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Background: Collection and processing of sputum samples for the detection of acid fast

bacilli (AFB) is hazardous for health-workers in developing countries with limited facilities.

The phenol ammonium sulfate (PhAS) method involves smear microscopy and Ziehl-Neel-

son (ZN) staining of precipitates/ floccules formed in sputum samples when PhAS is added.

The present study has been designed to assess the performance and safety of this method.

Materials and methods: The study was conducted from January 2011 to March 2011 at the

Department of Microbiology, Lala Ram Sarup Institute of Tuberculosis and Respiratory Dis-

eases, New Delhi. A total of 1038 sputum samples were subjected to ZN staining before and

after treatment with PhAS. The smear microscopy results of the PhAS treated and untreated

samples were compared. In addition, 200 representative samples were inoculated after pro-

cessing by petroff’s method directly for culture and after treatment with PhAS.

Result: The sensitivity, specificity, positive predictive value and negative predictive value of

the PhAS solution treated ZN smear microscopy method were found to be 98.8%, 88.5%,

98.0% and 92.7% respectively in comparison with direct smear microscopy. The overall cor-

relation between the two methods was found to be 97.3%. None of the PhAS treated samples

grew Mycobacterium tuberculosis on culture.

Conclusion: Sputum microscopy with PhAS solution is a safe, reliable and inexpensive alter-

native for direct microscopy. This method can be conveniently applied for usage in micros-

copy centers with limited bio-safety facilities.

� 2013 Asian-African Society for Mycobacteriology. Published by Elsevier Ltd. All rights

reserved.
Introduction

Detection of acid-fast bacilli (AFB) using Ziehl-Neelsen (ZN)

sputum smear microscopy continues to be the mainstay in

the diagnosis of pulmonary tuberculosis [1], especially in
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developing countries. The sensitivity of this method ranges

from 34% to 84% and depends upon the collection of sufficient

sputum, proper preparation of smears, good staining tech-

nique, thorough examination, and availability of a good

microscope [2,3]. To facilitate the diagnosis of tuberculosis
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Fig. 1 – Sedimentation of precipitates formed in the PhAS

treated sputum sample.
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(TB) in India, the sputum smear microscopy centers have

been established for every 1,00,000 population by the Revised

National Tuberculosis Control Programme (RNTCP) so that in

peripheral areas, patients do not need to travel long distances

for diagnosis [2,4,5]. Direct smear preparation of clinical sam-

ples is hazardous for technicians working in centers without

a bio-safety hood [3]. The technicians sometimes may not

prepare sputum smears properly owing to fear of the possibil-

ity of getting the infection. Thus, it is desirable to introduce

improvisations in the direct microscopy methods for effective

TB diagnosis in TB control programs.

The phenol ammonium sulfate (PhAS) method of sedi-

mentation/precipitation of sputum involves ZN staining of

precipitates/floccules formed in chemically treated sputum

samples. Phenol or carbolic acid is known to promptly kill

the mycobacteria. It also precipitates proteins in low concen-

tration without decreasing the AFB counts and fixes the

smear firmly on the slide [3,6]. Ammonium-sulfate prevents

the formation of hydrogen bonds of proteins with water and

facilitates the interaction of proteins with each other to form

aggregates. This causes the mucus and other proteins in the

sputum to precipitate and later sediment by the ‘‘salting

out’’ phenomenon [7]. The precipitate/sediment obtained

may be used for smear preparation.

The present study was designed to compare the PhAS trea-

ted sputum microscopy with the established untreated/direct

sputum microscopy method of RNTCP. In addition, the steril-

izing action of the PhAS was tested in comparison with non-

PhAS exposed sputum samples.
Materials and methods

Study setting

This study was carried out at the Department of Microbiology

of Lala Ram Sarup Institute of Tuberculosis and Respiratory

Diseases which houses the National Reference Laboratory

(NRL) for tuberculosis. The solid culture system on Lowen-

stein-Jensen (LJ) medium is accredited for culture and suscep-

tibility testing for first-line and second-line drugs by the

Supra National Reference Laboratory (SNRL), Antwerp, Bel-

gium. This Institute is a tertiary care specialty hospital for

tuberculosis and respiratory diseases. The Department re-

ceives samples from clinically suspected and follow-up pul-

monary tuberculosis patients for sputum microscopy and

culture. For this study, 10–15 sputum samples per day were

randomly considered from the in-patient section over three

months. Patients were asked to rinse their mouths properly

and collect at least 3–5 ml of deeply coughed muco-purulent

sputum samples in sterile containers [8]. The study has been

approved by the Institute’s ethics committee.

Sample processing by direct smear microscopy

Single smear was prepared from the muco-purulent portion

of sputum sample using fresh wooden-stick such that smear

covers two thirds of the slide and is neither too thick nor too
thin. All the smears were air dried, heat fixed and stained by

ZN method as per RNTCP guidelines [4].

Sample processing by PhAS method

After preparing the direct smear, the remaining sample was

subjected to PhAS treatment. PhAS solution was prepared as

described earlier and stored for maximum of one week [3].

Around 1.5–2 times PhAS more than the volume of sputum

sample was added to containers with sputum. The samples

were mixed properly and kept for one and a half hours undis-

turbed. Addition and mixing of PhAS took around 20–25 s per

sample. The sterilized inoculation loop was dipped and a

loopful of the precipitates or the sediments formed in each

PhAS treated sputum sample was taken. One smear was pre-

pared from this loopful such that it covered two thirds of the

slide (Fig. 1). All the smears were air dried, heat fixed and

stained by ZN method as per RNTCP guidelines [4].

Smear microscopy

Both direct and PhAS smears were coded before screening by

the technicians to avoid bias. Grading of direct and PhAS trea-

ted ZN smears for acid-fast bacilli (AFB) was done as per

RNTCP guidelines. After examination of the coded slides by

the two technicians, the results of each sample were matched

by the umpire. The sets of discordant slides (PhAS and direct)

were re-examined by the umpire microscopist. In all such

cases, the reading of the umpire was taken as final. All the

microscopists involved were asked to state their preference

of the method in relation to sample handling, odor, aesthetic

appearance, smear preparation, and visibility of smear in

terms of AFB and background color. In addition, they were

also asked about the convenience of disposal of samples.



86 I n t e r n a t i o n a l J o u r n a l o f M y c o b a c t e r i o l o g y 2 ( 2 0 1 3 ) 8 4 – 8 8
Basic-fuchsin, methanol, phenol, concentrated sulphuric

acid, ammonium sulphate and methylene blue were obtained

from Merck/Qualigens, India.

Culture

Cultures were inoculated in case of the requisition for cul-

ture. For this purpose, each sputum sample was divided

into two parts after conventional microscopy. One part

was taken for the PhAS treatment followed by the prepara-

tion of smear from the PhAS treated sample. The other

part was processed by the Modified Petroff method as per

RNTCP guidelines [8]. The processed sample was inoculated

onto the labeled LJ media in duplicate. The remaining pro-

cessed sample was exposed to PhAS and then inoculated

on a labeled separate LJ media. All media were coded, la-

beled and incubated at 37 �C. The cultures were examined

weekly for growth, until a maximum of eight weeks [8].

Culture results of chemically treated and untreated sam-

ples were recorded independently and were compared by

an umpire.

Quality control

For quality control of smear microscopy, positive control

slides of M. tuberculosis H37Rv and negative control slide of

Escherichia coli (direct and PhAS treated) were stained and

screened with every lot. For culture, M. tuberculosis H37Rv

was inoculated onto LJ slopes in duplicate with every new

batch of LJ media to ascertain its ability to sustain growth.

Each lot of LJ media was checked for sterility by incubation

of un-inoculated media at 37 �C for 48 h.

Statistical analysis

The data was entered and analyzed using Microsoft Excel. The

sensitivity, specificity, positive predictive value (PPV) and neg-

ative predictive value (NPV) of the smear microscopy results

by PhAS method were calculated in comparison with direct

ZN smear. Pearson Chi-Square test was performed to deci-

pher the extent of agreement between the PhAS and direct

smears. In addition, sensitivity of smear microscopy using

two methods was also calculated in comparison with the

available culture results.
Table 1 – Comparison of Ziehl Neelsen microscopy smear resul

Microscopy result of PhAS solution treated ZN

Scanty 1+ 2+

Microscopy Result of Direct ZN Smear
Scanty 22 23 10
1+ 14 117 58
2+ 1 13 80
3+ 1 4 28
Negative 4 7 4
Total 42 164 180

Scanty = 1–9 AFB in 100 fields; 1+ = 10–99 AFB in 100 fields; 2+ = 1–9 AFB

Negative = no AFB in 100 fields.
Results

A total of 1038 sputum samples were subjected to microscopy

both by direct smear method and after treatment with PhAS.

Table 1 details the smear microscopy results of the two meth-

ods. A total of 881 samples were positive for AFB by direct

smear and 888 samples were positive for AFB by PhAS meth-

od. The sensitivity, specificity, PPV and NPV of the PhAS trea-

ted ZN smear microscopy method were found to be 98.8%,

88.5%, 98.0% and 92.7%, respectively in comparison with di-

rect ZN smear microscopy. Correlation of 97.2% for smear

AFB positivity was found between the two methods.

Fig. 2 depicts the grade-wise distribution of total numbers

of smears by the PhAS method and the direct method. A

marked relative increase in number of samples with higher

smear grades (2+; 52 and 3+; 33) was seen in the PhAS method

along with a decrease in the number of samples in direct or

pre/ZN method. Such grade-wise trend of decrease or in-

crease between the two methods was found to be statistically

significant (P value <0.01). The correlation chart for this trend

is shown in Fig. 3.

A total of 205 samples received for culture requisition were

processed and inoculated for solid culture on LJ medium by

conventional method. Same samples after processing were

also exposed to PhAS treatment and were subsequently cul-

tured on LJ medium. Ninety-five samples (46.3%) were culture

positive by conventional method, whereas all 95 were found to

be negative in case of the PhAS treatment; all culture positives

were M. tuberculosis. The sensitivity of the direct microscopy

method in comparison with the culture was found to be 91.6%

with 87 smear positives among 95 culture positive samples,

whereas sensitivity of microscopy of the PhAS treated sputum

samples in comparison to culture was 89.5% with 85 smear

positives among 95 culture positive samples. The difference

in sensitivity of the two methods with culture as gold standard

was not found to be statistically significant.

Discussion

The present study was designed to compare the performance

of the PhAS treated AFB sputum microscopy with direct

microscopy. A high correlation of 97.2% for smear AFB positiv-

ity was found between the PhAS treated sputum microscopy

and direct microscopy. In the present study, the sensitivity
ts of direct & PhAS treated sputum samples.

sputum smears

3+ Negative Total

2 7 64
29 2 220
33 1 128
435 1 469
3 139 157
502 150 1038

per field, at least 50 fields, 3+ = >10 AFB per field, at least 20 fields;



ZN Smear grading Negative Scanty 1+ 2+ 3+
Direct 157 64 220 128 469

PhAS treated 150 42 164 180 502

Pearson Chi-Square value <0.01
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Fig. 2 – Comparison of PhAS treated samples with direct

samples in relation to ZN microscopy grading.

Fig. 3 – Chart depicting the correlation between the increase

or decrease in the samples of PhAS method and

conventional ZN method respectively as we move from

lower grade to higher grade.
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of the PhAS treated microscopy was found to be 98.8% in com-

parison with the direct ZN smear. Very few studies on AFB

microscopy using the PhAS method are available in the liter-

ature review. The work on AFB microscopy using the PhAS

method has been reported mainly from the Tuberculosis Re-

search Centre (TRC), Chennai. In these studies from the

TRC, Selvakumar, et al. found the sensitivity of the PhAS trea-

ted sputum smears and direct smears to be comparable with

good agreement between the two methods [3,9,10]. In the first

such study, the PhAS treated samples were incubated over-

night to facilitate the sedimentation of the precipitates as

smears were prepared from the sedimentation deposit.

Though the procedure gave excellent results, the microscopy

result was delayed by at least a day [3]. In the two studies con-

ducted in 2008, PhAS solution along with basic fuschin was

added to stain the sputum within the containers and checked
on the same day and at a gap of seven days respectively [9,10].

In the later preliminary study, authors intended to evaluate

PhAS for storing and transportation of sputum samples from

peripheral areas to Microscopy Centres. They concluded that

sputum samples can be stored up to seven days in the spu-

tum container containing PhAS without any loss of sensitivity

of microscopy. PhAS was added to the container containing

sputum and the usual ZN staining from precipitates/ sedi-

ments formed within 1–2 h on the same day was continued,

thereby giving a microscopy report on the same day.

Interestingly, in the present study, it was observed that the

PhAS treatment had some concentrating effect on the spu-

tum sample. Seven samples reported as AFB negative, 22 as

scanty positive and 56 as 1+ positive in the direct microscopy

were reported as 2+ or 3+ after the PhAS treatment. Thus, a

statistically significant trend of increase in the number of

samples in the PhAS method with higher smear grades was

obtained. This concentrating ability of PhAS could be because

PhAS precipitates the proteins and forms floccules which

entangle the AFB [7]. Thus, a smear prepared from such por-

tion of sputum would have more bacilli, leading to faster

and easier detection of positive smears along with a decrease

in false negatives. In one of the studies from TRC also, signif-

icantly higher 3+ smears were found as compared with direct

ZN method [9]. However, in another study from TRC, smears

from PhAS treated stored samples were found to have a lesser

number of 3+ positive smears. This decrease could be because

of the prolonged storage of sputum, which could have con-

tributed to the dispersion of AFB [10].

All samples after PhAS exposure for one and a half to two

hours were found to be negative on culture. The same sam-

ples when inoculated for culture without PhAS treatment

were positive for 95 samples. This ascertains the sterilizing

action of PhAS. Previously, it had been concluded that PhAS

kills tubercle bacilli in about 30 min due to the presence of

phenol, which is a good anti-mycobacterial agent [11]. In

developing countries, most peripheral microscopy centers

have minimal infrastructure, such as lack of bio-safety cabi-

nets or hoods. Therefore, the direct smears are often prepared

on the open work-benches using wooden sticks or wire-loops

and flame [12]. The addition of PhAS to the sputum contain-

ers would ensure that highly contagious AFB positive samples

are rendered sterile. This could reduce the hazard of infec-

tious aerosol formation caused by breakage or leaking of a

container during transportation of sputum samples. Smear

preparation and discard of PhAS treated samples would en-

sure safe management of samples in microscopy centers.

Many advantages of performing the AFB microscopy on

samples after PhAS treatment were found in comparison with

direct AFB microscopy on untreated samples. The PhAS trea-

ted sputum was found to be aesthetically more acceptable to

the technical staff as it is neutral to whitish in color and is

free of odor. The smear from the PhAS treated sample was

generally easier to prepare as it does not peel off easily during

staining. This could be because ammonium sulphate allows

smears to be firmly fixed on the slide due to precipitation of

mucous. The focusing of smears and screening of slide were

also easier as PhAS smears were uniformly thin with well-de-

fined margins. In addition, the smears had a clear, whitish

background along with the distinct appearance of AFB with
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no change in the shape of AFB. Many of these advantages

were also experienced by the TRC research groups [3,9,10].

In addition, the study concluded that the PhAS treatment

had a significant concentrating effect on the sputum as com-

pared with conventional ZN staining. Even with the PhAS

treatment, the AFB report could be given to the patient on

the same day as the sample, thus saving an additional visit

by the patient to the hospital for report collection and treat-

ment initiation.

One limitation of the method is that the treated sample

cannot be used for culture. Also, addition of PhAS delays

the smear reporting time by 2–3 h.

Conclusion

Microscopy for detection of AFB forms the basis for diagnosis

and management of pulmonary tuberculosis in India and

many developing countries as per the National Programme

Guidelines. The PhAS method could be a reliable and rapid

alternative for direct ZN smear microscopy method in periph-

eral microscopy centers where the infection control measures

are not available. The concentrated AFB and better smear

quality could ease the job of the microscopist in screening

the AFB in smears. Thus, the method has a potential for

implementation at a larger scale in the TB control network.

The improvement in smear microscopy sensitivity would

facilitate the accurate diagnosis and timely management of

TB cases, especially in resource-poor countries at the lowest

possible cost.

Role of funding source

No external financial assistance was required or sponsor was

involved to carry out this study.

Acknowledgements

We deeply acknowledge the help of Mr. Anurag Gautam for

statistical help.

R E F E R E N C E S
[1] World Health Organization, Global Tuberculosis Control,
WHO Report 2011. www.who.int/tb. Geneva, Switzerland,
2011.
[2] J.M. Selvam, F. Wares, M. Perumal, P.G. Gopi, G. Sudha, V.
Chandrasekaran, et al, Health-seeking behavior of new
smear-positive TB patients under a DOTS programme in
Tamil Nadu, India 2003, Int. J. Tuberc. Lung. Dis. 11 (2) (2007)
161–167.

[3] N. Selvakumar, F. Rahman, R. Garg, S. Rajasekaran, N. Sunder
Mohan, K. Thyagarajan, et al, Evaluation of the phenol
ammonium sulfate sedimentation-smear microscopy
method for diagnosis of pulmonary tuberculosis, J. Clin.
Microbial. 40 (8) (2002) 3017–3020.

[4] Revised National Tuberculosis Control Programme (RNTCP),
Module for laboratory technicians, Central Tuberculosis
Division, Directorate General of Health Services, Ministry
of Health and Family Welfare, New Delhi, India, 2005, pp.
12–24.

[5] N. Selvakumar, D. Ravikumar, S. Sivagamasundari, P.R.
Narayan, P.G. Gopi, A novel method of staining acid-fast
bacilli in sputum containers, Indian J. Med. Res. 123 (2006)
776–780.

[6] P. Chedore, C. Th’ng, D.H. Nolan, G.M. Churchwell, D.I.
Sieffert, Y.M. Hale, et al, Method for inactivating and fixing
unstained smear preparations of Mycobacterium tuberculosis
for improved laboratory safety, J. Clin. Microbiol. 40 (2002)
4077–4080.

[7] W.B. Jakoby, Crystallization as a purification technique;
Enzyme purification and related techniques, in: W.B. Jakoby
(Ed.), Methods in Enzymology, vol. 22, Academic Press, 1971,
pp. 248–252.

[8] Revised National Tuberculosis Control Programme (RNTCP),
Manual of standard operating procedures of culture of
Mycobacterium tuberculosis and drug susceptibility testing
on solid medium, Central Tuberculosis Division, Directorate
General of Health Services, Ministry of Health and Family
Welfare, New Delhi, India, 2009, pp. 28–45.

[9] N. Selvakumar, M. Premkumar, V. Kumar, G.P. Gopi, S.
Sivagamasundari, E. Prabhakaran, et al, Phenol-ammonium
sulfate basic fuchsin staining of sputum in pot for the
detection of acid-fast bacilli, Indian J. Med. Res. 128 (2008)
194–197.

[10] N. Selvakumar, V. Kumar, G.P. Gopi, S. Sivagamasundari, P.R.
Narayanan, Pot method for storage & detection of acid-fast
bacilli from sputum samples, Indian J. Med. Res. 128 (2008)
765–768.

[11] L.R. Giacomelli, C. Helbel, R.L. Ogassawara, A.M. Barreto, F.M.
Martins, C.L. Cardoso, et al, Improved laboratory safety by
decontamination of unstained sputum smears for acid fast
microscopy, J. Clin. Microbiol. 43 (2005) 4245–4248.

[12] K.K. Addo, K. Owusu-Darko, M. Dan-Dzide, D. Yeboath-Manu,
A. Ablordev, P. Caulley, et al, Situation analysis of TB
microscopy centers in Ghana, Int. J. Tuberc. Lung. Dis. 10
(2006) 870–875.

http://www.who.int/tb
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0005
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0005
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0005
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0005
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0005
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0010
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0010
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0010
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0010
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0010
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0015
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0015
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0015
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0015
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0020
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0020
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0020
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0020
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0020
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0025
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0025
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0025
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0025
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0025
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0025
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0035
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0035
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0035
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0035
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0040
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0040
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0040
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0040
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0045
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0045
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0045
http://refhub.elsevier.com/S2212-5531(13)00026-5/h0045

	Phenol-ammonium sulfate microscopy method for diagnosis of pulmonary tuberculosis
	Introduction
	Materials and methods
	Study setting
	Sample processing by direct smear microscopy
	Sample processing by PhAS method
	Smear microscopy
	Culture
	Quality control
	Statistical analysis

	Results
	Discussion
	Conclusion
	Role of funding source
	Acknowledgements
	References


