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Abstract
Introduction: According to WHO one third of world population has tuberculosis. Early diagnosis and appropriate treatment play
an important role in combating the mortality and morbidity caused by tuberculosis. This study was undertaken to compare the
efficacy of LED fluorescent microscopy and conventional Ziehl- Neelsen staining for the diagnosis of pulmonary tuberculosis.
Materials and methods: The study was conducted in the microbiology department of a tertiary care hospital in northern India by
examining 234 consecutive sputum smear samples using LED as well conventional microscope.
Observations: Out of 234 sputum samples 62(26.5%) sputum samples were positive for AFB with Ziehl-Nelson and 84(35.9%)
sputum samples were positive for with fluorescent microscopy.
Conclusion: It was found that LED based fluorescent microscopy is a better technique to identify M. tuberculosis with less time
compared to the conventional microscope.
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Introduction
Tuberculosis remains a public health problem in an
endemic country like India. It has been more than
hundred years since the discovery of mycobacterium
tuberculosis (1882) by Robert Koch, still we lack an
effective and affordable diagnostic and treatment
options. The situation is further worsening due to
increase of HIV-TB co infection and drug resistant
variants of mycobacterium tuberculosis. The need of
the hour is a good efficient affordable test which could
diagnose the disease early so that effective treatment
could be started immediately. Mycobacterium
tuberculosis causes both pulmonary as well as extra
pulmonary tuberculosis. Extra pulmonary sites can be
bone and joint, lymph nodes, pleura, meninges,
gastrointestinal tract, pericardium, genitourinary tract,
peritoneum etc. India being an endemic country has
high number of people having infection with
mycobacterium tuberculosis (about 40% of the Indian
population is infected with tubercle bacilli). Majority of
the population is having latent tuberculosis than active
disease. According to World Health Organization
(WHO) out of the 88 lakh cases of tuberculosis
worldwide about 22 lakhs are found in India.
Tuberculosis accounts for about 15 lakh
deaths
annually.1,2
With the advancement in technology a large
number of tests have been developed for the diagnosis
of tuberculosis. But in an endemic country like India
there is a dire need for a diagnostic techniques that is
highly sensitive as well as affordable for the general
poor population. Sputum smear microscopy is
considered as the most reliable diagnostic test available
even in areas having large number of cases and
financial constraints. Fluorescent microscopy enhances
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the diagnostic ability in sample having a low density of
acid fast bacilli, which is at times missed by ZiehlNeelsen (ZN) staining: Auramine O staining is
advantageous over ZN staining as it is simpler, cost
effective and can be visualized even at low
magnifications than ZN(40x/100x). ZN staining has
high specificity but fluorescent microscopy is more
sensitive and time taken for the examination of the slide
with fluorescent microscope is quiet less as compared
to with Ziehl Neelsen staining. Fluorescent microscope
require light with the help of mercury vapour lamp
which is costly and require daily regular maintenance.
So to cut the cost factor Light-emitting diodes (LED)
have been developed. Moreover dark room is required
for fluorescent microscope which is not the case with
LED microscope. World Health Organization (WHO)
in 2009 assessed the efficacy of LED microscope and
found it to be at par with the fluorescent microscopy.
The operational cost of LED microscope was found to
be less than both conventional ZN staining as well as
fluorescent microscope. The advantages of fluorescence
staining procedure are its simplicity and examination
rapidity since it utilizes lower magnification compared
to Z-N staining (×40 vs. ×100). Fluorescent microscope
may take up to 75% less time than a conventional
microscope. This advantage would be a tremendous
benefit for overburdened laboratory system in many
low resource settings.3,4
On the basis of these findings, WHO recommended
to various governments in endemic countries that they
should shift over to LED microscopy, and that LED
microscopy should replace conventional Ziehl-Neelsen
light microscopy in the long run. Fluorescent
microscopes are provided by the government to the
state reference laboratories under Revised National
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Tuberculosis Control programme(RNTCP). With these
points in mind, a study was undertaken to look for the
feasibility of using the Light Emitting Diode (LED) as
an efficient replacement for conventional Microscopy
in our hospital for the diagnosis of Pulmonary
Tuberculosis.
Materials and Methods
234 consecutive sputum samples were collected
from patients of all age groups suspected with
pulmonary
tuberculosis
including
the
immunocompromised patients who came to the
outpatient department of tertiary care hospital from 1-115 to 31-3-15. Each sample was collected in a sterile,
clean, wide mouth container and processed in a
biosafety cabinet type II taking all necessary
precautions.
ZN Staining: A brand new slide was taken and
laboratory number was written on the slide using
marking pencil. New slide was taken in order to avoid
false positivity because of deposition of carbol fuchsin
in scratches. Purulent portion of the sputum was taken
with a sterile inoculation loop and a smear of 2 cm ×3
cm in size was prepared. The smear was of optimum
thickness so that the printed material was readable
through it. Smears were prepared near a flame in a
biosafety type II cabinet so as to prevent aerosols
formation. The slide was allowed to air dry for 15-30
minutes to clear air bubbles. The smear was fixed by
passing the slide over a flame 3-5 times. The protein in
the sputum gets coagulated and helped in fixation of the
smear. Carbol fuchsin (1%) was poured over the smear,
and the slide was gently heated till vapors started rising.
The carbol fuchsin was kept on the slide for 5 minutes.
Dye penetrates through the wall of the bacilli with the
help of heat. The slide was gently washed using running
water till excess carbol fuchsin stain was washed away.
The smear on the slide looked red. It was rinsed
properly and decolorized with 20% sulphuric acid, kept
for 2-3 minutes each time till the smear was light pink.
Slide was rinsed again and counterstained with 0.1%
methylene blue for half a minute. After washing with
water and drying, the smear was examined under 100x
magnification of light microscope.5 (Fig. 1)
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Fig. 1: Ziehl-Nelson stained sputum smear under
light microscope.(100X) Bacilli appear as pink
coloured rod shape organism
Auramine O staining: Reagents used were Auramine
phenol solution, 1% Acid alcohol and .1% potassium
permanganate solution.
Preperation of reagents: Auramine phenol solutionDissolved 3 grams of phenol crystals in 97 ml of
distilled water to prepare 3% stock solution. Warmed
100 ml of this stock solution to 40oC and added. 3
grams of Auramine with proper shaking for 10 minutes.
Filtered and stored in dark brown bottles.
Preperation of 1% Acid alcohol: Dissolved .5 gram
sodium chloride in 25 ml of distilled water and added
25 ml of concentrated hydrochloric acid. To this
mixture added 75 ml of alcohol and stored in tight dark
coloured glass bottle.
Staining procedure: The slide was placed on the
staining rack with the smear facing upwards. Put fresh
auramine phenol solution over the smear for 8-10
minutes. Washed with tap water and decolourized by
covering with acid alcohol for two minutes. Repeat the
decolourization again for two minutes. Again washed
with tap water and counterstained with .1% potassium
permanganate for half a minute. Washed with water and
let the slide air dry. Examined the slide under
fluorescent microscope.(Fig. 2) In fluorescent
microscopy each field was examined at 250X whereas
in ZN staining smear is examined at 1000X. Area
examined under fluorescent microscope was larger.
Examination of the smear at 250X with fluorescent
microscope contained more bacilli than seen with the
same smear stained with Ziehl Neelsen staining at
1000X. WHO deviced a method for the reporting of
the result of AFB observed under fluorescent staining
whereby the result should be divided by a magnification
correction factor. So, if using objective of 25 the
correction factor is 10 i.e. divide the number of
organism seen under fluorescent microscope by 10. If
objective of 40, the magnification correction factor is 5
i.e. divide the number of organism seen under
fluorescent microscope by 5.6
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Table 2: Shows comparison of smear result by ZN
staining and LED fluorescent staining
ZN
ZN
Total
Positive Negative
Flouroscent
60
24
84
positive
Flouroscent
2
148
150
negative
Total
62
172
234

Fig. 2: Auramine O stained sputum smear under
fluorescent LED microscope.(25X) Bacilli appear as
bright yellow organism
Comparative Grading
Auramine
O Grading
Fluorescent
25X x 10X
AFB/ >100 AFB/field
3 Positive
20 fields

ZN staining
100X x 10X

>10
field
20 fields
1-10
AFB/
field
50 fields
10-99 AFB/
100 fields
1-9 AFB/100
fields
No AFB/ 100
fields

11-100 AFB/field
50 fields

2 Positive

1-10 AFB /100
fields
1-3 AFB / 100
fields

1 Positive

No AFB
fields

/100

Doubtful
Positive/ Scanty/
Repeat
Negative

Patients showing positive result with both the methods
or with either of the methods were confirmed with PCR
before starting the anti tubercular treatment.
Observation
A Total of 234 pulmonary tuberculosis suspects
were included in the study.
Out of 234 sputum samples 62(26.5%) sputum
samples were positive for AFB with Ziehl-Nelson and
84(35.9%) sputum samples were positive for with
fluorescent microscopy.
Table 1: Showing results of smear examination by
ZN staining and LED fluorescent staining
Staining
Number of
Number of
method
positive cases negative cases
ZN method
62
172
LED
84
150
flouroscent
microscopy
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Table 3: Correlation of ZN staining and LED
fluorescent staining grade wise
Grading
Positive by
Positive by ZN
flouroscent staining
staining
scanty
9
3
1+
19
7
2+
22
20
3+
34
32
Total
84
62
Table 4: Shows grading of cases positive by
fluorescent staining and negative by ZN staining
Grading
Positive by Flourescent
method only
Scanty
8
1+
12
2+
2
3+
2
Total
24
Whereas the two cases showing positivity only by ZN
staining method were having the grading as scanty. The
remaining smears (148) were negative by both the
methods.(Table 2) These 24 cases positive by either
fluorescent microscopy or conventional microscopy
were further Subjected to PCR. All the 24 cases were
positive for mycobacterium tuberculosis.
Discussion
Our findings are in concurrence with the previous
studies which shows that fluorescence microscopy is
better than Ziehl Neelsen microscopy. In an endemic
country like India where disease prevalence is more and
resources are limited, there is high potential of using
LED microscopy to examine a smear. The lower
magnification of the fluorescent and LED microscopy
(250X) compared with light microscopy(1000X) helps
to screen smear faster as well as increases the
sensitivity of the results. In patients with less bacterial
load Zeihl Neelson staining can easily miss the
diagnosis. But the use of Fluorescent Microscopy
increases the diagnostic value of test. The method saves
both time and precious expenses and is ideal for
laboratories having larger workload.7 Fluorescent
staining is superior to ZN staining in the presence of a
low bacterial load but when the smear shows
cytomorphologial features of tuberculosis or granuloma
365
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formation then smear positivity by ZN staining is nearly
as good as the fluorescent method.8,9 Our study also
confirms that the LED provides alternate cost effective
light source for fluorescence microscopy. LED light
source are cheaper than the mercury vapour lamps used
in fluorescent microscopy and are easily available. As
low energy is required for the LED microscopy so in
rural areas with frequent power failures battery
operated LED microscopes can be easily used. With
LED microscopy we observed that tubercle bacilli
could be visualized without a darkroom but some
observer’s preferred seeing the slide when microscope
was in the dark environment. This further requires more
evaluation before we come to some conclusion as
reported in previous studies. LED microscope would be
a great asset in rural areas to reduce the time required to
examine large number of smears without delay.7-9
In the present study, out of 234 sputum samples
62(26.5%) and 84(35.9%) sputum samples were
positive with Ziehl-Nelson and led fluorescent
microscopy respectively. Similar results have also been
revealed by studies conducted by different authors in
different settings.(Table 5)
Table 5: Showing comparative results with ZN
staining and Fluorescent staining in different studies
Author
ZN
Fluorescent
staining(%)
staining(%)
Positive
positive
Ben et al10
10.9
14.9
Laifangbam et
44.1
71.6
al11
Githui et al12
65
85
Jain et al13
32
41
This shows that LED based fluorescent
microscopic staining of sputum is a better method for
detecting tubercle bacilli than conventional microscopy
with Z-N staining. As our study was done on less
number of specimens so it failed to prove statistically
significant differences. But it can be safely said that
LED microscopy offers an good alternative with better
performance to Ziehl Neelsen microscopy. Ideally both
the staining procedures should be done on the same
smear for comparison basis as no two smears can have
the same positivity. Doing both the staining procedures
on the same smear (i.e. ZN staining after Auramine-O
staining by destining) can affect the result of the
staining procedure as seen in previous studies.4
However, in our study we used different slides for the
both the Ziehl Neelsen staining and LED staining
inspite of the fact that different smears made from the
sample could be variable. Recently a study in Africa
showed conventional ZN smear microscopy is better
than LED/FM in patients of HIV-TB coinfections.14
Conventional microscope with ZN stain detects tubercle
bacilli, but it takes lot of time to examine the slides,
furthermore it has been demonstrated that low cost
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LEDs could be a viable alternative to Mercury Vapor
lamps used in fluorescent microscopy. Thus LED based
fluorescent microscope with auromine stain takes less
time compared with conventional microscope with Z-N
stain and even small number of organisms in the smear
can be picked up by the LED based fluorescent
microscope. Also, the latter can be performed with
minimum days of training. In Z-N staining method, we
have to search for organisms carefully, but in
fluorescence staining the organisms stare at us, because
of fluorescence light. Additional advantage is that a
colour blind person can also use the method without
difficulty.7-9 High cost and dark room required for
fluorescent microscope are major factors responsible
for less use of fluorescent microscope requirement of
special settings for fluorescent microscope becomes
some of its major drawbacks. Light Emit Diode
Microscope is easy to operate than fluorescent
microscope and is less expensive on long term use. So
it can be easily maintained in rural laboratories of
endemic country like India. In the present study
tuberculosis was found to be more common in
males(69%) than females(31%). Similar results have
been shown by other studies.2,15 This may reflect either
higher prevalence of tuberculosis in males or simply
that more males patients visit the OPD compared to
female patients. However studies in large cross section
of population are required before coming to any
conclusion. In our country government has started
providing LED Microscopes to Microscopy Centers in
selected Medical Colleges.
Conclusion
Keeping in mind the current explosive situations of
tuberculosis in our country and the rest of world, there
is an urgent need for control of tuberculosis by early
detection and prompt treatment to prevent the
transmission of bacilli from the diseased to the healthy.
LED based fluorescent microscopy with auromine stain
takes lesser time compared to conventional microscopy
with ZN stain besides the ability of detecting even
small number of tubercle bacilli. These are added
advantages for implementing LED microscopy in a
country like India, especially in resource limited
settings with high burden of tuberculosis. Our study
shows that LED microscopy offers an effective
alternative with better diagnostic performance than ZN
microscopy which may be further confirmed with large
cross sectional studies.
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