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Mtp-40 and Alpha Antigen Gene Fragment Amplification for the
Detection of Mycobacterium tuberculosis in Colombian
Clinical Specimens
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In this study, the use of Mtp-40 and alpha antigen polymerase chain reaction (PCR) amplification fragments for
the precise tuberculosis (TB) diagnosis was evaluated. One hundred and ninety two different samples were obtained
from 113 patients with suspected TB. Mtp-40 and alpha antigen protein genes were amplified by the PCR technique
and compared to both the “gold standard” (culture) test, as well as the clinical parameters (including a clinical
record and X-ray film exam in 113 patients). Thirty-eight of the 113 patients had a presumptive clinical diagnosis of
TB; 74% being detected by PCR technique, 58% by culture and 44% by direct microscopic visualization. We
conclude that it is possible to use PCR as a suitable technique for the detection of any mycobacteria by means of the
alpha antigen product, or the specific infection Mf/cobacterium tuberculostsy means of the mtp-40 gene. This
might be a good supporting tool in difficult clinical TB diagnosis and pauci-bacillary cases.
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Despite the advances in the handling of infectiousal and therapeutic decisions (De Wit et al. 1990). In past
diseases and the availability of an effective short courgears, several molecular biology-based techniques have
of chemotherapy (DOTS) and the administration of a BCBeen developed to improve the sensitivity, specificity and
vaccine, the tubercle bacillus continues to cause mospeed foM. tuberculosidetection. For example, poly-
deaths than any other single infectious agent throughautrase chain reaction (PCR) has been used farber-
the world (Snider et al. 1994). culosisdiagnosis in different tests and has been shown

In recent years, there has been an increased incidetede as sensitive as or better than the gold standard test
of tuberculosis (TB) in both developing and industrial{Del Portillo et al. 1991, Manjunath et al. 1991, De Wit.et al
ized countries, as well as an increase of drug-resistal892). The PCR technique involves amplifying different
strains and synergy with the human immunodeficienayenetic elements used as templates within mycobacteria,
virus (HIV). In Colombia the incidence of TB is 19.5 casesuch as DNA, rRNA (Jonas et al. 1993) or single copy
for every 100,000 people. A total of 13,000 cases of Tgenes encoding 65 or 38 kDa structural proteins (Kaneko
were recorded in 1999 alone (Ministerio de Salud de Cet al. 1990, Sjobring et al. 1990, Brisson-Noél et al. 1991).
lombia 1999). The World Health Organization (WHO)The PCR technique is usually used to amplify variable
estimates that by the year 2020, nearly one billion peoplesertion element sequences, for example 1IS6110 (De Wit
will be newly infected, 200 million people will become sicket al. 1990, Eisenach et al. 1990, Thierry et al. 1990). Our
and 70 million will die from TB if existing controls are notgroup decided to focus its PCR approach on using alpha
strengthened (WHO/OMS 1998). antigen, abundantly secreted into the culture superna-

Even though a presumptive diagnosis of pulmonanant of a variety of mycobacterial species (Borremans et
TB is usually established on a clinical basis (the patienta. 1989), and thkl. tuberculosispecies-specific Mtp-40
radiological and medical record), a definitive TB case ifagment. The alpha antigen, also called MPB59 belongs
established by two traditional methods: microscopic exe the 85 complex. This complex is codified by three ho-
amination of acid-fast stained smears and culturing in symologous but distinct structural genes (Ag85A, Ag85B,
thetic media. Although Ziehl-Neelsen staining is a rapidg85C), displaying genetic diversity in species of slow
and inexpensive method, it lacks sensitivity and can ongnd fast growing mycobacteria (Wiker et al. 1990, Kitaura
detect 10,000 organisms/ml or greater in a sample. Taeal. 1993). The species-specific Mtp-40 gene, identified
“gold standard” diagnosis for TB is the culturingMy- by our group, has been previously used in several stud-
cobacterium tuberculosi$iowever, it takes a long time ies as a target element for identificatiorvbftuberculo-
to obtain a result in the laboratory, thereby delaying clinsis(Del Portillo et al. 1991, Herrera & Segovia 1996, Faizal

etal. 1996, Del Portillo et al. 1996, Marchetti et al. 1998).
This fragment encodes a 14 kDa protein belonging to the
phospholipase C family and hybridises onlyvtotuber-
culosisDNA but not to DNA from other mycobacterial
+ ; S4BT _aspecies, includinil. tuberculosisomplex species (Parra
r(%c;rbe; p;][nodr:g(g)&uitgig.rblr:; )é'0+57 1-4815269. Ext. 108. E ma@t al. 1991). Recent studies have shown that the Mtp-40
Received 15 February 2002 fragment was not always present inMll tuberculosis
Accepted 21 August 2002 clinical isolates (Weil et al. 1996, Vera-Cabrera et al. 1997).
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In the present study, we have evaluated the suitability pH 8.0, plus 1 mM EDTA pH 8.0). Each sample was incu-
the PCR technique in different samples from a group bkated at 37°C with vigorous shaking for 1.5 h in the pres-
113 Colombian patients, amplifying both the Mtp-40 anénce of lysozyme (2 mg/ml). The bacterial and cell mem-
the alpha antigen gen@$he second target gene was useliranes were lysed by increasing the temperature to 65°C
for screening patients who presented TB symptoms; tl@d adding sodium dodecyl sulphate and proteinase K
Mtp-40 gene was used exclusively for spedifictuber-  (Sigma, St. Louis, Mo.) to final concentrations of 1% and
culosisidentification. When positive results were found250 pg/ml, respectively. After 1.5 h incubation, the DNA
by both Mtp-40 and alpha antigen in the same sample, tivas extracted with chloroform-isoamyl alcohol mix (24:1)
presenceM. tuberculosiswas inferred. A result which and later precipitated with 0.6 volume of isopropanol. The
was positive for the alpha antigen but negative for Mtppellet was re-suspended in 1X Tusum samplesne
40, strongly suggests that any mycobacteria, different fromolume of sterile distilled water was added to 200 pl ali-
M. tuberculosiswas being detected. Nevertheless, sinaguot of sputum and incubated at 95°C for 10 min. The
some raré. tuberculosiglinical isolates lack the DNA sample was centrifuged at 14,000 rpm for 10 min and the
fragment encoding the Mtp-40, the presence of one péllet suspended in 10X TE. The DNA was isolated by
these isolates in the sample cannot be conclusively dike method described abou®opsies each sample was
carded. fragmented using a razor-blade, suspended in 10X TE and
MATERIALS AND METHODS ﬁlrj?é:izsrﬁ;:sccording to the method already described for
Clinical group -The clinical records of agroup of 113 pCR primers Two sets of primers were used for PCR
patients, ranging from 3 months to 82 years old, with sugmplification. Generic primers MT1 (5-TTCCTGA
pected TB were studied retrospectively. The group Wa@CAGCGAGCTGCCG-3') and MT2 (5- CCCCAGTACT
composed of in-patient and out-patient cases, variousfCCAGCTGTGC-3") were designed to amplify the alpha
attending Hospital Santa Clara, Clinica Colsubsidio anghtigen present in all reported mycobacteria (Matsuo et
Hospital San Juan de Dios, all located in Bogota, Colomat, 1990, 1998, Kitaura et al. 1993, Ohara €1%93). Spe-
bia, between October 1996 and October 1998. Fifty-thre@es-specific primers PT1 (5-CGGCAACGCGCCG
percent (60/113) of the patients presented one or variopgs GGTGG-3') and PT2 (5'- CCCCCCACGGCACC
risk factors for TB disease, such as a previous contagtCGGG-3'), derived from our previously descrithéd
history with a diseased patient (23 cases), an HIV posiiberculosisMtp-40 gene fragment, were also designed
tive test (12 cases), a previous tuberculous disease((fe| Portillo et al1991). All primers were synthesised by
cases), malnutrition (7 cases), diabetes (5 cases), dfH@ solid-phase phosphite triester method on a Gene As-
abuse (4 cases) and Addison’s disease (1 patient). Tdgnbler (Pharmacia, Piscataway, New Jersey, USA) and
data was double-checked and non-matching laboratgsyrified in a 20% polyacrylamide gel (Maniatis efl&i89).
and clinical information was revised and corrected. Con- pCR amplification -Ten micro-litres from the sus-
tingency tables were drawn up in order to evaluate PGfgnded DNA were used for PCR under standard condi-
sensitivity and specificity in comparison with the “goldtions. All reactions were adjusted to a final 50 pl volume,
standard” technique for detectionMf tuberculosisIBM  containing: 1X reaction buffer (10 mM Tris-HCI (pH 8.3),
compatible computers, using statistical software (Epilnfgo mm KCI, 1.5 mM MgCI2 and 0.001% gelatin), ITai
version 6.04, CDC an_d Stata 5.0 for Windows, 1997), weNA polymerase, 0.1 mM of each deoxynucleoside triph-
used for data analysis. _ ~ osphate and 0.4 pM of each primer. A Perkin Elmer
Clinical samples A total of 192 samples including thermocycler (Perkin Elmer Cetus) was programmed for 25
sputumpronchoalveolar lavage (BAL), urine, gastric asamplification cycles as followst)(denaturation at 94°C
pirates, biopsy tissues, pericardic fluid, cerebrospinal fluighr 1 min andi{) annealing and extension at 74°C for 2 min
(CSF), ascitic fluid and pleural |IC]U|d, were obtained fromlor PT primers or 70°C for 1 min for MT primers_ The posi_
these 113 patients. Samples were taken from patientsigé PCR control was 100 ng DNA frok. tuberculosis
the time of a suspected TB diagnosis, with the exceptigg7Ry (ATCC 27294) and sterile distilled water was used
of two patients who were being treated for a period of twgs the negative PCR control. One positive and one nega-
months without any clinical improvement. Two containtive sputum sample were also included as controls for
ers were used for each sample, one for staining and cgkch procedure.
turing and the other for chromosomal DNA isolation. Dot blot and Southern blot analysiafter amplifica-
Staining and culturing All samples were previously tion, 10 pl PCR mix were boiled for 5 min, cooled immedi-
de-contaminated according to the Petroff technique (191%|y on ice and loaded onto a nylon Z_probe membrane
sediment was then suspended in 310 ml sterile distillggio-Rad). The membranes were air-dried and alkaline de-
water. Ziehl-Neelsen (ZN) staining required 10 pl of th@atured in 0.4 N NaOH and later neutralised in 2X SSC (2X
suspension and another 100 pl were inoculated into eag8C = 0.3M NaCl plus 0.03M sodium citrate). For South-
of three slope tubes (Lowenstein Jensen, Stonebrinkeen blot analysis, 10 pl sample were loaded onto a 1%
and Middlebrook 7H10) and incubated at 37°C for 4-8 wkggarose gel and alkaline transferred. Hybridizations were
The sterile samples (i.e. CSF, pericardic fluid) were prgrerformed according to the manufacturer’'s recommenda-
cessed without the de-contamination step. tions (Amersham International, Little Chalfont,
Chromosomal DNA isolation - Fluid sampl@s500 Buckinghamshire, England). Probes were obtained from
plaliquot was centrifuged for 10 min at 14,000 rpm and tleCR positive controls: 506 bp for MT primers and 396 bp
pellet resuspended in 10X TE (1X TE = 10 mM Tris-HCfor PT primers. Labeling was performed witf?P-dCTP
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(ICN Pharmaceuticals Inc.) by the Rediprime techniquiaken as the first choice. Among patients with a positive
(Amersham International). clinical diagnosis of TB, 15 were found positive by PCR,
Hybridization was done in a solution consisting of 2@ulture and bacilloscopy tests; 7 were found positive us-
ml for each 100 cfmembrane containing 1X SSC, 5Xing the PCR and culture tests; 2 were bacilloscopy posi-
Denhardt’s (5X: 0.5 g Ficoll Type 400, 0.5 g Polyvinylpyrtive with negative PCR and culture; 6 were only positive
rolidone, 0.5 g BSA Pentax Fraction V and H20 to 500 mlhy PCR and 8 patients presented negative results by all
0.5% SDS and 100 pg/ml salmon sperm DNA at 65°C. Afaboratory methods (Table 1). The last group was diag-
ter hybridization, membranes were washed twice in 1Xosed as being tuberculous by clinical findings and had
SSC and 0.1% SDS for 15 min at 65°C. They were washadk factors predisposing them to the disease (3 had a
twice againin 0.5 X SSC and 0.1% SDS for 15 min at 62°@ositive HIV test, 2 had a history of previous tuberculo-
Finally, they were washed twice in 0.1 X SSC and SDSIs diagnosis, 2 had a history of TB contact and 1 patient
0.1% for 15 min at 60°C. They were then exposed on Kodakas of advanced age).
X-Omat film, for 15-18 h at -70°C. The Dot Blot hybridization for some samples from dif-
RESULTS ferent patients and controls, using the radiolabeled Mtp-
] ] 40 PCR fragment as a probe (Fig. 1). Similar results were
One hundred and thirteen suspected TB patients (habtained for alpha antigen (data not shown). Southern
ing cough and expectoration, fever, weight-loss, anorexiglot analysis for alpha antigen and Mtp40-amplified frag-
adenopathies and other suggestive clinical signs afgknts from the same clinical samples (Fig. 2). PCR sensi-
symptoms according to the clinical criteria of the CO'Omﬁvity, expressed as a percentage (peop|e ha\/ing the dis-
bian Ministry of Health) (Ministerio de Salud de Colom-ease detected by PCR/total number of people tested hav-
bia 1995), were enrolled in the present study. For statisfirg the disease), was 100% [95% C.I. (Confidence Inter-
cal analysis of TB distribution, and taking into consideryal)] and its specificity expressed as a percentage (people
ation that 70% of the Colombian population is alreadyjithout the disease who were negative to the screening
infected by some type of mycobacteria, patients were dést/total number of people tested who did not have the
vided into 4 age groups: group 1: 0-15 years (59.3%); grodisease) was 93.4% (95% C.1.). Positive test PCR predic-
2:16-30 years (14.2%); group 3: 31-45 years (14.2%) afide value (people having positive diagnosis and positive
group 4: 45-86 years (12.4%). One hundred and ninefst/total people with positive test) was 78.6% and nega-
two samples (40 sputum, 12 BAL, 7 urine, 102 gastric aspjve test predictive value (people with diagnosis and nega-
rates, 7 biopsy, 2 pericardic fluid, 18 CSF, 1 ascitic fluiglve test/total people with negative test) was 100% (Table
and 3 pleural effusions) were analyzed by conventiongj,
methods and by PCR. Gastric aspirates corresponded to
more than 50% of the total, due to the high frequency ' 4
pediatric patients in the present study. '. . . . '. .
In case of multiple specimens taken from a single pi .
tient, the result was considered as being positive if i ’
least one of the specimens was positive. However, the .
were no discrepancies noted between multiple specime '. L
in terms of their smear, PCR, or culture results. As wit . ‘1
any diagnostic test, results should be interpreted with
the context of clinical findings. .
Having the clinical findings and/or response to therap
38 patients were shown to be TB positive by clinical dia¢
nosis. Of them, 27 (71%) had pulmonary TB disease amrg. 1: Dot blot hybridizatiorof Mycobacterium tuberculosisitp-
11 (29%) developed extra-pulmonary TB. The distribu40 specie-specific fragment, in some clinical samples and controls.
fion of TE by age groups was as follows: 12 cases 7 Sanvies Pesie suure Secloscony rd 08 L sampis
group 1; 7in grO,Up 2; 9 in group 3; a”‘?' :_I'O In group Agamples only Witr? P)é:R positive; 10-11: samples Wit?] all neéative
Also, 22 of 29 patients with pulmonary, milliary and pleUtaboratory methods; 12: negative chromosomal DNA extraction
ral TB presented thoracic X-ray study compatible with and PCR controls; 13: PCR Positive contfdl tuberculosisH37Rv
TB disease, according to the radiological parameters f@NA). (Dot blot hybridization for the alpha antigen fragment was
ported by the Colombian Ministry of Health (MinisterioS™!a"-
de Salud de Colombia 1995). PCR amplification and dot-
blot hybridization, using both Mtp-40 and alpha antigen
genes as targets, were performed on every sample ana-
lyzed. All positive PCR experiments showed hybridiza- DISCUSSION
tion of both Mtp-40 and alpha antigen genes, suggesting
that onlyM. tuberculosisvas present in the specimens ~ Timely identification of the infecting organism is im-
analyzed. Howevem. tuberculosisco-infection with portant due to the need for making patient management
other mycobacterieannot be discarded from our resultsgecisions concerning drug therapy, isolation precautions
there have only been two reports of such a case in thed prophylaxis. In the case bf. tuberculosisnfection,
literature (Massenkeil 1992, Fernandez & Chavez 19948arly identification is a prime goal for initiating chemo-
therefore, this interpretation of our results should not d6erapy and contact tracing to limit the spread of the dis-



1160 M. tuberculosis PCR Detection * Rosalba Alfonso et al.

ease. Until now, molecular biology techniques have oftudies (Committee on Infectious Diseases 1994).
fered advantages when compared to traditional methods Eight patients with no TB diagnosis by laboratory test
for TB diagnosis. presented risk factors predisposing them to the disease.
In the present study, the distribution of TB cases wakhese patients received anti-mycobacterial treatment and
slightly similar in the different age groups. The majoritytheir clinical status improved. Two of the patients (who
of the patients having a final diagnosis of TB presentedsted positive by ZN staining and negative for the other
risk factors, which predisposed them to the disease. Itdgetection methods) presented a recurrence of TB after
known that infants and children, who are exposed to aduftbandoning chemotherapy. It has been reported elsewhere
with pulmonary TB, comprise a group of individuals havthat patients having pulmonary TB may show positive
ing high infection risk. Other high-risk groups includesmears with negative sputum cultures at the end of the
people with human immunodeficiency virus (HIV) infec-therapy (WHO 1994-1997, Al-Moamary et 5999). Since
tion, drug abusers, low-income populations, those hettle introduction of rifampicin, the problem of positive
in correctional facilities and people with specific medicatmear with negative culture results has been due to po-
risk factors such as diabetes mellitus, chronic renal failutent anti-microbial activity, but the exact mechanism still
and immunosuppressive disorders, as described in otlmemains unclear ( Kaneko et al. 1990, Pierre a0&11).

TABLE |
Results of three different detection methodsMigcobacterium tuberculosdiagnosis compared with clinical standards
No. X-ray Samples ZN Culture PCR TB clinical
study stain diagnosis

1 Nd 1 Urine + + + Urinary

2 Com 1 BAL + + + Milliary

3 Com 3 Sputum, 3 GL + + + Pulmonary

4 Com 2 Sputum + + + Pulmonary

5 Com 1 Sputum, 3 BAL + + + Pulmonary

6 No Com 3 Sputum, 3GL + + + Pulmonary

7 Nd 1AA + + + Peritoneal

8 No Com 1RF + + + Pericardic

9 Com 1RF + + + Pericardic
10 Com 3GL + + + Milliary
11 Com 1 Sputum + + + Pulmonary
12 Com 1 Sputum + + + Pulmonary
13 Com 1 Sputum + + + Pulmonary
14 Com 1 Sputum + + + Pulmonary
15 Com 1 Sputum + + + Milliary
16 Com 1PF, 1PB - + + Pleural
17 Nd 1CSF - + + Meningitis
18 Com 2 BB - + + Spinal
19 Com 1 Sputum - + + Pulmonary
20 Com 1 Sputum - + + Pulmonary
21 No Com 1 Sputum - + + Pulmonary
22 Com 1 Sputum - + + Pulmonary
23 Com 2GL - - + Pulmonary
24 Com 3GL - - + Pulmonary
25 Com 1 Sputum - - + Pulmonary
26 Com 1 Sputum - - + Pulmonary
27 Com 1 Sputum - - + Pleural
28 Com 1 Sputum - - + Pulmonary
29 Com 1 Sputum + - - Pulmonary
30 Com 1 Sputum + - - Milliary
31 No Com 3 GL, 1 BAL - - - Pulmonary
32 No Com 3 GL, 1 BAL - - - Pulmonary
33 RUS com 1 Urine - - - Urinary
34 No Com 3GL - - - Pulmonary
35 No Com 3 GL, 1 BAL - - - Contact children
36 Nd 1CSF - - - Meningitis
37 Com 1CSF - - - Meningitis
38 No Com 1 Sputum - - - Pulmonary

TB: tuberculosis; Nd: X-Ray film not determined; Com: X-Ray film TB compatible; No Com: X-Ray film not TB compatible; RUS:
renal ultrasound; BAL: bronchoalveolar lavage; GL: gastric lavage; AA: abdominal abscess; PF: pleural fluid; PB: pleural biopsy
CSF: cerebrospinal fluid; MB: pulmonar biopsy; RF: pericardic fluid; BB: bone biopsy; ZN: Ziehl-Neelsen; +: positive test (dot
hibridization with both probes); -: negative test
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Fig 2: Southern blot hybridization patterns for the same samples shown in Fig. 1, using radiolabeled generic alpha antigen deMién(A) an
40 (B) fragments.

TABLE I percentage was significantly higher than the results ob-
Polymerase chain reaction (PCR) sensitivity and specificitytained from culture and bacilloscopy: 58% (22/38) and 44%

17/38) respectively.
Method Culture (+) Culture () otal ( Am)ong Ii[)he mai>|/1 problems found in routine PCR use
PCR (+) 22 6 28 as adiagnostic technigue is cross-contamination, this can
PCR () 0 85 85 be overcome with the adequate selection of internal con-
Total 22 91 113 trols for both reagents and sample during the set-up pro-

cess. In spite of the technical difficulties inherent in the
methodology and its relatively high price, the cost-ben-
&fit balance needs to be addressed, since the improve-
ment in pauci-bacillary detection is clearly enhanced. In
our study, PCR was able to detect 15.8% (6/28) cases more
than the culture; this last group corresponding to patients
Our aforementioned two patients also presentedvéth a difficult diagnose, from whom it was not possible
negative PCR test for both Mtp-40 and alpha antiget take good quality samples and who had low bacillary
Although PCR inhibition by anti-tuberculosis drugs hagharge (children and elderly people).
not been reported to date, several inhibitory factors, in- The pulmonary form of TB is usually presented (71%
cluding antibiotics, have been described in a standa@fi cases) and constitutes an epidemiological risk in the
PCR procedure (Wilson 1997). This fact, in addition to theopulation, given the greater dissemination of the bacilli.
ongoing rifampicin treatment that these two patients wet8 this study, group 1 (infants and children) was consid-
following suggests that this antibiotic might be resporgrably more important because it represents more than
sible for the PCR negative results. Consequently, pPdRif of the patients where difficult diagnosis occurs due
was not a useful tool for TB diagnosis in the case of thetie pauci-bacillary infections and because most of them
two patients who had had various months of chemdave a previous history of TB contacts. Our data corre-
therapy, since false negative results could have belgtes with previous reports, showing thattuberculosis
present in the culture and PCR in spite of having hadcauses the highest incidence of both pulmonary and ex-
positive bacilloscopy. tra pulmonary TB cases in Colombia (Ministerio de Salud
Culturing is considered to be the “gold standard” foge Colombia 1999).
confirming a TB diagnosis. However, it is expensive, time- Previous studies using Mtp-40 in combination with
consuming, the results are only available 4-6 weeks latefher target genes have shown that its amplification con-
and it is not very sensitive in pauci-bacillary cases. Takers a good sensitivity and specificity in the detection of
ing culture as a reference test for confirming TB diagndM. tuberculosisn clinical samples (Herrera et al. 1996b,
sis in this study, PCR sensitivity and specificity was 10094/i et al. 1999). Another commonly used target gene tested
and 93.4% respectively. By this method, we were able ®the insertion sequence 1S6110, present ivtheber-
detectM. tuberculosisn 74% (28/38) of the cases, beingculosiscomplex. This method lacks ti& tuberculosis
positive to both the mtp-40 and the alpha antigen. Thgrain-specific detection capacity and, because of its de-

Sensitivity (95% C.1.): 100%; specificity (95% C.l.): 93.4%
(88.3%-98%); predictive value of a positive test: 78.6%
predictive value of a negative test: 100%
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letion in someM. tuberculosisstrains, the demonstration by polymerase chain reaction using a species-specific gene.

of these mycobacteria cannot always be achieved (Yuen Int J Derm35: 185-188.
etal. 1993, Agasino et al. 1998). Fernandez DF, Chavez F 19%4ycobacterium scrofulaceum

In this study, the utility of two independent amplifica- and Mycobacterium tuberculosisoinfection in an AIDS

. S ; patient.Med Clin (Barc) 102799.
tions, recognising the presenceMf tuberculosisand .Herrera EA, Segovia M 1996. Evaluation of mtp-40 genomic

rer‘]Iated mﬁ/cobact(_arla! Infefct;]ons In Clmlc.:al Samplei, S fragment amplification for specific detectionM§cobacte-
shown. The combination of these genes increases the TByj,m yperculosisn clinical specimens] Clin Microbiol

diagnostic spectrum and confirms thattuberculosiss 34 1108-1113.

responsible for the infection when both the alpha antigeferrera EA, Perez O, Segovia M 1996. Differentiation between
and Mtp-40 tests are positive. If PCR for alpha antigen is Mycobacterium tuberculosedMycobacterium boviby
positive and negative for Mtp-40, then the presenéé. of a multiplex-polymerase chain reactidmppl BacterioB0:
tuberculosiscannot be discarded. According to our re- 596-604. _

sults, all those clinical isolates, positive fdrtuberculo- JonasV, Alden MJ, Curry JI, Kamisango K, Knott CA, Lankford

sis analysed in this study contain the Mtp-40 gene. R, Wolfe JM, More DF 1993. Detection and identification
of Mycobacterium tuberculosirectly from sputum sedi-
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