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The recent report by the World Health Organization 
(WHO 2010) reveals that one third of the world’s popu-
lation is currently infected with tuberculosis (TB) and 
the number of incidents is alarming in Southeast Asia, 
which accounts for approximately 35% of global cases. 
The diagnosis of TB and other mycobacterial infections 
in the early stage of the disease is of utmost importance 
to decrease the incidence. Therefore, it is necessary for 
clinical microbiology laboratories to detect and identify 
mycobacteria from human clinical material rapidly. Mi-
croscopy and culture are generally considered to be the 
authoritative methods for the laboratory diagnosis of TB. 
However, smear microscopy is limited due to low sen-
sitivity in paucibacillary specimens (Marei et al. 2003). 
On the other hand, culture remains the gold standard for 
diagnosis of mycobacterial infections, although it is time 
consuming and prone to contamination (McNerney 1996, 
Nancy et al. 2000). Various culture techniques have been 
investigated during the last few decades and, at present, 
several research groups are exploring the possibility to 
improve their efficiency (Dorman 2010, Kandi & Mad-
havi 2010). Several manual and automated systems have 
been introduced specifically to reduce the time of detec-
tion and identification of mycobacteria in clinical speci-
mens. The Mycobacteria Growth Indicator Tube (MGIT) 

(Becton Dickinson) provides rapid recovery of mycobac-
teria from clinical specimens (Badak et al. 1996). Alter-
natively, the rapid detection and counting of Mycobacte-
rium tuberculosis complexes from both respiratory and 
non-respiratory tract specimens may be achieved using 
the Biotec FASTPlaque TB™ (FPTB) assay (Biotec lab-
oratories ltd, UK), which utilizes a phage amplification 
technology (Albert et al. 2002, Marei et al. 2003).

literature indicates that most of the studies on the 
diagnosis of TB and recovery of mycobacteria have been 
carried out in pulmonary and extra-pulmonary speci-
mens (Hanna et al. 1999, Hillemann et al. 2006). Several 
nucleic acid amplification and nucleic acid hybridization 
techniques have been introduced, but they were found 
to be less sensitive than culture-based techniques and 
are often complicated due to the presence of inhibitors 
(Nancy et al. 2000, Cheng et al. 2005). Alternatively, 
common techniques, such as the acid-fast bacillus (AFB) 
smear and löwenstein-Jensen (lJ) cultures, have limi-
tations, such as low sensitivity, and require prolonged 
incubation (typically weeks). However, rapid techniques, 
like MGIT, are widely used in the diagnosis of TB from 
both pulmonary and extra-pulmonary specimens. The 
objective of the current study was to compare two rap-
id methods, the BBl MGITTM and FPTB assays, with 
the conventional lJ media culture assay to diagnose 
mycobacterial infections from clinical specimens with 
scanty bacilli. Moreover, to our knowledge, this is the 
first report that investigated the performance of the BBl 
MGITTM and FPTB assays compared to conventional lJ 
media for use in the recovery of mycobacteria from pul-
monary (sputum with scanty bacilli or clinically evident, 
smear negative cases) and extra-pulmonary TB.
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The objective of the current study was to compare two rapid methods, the BBL Mycobacteria Growth Indicator Tube 
(MGITTM) and Biotec FASTPlaque TB™ (FPTB) assays, with the conventional Löwenstein-Jensen (LJ) media assay to 
diagnose mycobacterial infections from paucibacillary clinical specimens. For evaluation of the clinical utility of the 
BBL MGITTM and FPTB assays, respiratory tract specimens (n = 208), with scanty bacilli or clinically evident, smear 
negative cases and non-respiratory tract specimens (n = 119) were analyzed and the performance of each assay was 
compared with LJ media. MGIT and FPTB demonstrated a greater sensitivity (95.92% and 87.68%), specificity (94.59% 
and 98.78%), positive predictive value (94.91% and 99.16%) and negative predictive value (96.56% and 90.92%),  
respectively, compared to LJ culture for both respiratory tract and non-respiratory tract specimens. However, the 
FPTB assay was unable to detect nontuberculous mycobacteria and few Mycobacterium tuberculosis complex cases 
from paucibacillary clinical specimens. It is likely that the analytical sensitivity of FPTB is moderately low and may not 
be useful for the direct detection of tuberculosis in paucibacillary specimens. The current study concluded that MGIT 
was a dependable, highly efficient system for recovery of M. tuberculosis complexes and nontuberculous mycobacteria 
from both respiratory and non-respiratory tract specimens in combination with LJ media.
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This study was approved by the Maharishi Mark-
endeshwar University Ethical Committee. The study 
received a waiver of informed consent because the sam-
ples used were collected for use in approved routine tests 
on lJ media and the BBl MGITTM. Tests on FPTB were 
performed in parallel with the approved routine culture 
on lJ media and MGIT. The study was carried out from 
March 2008-July 2010 at Maharishi Markendeshwar 
Institute of Medical Sciences and Research, Mullana, 
Ambala, India, a 750-bed tertiary care hospital that also 
operates as a centre for the Revised National Tuberculo-
sis Control Program. All clinically suspected fresh cases 
of extra-pulmonary and pulmonary TB, sputum with 
scanty bacilli (1-9 bacilli/100 fields) or clinically evi-
dent, smear negative cases, were included in the study. 
Patients receiving or who received anti-TB treatment 
in the previous month and sputum samples suggestive 
of saliva were excluded from this study. A total of 327 
samples were examined and were found to be composed 
of sputum, bronchoalveolar lavage, cerebrospinal fluid, 
fine needle aspiration cytology specimens, pus, tissue 
biopsy, pleural fluid, pericardial fluid and ascetic fluid.

All clinical specimens in a liquid state were digested 
and decontaminated by the N-acetyl-l-cysteine-NaOH 
method with a final NaOH concentration of 1% (Kent & 
Kubica 1985). After centrifugation, AFB smears were 
made for all clinical specimens studied using the sediment 
and stained with the Ziehl-Neelsen acid fast method; grad-
ing of smears was carried out as described by Kent and 
Kubica (1985). The remaining sediment was suspended 
in 1-2 ml of sterile 0.67 M phosphate buffer (pH 6.8) and 
vortexed for 15 s. This suspension was used for culture 
media inoculation. All liquid media were inoculated first, 
followed by inoculation of egg-based solid media, such as 
lJ media. Three types of culture media were inoculated.

The BBl MGITTM culture tubes were inoculated 
with 0.5 ml of the processed specimens using a needle 
and syringe and incubated at 37ºC, according to the in-
struction from the manufacturer. Readings were taken 
daily for the first three weeks and once a week thereafter 
for culture positivity until the end of six weeks using 
the Manual BBl MGITTM system. The tubes showing 
positive growth were further subjected to AFB smear 
and subculture on lJ media. Confirmation of M. tuber-
culosis complexes was made by para-nitro-benzoic acid 
(PNB) testing (Allen 1984). The presence of M. tuber-
culosis complexes was established by lack of growth on 
PNB containing media.

The manufacturer’s instructions were strictly followed 
to process respiratory tract specimens for the FAST-
Plaque TB™ kit, but minor alterations were made when 
processing non-respiratory tract specimens because this 
kit was not recommended for non-respiratory specimens. 
Briefly, both a positive (serial dilution of 1 ml of 10-2, 
10-4, 10-6 Mycobacterium smegmatis) and negative (1 ml 
of FPTB medium broth) control were prepared. FPTB 
medium (1 ml) was mixed with decontaminated and 
concentrated sediment (1 ml) in a reaction vessel and the 
suspension was incubated overnight at 37ºC. However, 
for non-respiratory specimens, the incubation time was 
prolonged to 48 h to enhance enrichment. An Actiphage 

solution (100 ml) containing mycobacteriophages was 
added and incubated for 1 h to allow the infection to take 
place. Then, a virucide solution (Virusol, 100 ml) was 
added and incubated at room temperature for 15 min. The 
excess of virucide solution was neutralized by adding  
5 ml of FPTB medium followed by addition of helper 
cells (1 ml). This suspension was mixed well and added 
to a Petri dish overlayed with 5 ml of molten agar. Plates 
were rotated several times to mix the solution and allowed 
to set, followed by overnight incubation (approximately 
15-18 h) at 37ºC. The results were interpreted according 
to the manufacturer’s instructions.

The processed specimen (0.1 ml) was inoculated on 
two slants of lJ egg medium, with one containing glyc-
erol and the other containing sodium pyruvate. These 
slants were incubated at 37ºC for a maximum of eight 
weeks and read once weekly. An individual medium was 
considered positive upon appearance of colonies on the 
surface and confirmed by positive AFB smear. Further 
confirmation of M. tuberculosis complex was made by 
PNB testing (Allen 1984). Reference strains, such as 
M. tuberculosis ATCC 27294, Mycobacterium kansasii 
ATCC 12478, Pseudomonas aeruginosa ATCC 27853 and 
Staphylococcus epidermidis ATCC 12228 were used for 
quality control on each new lot of MGIT. The sensitivity, 
specificity, positive predictive value (PPV) and negative 
predictive value (NPV) for the AFB smear, phage assay 
and BBl MGITTM were calculated and compared with lJ  
culture. The following formula were used for calcula-
tions. Sensitivity was true positives/(true positives + false 
negatives) x 100, specificity was true negatives/(true neg-
atives + false positives) x 100, PPV was true positives/
(true positives + false positives) x 100 and NPV was true 
negatives/(true negatives + false negatives) x 100.

In the current study, a total of 327 specimens were 
processed for microscopy (AFB smear) and culture 
(MGIT, FPTB and lJ media). The distributions of all 
the specimens processed by FPTB, BBl MGITTM and 
lJ culture techniques are summarized in Table I. The 
comparison of lJ media with AFB smear, FPTB and 
BBl MGITTM in both respiratory and non-respiratory 
tract specimens is summarized in Table II. Out of 327 
specimens processed, a total of 189 (respiratory tract,  
n = 145, non-respiratory tract, n = 44) isolates were ob-
tained by all three culture methods (FPTB assay, BBl 
MGITTM and lJ). The results of the validation (aver-
age value) using the AFB smear method for the FPTB 
and BBl MGITTM assays indicate moderate sensitivity 
(65.99%), greater specificity (100%), PPV (100%) and 
NPV (80.52%) with respect to lJ media for both respi-
ratory tract and non-respiratory tract specimens. The 
validation data observed in the AFB smear in non-respi-
ratory tract specimens indicated comparatively low sen-
sitivity (Table II), which is likely due to the low content 
of bacilli in the specimens.

Data observed using the MGIT technique are presented 
in Table II. It is apparent that the MGIT technique provid-
ed better recovery of both M. tuberculosis complexes and 
nontuberculous mycobacteria from all specimens proc-
essed [respiratory (63.46%) and non-respiratory (35.29%)], 
compared to the other methods (lJ media and FPTB). This 
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higher recovery rate could be due to the inoculum size, 
quality of media and the overall system; these results agree 
with those in previous studies (Hanna et al. 1999, Hille-
mann et al. 2006). Despite the advantages of broth-based 
cultivation systems, conventional culture media still play 
an important role in the recovery of mycobacteria from 
clinical specimens and are recommended for use along 
with a liquid medium (Kent & Kubica 1985).

In general, it is accepted that liquid media are more 
susceptible to contamination than solid media (Hanna et 
al. 1999, Hillemann et al. 2006). However, in the current 
study, the number of contaminated cultures (MGIT) was 
found to be surprisingly low, probably due to the addi-
tion of the MGIT PANTA mixture and NaOH (final con-
centration 1%). Reports indicated that the overall time 
required for the detection of M. tuberculosis complexes 
(for smear positive cases) was five-20 days and 10-45 days 
in the MGIT and lJ techniques, respectively (Pfyffer et 
al. 1997). This statement was substantiated in this study, 
except in two cases in which there were late positive cul-
tures (52 days) on lJ media. In the case of smear negative 
specimens, the time to detect the M. tuberculosis complex 
when using the MGIT and lJ assays were found to be six-
46 days and 17-47 days, respectively. This prolonged incu-
bation period is probably due to the paucibacillary nature 
of the specimen, as described by Pfyffer et al. (1997). In-
terestingly, the time of detection in liquid media exceeded 
that observed in solid media for nontuberculous mycobac-
teria (20-50 days for MGIT and 20-40 days for lJ media). 
All the AFB-positive non-respiratory tract specimens  
(n = 16) showed growth in MGIT. Further, a higher num- 
ber of validated results were observed in MGIT (sensi-
tivity 95.92%, specificity 94.59%, PPV 94.91% and NPV 
96.56%) with respect to lJ culture for both respiratory 
tract and non-respiratory tract specimens.

Most current methods of diagnosis are either intricate 
or expensive. However, the phage assay is a simple, rapid 
technique that does not require any expensive instrumen-
tation and can be employed for routine analysis in my-
cobacteriology laboratories (Albert et al. 2002). Moreo-
ver, this assay is relatively safe, as a greater amount of 

TABlE I
Distribution of all samples processed by Biotec 

FASTPlaque TB™ assay, BBl Mycobacteria Growth 
Indicator Tube and conventional culture technique (n = 327)

Specimen (n)

Respiratory tract specimens 
   Sputum 201
   Bronchoalveolar lavage 7
Non-respiratory tract specimens 
   Cerebrospinal fluid 8
   Fine needle aspiration cytology 41
   Pus 26
   Tissue biopsy 20
   Pleural fluid 19
   Pericardial fluid 1
   Ascetic fluid 4

Total 327

TABlE II
Comparison of acid-fast bacillus (AFB) smear, Biotec FASTPlaque TB™ assay (FPTB) and BBl Mycobacteria Growth 

Indicator Tube (MGIT) with löwenstein-Jensen (lJ) culture in respiratory and non-respiratory tract specimens

Type of specimen Methods

Specimens
(n)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)Positive Negative

Respiratory tracta AFB True 109 81 85.83 100 100 81.82
False - 18 - - - -

MGIT True 132 70 98.51 94.59 98.51 97.22
False 4 2 - - - -

FPTB True 117 80 92.86 97.56 98.32 89.89
False 2 9 - - - -

Non-respiratory tractb AFB True 18 80 46.15 100 100 79.21
False - 21 - - -

MGIT True 42 70 93.33 94.59 91.30 95.89
False 4 3 - - - -

FPTB True 32 80 82.05 100 100 91.95
False - 7 - - - -

a: number of specimens positive (127) and negative (81) in lJ culture; b: number of specimens positive (39) and negative (80) in 
lJ culture; NPV: negative predictive value; PPV: positive predictive value.
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bacilli develop into non-infective mycobacteriophages. 
In contrast, culture techniques release a greater number 
of infective agents during the assay procedure (Wilson 
et al. 1997). The limitations of the phage assay include  
an inability to distinguish M. tuberculosis complexes, a 
requirement for a confirmatory test to identify the spe-
cies and reduced efficiency when sputum contains > 
10% blood or if the patient is on anti-tubercular treat-
ment (Otive-Igbuzor 2002). In the current study, the re- 
sults of microscopy were available in a short time (1.5 h),  
while in the case of lJ culture, the required period of  
detection was found to be four-eight weeks. However, 
for the phage assay, clear zones known as plaques (Fig-
ure) were accessible in less than 48-72 h. The number 
of plaques formed in cases of positive specimens was 
found to be ~35-300 and was highly correlated with the 
positivity rate of the specimen. Moreover, the number of 
plaques is directly proportional to viable bacilli in the 
clinical specimen (Biotec laboratories 2000a).

Of the 127 lJ positive respiratory tract specimen cul-
tures, results concurred with 115 FPTB positive cases. 
Furthermore, in all non-respiratory specimens processed 
(n = 119), a greater number (n = 44) of mycobacteria iso-
lates were obtained. Among these, 42, 39 and 32 isolates 
were detected by MGIT, lJ and FPTB, respectively. In-
deed, a higher sensitivity (87.68%), specificity (98.78%), 
PPV (99.16%) and NPV (90.92%) were observed with 
FPTB in comparison with lJ culture for both respiratory 
tract and non-respiratory tract specimens. In the current 
study, both lJ and MGIT recovered five nontuberculous 
mycobacteria from respiratory specimens (n = 145) and 
three nontuberculous mycobacteria from non-respirato-
ry tract specimens (n = 44), but these samples were nega-
tive in the FPTB assay and AFB smear. Several possi-
bilities exist to explain this result; phage attachment and 
replication in the FPTB assay depends on the number of 
viable bacilli and intact phage receptors on the cell sur-
face and an effective phage attachment and replication 
depend on the strain of TB or the physiological state of 
the bacilli (Albert et al. 2002).

As shown in Table II, a total of 117 cases were identi-
fied by the FPTB assay from all mycobacterial isolates 
recovered from respiratory tract specimens (n = 145). 
The presence of disease was determined by clinical, ra-
diological and other laboratory findings suggestive of 
TB. When comparing clinically evident respiratory tract 
cases (n = 208) with different diagnostic techniques, the 
percentage of organisms detected was found to be 52.4%, 
61.06%, 56.25% and 63.46% in AFB, lJ, FPTB assays 
and MGIT, respectively. The level of detection in the 
FPTB assay was found to be relatively low (56.25%) in 
comparison to lJ and MGIT. This is most likely due to 
the paucibacillary nature of the specimen. Concurrently, 
among the non-respiratory specimens processed (n = 
119), the detection rate was found to be 15.13%, 32.77% 
and 35.29% in AFB, lJ and MGIT, respectively. Howev-
er, in FPTB, the level of detection was found to be much 
lower (26.89%). Moreover, it is reported that the analyti-
cal sensitivity of the phage assay is generally in the range 
of 100-300 bacilli/ml of specimen, whereas the culture 
of mycobacteria can detect 10-100 bacilli/ml (Biotec 

laboratories 2000a, b). This suggests that the phage as-
say is not useful in direct detection of M. tuberculosis 
using paucibacillary specimens. However, studies by 
other investigators suggest that intensifying the original 
number of organisms present in the sample by culturing 
it for a few days in liquid media may boost the sensitivity 
in paucibacillary specimens (Shenai et al. 2002).

Interestingly, it has also been observed that none of 
the culture systems independently identified all the myco-
bacteria isolates from respiratory (n = 145) and non-respi-
ratory tract specimens (n = 44). However, the maximum 
number of isolates was detected in MGIT and lJ culture 
(Table II). The above results indicate that the combination 
of these methods (broth and solid media) could be the most 
feasible approach to identify mycobacterial infection.

In summary, the FPTB assay was unable to detect 
nontuberculous mycobacteria and few M. tuberculosis 
complex cases from paucibacillary clinical specimens, 
even though this technique is simple, economical and 
less time consuming than traditional methods. The 
above results also signify that the analytical sensitivity 
of the FPTB assay is reasonably low and may not be suit-
able for the direct detection of TB using paucibacillary 
specimens. However, it was also observed that none of 
the systems recovered all isolates independently and the 
highest recovery rates were noted when solid medium 
was combined with liquid medium. The current study 
concludes that MGIT has been proven as a dependable, 
efficient system for recovery of both M. tuberculosis 
complexes and nontuberculous mycobacteria from pul-
monary (sputum with scanty bacilli or clinically evident, 
smear negative cases) and paucibacillary extra-pulmo-
nary TB when used in combination with lJ media.
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