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ABSTRACT

Background: Tuberculosis (TB) is a major public health disease. Early diagnosis and treatment are essential for
effective TB control program. In developing countries, diagnosis of TB is mainly by microscopy because of the
simplicity of the procedure and cost-effectiveness. In the present study the two methods were compared to derive a
conclusion to adopt the better method to provide more effective services for early diagnosis of TB.

Methods: This study was conducted to compare the Ziehl-Neelsen (ZN) staining with Fluorescent staining in the
diagnosis of primary pulmonary TB patients. A total of 514 pulmonary tuberculosis suspected patients were included
for a period of 2 years. Sputum samples were taken and subjected to both ZN staining and fluorescent staining and
results were compared. All samples were subjected to solid culture and taking it as gold standard sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV) of both the staining methods were defined.
Results: Out of total 514 samples, 265 (51.56%) were ZN positive and 326 (63.43%) samples were positive for FM.
Positive samples detected by ZN staining were compared with positive samples by FM. Sensitivity, specificity, PPV,
NPV for ZN microscopy were 80.76%, 97.27%, 98.05% and 74.79% respectively. Sensitivity, specificity, PPV, NPV
for FM were 98.71%, 95.63%, 97.47% and 97.76% respectively.

Conclusions: In developing country like India where there are large number of cases and gross financial constraints
microscopy can be adopted as the main method of diagnosis of pulmonary TB and preferably FM because of higher
sensitivity and lesser time taking character of the method.
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INTRODUCTION

Tuberculosis (TB) is a predominant infectious cause of
mortality today.!? According to World Health
Organization (WHO), tubercular infections are currently
spreading at the rate of one person per second per million
people, with three million dying from it.1* An estimated
global total of 10.6 million people fell ill with TB in 2022,
equivalent to 133 incident cases per 100 000 population.

Among all incident TB cases, 6.3% were among people
living with human immune-deficiency virus (HIV). Most
TB cases in 2022 were in the WHO regions of South-East
Asia (46%), Africa (23%) and the Western Pacific (18%),
with smaller shares in the Eastern Mediterranean (8.1%),
the Americas (3.1%) and Europe (2.2%).*

Early diagnosis and case finding has an important role in
the early and effective treatment of the patient and
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containment of the disease and reducing the disease load.
Smear examination is believed to be simple, cheap, quick
and effective case finding method for developing
countries. Culture results are more reliable but as
tuberculosis bacilli are very slow growing organisms,
culture results are available after a period of four to six
weeks.

In many developing countries, the diagnosis of
tuberculosis is mostly based on the Ziehl-Neelsen (ZN)
staining technique.® The sensitivity of sputum smear
microscopy by ZN method, however, is reported to be low
and variable, ranging from 20% to 80% leaving a number
of positive cases undetected.>®

Another fast and effective method of staining is fluorescent
staining by auramine. Under low power objective
auramine makes the bacteria fluoresce like white rice
against dark background. The sensitivity of conventional
Fluorescent microscopy (FM) provides far better yield and
better detection of positive smears than the ZN and takes
less time to perform.®*t

The present study compared the efficacy of both the
staining methods in detection of Mycobacterium
tuberculosis (M. tb) in sputum samples of primary
pulmonary TB patients.

METHODS

The present study was a prospective analytical study
conducted in culture and DST laboratory (RNTCP
certified), Department of Microbiology, Jawaharlal Nehru
Medical College, Aligarh Muslim University, Aligarh, on
the sputum samples received of the primary pulmonary
tuberculosis suspected patients (according to PMDT
guidelines) from the outpatient and inpatient departments
of the hospital and from various tuberculosis units in and
around Aligarh region (including Hathras, Badaun,
Kasganj, Etah, Bijnor, Bulandsheher districts) for a period
of 2 years from October 2015 to October 2017.

Patient selection criteria

The study population consisted of suspected cases of
primary pulmonary tuberculosis. According to PMDT
annexure-1 patients are divided into following 8 categories
- failure (all failure of new TB cases, failure by definition
is any TB patient who is smear positive at 5 months or
more after starting treatment); re-treatment case S+ at 4th
month (Smear +ve previously treated cases who remain
smear +ve at 4th month onwards); contact of known MDR
TB case (all pulmonary TB cases who are contacts of
known MDR TB case); S+ at diagnosis, re-treatment case
(smear +ve previously treated pulmonary TB cases at
diagnosis); any follow up S+ (any smear +ve follow up
result in new or previously treated cases); S- at diagnosis,
re-treatment case (all smear -ve previously treated
pulmonary TB cases at diagnosis); HIV TB case; and
others  (programme guidelines on programmatic

management of drug resistant TB (PMDT) in India; May
2012).

For selection of the study group (primary drug resistant
cases) exclusion and inclusion criterion was defined.

Exclusion criteria

Cases excluded from the study were failure, re-treatment
case S+ at 4th month, S+ at diagnosis, re-treatment case,
and any follow up S+.

Inclusion criteria

Cases included in the study were contact of known MDR
TB case, any follow up S+, HIV TB case, and others.

Total 514 patient samples were taken. After proper
collection they were subjected to ZN staining and
fluorescent staining. All the samples were put to culture on
LJ (Lowenstein-Jensen) media.

The patients were advised to collect 4 to 5 ml of early
morning sputum in a sterilized 50 ml falcon tube. They
were instructed to rinse their mouth with pure water and
clean their teeth before collection to avoid contamination
with food and other particles. The two consecutive days’
sputum samples were collected as per RNTCP criteria: one
spot specimen when the patient first attends the hospital,
and one next day early morning specimen.

On a new unscratched slide labelled with the Lab serial
number a smear was made from yellow purulent potion of
the sputum using a sterile stick spread evenly in an area of
2x3 cm in size. All smears were heat fixed and then
stained.

ZN staining

After arranging all smears in serial order on staining
bridge, they were flooded with filtered 0.1% carbol
fuchsin. The smears were intermittently heated for 5
minutes, rinsed with water, and drained. They were
decolorized with 3% acid until all free carbol fuschin was
washed out, rinsed with water, and drained. They were
then counterstained with 0.1% malachite green solution for
30 seconds and rinsed with water. The smear was allowed
to air dry and examined microscopically using the oil
immersion (100x) objective and grading was done of each
smear according to RNTCP criterion.

Fluorescent staining

The smears were flooded with freshly filtered 0.1%
auramine-phenol for at least 7-10 minutes. They were then
rinsed with water and drained. Smears were decolorized by
covering completely with acid-alcohol for 2 minutes,
twice, rinsed with water, and drained. They were then
flooded with 0.1% potassium permanganate counterstain
for 30 seconds and rinsed with water. The smears were
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allowed to air dry and examined microscopically using the
dry (40X) objective lens of a LED illumination-based
fluorescence microscope.

Solid culture on LJ media

Sputum specimens were decontaminated according to the
specimen decontamination procedure using N-acetyl-L-
cysteine-sodium hydroxide (NALC-NaOH). The samples
were put to solid culture on Modified Lowenstein-
Jensen’s (LJ) medium as described by the International
Union against tuberculosis (IUAT). Two slopes per
specimen were inoculated by 4 mm loop of the centrifuged
sediment, distributed over the surface. All cultures were
incubated at 35-37°C. Contaminated slopes were also
discarded. All cultures were examined 48-72 hours after
inoculation to detect any type of contamination. Thereafter
cultures were examined Monday to Monday, up to 60 days
before a negative report was given. Negative cultures and
contaminated vials were discarded during the study and for
contaminated samples another specimen of the concerned
patient was requested. Typical colonies of M. tuberculosis
are rough, crumbly, waxy, non-pigmented buff coloured
and slow-growers.

Statistical analysis

MedCalc developed by MedCalc software (Acacialaan 22,
8400 Ostend, Belgium) was used to analyze the data. Data
were presented as frequency (percentage) and mean
(standard deviation). Sensitivity, specificity, negative
predictive value, and positive predictive value with 95%
confidence intervals were calculated. P<0.05 was taken as
statistically significant.

RESULTS
On ZN microscopy of total 514 samples, 265 (51.56%)

were found to be positive for AFB and 249 (48.44%) were
found to be negative for AFB as shown in Figure 1.

In Table 1, it is shown that higher number were positive by
fluorescent staining 326 (63.43%) than ZN staining 265
(51.56%).

m Sputum smear positive
for AFB

® Sputum smear negative
% for AFB

Figure 2: Sputum smear examination of primary
pulmonary TB suspected patients by fluorescent
microscopy.

Table 1: Comparison of ZN and fluorescent staining:
(n=514).
Staining method

No. of positive  No. of negative

use smear (%) smear (%)
ZN stain 265 (51.56) 249 (48.44)
Fluorescent stain 326 (63.43) 188 (36.57)

H Sputum smear positive
for AFB

%

® Sputum smear negative
for AFB

Figure 1: Sputum smear examination of primary
pulmonary TB suspected patients by ZN staining for
AFB.

On FM of total 514 samples, 326 (63.43%) were found to
be positive by FM and 188 (36.57%) were found to be
negative by FM as shown in Figure 2.

Figure 3 depicts distribution of positive slides by grading
using two different staining techniques. Paucibacillary
cases (scanty and 1+) detected by ZN microscopy were 178
(67.17%) and 194 (59.51%) by FM. Multibacillary cases
detected were 87 (32.83%) on ZN microscopy and 132
(42.31%) on FM.

200

100

scanty 14

2+ 3+
= Auramine Staining

m ZN Staining

Figure 3: Distribution of positive slides by grading
and technique used.

In Table 2, it is seen that out of the total 514 samples 312
(60.70%) showed growth of mycobacteria on LJ medium
whereas 183 (35.60%) failed to show any growth on LJ
medium.

Comparison of ZN staining, fluorescent staining and
culture examination on LJ medium was done on sputum
samples from primary pulmonary tuberculosis suspected
cases as seen in Figure 4. FM showed 326 (65.85%)
sample positive for AFB, culture positive on LJ were 312
(63.03%), and 265 (53.53%) samples were positive on ZN
microscopy.
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Table 2: Mycobacterial culture examination on LJ medium of primary pulmonary tuberculosis suspected patients:

(n=514).
Total no. of patients No. of mycobacterial No. of mycobacterial culture Dry/contaminated
-otp culture positive (%) negative (%) culture (%)
514 312 (60.70) 183 (35.60) 19 (3.70)
600
400
200
2] 0
c
QL Total no. of patients
E ZN smear positive no
E Fluorescer_n_ microscopy
S positive no Mycobacterial culture
o positive no
Qo
g Fluorescent
z Total no. of patients | ZN smear positive no | microscopy positive Mycobac.tgnal culture
no positive no
| ® Total no. of patients 495 265 326 312

Figure 4: Comparison of ZN smear examination, fluorescent microscopy and mycobacterial culture on LJ medium
of primary pulmonary TB suspected patients.

Table 3 shows comparison of results of smear examination Table 3: Profile of ZN smear, fluorescent microscopy,

by ZN staining, fluorescent staining and mycobacterial and mycobacterial culture examination of primary

culture. It was observed that 252 (50.91%) were both ZN pulmonary tuberculosis suspected cases (n=495).

smear and culture positive, 178 (35.96%) were both ZN

smear and culture negative. 60 (12.12%) were ZN smear S. .

negative and culture positive. On the contrary 5 (1.01%) no. e — U _ %

were ZN smear positive and culture negative. Similarly, 1 Total ZN smear positive 265 53.53

308 (62.22%) samples were both FM and culture positive, 2 Total fluorescent positive 326 65.85

175 (35.35%) samples were both FM and culture negative. 3 Total culture positive 312 63.03

8 (1.62%) were FM positive and culture negative. On the Both ZN smear and

contrary 8 (1.62%) were FM positive and culture negative. 4 Culture positive 252 50.91

There was a t_otal difference of 16 between FM positive and el AlEEsEET

culture positive samp!es, out of the total 16 samples, 8 5 microscopy and culture 308 62.22

sampleg were negative for grqvvth, 8 samples got positive

contaminated and 2 samples got dried. 5 ZN smear r]e_gative and 5 1

Considering Mycobacterial culture as gold standard ;:\Ilusj.:sezcrmg:iiive and

sensitivity, specificity, positive predictive value, and 7 It P ti 5 1.01

negative predictive value were calculated as follows: true CUTIUTE Negative

positive-252, true negative-178, false positive-5, false 8 Both ZN Smear and 178 35.96

negative-60, sensitivity of smear-80.76%, specificity of culture negatl\{e (32+146)

smear-97.27%, positive predictive value-98.05%, and Fluorescent microscopy

negative predictive value-74.79%. 9 negative and culture 4 0.81
positive

P value is less than 0.0001 which is considered to be Fluorescent microscopy

extremely statistically significant. 10 positive and culture 8 162
negative

Sensitivity, specificity, positive predictive value and Both fluorescent 175

negative predictive value of ZN staining technique was G METESERy Ene QU g g am 90

80.76%, 97.27%, 98.05% and 74.79% respectively. negative
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Table 4: Sensitivity and specificity of ZN microscopy

method.

: Mycobacterial Mycobacterial
Variables culture positive culture negative
ZN smear
positive 2 .

ZN smear
negative 60 178

Table 5: Sensitivity and specificity of fluorescent
microscopy.

Mycobacterial
culture positive

Mycobacterial

Variabl .
cufiialiss culture negative

Fluorescent

microscopy 308 8
positive

Fluorescent

microscopy 4 175
negative

Considering Mycobacterial culture as gold standard
sensitivity, specificity, positive predictive value, and
negative predictive value were calculated as follows: true
positive-308, true negative-175, false positive-8, false
negative-4, sensitivity of smear-98.71%, specificity of
smear-95.63%, positive predictive value-97.47%, and
negative predictive value-97.76%.

P value is less than 0.0001 which is considered to be
extremely statistically significant.

Sensitivity, specificity, positive predictive value and
negative predictive value of fluorescent staining technique
was 98.71%, 95.63%, 97.47% and 97.76% respectively.

DISCUSSION

Worldwide, TB is the second leading infectious killer after
COVID-19 (above HIV and AIDS). A total of 1.3 million
people died from TB in 2022 (including 167 000 people
with HIV).# In March 2017 the Government of India (Gol)
announced that the new aim with regard to TB in India was
the elimination of TB by 2025. Elimination as defined by
the World Health Organisation (WHO) means that there
should be less than 1 case of TB for a population of a
million people. Prompt detection is essential for
controlling the development and spread of TB as it
facilitates the appropriate and timely delivery of
antitubercular therapy reducing overall cost of treatment
and transmission of cases. Direct microscopic examination
of appropriately stained sputum specimens for acid-fast
bacilli is an important tool in the diagnosis of tuberculosis.
Though culture is more sensitive than microscopy, in
developing countries, diagnosis is primarily based on AFB
microscopy owing to its simplicity, less cost and rapidity.

In the present study a total number of 514 primary
pulmonary tuberculosis suspected patients were included.
In our study out of the total 514 samples, 265 (51.56%)
were AFB positive and 249 (48.44%) were smear negative.
In a similar study Tripathy et al reported 47.65% cases
were smear positive for AFB which is comparable to our
study.? Mukherjee et al in their study found 38.64%
samples positive by ZN staining.*® Sahoo et al reported
smear positivity in 74.5% of cases.’* Myneedu et al
reported 76.4% smear positivity in their study.®

The present study showed that out of total 514 samples,
326 (63.43%) samples were positive for FM and 188
(36.57%) were negative.

In this study the number of paucibacillary cases that were
detected by ZN staining was 178 whereas, the number of
paucibacillary cases detected by fluorescent staining was
194 and 3.13% paucibacillary cases were missed on ZN
microscopy. Thapa et al reported that 1.4% cases were
detected by FM which were missed on ZN microscopy.®
In a study by Hooja et al the cases that were missed on ZN
microscopy was 9.29% which is high as compared to our
study but it clearly shows that FM was better in detecting
cases which is shown in our study too.*’

In the present study, out of 514 samples 312 (60.70%)
samples were positive for culture on LJ media and 183
(35.60%) samples were negative however, 19 (3.70%)
samples were dry/contaminated. Kelamane et al in their
study also faced contamination rate of 3%.%8 Singh et al
reported 4.9% contamination in their study.® In a study by
Myneedu et al 2.0% cultures got contaminated.®

Culture examination is very efficient, most reliable and
gold standard technique, which is the prerequisite for
determining strength of bacteria to antibiotics and
differentiating from other non-pathogenic mycobacterium
by growth rate and biochemical test. But the requirement
of longer time duration (6-8 weeks), high cost, well trained
manpower and chances of contamination are posing
difficulties in it in developing countries.

In this study positivity rate of ZN microscopy, fluorescent
microscopy and mycobacterial culture positive were 265
(53.53%), 326 (65.85%) and 312 (63.03%) respectively. In
a similar study by Laifangbam et al 44.1%, 71.6% and 70%
cases were found positive by ZN, FM and culture
respectively, which is comparable to the data achieved in
our study.?® In another study by Laifangbam et al positivity
rates for ZN, FM, and culture were 36.1%, 74.1%, and
72.2%, respectively which is again close to the data of our
study however positivity rate of ZN microscopy in our
study is quite high in our study.?* The performance of ZN
microscopy and fluorescent microscopy were assessed on
the basis of sensitivity and specificity by taking culture as
the gold standard.

The sensitivity and specificity of ZN microscopy in the
present study was 80.76% and 97.27% respectively. In a
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similar study by Bhalla et al showed sensitivity of ZN
microscopy as 81.6% and specificity as 83.5%.?> Mean
time to read the smear by ZN staining according to Bhalla
et al was 5 min which was approximately 2.5 times to FM
which was 2 min.?? A similar study by Gupta et al the
sensitivity and specificity of ZN staining method was
found out to be 93.75% and 100.00%, respectively. The
positive predictive value was 100.00% and the negative
predictive value was 99.59%.2

In a similar study by Bansal et al sensitivity of ZN staining
came out to be 80% and specificity was 96%.%* In a similar
study by Timalsina et al sensitivity and specificity of direct
microscopic examination were found to be 60.03% and
98.51% for ZN method.?

In the present study, for FM sensitivity was 98.71% and
specificity was 95.63%. In a study by Bhalla et al,
sensitivity of FM was 83.1% and specificity was 82.4%.%
Bansal et al reported sensitivity for fluorescent staining
85% and specificity 96% which was same as that of ZN
staining in their study.?* Sensitivity and specificity was
found to be 83.56% and 94.53% for FM respectively in a
study by Timalsina et al.?

In our study FM came out to be 11.87% more effective than
ZN staining in case detection. Suhasini et al reported in
their study that FM was 7.8% more effective than ZN
microscopy.?® Kelamane et al reported FM 4.4% more
effective than ZN microscopy.'® Goyal et al also reported
in their study FM 7.22% more effective that ZN
microscopy.?” Golia et al also found FM 6.15% more
effective than ZN microscopy.?8 Although our study led to
a clear and strong conclusion but we could not deny there
were some limitations of the study as observations were
subjective and needed very trained personnels. The solid
culture method was taken as the gold standard which itself
is a very time taking procedure. It was a task to keep the
sample safe and track the growth for weeks.

CONCLUSION

The study clearly indicated that the case detection rate
(efficacy) of FM is remarkably higher than that of ZN
microscopy. There are aided advantages of less eye strain,
easy visualization, less time consuming and even detection
of low number of bacteria (paucibacillary cases) in
comparison to ZN method. As the screening was done
under lower power magnification (400x) i.e. larger area per
field than ZN method (1000x), less time is consumed for
examination of same area by FM. Taking culture as gold
standard, there is high agreement between fluorescent
staining and culture than that of ZN staining and culture.
The use of fluorescent staining alone could be reliable
microscopic method as there were no cases of ZN positive
where fluorescent microscopy was negative. But ZN
staining alone missed many of the positive pulmonary
cases with respect to fluorescent staining and culture. In
case of fluorescent microscopy, though the capital cost is
higher for expensive instrumentation, the overall cost with

large number of sample processing by limited manpower
makes no difference in cost. Thus, it has been
recommended as very effective method of choice in high
risk areas, where a large number of sputum samples are to
be examined.
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