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A B S T R A C T  

Background: Pakistan faces an immense burden of pulmonary tuberculosis (TB) due to large number of cases and 

limited resources. Despite the recent advancement in the diagnostic techniques for pulmonary TB, smear microscopy is 

still a useful technique for the diagnosis of this disease. This study was conducted in order to compare the diagnostic 

value of Auramine stain with the conventional Ziehl-Neelsen (ZN) stain on the sputum smear for the diagnosis of 

pulmonary TB, keeping GeneXpert MTB/RIF as the gold standard. 

Material and Methods: This cross-sectional study was conducted on 356 suspected patients of pulmonary TB referred 

to the Pathology laboratory from TB ward and OPD of District Head Quarter (DHQ) teaching hospital Rawalpindi, 

Pakistan. Sputum specimen were collected and two smears were prepared from each sputum sample on which 

Auramine phenol and Ziehl-Neelsen staining were carried out as per WHO recommendations. All these samples were 

further tested using Gene Xpert MTB/RIF technique. The sensitivity, specificity, Positive predictive value (PPV) and 

Negative predictive values (NPV) of ZN and Auramine stain were calculated and compared with GeneXpert MTB/RIF 

technique. 

Results: Out of the total 356 samples, 64 (18%) were positive and 291 (82%) were negative by GeneXpert which was 

taken as the gold standard. On comparison with GeneXpert, percentage of true positive was greater in case of Auramine 

than ZN stained samples (16.29% versus 12.92%), while the percentage of false positive was same for both staining 

techniques (0.28%). There were lesser false negative cases observed in samples stained by Auramine as compared to 

the ones stained by ZN (1.68% versus 5.05%). The sensitivity, specificity, positive predictive value and negative 

predictive values were 97.87%, 94.17%, 71.88 and 99.66%, respectively for the ZN staining and 98.31%, 97.98%, 90.63% 

and 99.66% respectively, for the Auramine phenol staining. 

Conclusions: Smear microscopy using Auramine phenol stain is a useful technique for the diagnosis of pulmonary TB. 

The Auramine phenol staining with fluorescent microscopy is found to be superior to ZN staining because of higher 

sensitivity and specificity. 
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I n t r o d u ct i on  
 

Pulmonary TB, caused by Mycobacterium 

tuberculosis (MTB) is a contagious disease that 

involves the lungs, and may spread to other organs.1 

Tuberculosis is a worldwide health problem and one 

of the leading causes of death even in the present 

era, despite the fact that the disease is preventable 

and curable. In the year 1993, World Health 

Organization (WHO) declared TB as a global 

emergency. In spite of the efforts made for its 

control and treatment, pulmonary TB is still a 

worldwide health problem, especially in the 

developing countries. In the year 2012, WHO 

estimated 8.6 million people infected with TB and 

1.3 million deaths from the disease. Moreover, a 

large number of people developed multidrug-

resistant tuberculosis (MDR-TB), which remains one 

of the biggest medical challenge to date.1 

Pulmonary tuberculosis is an important health 

problem in Pakistan, with an estimated 510,000 new 

cases emerging each year and approximately 15,000 

developing drug resistant TB.2 Each active, sputum 

positive case of pulmonary tuberculosis can infect 

10-15 people in a year. However, for effective 

management and disease control, an early and 

accurate diagnosis of TB and MDR-TB is crucial.3  

Diagnosis of pulmonary TB is usually based on 

positive family history, presence of classical clinical 

features (weight loss, cough, hemoptysis), positive 

findings on X-rays and Purified Protein Derivative 

(PPD) results.4 Nevertheless, the final diagnosis is 

based on laboratory results of sputum examination.5 

For decades, direct microscopy of sputum smear of 

susceptible cases has been widely used for the 

diagnosis of TB. Ziehl-Neelsen and Auramine phenol 

are the two most commonly used stains for the 

detection of acid-fast bacilli (AFB) in the sputum of 

patients with pulmonary TB. ZN staining of sputum 

smear is in use since 1882 and is an economical 

method of diagnosis of pulmonary TB.5 Fluorescence 

staining was introduced in 1978 for sputum 

examination.6 

In 2011, WHO introduced GeneXpert MTB/RIF assay 

for the detection of Mycobacterium tuberculosis. It 

is an automated real time PCR (RT-PCR) which 

utilizes a DNA-PCR technique.7 It also has provision 

of nucleic acid extraction, amplification, an 

advantage of bacterial lysis and minimum biosafety 

requirements.8 Since its introduction GeneXpert has 

revolutionized the detection of Mycobacterium TB 

in all kind of difficult to diagnose cases.9 In this study 

we compared the diagnostic accuracy of the two 

conventional sputum staining methods with 

GeneXpert as gold standard in diagnosing 

pulmonary TB. 

M a t e r i a l  a n d  M e t h od s  

This cross-sectional study was carried out at the 

Department of Pathology, District Head Quarter 

hospital Rawalpindi, Pakistan for a duration of 6 

months, from 1st January to 30th June 2019. A total 

of 356 sputum samples were included in the study. 

All the samples were taken from patients with a 

strong clinical suspicion of pulmonary TB referred 

from OPD and TB ward of DHQ hospital Rawalpindi. 

Strong clinical suspicion was based on cough, weight 

loss, and hemoptysis, positive PPD results and 

positive chest X-ray findings. Samples with 

insufficient volume or contaminated with food 

particles were excluded. The study was approved by 

the Institutional Review Board (IRB) of DHQ hospital, 

Rawalpindi. 

Each sputum sample was divided into three parts; 

one used for ZN smear, second for Auramine phenol 

smear and the third part for GeneXpert testing. 

The sputum smear prepared for ZN staining was 

flooded with carbol fuchsin and the slide was heated 
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for 3-5 minutes and then rinsed again with water, 

decolorized and dried. 

Microscopic examination was done at 100x for at 

least 5 minutes. Each staining batch included a 

positive and negative slide for quality control. 

Interpretation of ZN staining was done as per 

Revised National Tuberculosis Program (RNTCP) 

guidelines. Slides with red stained rods against blue 

background were labeled positive, whereas those 

without any rods seen on microscopy were labeled 

negative. 

For Auramine phenol staining, the smear was 

prepared, dried and 0.1% Auramine phenol was 

poured on the slide for 20 minutes, washed with 

water, decolorized with acid-alcohol and counter-

stained with methylene blue. The stained slides 

were examined under LED fluorescent microscope 

at 20x for at least 3 minutes by scanning the slide 

from one side to the other. This was equivalent to 

one length or 100 high-power fields. The smears 

were graded according to WHO recommendations 

as 3+, 2+, 1+, doubtful and negative. 

For GeneXpert 0.5 ml of sputum sample was 

transferred to a sterile tube, 1.5 ml sample reagent 

was added and allowed to stand at room 

temperature for 15 minutes. Then 2 ml of the 

mixture was transferred to the test cartridge and 

placed in the GeneXpert device. The results of the 

tests were noted and interpretation was done after 

2 hours. 

Statistical analysis was done using SPSS software 

version 22 (Chicago IL). The sensitivity, specificity, 

Positive Predictive values (PPV) and Negative 

Predictive values (NPV), for ZN and Auramine phenol 

staining techniques were calculated. 

R e s u l t s  

Of the total 356 samples, 64 (18%) were positive and 

291 (82%) were negative by GeneXpert, which was 

taken as the gold standard. On comparison with 

GeneXpert, percentage of true positive samples was 

greater in case of Auramine-stained than ZN-stained 

samples (16.29% versus 12.92%), while the 

percentage of false positive was same for both 

staining techniques (0.28%). Similarly, few false 

negative cases were observed in samples stained by 

Auramine as compared to the ones stained by ZN 

(1.68% versus 5.05%) (Table I). 

Table I: Results of Ziehl-Neelsen and Auramine 

phenol staining methods compared with GeneXpert 
(n=356) 

Staining Methods 
GeneXpert 

Positive 

n (%) 

Negative 

n (%) 

ZN Stain 
Positive 

46 (12.92) 
TP 

1 (0.28) 
FP 

Negative 
18 (0.28) 

FN 
291 (81.74) 

TN 

Auramine 
Stain 

Positive 
58 (16.29) 

TP 
1 (0.28) 

FP 

Negative 
6 (1.68) 

FN 
291 (81.74) 

TN 

TP-True positive; FP-False positive; TN-True negative; FN-

False negative 

Auramine staining was found to be more sensitive 

and specific than Ziehl-Neelsen stain in detecting 

Mycobacterium tuberculosis (98.31% versus 97.87% 

and 97.98% versus 94.17%). It also has much higher 

positive predictive value (90.63% versus 71.88%) 

than ZN staining (Table II). 

Table II: Sensitivity, specificity and predictive values 

for Ziehl-Neelsen and Auramine phenol staining 
methods (n=356) 

 Staining Methods 

ZN Stain Auramine Stain 

Sensitivity (%) 97.87 98.31 

Specificity (%) 94.17 97.98 

PPV (%) 71.88 90.63 

NPV (%) 99.66 99.66 
PPV-Positive predictive value; NPV-Negative predictive 

value 
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D i s c u s s i o n  

In developing countries like Pakistan, microscopy of 

sputum smear for the detection of AFB is still used 

for the diagnosis of pulmonary TB since it is a 

reliable, economical and rapid method of 

detection.10 In the present study two staining 

techniques, ZN and Auramine phenol were 

compared with GeneXpert as a gold standard. The 

results were in favor of Auramine phenol and 

showed that it is better in terms of sensitivity, 

specificity and positive predictive value than ZN 

staining technique. These results are in-line with the 

findings of many other studies. Chhina et al. found 

higher values for sensitivity, specificity, PPV and NPV 

of Auramine staining (100%, 99.8%, 99.5% and 100% 

respectively), as well as ZN staining (85.58%, 100%, 

100% and 96.3% respectively).11 Similarly, another 

study by Hooja et al. showed 55.55% and 71.85% 

sensitivity values for ZN and Auramine stains 

respectively. The sensitivity of AFB smear was 

further increased by 27.41% when both methods 

were combined.12 

Habeenzu et al. found 152 sputum specimens 

positive with Auramine staining and 66 with ZN 

staining method.13 Ulukanligil et al. also found 

higher sensitivity of Auramine stain (85.3%) as 

compared to ZN stain (76.6%) in their study.10  

Our findings showed that both ZN and Auramine 

staining techniques can be effectively utilized for the 

diagnosis of pulmonary TB. However, Auramine 

stain is more sensitive in detecting lesser number of 

bacilli in smears which may remain undetected with 

ZN staining.10 These findings are corroborating the 

results of studies by Ulukanligill et al. and Murray et 

al.10,14 Murray and colleagues compared the 

sensitivity of Auramine phenol and ZN staining at all 

of the five stages of sample preparation and 

declared Auramine phenol stain to be more sensitive 

and reliable than ZN staining in detection of acid-fast 

bacilli (AFB).14 Lack of requirement of flame for slide 

fixation and examination of larger slide area at lower 

magnification and in lesser time, are the other 

advantages of Auramine staining over ZN staining.6  

We acknowledge that the results of these staining 

techniques are influenced by multiple factors like 

skill at staining, quality of stains, expertise of 

examining slides and adherence to the standard 

guidelines. However, we believe that despite the 

availability of advanced techniques such as 

GeneXpert, there is still an advantage of performing 

sputum smear microscopy. This is because a patient 

established TB-positive by both methods is likely to 

be more infectious than the one who is smear-

negative but positive on GeneXpert.15 The cost-

effectiveness also makes it a preferable method for 

health care settings facing budget constraints and 

having large number of samples for pulmonary TB 

screening. 

C o n c l u s i on  

Smear microscopy using Auramine phenol stain is a 

useful technique for the diagnosis of pulmonary TB 

and is superior to ZN staining in terms of sensitivity 

and specificity. 
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