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ABSTRACT - OBJECTIVES : Rapid detection of Mycobac -
terium tuberculosis (M TB), especially multidrug-resistant
strains, is of importance for prompt clinical management
and initiation of public health control measures. Culture
remainsthe“gold” standard in the confirmatory labora-
tory diagnosis of mycobacterial infections. Thereliability
of the automated radiometric BACTEC 460 TB (BAC-
TEC) system for the rapid detection of mycobacteriain
clinical specimens was evaluated and compared to the
conventional cultureon Lowenstein-Jensen (L J) medium.

MeTHoDs : All clinical specimens submitted for
mycobacterial culture were processed and smultaneoudy
cultured on both BACTEC broth medium and L J solid
medium. Acid-fast bacilli (AFB) smears were also per-
formed on the sediments. Differentiation of mycobacteri-
al isolatesasM TB or Mycobacterium sp. other than tuber-
culosis(MOTT) was based on the BACTEC NAP test. All
positive culturefindings recover ed between January 1997
and December 2003 wer e analyzed in this study.

ResuLTs: A total of 3300 specimensweretested of which
355 (10.7%) yielded positive cultures consisting of 233
(65.6%) MTB and 122 (34.4%) MOTT. The per centages of
AFB smear-positive were 45% and 49% in clinical speci-
mensyiddingMTB & MOTT, respectively. Though sever -
al types of specimenswer e cultured, most isolates (72% of
MTB & 91% of MOTT) wererecovered from respiratory
specimens. Overall, the BACTEC showed sgnificantly
higher mycobacteriarecovery rate (91%) than LJ (77%).

In terms of timesto detection, BACTEC showed sig-
nificantly shorter detection time of isolatesthan LJ for
the overall (mean 9.6 daysfor BACTEC vs 22.8 daysfor
LJ) and for each category of AFB smear finding. The
detection time is shortened for BACTEC with the
increasing grade of smear positivity.

ConcLusions : BACTEC is substantially more sen-
sitive, efficient and rapid than LJ in thelaboratory diag-
nosis of mycobacterial infections. This system also pro-
videsrapid differentiation of MTB from MOTT and sus-
ceptibility test resultson M TB. However, the simultane-
ous use of BACTEC and LJ isrecommended to provide
maximum optimal recovery of isolatesfrom clinical spec-
imens. Thetime-saving in BACTEC providesan excellent
facility for physiciansin patient management and to pub-
lic health personnel for prompt initiation of infection con-
trol measures.
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RESUME « OBJecTIFs : La détection rapide de Myco -
bacterium tuberculosis (M TB), surtout les souches multi-
résistantes, est importante pour I'initiation rapide du
traitement et la prise de mesures de contrle en santé
publique. La culture reste I'examen de laboratoire de
choix pour le diagnostic desinfectionsa mycobactéries. La
fiabilité du systéme radiométrique automatise BACTEC
460 TB (BACTEC) dansla détection rapide des myco-
bactéries a été évaluée et comparée a la culture conven-
tionnelle dansle milieu de L ownstein-Jensen (L J).

METHODE : Les spécimens soumis pour culture de
mycobactériesont &ésmultanément analyséssur BACTEC
et LJ. Lacoloration al’acide-alcool (AFB) a été également
pratiquée sur lessadiments. La différenciation des mycobac-
tériesen MTB et autres souchesnon tuber culeuses(MOTT)
aéébastesur leBACTEC NAP test. Touteslesculturespo-
stivesentrejanvier 1997 et décembre 2003 ont ééincluses
danscette éude.

REsULTATS : 3300 spécimens ont été testés dont 355
(10,7%) étaient positifs: 233 (65,6%) MTB et 122 (34,4%)
MOTT. Les pourcentages de lames d’ AFB positives étaient
45% et 49% dansles spécimenscliniques positifspour MTB
& MOTT respectivement. Lamajorité des cultures postives
(72% desMTB et 91% desMOTT) provenaient du tractus
respiratoire. BACTEC s est avéréplusrapidequelLJ dans
la détection des mycobactéries (moyenne 9,6 jours pour le
BACTEC vs22,8jourspour LJ) quel quesoit lerésultat de
lacoloration AFB. Letempsdedéection par BACTEC &ait
inver sement proportionnel au grade de postivitédel’ AFB.
L e pour centage de positivité desméthodesBACTEC et LJ
éaient de91% et 77% respectivement.

ConcLusioN : BACTEC est plus sensible, efficace, et
rapide que LJ danslediagnostic desinfections a mycobac-
téries. Ce systéme permet auss une différenciation rapide
entreMTBet MOTT et la déection d’ unerésistance aux
antibiotiques parmi les souchesde MTB. Cependant I’ uti-
lisation simultanée de BACTEC et LJ est recommandée
pour obtenir desrésultats optimaux. Larapidité desrésul-
tatsest un outil important pour la conduite clinique et
pour le personnel dela santé publique afin d’initier rapi-
dement des mesures de contr6le desinfections.

INTRODUCTION

Mycobacterial infections especially tuberculosis (TB)
entails high morbidity and mortality and constitute a major
public health worldwide [1]. Infections with Mycobac -
teriumtuberculosis (MTB), especialy with the multidrug-
resistant strains (MDR-TB), and Mycobacterium spp.



other than tuberculosis (MOTT) have been increasing-
ly encountered globally including Lebanon [2-4]. Such
a situation poses several clinical challenges and public
health threats not only in developing countries but also
in developed ones. To subdue TB infections and mini-
mize their spread, several conventional, serodiagnos-
tic, molecular, and other techniques were developed to
facilitate and expedite detection, diagnosis, antimicro-
bial susceptibility testing and treatment [5-8]. In addi-
tion, concordant efforts to establish and implement
local, regional and global surveillance programs have
been emphasized in order to control this worldwide
threatening disease.

Despite the above noted diagnostic advances, cul-
ture still represents the cornerstone and the “gold”
standard for the definitive diagnosis of tuberculosis
and other mycobacterioses. Conventional culture
using the egg-based L owenstein-Jensen (LJ) slant or
agar-based Middlebrook medium takes along time and
has alow yield. To improve and speed the recovery of
culture, a broth-based medium together with a semi-
automated radiometric BACTEC 460 TB (BACTEC)
system was the first to be introduced in clinical labo-
ratories for the rapid diagnosis of mycobacteria in
the late 1970s by Becton Dickinson Microbiology
Systems (Cockeysville, Md. USA) [9]. The reliability
of thisrapid system was proven in subsequent studies
[10-12]. The concept of this system is based on metab-
olization of #C-labeled palmitic acid, as a growth
nutrient, which is converted to “CO, by the growing
mycobacteria [13]. To date, this system is widely
accepted and still considered the reference standard to
the other lately introduced nonradiometric alternative
automated systems for TB cultivation such as the
Mycobacteria Growth Indicator Tube (MGIT ; Becton
Dickinson), and MB Redox (Biotest AG, Dreieich,
Germany), MB/BacT/Alert (Organon  Teknika,
Durham, NC. USA), and the ESP |l (Difco Labora-
tories, Detroit, Mich. USA) [§].

In Lebanon, studies on the efficacy of culture in the
diagnosis of mycobacterial infections are nonexistent,
thus, justifying the rational for this study in presenting
the experience of a major tertiary care center in this
country. Therefore, this study was undertaken to reveal
the mycobacterial culture findings, particularly in com-
paring the performance of BACTEC TB vs the conven-
tional LJ medium in the laboratory diagnosis of myco-
bacterial infections at this institution.

MATERIALS AND METHODS

Patient’s isolates and study location

The M. tuberculosis isolates analyzed in this study
were collected from patients specimens investigated
at the clinical microbiology section of the American
University of Beirut Medical Center (AUBMC) between
January 1997 and December 2003. The specimen
sources of isolates, each obtained from one patient,
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were noted. The AUBMC is a major tertiary care
teaching hospital in Lebanon.

Processing of specimens, isolation and identification
of mycobacterial isolates

Processing of specimens and identification of isolates
were done by using standard methods[13-14]. Briefly, spec-
imens from contaminated sources were decontaminated by
the 2% N-acetyl-L -cysteine NaOH method for 15-20 min
and neutralized with phosphate buffer (pH 6.8). Smears
were made from specimen concentrates after neutralization
and stained with Ziehl-Ned sen (see below) for the presence
of acid-fast bacilli. Part (0.25 ml) of each decontaminated
specimen was inoculated onto one slant of Lowenstein-
Jensen (LJ) Medium (Becton Dickinson Microbiology
Systems, Cockesyville, MD) and another part (0.5 ml) was
also inoculated into Middlebrook 7H12 broth medium
(BACTEC 12B medium Becton Dickinson) supplemented
with PANTA (polymyxin 50 U/ml, amphotericin B 5 mg/l,
nalidixic acid 20 mg/l, trimethoprim 5 mg/l and azlocillin
10 mg/l) and with polyoxyethylene stearate (POES)
(Becton-Dickinson). BACTEC vidswere routinely primed
before inoculation to establish an atmosphere of 5% CO..
All mediawereincubated at 35-37°C for 8 weeks. Both the
LJmediaand BACTEC vials were examined three times
weekly for the first 3 weeks, and once weekly thereafter
until 8 weeks. Differentiation of mycobacteria as MTB
or MOTT was based on the p-Nitro-a-acetylamino-&-
hydroxy-propiophenone (NAP) BACTEC test [13].

Acid-fast stain (KINYOUN)

The preparation, performance and interpretation of
acid-fast bacilli (AFB) stain was done according to stan-
dard procedure [15]. Briefly, smears were prepared by
spreading the sample on the slides. They were air dried
and heat fixed. The smear was flooded with carbol-
fuchsin and let stand for 5 min, then rinsed with tap
water. Decolorization was done with acid acohol for
1 to 2 min or until no more dye runs off the slide.
Subsequently, the dlides were rinsed with tap water and
counterstained with methylene blue, by flooding the
dlides and keeping the stain for 30 sec. Then, the dlides
wererinsed with tap water, air dried and examined under
oil immersion for at least 15-20 minutes prior to caling it
as negative (none seen). Acid-fast organisms stain pink-
red ; the background and other organisms stain blue.

Grading of positive smears was done using the fol-
lowing criteria based on the number of AFB in the smear
under oil immersion field (OIF) : Negative = No AFB
seen in the entire smear (100 fields) ; Rare = 1-9 AFB/
100 fields ; Few = 10-99 AFB/100 fields ; Moderate =
1-10/0OIF ; Numerous > 10/OIF [15].

Quality control

Quality control of culture media was done using
Mycobacterium tuberculosis H37Rv (ATCC 27294) and
that for AFB smear was by using M. tuberculosis H37Rv
and Escherichia coli (ATCC 259220).
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TABLE |
DISTRIBUTION OF RECOVERED MTB AND MOTT
ISOLATES BASED ON CLINICAL SPECIMEN SOURCE

TABLE 11
OVERALL COMPARISON BETWEEN BACTEC TB vsLJ
IN RECOVERY OF MTB AND MOTT

SPECIMEN Number (%)* of isolates
MTB (n = 233) MOTT (n =122)

SPUTUM 167 (72) 111 (91)
LYMPH NODES 19 (8) 1()
GASTRIC ASPIRATE 7 (3) 0

CSF 8(3) 0
ASCITIC FLUID 10 (4) 0

SKIN BX 6 (3) 4 (3)
URINE 2 (1) 4 (3)
OTHERS™ 14 (6) 1(1)

*Decimal numbers were rounded

**Others « For TB : 3 vertebral abscess, 2 paraspinal mass,
1 skin abscess, 1 body fluid, 1 pleural biopsy, 1 fistula swab,
1 synovial fluid, 1 leg skin biopsy, 1 scrotal sac, 1 thyroid aspirate,
1 wound swab « For MOTT : 1 body fluid.

RESULTS

During the study period, 3300 specimens were pro-
cessed for mycobacterial investigation, yielding positive
cultures in 355 (10.75%). ldentification of the latter
revealed 233 (65.6%) M. tuberculosis complex (TB) and
122 (34.4%) MOTT. The percentages of AFB smear
positive findings were 45% and 49% in clinical speci-
mens yielding TB and MOTT, respectively.

Table | shows the source of tested specimensinrela -
tion to recovery of TB and MOTT. Though the isolates
originated from several types of specimen sources, most
isolates (72% of MTB and 91% of MOTT) were recov-
ered from respiratory specimens (Table ).

Table Il presents the overall comparison between
BACTEC and LJ in the recovery of MTB and MOTT.
Simultaneous growth in BACTEC and LJwas observed in
73% of MTB and 58% of MOTT isolates. However, 14%
and 17% of MTB and MOTT, respectively, grew only in
BACTEC. These were missed by LJ, thus showing the
importance of BACTEC. On the other hand, few cultures
(9% of MTB and 10% of MOTT) grew only on LJ.

BACTEC & LJ Number (%) of Isolates
RECOVERY STATUS* MTB MOTT
(n =233) (n=122)
Pos. BACTEC - Pos. LJ 170 (73) 71 (58)
Pos. BACTEC - NeG. LJ 32 (14) 21 (A7)
Nec. BACTEC - Pos. LJ 21 (9) 12 (10)
Pos. BACTEC - CoNnT.** LJ 10 (4) 18 (15)

*The overall recovery rate for BACTEC was 322/355
isolates (91%) and for LJ 274/355 (77%).

**Cont = contamination : the overall contamination rate among
all (3300) the parallel tested specimens was 3.8% for BACTEC
and 11.4% for the LJ.

Overall, the highest recovery rate in culture was obtained
from BACTEC [322 of 335 (91%) isolates] compared to
LJ[274 of 335 (77%) isolates] (Tablell). The superiority
of BACTEC to LJin recovery of mycobacterial isolates
was observed regardless of the specimen source.

Table Il presents the overall time (days) to detection
of MTB in BACTEC and LJ requested for AFB staining
and yielded positive culture. BACTEC yielded signifi-
cantly earlier detection of isolates than LJ. The mean
time among negative AFB smear in BACTEC vsLJwas
13.4 days vs 26.4 days (p value < 0.000). Furthermore,
the time to detection was shorter with the increasing
category/grade of smear positivity. Overall, the mean
time of detecting MTB in BACTEC was 9.6 days (stan-
dard deviation [SD], 8.9 days) compared to 22.8 days
(SD, 14.3 days) for LJ (p value < 0.000).

DISCUSSION

In our study, the broth-based semi-automated radio-
metric BACTEC TB system showed higher recovery
rate and shorter time to detection of mycobacteria com-
pared to the solid-based conventional LJ mediumin a
clinical laboratory at atertiary care center in this country.
Other advantages of this system include, automated read-
ing of positive bottles, rather than by the manual obser-

TABLE Il

TIME TO DETECTION OF MTB FROM CLINICAL SPECIMENS IN BACTEC & LJvs AFB SMEAR CATEGORY

AFB SMEAR CATEGORY No. of isolates Mean days = SD to MTB recovery in p value®
BACTEC LJ

NEGATIVE 68 13.4+10.1 26.4+14.38 < 0.000

Few 32 9.9+89 20.1+ 10.6 < 0.000

MODERATE 19 8.6+6.8 204+ 143 < 0.005

NUMEROUS 54 50+5.2 20.7+15.0 < 0.000

ALL 173 9.6 £8.9 22.8+14.3 < 0.000

* Significant differences, p value £ 0.05.
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vations needed for the solid media, thus, decreasing tech-
nologist time, aswell as the ahility to perform identifica-
tion and susceptibility directly from the broth bottles,
thus, decreasing turnaround time of results. On another
hand, this system has a higher cost per test compared to
LJ, and though negligible and not requiring major atten-
tion, the *C-labelled palmitic acid or released “CO, in
the bottles warrant some arrangement for storage and dis-
posal. Despite the latter possible concern and the intro-
duction of dternative non radiometric systems, the
BACTEC 460 remains the reference method for auto-
mated MTB detection and susceptibility methods.

The 10.7% overall isolation rate of acid-fast bacilli in
our study is close to the 9.3% average rate (range from
4.8% to 20.5%) reported in the meta-analysis study by
Cruciani et al. [16].

The higher recovery ratesof BACTEC vsLJfor MTB
(91% vs 77%) and MOTT (90% vs 68%) provides a
valuable advantage of BACTEC in avoiding false nega-
tive culture results. The recovery of MOTT in our study
was 34.4% and this rate falls within the 20-80% report-
ed rates globally. The latter reported wide range of
MOTT recovery is attributed to the different geographic
regions and types of patients investigated. These bacte-
ria are recognized to be acquiring increasing role as
pathogens causing pulmonary disease, disseminated dis-
ease, or both in immunocompetent and immunocompro-
mised individuals [4]. Though the importance of MOTT
is well recognized, the discussion below will be essen-
tially addressing findings pertaining to MTB.

In our study, the 91% recovery rate of MTB in
BACTEC is very close to those reported by Cruciani et
a. (90%) [16], Anargyros et al. (95%) [17], Manterola et
al. (89.9%) [18], and Somoskovi et a. (92.7%) [19]. On
the other hand, the 77% recovery rate of MTB in LJin
our study was lower than those reported by Anargyros et
al. (87%) [17], Manterola et al. (98.7%) [18] and Somo-
skovi et al. (81.8%) [19] but was amost similar to that
reported by Cruciani et a. (76%) [16]. The latter rate
was generated from a meta-analysis study comparing
BACTEC-MGIT and BACTEC-TB with or without
solid media for detection of mycobacteria.

The rapid detection of mycobacteria in culture is of
crucial importance for prompt diagnosis, treatment and
control of TB [5, 8]. Therefore, the introduction of
BACTEC TB system was warranted in order to shorten
the time needed for detection of such organisms [9]. In
regards to turnaround times in our study, BACTEC
showed significantly shorter mean detection times than
for LI medium. In BACTEC, the overall average detec-
tion time of MTB was 9.6 days, which falls between the
7.3 days and 16.6 days reported in other studies[16-21].

Among smear-positive specimens, the mean detection
time in BACTEC was shorter compared to smear-nega-
tive specimens as shown in our study (7.2 days vs 13.4
days) and as reported by Cruciani et al. (11.6 days vs
18 days) [16], Somoskovi et a. (13.8 days vs 17.7 days)
[19], Pfyfer et a. (9.3 days vs 15.6 days) [22], and
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Scarparo et al. (11.7 days vs 21.3 days) [23].

In our study as well as in others, the mean detection
times of MTB in BACTEC was shorter than for the con-
ventional LJ medium. The average detection timein LJ
in our study was 22.8 days. This falls between the 19.4
days and 26.1 days reported in the literature [16-18, 20].

Among theliabilities of processing specimensfor cul-
ture is the breakthrough contamination of media (pre-
sumptively positive medium subsequently found posi-
tive for bacteria other than acid-fast bacilli). In our
study, the overall contamination rate (exclusive to respi-
ratory specimens) in BACTEC TB was lower than LJ
(3.8% vs 11.4%) among the 3300 specimen processed
and cultured in parallel. These findings are comparable
to what was reported in the literature. The lower conta-
mination rates in BACTEC TB were also reported by
other authors even versus the newer nonradiometric ver-
sion, BACTEC MGIT. For example, the contamination
rates of BACTEC TB, BACTEC MGIT and LJin com-
parative studies were reported to be 4.4%, 8.6% and
12.8%, respectively, by Cruciani et a. [16], 11.7%, 13.2%,
and 14.7%, respectively, by Huang et a. [21] and 3.7%,
9.9% and 17.75%, respectively, by Tortoli et d. [24].

In our evaluation and despite the fact that the overall
recovery rates obtained with the BACTEC TB systems
are clearly higher than those achieved with solid media,
BACTEC missed 9% of MTB and 10% of MOTT iso-
lates. On the other hand 14% of MTB and 17% of
MOTT were missed by LJ. Such a finding was also
reported by others[16, 24]. Because of these problemsin
sengitivity and to maximize recovery of mycobacterial
isolates, the combined use of one liquid medium and one
solid medium was recommended by the Centers for
Disease Control and Prevention, and nowadays the use
of such a combination is acknowledged worldwide [25].

In conclusion, this study showed significantly higher
rates of recovery and a shorter time to detection of
mycobacteriain clinical specimens culturedin BACTEC
TB compared to the conventional LJ medium for overall
mycobacteria as well as for each AFB smear result.
Despite this valuable accuracy of BACTEC and its conve-
nient technology, the combination of liquid-based with
solid media, remains the “gold standard” for diagnosis of
acid-fast bacilli. Moreover, the BACTEC entails other
interesting festuresincluding the efficient and rapid differ-
entiation of MTB from MOTT and the reliable suscepti-
bility testing on MTB isolates. These favorable features,
coupled with an elevated diagnostic accuracy on aimost al
of the clinically most important Mycobacterium species,
make the BACTEC system in combination with conven-
tional solid mediaavaluable system in the laboratory diag-
nosis of mycobacterial infections.

ACKNOWLEDGEMENTS
The authors would like to thank Dr. Simon Khalifeh
for his assistance in the statistical analysis of the data.

Lebanese Medical Journal 2005 « Volume 53 (4) 211



REFERENCES 7th ed. Washington, DC, USA : American Society for
Microbiology, 1999 : 399-437.

1. Cegielski PP, Chin DP, Espina MA et a. The global 15. Smithwick RWS. Laboratory Manual for Acid-Fast
tuberculosis situation. Progress and problems in the 20th Microscopy. Atlanta, Georgia, USA : WHO and US
century, prospects for the 21st century. Infect Dis Clin Department of Health, Education, and Welfare, Public
North Am 2002 ; 16 : 1-58. Health Service, CDC, 1976.

2. AzizMA, Wright A, De Muynck A, Laszlo A. Anti-tuber- 16.  Cruciani M, Scarparo C, MaenaM, Bosco O, Serpelloni G,
culosis drug resistance in the world. Third global report Mengoli C. Meta-Analysis of BACTEC MGIT 960 and
1999-2002. WHO/HTM/TB/2004.343. Geneva 2004. BACTEC 460 TB, with or without solid media, for detection

3. Arg GF, Itani LY, Kanj NA, Jamaeddine GW. Com- of mycobacteria. JClin Microbiol 2004 ;42 : 2321-5.
parative study of antituberculous drug resistance among 17. Anargyros P, Adtil DSJ, Lim ISL. Comparison of
Mycobacterium tuberculosis recovered at the American improved BACTEC and Lowenstein-Jensen media for
University of Beirut Medical Center : 1996-98 vs 1994- culture of mycobacteria from clinical specimens. J Clin
95. Leb Med J 2000 ; 48 : 18-22. Microbiol 1990 ; 28 : 1288-91.

4. Wagner D, Young LS. Nontubercul ous mycobacterial in- 18. Manterola M, GamboaF, PadillaE et al. Comparison of
fections : aclinical review. Infection 2004 ; 32 : 257-70. nonradiometric system with BACTEC 12B and culture on

5 Arg GF. Tuberculosis : Resurging disease with new egg-based media for recovery of mycobacteriafrom clinical
dimensions - Current status and new trends in laboratory specimens. Eur JClin Microbiol Infect Dis1998; 17: 773-7.
diagnosis. Leb Med J 1994 ; 42 : 126-33. 19. Somoskovi A, Kodmon C, Lantos A et al. Comparison of

6. American Thoracic Society Workshop Report. Rapid recoveries of Mycobacterium tuberculosis using the
diagnosis for tuberculosis : what is the appropriate use ? automated BACTEC MGIT 960 system, the BACTEC
Am JRespir Crit Care Med 1997 ; 155 : 1804-14. 460TB system, and Lowenstein-Jensen medium. J Clin

7. Arg GF, Tahouk RS, Itani LY, Jaber W, Jamaleddine Microbiol 2000 ; 38 : 2395-7.

GW. Comparative performance of PCR-based assay vs 20. Alp A, Hasceik G. Comparison of BBL mycobacteria
microscopy and culture for the direct detection of Myco - growth indicator tube (MGIT) method, BACTEC radio-
bacterium tuberculosis in clinical respiratory specimens metric system and Lowenstein-Jensen culture media for
in Lebanon. Intl J Tuber Lung Di 2000 ; 4 : 877-81. the detection of mycobacteria in clinical specimens.

8. Heifets L. Dilemas and relities of rapid diagnostic tests Mikrobiyol Bul 2002 ; 36 : 229-35.
for tuberculosis. Chest 2002 ; 118 : 4-5. 21. Huang TS, Chen CS, Lee SS, Huang WK, Liu YC.

9. Middelebrook G, Riggiardo Z, Tigertt WD. Automatable Comparison of the BACTEC MGIT 960 and BACTEC
radiometric detection of growth of M. tuberculosisin selec- 460TB systems for detection of mycobacteriain clinical
tive media. Am Rev Respir Dis 1977 ; 115 : 1066-9. specimens. Ann Clin Lab Sci 2001 ; 31 : 279-83.

10. Roberts GD, Goodman NL, Heifets et al. Evauation of 22.  Pfyffer GE, Welscher H-M, Kissling P et a. Comparison
the BACTEC radiometric method for recovery of myco- of the Mycobacteria Growth Indicator Tube (MGIT)
bacteria and drug susceptibility testing of Mycobac - with radiometric and solid culture for recovery of acid-
terium tuberculosis from acid-fast smear-positive speci- fast bacilli. J Clin Microbiol 1997 ; 35 : 364-8.
mens. J Clin Microbiol 1983 ; 18 : 689-96. 23.  Scarparo C, Piccoli P, Rigon A, Ruggiero G, Ricordi P,

11. Park CH, Hixon DL, Ferguson CB et a. Rapid recovery of Piersimoni C. Evaluation of BACTEC MGIT 960 in
mycobacteria from clinical specimens using automated comparison with BACTEC 460TB for detection and
radiometric technique. Am J Clin Pathol 1984 ; 81 : 341-5. recovery of mycobacteria from clinical specimens.

12. Kirihara JM, Hiller SL, Coyle MS. Improved detection Diagn Microbiol Infect Dis 2002 ; 44 : 157-61.
times for Mycobacterium avium and Mycobacterium 24. Tortoli E, Cichero P, Pierssmoni C, Simonetti MT, Gesu
tuberculosis with the BACTEC radiometric system. J G, NistaD. Use of BACTEC MGIT 960 for recovery of
Clin Microbiol 1985 ; 22 : 841-5. mycobacteria from clinical specimens : multicenter

13. Siddigi SH. BACTEC TB SYSTEM Product and Pro- study. J Clin Microbiol 1999 ; 37 : 3578-82.
cedure Manual . Becton-Dickinson, Maryland, USA, 1989. 25. Centersfor Diseases Control. 1995. Essential components

14. Metchock BG, Nolte FS, Wallace Jr RJ. Mycobacterium. of atuberculosis prevention and control program. Recom-
In : Murray PR, Baron EJ, Pfaler MA, Tenover FC, mendations of the Advisory Council for the Elimination of
Yolken RH, editors. Manual of Clinical Microbiology, Tuberculosis. Morb Mortal Wkly Rep 1995 ; 44 : 1-16.

ALY AT eLia ¥ 38 e Gy ((eadl) Ol A0 2 g%yt A dlaB g g pBad Bl p g%yt SUBNY i itd syl ST
3Lty Aadlall 2 g yeadl s al) wgs daglall stuaill (Ragyl) Juoh Luoling iouill 6 laill aghyadl (ye g peall sl Of = pgudoshl : 3> g0
U L L Slga Jaudy o yladll aghyadly QLW el 5ylad) Laysall @ yusd) g3l LA deladl doeiall Uada cilloliadl

i = Galidigt ey B > Ma oW g 530 s i yghy catth g slaill @il ol (ye g st il BACTEC 460 TB

O3S Lyl cifl eaal W (0 3 puinll iloesiaeally BACTEC - LJ e usdgedip® (s ploall agh ol g5 30 Alis 100 3 Laill 9 — iy plath
o Aple N Buagh ol e g5 300 19S5 BACTEC - NAP Lt I it 30500l 58 culog 81 Budng ol (5 laith gl ol o 3 ity
eyl o0m 2 el Yoo (aacans) Jo 0yailS s 188V (uliy) Ll oysils

L Ll 50 a2 (AVE,6) VY9 a6 hd gy (410 ,1) YYY bl () +,¥) Lgka Y00 lSgTa3 gl TY+ o il — i
Alal o Lol st A8 iouald Aple W s el Z3Leil 2 /80 OIS (Guslitly memdl agkis aghya) AFB dple¥ cileiainll
Ot el S — (aie) (e § el 92 BACTEC o)f ity -4805gh Ll s 33950a 78% cppuidl yudg VY (ol Ak M1 3Ll
Te 2aline ci\S BACTEC dlacalys ool Sty creain — (sl Logy Y, A Jylie BAGTEC ol sy Logs 8,1 Tbacug) (5 plaall o g5 ol
IV S = 054l /4 Y BACTEC a3, lat 4,55l Lploe ¥ Huaaill . inammll Laglie @l poeld Lol ¥l 2 50l

Selly e A slall olag (s ladll gty SLLEYI (o ety — (i35 (e g pecly Alladg Luokun ;ST BACTEC — it
e poo 01 8 L M Syl Las et — Oikigly BAGTEC Jlaieals pranly 33 pog ouill yudg ioutil) 5 pladl o yndl ooy gyl
O Aot aliah 11 $5heug Tay pw 3Lt Lo @ g sty Asbadl Aoeaall (yliin 2 Jans (L T s oo ol el





