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Abstract

Introduction: Microscopy continues to serve as the
primary tool for the screening of tuberculosis. The
Ziehl-Neelsen (ZN) staining method has
conventionally been employed for the detection of
Acid-Fast Bacilli (AFB). With the advent of
fluorescent techniques, particularly Auramine O
staining, fluorescence microscopy is increasingly
being adopted in laboratories managing a high
diagnostic workload. Early detection of tuberculosis
is of paramount importance, both for prompt
initiation of therapy and for curbing disease
transmission [ 1,2].

Objective: This study was undertaken to
comparatively assess the diagnostic accuracy of ZN
staining and fluorescent microscopy in a high-
burden, resource-limited setting.

Material and methods: A total of 1655 clinically
suspected cases of tuberculosis were included in the
study. All the sputum specimens procured were
smeared and stained for both ZN and FL staining.
CBNAAT was used to compare the two staining
procedures.

Results: The maximum cases were in the age group
of 21-30 years (25%). In 58% cases, patients were
male and 42% were females. The sensitivity of FL
(97.6%) was more as compared to ZN (93.2%). The
specificity of FL was 98.2% and of ZN was 99.3%.
Conclusions: The results showed that fluorescent
microscopy was more sensitive and rapid alternative
to conventional ZN light microscopy, while
specificity of both the methods were comparable for
detection  of = Mycobacterium  tuberculosis.
Incorporation of fluorescent microscopy in routine
TB diagnostic protocols in tertiary care settings
could enhance early detection and treatment
initiation.
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I. INTRODUCTION

Tuberculosis, caused by Mycobacterium
tuberculosis, continues to be one of the leading
infectious diseases worldwide. According to the
World Health Organization (WHO), an estimated
1.25 million new cases of TB were reported in 2023,
with approximately 1.09 million deaths occurring
among HIV-negative individuals. In resource-
constrained settings, microscopic examination of
sputum smears remains the primary diagnostic tool
for tuberculosis.

The majority of global TB cases are
concentrated in low- and middle-income countries,
where diagnosis and treatment monitoring rely on
methods that are simple, cost-effective, and require
minimal infrastructure—making microscopy the
most widely utilized approach [5]. In many such
regions, diagnosis is predominantly performed using
Ziehl-Neelsen (ZN) staining [6]. However, the
sensitivity of sputum smear microscopy by the ZN
method is highly variable, ranging from 20% to
80%, and is influenced by the quality of specimen
collection, smear preparation, staining, and
microscopic evaluation [6-9].

Although ZN staining has been the
conventional method for TB screening under light
microscopy, it is increasingly being supplemented or
replaced by fluorescence microscopy using
Auramine O, which enables easier visualization of
acid-fast bacilli. Modern fluorescence microscopy
employs light-emitting diodes (LEDs) instead of
conventional mercury vapor lamps, making the
method more practical and accessible. Both carbol
fuchsin (used in ZN staining) and Auramine O (used
in fluorescence microscopy) target mycolic acids in
the mycobacterial cell wall, but the latter produces
bright yellow bacilli against a dark background,
allowing rapid scanning of slides under lower
magnification without compromising sensitivity
[10].
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LED-based fluorescence microscopy has
been shown to provide qualitative, operational, and
cost-related advantages over both conventional
fluorescence and ZN light microscopy [11].

II. MATERIAL AND METHODS
The study was conducted in the Department of
Microbiology over a period of 12months (Jan 2024
to Dec 2024).

Inclusion criteria

A total of 1655 consecutive suspected cases of
pulmonary tuberculosis were included in the study.
Exclusion criteria

Pre-diagnosed cases already on anti-tubercular
therapy.

Sample Collection and Preparation

Each participant was instructed to provide two
sputum specimens in clean, sterile, wide-mouthed,
leak-proof containers. A total of 1655 samples were
obtained. For every subject, one spot sample was
collected on site, while a prelabeled container was
supplied for the collection of an early morning
specimen at home.

Ziehl-Neelsen (ZN) Staining Procedure

Smears were arranged serially on a staining rack
with the smear side facing upward and covered with
filtered 0.1% carbol fuchsin. The slides were gently
heated to steaming and allowed to stain for 5
minutes, followed by rinsing with water and
draining. Decolorization was performed using 25%
sulfuric acid for 5 minutes, after which the smears
were rinsed and drained again. Counterstaining was
carried out with 0.1% methylene blue solution for 1
minute, followed by rinsing and air drying. The
stained smears were examined under a light
microscope using the oil immersion objective
(100x).

Fluorescent Staining Procedure

For fluorescence microscopy, smears were flooded
with filtered 0.1% auramine solution and incubated
for at least 20 minutes. After rinsing with water and
draining, the smears were treated with 0.5% acid—
alcohol for 30-60 seconds, rinsed, and drained. A
counterstain with 0.5% potassium permanganate
was applied for no more than 1 minute, followed by
a final rinse with water and air drying. Smears were
then examined under an LED-based fluorescence
microscope using the 40x dry objective lens.

CBNAAT
Specimens designated for Cartridge-Based Nucleic
Acid Amplification Test (CBNAAT) were processed

according to manufacturer’s instructions. Each
sample was mixed with the provided reagent in a 2:1
ratio and incubated at room temperature for 15
minutes. From this preparation, 2 ml was transferred
into the Xpert cartridge sample chamber, which was
subsequently loaded into the GeneXpert system.
Results were generated automatically after
approximately 90 minutes.

1. RESULTS
Among the 1655 presumptive tuberculosis cases
included in the study, 956 (57.7%) were male and
699 (42.2%) were female. The highest proportion of
cases was observed in the 21-30 years age group,
accounting for 25% of the study population.

When processed by different diagnostic methods,
235 samples were positive by Ziehl-Neelsen (ZN)
staining, 246 by fluorescence microscopy, and 252
by the Xpert MTB assay. Of the 252 Xpert-positive
specimens, ZN staining failed to detect 17 cases
(6.74%), whereas fluorescence microscopy missed 6
cases (2.43%). Both microscopy techniques
demonstrated a significant positive correlation with
the Xpert MTB assay, although fluorescence
microscopy exhibited a stronger agreement than ZN
staining.

The diagnostic performance of ZN light microscopy
was calculated to have a sensitivity of 93.2% and a
specificity of 99.3%. In comparison, LED
fluorescence microscopy demonstrated a higher
sensitivity of 97.6% with a specificity of 98.2%.

IV.  Discussion

Culture remains the gold standard for the detection
of Mycobacterium tuberculosis due to its high
sensitivity; however, its routine use in many
healthcare facilities is limited by the slow growth
rate of the organism and the requirement for
specialized laboratory infrastructure. Consequently,
the diagnosis of tuberculosis in most settings relies
primarily on smear microscopy, traditionally using
the Ziehl-Neelsen (ZN) technique. More recently,
fluorescence microscopy and, in selected facilities,
the Xpert MTB assay have been introduced to
improve diagnostic efficiency. In this study, we
compared the performance of ZN smear microscopy
and fluorescence microscopy with that of the Xpert
MTB assay for the detection of Acid-Fast Bacilli in
sputum specimens.
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Figure 1: Distribution of suspected cases based on gender

Gender distribution of suspected cases
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Figure 2: Distribution of suspected cases according to age (n = 1655)
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Figure 3: Result of smear examination by ZN and Fluorescent staining and CBNAAT
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Figure 4: ZN staining- Direct smear showing Multibacillary case.
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Figure 5: ZN staining- Direct smear showing Paucibacillary case.

Figure 6: Fluorescent staining- Auramine O stain sputum smear showing Multibacillary case.
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Figure 7: Fluorescent staining- Auramine O stain sputum smear showing Paucibacillary case.

Table 1: Evaluation of sensitivity and specificity of Fluorescent-staining against ZN staining

99.3% 98.2%

V.  Conclusion
*  Fluorescent microscopy was more sensitive than ZN microscopy in detecting Mycobacterium
tuberculosis.
*  Fluorescent staining was found to have better efficiency because of less labour and it is less time-
consuming compared to ZN staining.
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