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An evaluation of Universal Sample Processing 
method under Revised National Tuberculosis 
Control Programme set up for the diagnosis 
of pulmonary tuberculosis

Context: The main stay in the management of tuberculosis is its early diagnosis 
and treatment.  Aim: To evaluate the utility of Universal Sample Processing (USP) 
method, claimed to be more sensitive than direct smear microscopy. Materials and 
Methods: Sputum samples from 1000 patients with history of cough for more than 
two weeks, visiting the two RNTCP centers between November 2011 and November 
2012, were subjected to direct Ziehl–Neelsen staining and staining after USP method. 
To fi nd out if there was any difference in the time taken to detect Acid Fast Bacilli 
(AFB) between the methods, the smears were screened by two trained RNTCP 
technicians. Sputum samples positive for AFB in the USP method were put up for 
culture on Lowenstein–Jensen medium to evaluate the suitability of USP method as a 
pre-treatment procedure before culture. The growth was identifi ed as Mycobacterium 
tuberculosis (MTB) by the Niacin test. Results: Ninety four samples were positive 
for AFB by both methods. The USP method did not detect more positives among 
those which were found negative by direct microscopy. There was no signifi cant 
difference in the time taken to detect AFB between the methods. Among the 94 
smear positive samples subjected to USP method as a pre-treatment procedure, only 
40 (42.5%) samples yielded growth of MTB. Conclusions: USP technique did not 
offer additional advantage over direct microscopy for detection of AFB to diagnose 
pulmonary tuberculosis. As a pre-treatment procedure, USP method yielded low 
mycobacterial growth even from those samples positive for AFB by microscopy, 
making it unsuitable for culture of MTB.
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INTRODUCTION

Tuberculosis continues to be a major public health problem in India and other developing countries.[1] 

The emphasis in the control of  tuberculosis is on early detection and prompt treatment. In India it is 
carried out under the auspices of  the Revised National Tuberculosis Control Programme (RNTCP).

Under RNTCP, even today, in most laboratories sputum microscopy after Ziehl-Neelsen (ZN) staining 
remains the main stay to detect the Acid Fast Bacilli (AFB) to diagnose tuberculosis. Microscopy after 
ZN staining is easy to perform, cost effective, and is highly specifi c for tuberculosis in countries like 
India, where tuberculosis is rampant. However, sputum microscopy after ZN staining has a poor 
sensitivity; it detects AFB only when the bacilli are found at a concentration of  10,000 bacilli per mL 
of  the sample.[2]

In recent years, newer methods to increase the sensitivity of  sputum microscopy have been explored 
and some are promising.[3] These methods employ physical and chemical methods to process the 
sputum before staining and microscopic examination. Many chemicals, which liquefy the sputum, such 
as Sodium hydroxide and N-acetyl L-cysteine solution, sodium hypochlorite (bleach), C18-carboxy 
propyl betaine, chitin, and Xylol have been used. The sputum samples thus treated with chemicals have 
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been subjected to a concentration procedure such as centrifugation, 
sedimentation, or fl oatation before making smears, staining, and 
fi nally microscopic examination.[3]

One such method, smear microscopy after Universal Sample 
Processing (USP) has been reported to detect AFB in concentrations 
as low as 250-300 bacilli per mL of  sample with a sensitivity of  
98% and a specifi city of  91%.[4] This method employs a cocktail 
of  chemicals: Guanidinium hydrochloride, Tris-Cl, EDTA, 
Sarkosyl,  Beta mercaptoethanol, to pretreat the sputum before 
it is concentrated by centrifugation. However the claims of  high 
sensitivity and specifi city made with regard to this test need to be 
substantiated by other studies.[5] Here we report the fi ndings of  our 
study to evaluate the utility of  ZN staining after USP technique on 
the sputum samples collected from two Designated Microscopic 
Centers (DMC) of  RNTCP: One situated at the District hospital and 
the other at our tertiary care center in the same district. In addition, 
as USP method has also been reported to be suitable for processing 
sputum samples as a pre-treatment procedure for AFB culture, we 
have evaluated this aspect by subjecting the sputum samples positive 
for AFB to pre-treatment with USP method before culture.

MATERIALS AND METHODS

Well coughed up sputum samples (one collected on spot and another 
early in the morning) collected from 1000 consecutive patients 
visiting the two RNTCP screening centers between November 2011 
and November 2012 were included in the study. All these patients 
had cough for more than two weeks duration. Among the samples 
processed, 704 (70.4%) were from patients who visited the RNTCP 
centre situated at the government district hospital, and 296 (29.6%) 
samples from the tertiary care teaching hospital. The patients who 
were on anti-tubercular drugs were excluded.

The sputum samples collected were subjected to direct smear 
microscopy as per the RNTCP guidelines as well as USP smear 
microscopy in parallel.[4,6] The smears positive for AFB in the direct 
smear microscopy were graded as per RNTCP guidelines into 1+, 
2+, and 3+.[6]

The USP smear microscopy was performed as per the method 
described by Chakravorty et al.[4,7] In brief, the sputum samples 
were mixed with 2-3 volumes of  the USP solution, which contained 
the following chemicals: 4-6 M of  guanidinium hydrochloride 
(a chaotropic agent which disrupts the hydrogen bonds), 50 mM 
Tris chloride (pH 7.5), 25 mM Ethylene Diamine Tetra Acetic acid 
(EDTA), 0.5% sarkosyl, and 0.1-0.2 M Beta mercaptoethanol. 
These ingredients together brought about mucolysis and acted as 
detergents. Thus by their action the chemicals used lysed all the cells 
in the sputum sample except the tubercle bacilli. Then the samples 
were homogenized by vortexing or shaking by hand, incubated for 
15 min at room temperature. To the homogenate, thus obtained, 
5-15 ml of  sterile water was added and centrifuged at 9000× g for 
20 min. The sediment formed was mixed well and a part (10%) of  
the sediment was used for making the smear and a part of  it was 

used for culture. The smear was air dried, subjected to ZN staining 
and observed under the microscope.[6]

To detect whether there was any difference in the time taken to 
detect the AFB between direct smear microscopy and USP smear 
microscopy, 24 slides positive for AFB (8 slides of  each grade) 
were screened by two trained RNTCP technicians and the time 
taken was noted.

The samples positive for AFB after USP method were cultured on 
LJ medium to fi nd out the yield. The growth on the LJ medium was 
confi rmed as Mycobacterium tuberculosis (MTB) by the Niacin test.

RESULTS

Among the patients from whom sputum samples were tested, 641 
(64.1%) were males and 359 (35.9%) were females; 940 (98.2%) of  
them were above 20 years of  age.

Table 1 presents the sputum samples positive for AFB by direct 
smear microscopy and USP smear microscopy method according 
to the centers from which they were collected.

Of  the 1000 sputum samples processed, 94 (9.4%) samples were 
positive for AFB by both direct and USP smear microscopy. There 
was no difference in the rate of  positives detected by direct smear 
microscopy and USP smear microscopy, among the samples 
tested. There were no extra positives detected by USP smear 
microscopy among those samples which were negative by direct 
smear microscopy. 

The microscopic picture seen after direct smear microscopy differed 
substantially from that seen after USP method.

Table 2 presents the grading of  the positive samples for AFB in 
direct smear microscopy according to RNTCP guidelines and the 
number detected to be positive by the two methods.

Among the 94 sputum samples positive for AFB, most of  them 
belonged to grades 1+,2+, and 3+. There was no difference in the 
number of  positives detected between USP smear microscopy and 
direct smear microscopy in each of  the grades.

Classically as described, the direct smear microscopy showed 
AFB distributed in singles or small groups of  two or three on 
thick, heavily counterstained blue background with numerous pus 

Table 1: Total number of samples positive in each 
RNTCP center
RNTCP centers Total number 

of samples 
tested

Positives by 
direct smear 
microscopy

Positives by 
USP smear 
microscopy

District hospital 704 65 (9.2%) 65 (9.2%)
Tertiary care 
teaching hospital

296 29 (9.7%) 29 (9.7%)

Total 1000 94 (9.4%) 94 (9.4%)
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cells, macrophages, and lymphocytes. The USP smear microscopy 
[Figure-1 ] showed a clear background without any cells and cellular 
debris and the bacilli were seen clumped together at one or more 
sites. The stained smear after USP method could not be graded as 
the bacilli were seen clumped together at one or more sites. 

Table 3 presents the mean time taken to detect AFB between 
direct smear microscopy and USP smear microscopy by the trained 
RNTCP technicians. 

There was no statistically signifi cant difference in the time taken to 
detect the AFB in stained direct smear microscopy and USP smear 
microscopy (P = 0.7236, at 95% CI).

Of  the 94 sputum samples positive for AFB inoculated on to LJ 
medium, only 40 (42.5%) samples showed mycobacterial growth on LJ 
medium, which was confi rmed by niacin test; 31 (32.9%) showed no 
growth and 23 (24.46%) samples inoculated grew contaminants. The 
mean time taken for mycobacterial growth on LJ medium was 22 days. 

DISCUSSION

We report the results of  an incremental yield study which compares 
the positivity rate obtained by direct smear microscopy with that 
obtained by USP method. Of  the 1000 sputum samples processed 
from consequent patients suspected of  tuberculosis attending two 
RNTCP centers, 94 (9.4%) samples were positive for AFB by ZN 
staining in both direct smear microscopy and microscopy after USP 
processing. The specimens which were positive by direct smear 
microscopy were also positive for AFB after USP smear microscopy. 
Since, the sensitivity of  direct sputum microscopy is low, it was 
expected to miss AFB in some of  the samples; accordingly USP 
smear microscopy was expected to detect at least some of  these as 
it was claimed to have a high sensitivity.[4] But, in our study, none 
of  the samples which was negative by direct smear microscopy was 
positive for AFB after USP smear microscopy. Thus there was no 
improvement in the AFB detection rate after subjecting sputum 
samples to USP method over that detected by direct sputum 
microscopy. 

Chakravorty et al. reported that USP smear microscopy showed 
a sensitivity and specifi city of  98.2% and 91.4%, respectively, 
compared to 68.6% and 92.6%, by direct smear microscopy taking 
culture as gold standard.[4,7] In addition, they also detected 100 
(30.48%) samples, which were negative by direct smear microscopy, 
as positive for AFB after USP smear microscopy.[4] Thus our fi ndings 
contrast with the fi ndings reported by Chakravorty et al.[4] Our 
fi ndings concur with the fi ndings of  a study by Daley et al., who 
found that USP method was not signifi cantly more sensitive when 
compared with direct smear microscopy.[8]

Cattamanchi et al. in Uganda showed that the USP method did not 
significantly improve the overall diagnostic performance of  smear 
microscopy when N-acetyl-L-Cysteine Sodium hydroxide solution 
method was compared with the USP method.[5] The lower detection 

rate by the USP method in their study was attributed to the lesser 
centrifugation speed of  3000× g used by them, compared to that 
of  6000 g used by original authors.[9] However we used a speed of  
9000× g for 20 min to centrifuge the samples after treatment with 
USP fl uid, as the smear and culture positivity has been shown to 
consistently improve at this speed.[10] In spite of  this modifi cation, 
there was no improvement in the detection rate of  USP method 
in our hands.

The time taken for the detection of  AFB by two different trained 
RNTCP technicians from the hospitals where the study was 
conducted did not show any signifi cant difference (P = 0.7236) 
in the speed of  detection of  AFB in direct smear microscopy and 
USP smear microscopy. Thus USP smear microscopy did not have 

Table 3: Time taken to detect AFB in direct smear 
microscopy and USP smear microscopy
Grade Time taken to 

detect AFB in Direct 
smear microscopy 

in seconds 

Time taken to detect 
AFB after USP 

smear microscopy in 
seconds

P value at 
95% CI

1+ 43.44 42.94 0.8769
2+ 28.38 26.94 0.1698
3+ 14.00 12.19 0.1840
Total 28.40 27.40 0.7236

Table 2: The positives detected by USP method 
according to the grading done by direct smear 
microscopy
Grading for AFB 
by direct smear 
microscopy

Number of samples 
detected as positive 

by direct smear 
microscopy (%)

Number of positive 
samples in USP 

smear microscopy 
(%) falling under 

the different grades 
as per direct smear 

microscopy
Scanty 12 (12.7) 12 (12.7)
1+ 24 (25.53) 24 (25.53)
2+ 28 (29.7) 28 (29.7)
3+ 30 (31.9) 30 (31.9)
Total number of 
positives 

94 (9.4%) 94 (9.4%)

Figure:1 Microscopic picture of USP smear after ZN staining
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any advantage over direct microscopy with respect to the speed of  
detection.

Of  the 94 samples positive for AFB by USP smear microscopy, 40 
(42.5%) samples grew MTB on LJ medium, no growth was seen in 
31 (32.9%) samples and 23 (24.46%) samples grew contaminants. 
This lower recovery rate of  mycobacteria from the smear positive 
sputum samples collected from patients who were not on treatment 
for tuberculosis, suggests that USP method may not be a suitable 
method for pre-treatment of  samples before culture on LJ medium. 
It may be deleterious to mycobacteria. These observations made by 
us will not support the claims made by the original authors that USP 
method is suitable for both microscopy and culture. 

Thus in our hands USP smear microscopy did not show any 
additional advantage over conventional direct smear microscopy 
to detect AFB in the diagnosis of  pulmonary tuberculosis under 
RNTCP set up. Also mycobacterial culture after USP technique 
showed high contamination rates and low growth rate. With this 
experience we think that USP method may not fi nd a place in the 
routine diagnosis of  tuberculosis in developing countries.
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