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Abstract:

Background: Tuberculosis (TB) continues to be a grave public health problem in India and across the world.
Sputum microscopy is the most reliable, easy and practical method to diagnose TB. With advent of new
technology Light Emitting Diode (LED) microscopes have replaced light microscopy as the main tool for
diagnosis.

Aims: In this study, we evaluated efficiency of LED microscopy over light microscopy in diagnosis of TB
through sputum smear.

Methods and Materials: The study was conducted in the designated microscopy centre (DMC) of Calcutta
Medical College under department of Pulmonology. LED microscopy was introduced in August, 2012. Data
from TB registrar was retrospectively collected from January, 2009 to December, 2016. Data analysed for
overall efficiency of LED microscopy over light microscopy in respect to average new TB suspects examined,
total slide examined and slide positivity rate.

Statistical Analysis Used: To compare the efficiency of both the methods, comparison of two means are
statistically calculated by two sample t-test along with calculation of p value and Confidence Interval (Cl).
Results: LED microscopy has shown better efficacy in increasing average number of new TB cases examined as
well as total slides examined per month. Light microscopy and LED microscopy are similar in achieving slide
positivity but given the load of TB patients in India, LED microscopy proved to be time saving and a better
alternative to light microscopy.

Conclusion: Sputum smear microscopy is faster with LED microscope resulting into more number of new cases
and more number of sputum slides to be examined within a given period of time.
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I.  Introduction:
TB is a major public health concern in India. India accounts for one fourth of the global TB burden.

In 2015, an estimated 28 lakh cases occurred and 4.8 lakh people died due to TB [1]. In addition it has
also the highest number of MDR-TB (Multi Drug Resistance TB) according to Global TB Report 2016. The
most critical aspect of control of tuberculosis is case detection and sputum microscopy being the most reliable,
cost effective method.

Fluorescence microscopy (FM) using auramine staining has been shown to have 10% higher sensitivity
compared to routine light microscopy using Ziehl-Neelsen (Z-N) staining, without compromising specificity in
detecting acid fast bacillus (AFB) in sputum smear microscopy [2]. FM is also more time efficient, with one
large study reporting FM to take only 25% of the time required for Z-N examinations [3]. Fluorescence staining
utilizes basically the same approach as Z-N staining, but carbol fuchsin is replaced by a fluorescent dye
(auramine-O, rhodamine, auramine-rhodamine, acridine orange etc), the acid for decolourisation is milder and
the counter stain, though not essential, is useful to quench background fluorescence. Both sensitivity and
specificity of fluorescence microscopy are comparable to the characteristics of the Z-N technique. The most
important advantage of the fluorescence technique is that slides can be examined at a lower magnification, thus
allowing the examination of a much larger area per unit of time. In fluorescence microscopy, the same area that
needs examination for 2 minutes with a light microscope (LM) can be examined in 10 minutes [4].

Although FM can reduce laboratory workloads [5], it has been difficult to implement it widely in Low
and middle income countries across the world due to the high cost and complexity of the microscope and
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mercury vapour lamp lighting system, the need for a dark room, and perceived health risks associated with
ultraviolet light exposure [6]. Light emitting diode (LED) microscopy is a novel diagnostic tool developed
primarily to allow resource-poor parts of the world access to the benefits of FM [7, 8, 9]. Compared to
conventional mercury vapour fluorescence microscopes, LED microscopes are less expensive and have lower
maintenance requirements. The diodes are very durable, do not require warm-up time, and do not contain toxic
products. Importantly, they are reported to perform equally well without a darkroom. These features make them
suited to use in low- and middle-income countries, and they have performed well in clinical trials in these
countries [10, 11, 12, 13, 14, 15, 16, 17].

The objective of this study was to assess the diagnostic efficiency of LED microscopy compared to light
microscopy in a real world setting.

I1. Methods and Materials:
Calcutta Medical College is a tertiary care hospital cum teaching institute which runs a DMC under
Revised National Tuberculosis Control Programme (RNTCP) to provide Directly Observed Treatment Short
course (DOTS) for a large catchment area.
To compare between LED & light microscopy, we conducted a cross-sectional retrospective study.
Sputum smear examination was done by light microscopy (Labomed light microscope) to diagnose Acid Fast

Bacilli (AFB) in sputum samples till July, 2012. LED microscopy (Zeiss Primo Star iLED) was introduced from
August, 2012. (FIG.1)

FIG 1. Labomed Light Microscope & Zeiss Primostar Fluorescent Microscope

To test the perceived efficiency of LED compared to light microscopy in a real world scenario, we
collected month-wise data retrospectively from TB register from January, 2009 to December, 2016. A total of
10252 new TB suspect cases were examined by Light microscopy from January 2009 to July 2012 and 15035
new TB suspect cases were examined by LED microscopy from August 2012 to December 2016. (FIG.2)
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FIG 2. Month wise distributions of sputum smear microscopy of new TB suspect cases
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Total 1201 sputum positive cases were found among 10252 new TB suspect cases through light
microscopy during the data collection period of 43 months till July 2012. Within that timeframe 201 new TB
suspect cases underwent repeat sputum examination with 26 of them found to be positive and 588 follow up TB
patients examined of which 106 turned out to be sputum positive. Total 24420 sputum smear slides were
examined and 2878 slides were found to be positive. A total of 1504 sputum positive cases were confirmed by
LED microscopy among 15035 new TB suspect cases during 53 months of data collection period. 909 repeat
sputum examination was conducted of which 58 found to positive. Total 698 follow up patients with 221

positive reports were detected by LED microscopy. 32906 slides with 3380 positive slides were examined
during these 53 months period (FIG.3).
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FIG 3. Month wise distribution of sputum positive cases among new TB suspect patients

Month wise distribution of total slides examined by Light and LED microscopy were 24420 and 32906
respectively (FIG 4).
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FIG 4. Month wise distribution of total slides examined by Light and LED microscopy

Retrospectively collected data for the study from Januray 2009 to December 2016 is summarised in the Data
cohort table (FIG 5).
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Total TB suspects Follow-
TB suspects
B found Follow- | up
Total TB underwent Total Total Total
suspects sputum up Patients
Procedure | suspects repeat slides positive | negative
found positiveon | patients | found
examined sputum examined | slides slides
sputum o repeat examined | sputum
examination
positive examination positive
M 10252 1201 201 26 588 106 24420 2878 21492
LED-FM | 15035 1504 909 58 698 221 32906 3380 29526

FIG 5. Data cohort — retrospectively collected

No financial assistance has been taken from any person or institution for this study.
As because it is a retrospective, observational study, no conflict of interest exist here.

1. Results:

Average monthly new TB suspect cases examined by light microscopy are 238.42 + 33.4 (MeantSD)
every month and that of LED microscopy are 283.7+36.58 (Mean+SD). The difference is statistically very
significant at 95% CI (-59.6222 to -30.9378), t-value is -5.13 and p-value is <.00001; suggesting that number of
new cases examined by LED has gone up significantly. Among the new TB suspect cases, 201 patients of LM
group and 909 patients of LED group undergone repeat sputum examination, of which 26 (12.94%) and 58
(6.38%) found to be sputum smear positive respectively. The lesser yield in LED group found to be statistically
significant at 95% CI (1.88 to 12.19), p-value of 0.0015 (significant at p<0.05) and z-score of 3.18; which
indicate that LED microscopy is probably more accurate than Light microscopy in detecting AFB through
sputum smear examination. Monthly average positive yield (sputum smear positive patients) in LM and LED
groups are respectively 27.93+5.84 and 28.38+5.99 (Mean+SD). There was no statistical difference between
both the groups in respect to slide positivity rate (t-value is -0.37, p-value is 0.36 at 95% CI). Average monthly
total slides examined in LM and LED groups are 567.91+136.4 and 620.9+72.58 (Mean+SD). The increase in
mean is also statistically found to be significant at 95% CI (-96.1688 to -9.8112), p-value is 0.0167; which is
significant at p<0.05. Slide positivity rate was similar in both the groups with no statistically significant
difference as in the case of new TB suspect cases. (FIG.6)
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Fig 6. Statistical results: LED-FM and LM

IV. Discussion:
According to current TB India report [1], incidence of TB is 217 per lakh per year and mortality is 36
per lakh per year which is considerably significant keeping in mind the length and breadth of RNTCP across the
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country. High burden of case load, very high number of MDR-TB and high population density makes it
imperative to control spread of TB as early as possible. Sputum smear microscopy is the most decentralised,
reliable and cost effective tool to detect TB cases and treat them early. So any improvement in sputum smear
microscopy will greatly enhance the fight against TB not only in India but worldwide in this era of globalisation
and constant travel. In this respect, LED microscopy has shown significant benefit over light microscopy to
detect and find pulmonary TB cases.

Our study showed that, with LED microscope, number of new case detection as well as total number of
slides examined for AFB has increased significantly which supports previous studies that demonstrated the
superior diagnostic performance of fluorescence microscopy compared with conventional light microscopy [18-
26]. Also in case of light Microscopy, lower mean with higher SD suggest a probable higher diagnostic accuracy
of LED. This inference is supported by the result shown in our study where there is higher number of sputum
positive patients in the Light Microscopy group, who has undergone repeat sputum examination. This
corroborates with previous studies which reported increased sensitivity and similar specificity of LED-FM
compared with Z-N smear microscopy [25, 26]. Though few other studies have reported no significant
difference in diagnostic accuracy between LED-FM and light Microscopy but these studies were conducted in
high-resource, low burden countries.

This study was done retrospectively with the aim to determine the diagnostic efficiency of LED
microscopy and light Microscopy in a real life practical setting. Analysis done on data collected during routine
clinic operation and large cohort of data suggest our study results reflect probably a true difference in diagnostic
efficiency between LED-FM and light Microscopy which can be reproducible and comparable in future clinical
trials.

Our study was limited by the fact that it was not a prospective study in a controlled environment
thereby no option of minimising human error while comparing between the procedures. Again due to high case
load, sputum culture for Mycobacterium tuberculosis, which is the gold standard reference for determining
sensitivity & specificity of sputum smear microscopy for AFB could not be done.

V. Conclusion:

In conclusion, our study adds to the body of evidence that demonstrates that LED fluorescence
microscopy provides a better alternative to conventional Light microscopy. Its low cost, sturdiness, energy
efficiency, and perceived efficacy in the absence of a darkened environment are highly favorable attributes.
Operational advantages makes it a key component in controlling TB in our country by increasing case detection,
decreasing case load and minimising human error in years to come.
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