-negative cases, 

representing a statistically significant improvement over conventional ZN staining (p< 0.05). 

Table 6. Comparison of CBNAAT with Modified Bleach Technique 

CBNAAT Result Bleach Positive Bleach Negative Total 

Positive 56 (100%) 0 (0%) 56 

Negative 6 (31.6%) 13 (68.4%) 19 

 

Table 6 demonstrates that all CBNAAT-positive cases were also detected by the modified bleach 

technique, showing excellent concordance between the two methods. 

6. Statistical Performance 

The diagnostic performance metrics, using CBNAAT as the gold standard, are summarized in 

Table 7. 

Table 7. Diagnostic Performance Using CBNAAT as Reference Standard 

Parameter Modified Bleach (%) ZN Staining (%) 

Sensitivity 100% 52% 

Specificity 68% 84% 

Positive Predictive Value 

(PPV) 
90% 52% 

Negative Predictive Value 

(NPV) 
100% 37% 

 

Table 7 shows that the modified bleach technique had excellent sensitivity and negative 

predictive value (both 100%), while ZN staining showed poor sensitivity (52%) and NPV (37%). 

http://www.neuroquantology.com/


NeuroQuantology | Apr 2026 | Volume 24 | Issue 4 | Page 377-385| doi: 10.48047/nq.2026.24.4.NQ26036 
Dr. Bhanupratap Singh / Comparison of Modified Bleach Technique Over Traditional Ziehl Neelsen Technique for Screening for Acid Fast Bacilli in 
Tubercular Lymphadenopathy; Comparative Cross Sectional Study 
 

 www.neuroquantology.com 

eISSN 1303-5150 

       383 

Discussion 

The diagnostic efficacy of the Modified Bleach method was evaluated against conventional 

Ziehl-Neelsen (ZN) staining for detecting Mycobacterium tuberculosis in lymph node FNAC 

samples. Our findings confirm that bleach concentration significantly enhances the detection of 

acid-fast bacilli (AFB) in paucibacillary extrapulmonary samples. 

Demographic and Clinical Profile The study found a peak incidence in the 21-30-year age group 

(32%), corroborating findings by Mandal et al. [17] (35%), Purushothaman et al. [18], and 

Manju et al. [19]. This suggests the disease predominantly impacts young adults during their 

most productive years. A female predominance (62.67%) was noted, aligning with Bhakti and 

Kangle [20] and Singh et al. [22]. Furthermore, 48% of participants belonged to the lower socio-

economic class, reinforcing the association between TB, poverty, and malnutrition reported by 

Muhammad et al. [23]. 

Clinically, most patients (77.33%) presented with single, unilateral firm nodes measuring 1-2 cm, 

similar to observations by Vishal and Anuj Sharma [21]. Notably, 85% of subjects were BCG-

vaccinated yet developed lymphadenitis, supporting the view of Gangane et al. [25] that BCG 

provides incomplete protection against adult EPTB. 

Diagnostic Performance Conventional ZN staining detected AFB in only 42.67% of cases, 

mirroring the 40-45% positivity reported by Mandal et al. [17] and Purushothaman et al. [18]. 

This limited sensitivity is due to the low bacillary load typical of EPTB [20]. 

In contrast, the Modified Bleach method yielded 82.67% positivity, showing high concordance 

with Purushothaman et al. [18] (84%) and Chandrasekhar and Prayaga [24] (83%). Significantly, 

74.4% of ZN-negative samples tested positive after bleach concentration (p = 0.029). This 

statistically significant improvement matches results from Singh et al. [22], where bleach 

liquefaction and centrifugation cleared debris and concentrated bacilli for better visualization. 

Compared to CBNAAT (74.67% positivity), the bleach method demonstrated 100% sensitivity 

and 100% Negative Predictive Value (NPV). While ZN staining underperformed with a 

sensitivity of only 52%, the bleach technique proved nearly as reliable as molecular assays, 

acting as a high-yield, low-cost alternative. 

Conclusion 

This study underscores that tubercular lymphadenitis remains a significant burden among young, 

socioeconomically disadvantaged adults, particularly females. Clinically, the disease often 

presents as localized, unilateral, firm cervical lymphadenopathy.While conventional ZN staining 

is hampered by low sensitivity in paucibacillary EPTB samples, the Modified Bleach method 

significantly bridges this diagnostic gap. With 100% sensitivity relative to CBNAAT and the 

ability to detect AFB in the majority of ZN-negative cases, the bleach technique is a cost-

effective, practical, and highly reliable tool. It is strongly recommended for routine use in 

resource-limited settings to ensure early diagnosis and effective management of tubercular 

lymphadenopathy. 
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