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Microscopic examination of sputum samples is of special importance for the rapid
presumptive diagnosis of tuberculosis because of slow growth of Mycobacterium
tuberculosis in culture. The early diagnosis of active tuberculosis still depends on
the presence of acid fast bacilli (AFB) in stained sputum smears. This study
compares the efficacy of Ziehl Neelsen (ZN) staining with Acridine orange (AO)
and Auramine rhodamine (AR) fluorochrome staining in the diagnosis of
tuberculosis (TB). A total of 2715 sputum samples were included and all samples
were smeared and stained by using ZN staining and positive smears were subjected
to fluorochrome staining AO and AR. Results of the study revealed that out of
2715 samples, 373 (13.73%) were smear positive by ZN staining while others were
negative. The proportion of positive smears detected was 12.85% and 10.82% for
the AO and AR staining methods respectively. ZN staining was found more
sensitive than fluorescent stains (AO and AR) for the diagnosis of TB.

Introduction
Tuberculosis (TB) is the major health
problem in the world since 1993 when
declared as a global emergency by world
health organization (WHO). It is estimated
that nearly one billion people will be
infected with TB, 200 million develop the
disease, and 35 million will die from TB
during 2000- 2020 (Floyd, 2002). Direct
microscopic examination of acid fast bacilli
(AFB) is currently the most microbiological

method used for diagnosis and preliminary
confirmation of tuberculosis (TB) and also
defines the more infectious cases in positive
smears in grading (quantitation scale)
(Masood, 2008). The microscopic method
of detection of AFB in sputum sample is
fastest and cheapest as compare to culture
and other techniques (Masood, 2008). The
only disadvantage of this method is low
sensitivity (50-80%) relative to culture
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(Masood, 2008, Bruchfeld, 2000). The
sensitivity of microscopy is influenced by
many factors like method of sample
collection, processing (direct/concentrated)
staining technique, quality of microscope
and expertise etc (Masood, 2008,
Bruchfeld, 2000). The previous studies
indicated
that
fluorescent staining of
smears
significantly
increases
the
sensitivity of direct microscopy (Masood,
2008, Murray, 2003).

Inclusion criteria
New clinically diagnosed cases of TB
visiting RNTCP units at Davangere
district.
Exclusion criteria
Patients on anti-tubercular treatment were
excluded
Methodology

The higher sensitivity of this method is
attributed to the easy detection of
fluorescent
rod
against
dull/darker
background, this allows the expert to screen
the slide at a lower magnification and
observe large area than with routine Ziehl
Neelsen stained smears (Masood, 2008).
The objective of this study was to evaluate
the routine performance of
different
staining methods for the detection of
Mycobacterium tuberculosis in our
laboratory.

A prospective study was carried out in the
Department of Pulmonary Medicine from
April 2013 to October 2015. The sputum
samples included in the study were
obtained from the patients attended to
RNTCP Laboratories which comes under
Davangere district. The sputum samples
were collected preferably early morning
in wide mouthed, sterile, properly
labeled plastic container. All samples
were smeared and stained using Ziehl
Neelsen (ZN) staining. The positive
smears by ZN staining were subjected to
two different fluorescent stains such as
Acridine orange (AO) (Smithwick. 1995,
Sethi, 2010) and Auramine rhodamine
(AR) (Sethi, 2010, Vildan, 2011) for
comparison. The positive and negative
control slides were included with each
staining batch for internal quality control.

Materials and Methods
Ethical Clearance
Study protocol was reviewed and
approved
by
Institutional
Ethics
Committee, S. S. Institute of Medical
Sciences
and
Research
Centre,
Davangere, Karnataka.

All three staining procedures were done
according to the standard protocol
(Smithwick. 1995, Sethi, 2010, Vildan,
2011). In ZN staining Mycobacterium
tuberculosis appears pink stained bacilli
on blue background.
AO staining
orange/red fluorescing bacilli dull black
background. AR staining yellow/green
fluorescing bacilli on black background.

Study was conducted as per the RNTCP
guidelines and standard microbiological
techniques for the diagnosis of TB.
Study Type
Prospective cross sectional
Study duration: April 2013 to October
2015.
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method is low sensitivity (varying from 50%
to 80%) relative to culture (Bruchfeld 2000,
Murray 2003, Masood, 2008). The
sensitivity of microscopy is influenced by
the quality of specimen collection, the
number of mycobacterium present in the
specimen, the method of processing, the
staining technique, and the quality of the
examination (Somoskovi, 2001).
To
achieve maximum sensitivity of this
diagnostic test, it is essential to have a good
quality sputum sample, i.e. the sample
should contain mucoid or mucopurulent
material and the volume should be at least 3
mL (TB India 2009).

Results and Discussion
A Total of 2713 samples were collected
during the study period. The results
obtained from ZN stained smears and
fluorescent (AO and AR) stained smears
were compared together (Fig.1).The result of
our study revealed that AO (12.85%)was
nearly as sensitive as ZN(13.73%) and fared
better than AR (10.82%).
Smear microscopy plays an important role in
early diagnosis of Mycobacterial infections
as the method is highly specific, rapid and
cheapest method used for detection of AFB
in sputum. The only disadvantage of this

Fig.1 The comparison of different methods of detection of AFB in sputum samples

The ZN method has commonly been used
around the world, particularly in developing
countries, because of its simplicity and low
cost. Though the fluorescence microscopy
was on average 10% more sensitive than ZN
(Steingart, 2006), but a real disadvantage of
the
fluorochrome
method
is
that
fluorescence fades with time along with the
cost of the microscope. For this reason, the
slides must be read within 24 hours.
Fluorescence microscopy method can give
false positives as compared to ZN

staining, so it is recommended that the
positive fluorescence microscopy smears
should be confirmed by over staining the
smear by ZN method (Somoskovi 2001,
Steingart 2006, Ulukanligil 2000).
The sensitivity and specificity of ZN
staining reported by various authors have
been shown to range between 61% to 86.4%
(Ulukanligil, 2000, Tansuphasiri, 2002, Jain
2002, Guthui, 1993) and 96.2% to 100%
respectively (Tansuphasiri, 2002, Jain 2002,
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Guthui, 1993) whereas with respect to
fluorescence microscopy, reports of
sensitivity range between 59.7% to 83%
[13-15] and that of specificity from 85.5% to
99% (Tansuphasiri, 2002, Jain 2002, Guthui,
1993). Two different studies conducted by
Smithwick et al and katila et al have showed
that results of AO were comparable to those
of the AR method in four laboratories.
Another study was conducted in Europe also
found that AO out performed AR staining in
six different laboratories (Katila, 1982). In
other study by Masood et al. had reported
higher sensitivity and rapidity of the
fluorochrome technique as compared to ZN
staining (Masood, 2008). In the present
study, results of AO was nearly as sensitive
as ZN.
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Sputum smear examination plays a key role
in routine diagnosis and treatment of
pulmonary tuberculosis. The sensitivity of
sputum microscopy is influenced by the
number of mycobacterium present in the
specimen, technique/s and quality of
specimen. Fluorochrome microscopy is
rapid and easy visualization of AFB and
positive smears were further confirmed by
ZN staining. From the findings of the
present study it can be concluded as ZN
stain is more sensitive and still remains the
standard method against other AR and
AOstaining methods.
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