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The need for early diagnosis of tubercu-
losis, particularly in HIV-infected patients,
requires the development of diagnosis
methods that have a high sensitivity and
specificity, as does the nucleic acid-based
technology. With the purpose of improv-
ing the detection of mycobacterium in dif-
ferent clinical samples, we proposed and
evaluated an assay based on nucleic acid-
amplification: heminested-PCR (Henes-
PCR). The procedure was designed to
identify Mycobacterium spp., M. tubercu-
losis complex (MTC), and M. avium com-
plex (MAC), although it has the potential
to include more primers for the identifica-
tion of other species. Analytical and clinical
evaluation of Henes-PCR was performed by
analysis of reference strains and 356 clini-
cal specimens from 246 patients with pul-
monary and meningitis tuberculosis and
unrelated infections, including 142 HIV-

sults were obtained in specimens from pa-
tients with tuberculosis and non-tuberculo-
sis infection, respectively. The overall
sensitivity of Henes-PCR was 93.4%,
specificity was 100%, positive and nega-
tive predictive values were 100 and 91.1%,
respectively. Sensitivity and negative pre-
dictive value of Henes-PCR were signifi-
cantly higher than culture procedure for
microscopy-negative specimens. Even
though frequency of HIV infection was
higher in patients with tuberculosis, diag-
nostic parameters of Henes-PCR were
similar between HIV-positive and HIV-
negative patients. MTB was identified in
194 (98%) specimens while MAC was de-
tected in 5 (2%) specimens. These find-
ings suggest that Henes-PCR is a useful
test for rapid detection of mycobacterium
in clinically suspected cases of tuberculo-
sis with smear-negative results. J. Clin. Lab.

infected individuals. Ninety-three percent
(199) positive and 100% (143) negative re-
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The resurgence of tuberculosis is a worldwide public heattiberculosis in HIV-infected patients (5). HIV infection is
problem, but the risk of infection is heightened in developircpnsidered the most potent known risk factor for reactivation
countries. The predicted estimate for the present decadefifatent M. tuberculosisnfection, as is the multiple drug-
approximately 90 million new cases of tuberculosis of whiaksistant (MDR) mycobacteria strains (6).

8 million are associated with human immunodeficiency virus The World Health Organization (WHO) estimated that in
(HIV) infection; 30 million of deaths are expected (1). countries of the American continent, except the United States

In industrialized countries such as the United States, the
number of notified cases of tuberculosis increased 14% from
1985 to 1993 (2). However, in 1996 new cases of the disegggt sponsor: CAPES-Brazil.
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and Canada, the incidence of tuberculosis will rise abdhe DNA coding highly conserved region of the 16S rRNA

650,000, of which 97,000 will be coinfected with HIV by thé16S rDNA) of mycobacteria have been propo&Edl21—

year 2000 (1). In Brazil, the number of new cases of tuber@B).These assays allow identifyiMy tuberculosisand other

losis reported from 1980 to 1997 increased from 80,000Ntycobacteriunspecies in culture isolates or in clinical speci-

90,000 (7). In S&o Paulo State (Brazil) the incidence of tubarens using detection systems with several probes, associ-

culosis was approximately 19,000 in 1995, similar to that afed or not to colorimetric methods.

1994. In 18% of the patients with tuberculosis, HIV infection We proposed and evaluated an assay based on nucleic acid

was associated. The mortality of tuberculosis patients for gn@plification, heminested-PCR (Henes-PCR), for improving

same year was about one-tenth of the incidence. In S&o P#utodetection of mycobacteria directly in different clinical

City, where this study was conducted, the incidence of tubspecimens. Henes-PCR was designed to ideviifjobacte-

culosis is the highest of the country (69.1/100,000 inhahitum spp., M tuberculosiscomplex MTC), and M. avium

ants).The pulmonary tuberculosis that is the most relevacomplex MAC), although being potentially able to include

clinical form on epidemiological viewpoint was found in 77%nore primers for the identification of other species. In the

of patients with tuberculosis (7,8). present work, analytical and clinical performance of Henes-
Hospitals, clinical laboratories, and public health orgarirCR was evaluated using reference mycobateria strains and

zations play an important role in tuberculosis-control prdifferent clinical specimens from patients with tuberculosis

gramsThe efficacy of these programs can be achieved througgsociated or not with HIV infection.

the timely detection and identification of mycobacteria, in

order to institute adequate treatment (9). The clinical presgiaTERIALS AND METHODS

tation of tuberculosis in HIV-infected patients is often atypi- )

cal, and disseminated and extrapulmonary forms of the disegdgical Specimens

are common (10). These atypical features contribute to deTpree hundred fifty-six clinical specimens were collected
lays in the diagnosis and appropriate treatment of tubercuigmm 246 patients at the Institute of Infectology, Sao Paulo,
sis. Moreover, HIV infection is an important risk factor fOBraziI, after the Hospital Ethics Commission of the institu-
tuberculosis caused by multiple drug-resistant (MDR) straifign approved the project. These patients were separated in
(11). Thus, particularly in HIV-infected patients, delay in diyyq groups according the diagnosis of tuberculosis (group 1)
agnosis of tuberculosis is at great cost to the country (12)and non-tuberculosis (group Il) infection. Pulmonary and
The current laboratory diagnosis of tuberculosis is basgféningitis tuberculosis were confirmed by clinical (produc-
on mycobacteria detection by microscopy (acid-fast baciie cough, hemoptysis, weight loss) and radiographic find-
orAFB) and culture along with biochemical methods for Spggs andjor positive culture and microscopy tests. Group |
cies identification (13). Known drawbacks are those concepas comprised of 151 patients (213 samples) with tuberculo-
ing the microscopy method, which although being rapid ag@ that included 120 (79.5%) HIV-infected individuals. Group
cost effective, lacks sensitivity and fails to identify the Spg-had 95 patients (143 samples) who presented non-tubercu-
cies. In addition, the culture methods, including BACTE(gsjs infections such aysticercus cellulosaeNeisseria
are more sensitive than microscopy, but it may take more thﬁ@ningitidis Escherichia coli Staphilococcus aureyigie-
five weeks for the mycobacterial detection and identificatiqﬂoph“us influenzaé egionella pneumophil@neumocystis
in clinical samples. carini, Criptococcus neoformanandCandidaalbicansin-

Other important issue is the increased frequency of N@getions. This group included 47 (49.5%) patients with HIV
tuberculosis mycobacterium, such Bk aviumand M. jnfection.

fortuitum complex, isolated from pulmonary and extra-pul-
monary infections, bringing epidemiologic implications fo
treatment and prognosis of the disease (14,15).

These pointed factors have stimulated the development oSpecimens were treated with NALC-NaOH reagent con-
more sensitive and rapid tests for mycobacteria detection ttaaning 0.5% N-acetyl-L-cysteine (Sigma Chemical Co., St.
can reduce diagnostic delay, and can establish early appasis, MO) and 2% NaOH (Merck SA, RJ, Brazil), as previ-
priate treatment, particularly for HIV-infected patients.  ously described (24). Briefly, a volume of specimen was mixed

In recent years, the polymerase chain reaction (PCR)a4th an equal volume of NALC-NaOH and incubated at room
capable of detecting a small number of mycobacteria baseghperature for 15 min. A volume of 40 mL of 0.5M sodium
on the DNA amplification—has been proposed for use in thhosphate buffer (0.5 M MdPQ,, 0.5 M NaHPQ,, pH 6.8)
rapid diagnosis of tuberculosis. Several mycobacterial targets added to the mixture, and centrifuged (12gdor 15
genes have been investigated (14—17) in assay systems wimich The pellet was washed with same volume of 0.067 M
allow the identification of a single or multiple mycobacteriaodium phosphate buffer (pH 6.8) and resuspended in 1.5 mL
species (18,19), and commercial systems are also availabld E buffer containing 10 mM Tris-HCI (GibcoBRL,
(20,21). Sensitive and rapid techniques based on detectioaithersburg, MD) and 1 mM EDTA (GibcoBRL) (pH 8.0).

éample Preparation
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Specimens were divided into three aliquots of 0.5 mL; opeémer (GibcoBRL), and 0.01% (wt/v) gelatin (Sigma Chemi-
aliquot was used for bacteriological procedures and the cat Co.). A programmable thermocycler (TC 9600, Perkin-
maining two aliquots were stored at <@dor DNA isolation Elmer Cetus, Norwalk, CT) was used as follows: 10 min initial
and amplification procedures. Cerebrospinal fluid was cetenaturation at 9& and 25 amplification cycles (1 min at
trifuged, and the pellet was resuspended in TE buffer 8fC, 1 min at 58C, and 1 min at 7Z), with an additional

divided into aliquots as above. extension of 10 min at 7€.
The amplified products were detected under UV fluores-
Bacteriological Procedures cence, after electrophoresis in a 2% agarose gel and ethidium

. . . bromide staining. Results were recorded by Bio-print
Duplicate or triplicate fixed smears from all decontami|- ; . :

; , . . . photodocumentation (Polaroid DS34, film 667).
nated specimens were fixed and stained with auramine fltio-

rochrome and Ziehl-Nelseen (AFB) stains (13,25). Specimeéits o :
; ) : . . ndardization and Evaluation of

were also cultivated in Lowenstein-Jensen solid medlum’l-?e?nes-PCR Assa

37°C for 4 to 6 weeks (13,25). Smears were prepared from y

cultured bacteria to confirm the presence of AFB bacilli. Stan-Optimal conditions to perform PCR and Henes-PCR as-

dard biochemical methods were carried out for bacterial idesays were determined by testing different M@g@d primer

tification (13,25). concentrations, annealing temperature of the primers, and
number of cycles.
DNA Isolation From Clinical Specimens Analytical sensitivity and specificity of Henes-PCR were

] ~ carried out using DNA samples obtained from cultuléd
Total DNA was extracted from decontaminated specim@iherculosisd37Rv (ATCC, Rockville, MD) and non-myco-

as described previously (26). Briefly, the specimen (0.5 Mbjcteria DNA samples, respectively. Clinical performance of
was centrifuged (13,00) and the pellet was resuspended ifienes-PCR was evaluated using specimens from patients with
150 uL of lysis buffer containing 1 mg/mL proteinase Kyperculosis (213 total) and non-tuberculosis (143 total) in-
(Sigma Chemical Co., St. Louis, MO) in 10 mM Tris-HC}ections.
(pH 8.0), 10 mM EDTA, 3% Triton X-100 (Merck SA, RJ, - quality control of PCR and Henes-PCR reactions was car-
Brazil), 0.6% Tween 20 (Sigma Chemical Co.). After inCyjeq out using DNA samples obtained from cultuhdtu-
bating at 56C for 60 min, the cell lysate was twice extractefercylosisH37Rv (ATCC), andWl. avium, M. intracellulare,
with phenol-chloroform-isoamyl alcohol (25:24:1, viviv) from\. povis, M. fortuitum and M. kansaghdolpho Lutz Insti-
Merck SA. Nucleic acids were precipitated from the aqueoyige S50 Paulo, Brazil) were used as positive controls. Nega-

phase by the addition of 0.1 volume of 3 M sodium acetgjge controls were obtained from cultured non-mycobacteria

nol (Merck SA), and incubation at —4Dfor 2 h. After wash- pneumoniae, N. meningitidiB. vulgaris P. aeruginosa, S.

ing twice with 70% ethanol, the pellet was dissolved in 1QQ,reys S. pneumonig@andidaspp. Criptococcusspp. and

HL TE buffer. In the standardization step, the concentrati®ycardia spp.) DNA samples from Adolpho Lutz Institute
and purity of the extracted nucleic acids were determined fy50 paulo, Brazil).

reading of Agpand Ag,in a GeneQuant calculator (Pharmacia
Biotech, Uppsala, Sweden). Statistical Analysis

PCR and Henes-PCR Assays _ The sensitivity, specificity, positive and negative predic-
tive values of the microscopy, culture, and Henes-PCR were
The oligonucleotides used in PCR were specific for a DNdetermined (27). Confidence intervals at 95% were calcu-
sequence coding the 16S rRNA of ithgcobacteriungenus: lated for each of obtained value. Frequency of HIV infection
primer senses’-GAG AGT TTG ATCCTG GCT CAG-3  in patients with tuberculosis and non-tuberculosis infection
and primer antisensé&'-TGC ACA CAG GCC ACA AGG was estimated by Chi-square test.
GA-3 (16). In Henes-PCR, we used tpemer senseor
mycobacteria genus aadtisense primergere species-spe- RESULTS
cific for MTC, 5'-ACC ACA AGA CAT GCATCC CG-3
andMAC, 5-ACC AGA AGA CAT GCG TCT TG-3
Both PCR and Henes-PCR assays were carried out in ®ptimized conditions for PCR assay produced a single
volume of 50pL reaction mixture, containing 10 to 20 ngl030-bp product, whereas the Henes-PCR amplification with
DNA-template, PCR béér (10 mM Tris-HCI, pH 8.3, 50 species-specific primers generated 375- and 180-bp products
mM NacCl, 2.5 mM MgCJ), 0.2 mM of each deoxynucleosidegfor MTC andMAC DNA, respectively. Figure 1 shows DNA
triphosphate (ANTPs Mix), and 2.5TdqDNA polymerase samples amplified by PCR and Henes-PCR obtained from
from Pharmacia Biotech (Uppsala, Sweden)DMof each different clinical specimens.

Analytical Evaluation of Henes-PCR
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Fig. 1. Electrophoresis in 2% agarose gel of DNA samples amplified ljenus andMTB complex, respectively, for culture (lanes 4 and 5),
PCR (Mtb-genus) and Henes-PQORTB or MAC) obtained from different bronchoalveolar lavage (lanes 8 and 9), CSF (lanes 10 and 11), sputum (lanes
clinical specimens of patients with tuberculosis. DNA ladder (lane M), Mth2 and 13), Mtb-genus aMdAC complex, respectively, from culture (lanes
genus from culture (lanes 1 and 18), CSF (laneE2)oli (lane 3), Mtb- 6 and 7), sputum (lanes 14 and 15), and pleural fluid (lanes 16 and 17).

Henes-PCR was able to amplify DNA in a concentration The average positivity found according to the type of clini-
of 4 pg/mL, corresponding to a single bacterium cell per m¢al specimen was as follows: 95.5% (87.5-98.4%) for cere-
but reproducible results were obtained when the concentreaspinal fluid, 92.9% (85.4-96.7%) for sputum, 92.9%
tion was higher than 16 pg/mL (corresponding to 3 cells pg7.4-98.0%) for pleural fluid, 90.9% (72.2-97.5%) for
mL). On the other hand, reference culture and microscamypnchoalveolar lavage, and 91.7% (64.6—-98.5%) for gastric
methods were able to detect 3 ¥d10d 3 x 18bacteria cells lavage, respectively. These data, however, did not differ con-
per mL, respectively. sidering their 95% confidence intervals.

Analytical specificity of the primers was assessed in DNA The overall diagnostic parameters calculated for isolated
samples from cultured pathogens provided by reference labokure, microscopy, and Henes-PCR techniques are shown
ratories. The genus-specific primers generated positive digTable 3. The sensitivity, specificity, and positive and nega-
nals for DNA samples frorvl. tuberculosisM. avium M. tive predictive values of the Henes-PCR assay were 93.4
intercellulare M. bovis M. fortuitum and M. kansaij (89.4-96.0%), 100% (97.4—-100%), 100% (98.0—-100%) and
whereas the species-specific primers showed a positive8:1% (85.6-94.6%), respectively. Sensitivity and negative
sult only forM. tuberculosigMTC) orM. avium(MAC) com-  predictive values were significantly higher in Henes-PCR than
plexes.These genus- and species-specific primers did nietculture and microscopy procedures.
generate PCR-positive signals for DNA samples from non-As shown in Table 4, the sensitivity of Henes-PCR was

mycobacteria microorganisms. significantly higher than culture test in smear-negative speci-
N _ mens. There were 120 specimens included in those 263 mi-
Clinical Evaluation of Henes-PCR croscopy-negative specimens that were collected from patients

The number of different types of clinical specimens from

patients with tuberculosis (Group 1) and non-tuberculosfé&BLE 1. Number and type of clinical specimens obtained

(Group 1) infections, associated or not with HIV infection{om individuals with tuberculosis (Group ) and non-

are presented in Table 1. The frequency of samples from H'I’vaemu'oSiS infections (Group 11)

infected patients with tuberculosis was higher than of non- Number of specimens
tuberculosis patientg{ = 10.9;P = 0.0009). This difference Clinical specimens Group | Group Il Total
was even hzigherwhen samples from cerebrospinal fluid W%reerebrospinal fuid 66 (56) 55 (22) 121 (78)
analyzedX” = 24.4;P < 0,0001). , Sputum 85 (64) 40 (27) 125 (91)
As shown in Table 2, 199 in 213 (93%) specimens frogjyral fluids 28 (10) 17 (12) 45 (21)
patients with tuberculosis were positive for PCR and Hen@senchoalveolar lavage 22 (13) 12 (06) 34 (19)
PCR, whereas 93 (44%) and 116 (75%) were positive feastric lavage 12 (04) 19 (07) 31(11)
microscopy and culture testes, respectivdlyC was identi- Total 213 (147) 143 (73) 356 (220)

fied in 194 (98%) of PCR-positive specimens, and in 5 sampigSmber in parentheses correspond to the specimens from HiV-infected
(2%) MAC was detected. patients.
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TABLE 2. Positivity found in the study of different clinical specimens from individuals with tuberculosis infection (Group 1)

Microscopy Culture Henes-PCR positive

Clinical Number of positive positive Mycobacteriunspp MTC MAC
specimens specimens (%) (%) (%) (%) (%)
Cerebrospinal fluid 66 26 (39) 47 (71) 63 (95) 63 (100) 0
Sputum 85 45 (53) 46 (54) 79 (93) 76 (96) 3(4)
Pleural fluid 28 8 (28) 9(32) 26 (93) 25 (96) 1(4)
Bronchoalveolar lavage 22 7 (32) 10 (45) 20 (91) 20 (100) 0
Gastric lavage 12 7 (58) 4 (33) 11 (92) 10 (91) 109
Total 213 93 (44) 116 (75) 199 (93) 194 (98) 5(2)

with tuberculosis. Thirty-three of those 120 were positive for The reproducibility of the results was achieved by stan-
culture and Henes-PCR, 14 negative for both techniques, daddization of reagents, protocols, and laboratory procedures.
73 positive only for Henes-PCR. Using intra- and inter-tests, new batches of reagents were
Diagnostic features of Henes-PCR also were studiedcimecked against a panel of DNA extracts from reference bac-
samples from HIV-positive and -negative patients. The sdrria related and unrelated to mycobacteria, also including
sitivity, specificity, and positive and negative predictive vakome clinical specimens from patients with tuberculosis and
ues of Henes-PCR found in HIV-infected patients were 95.9%n-tuberculosis infections.
(91.4-98.1%), 100% (95.0-100%), 100% (97.3—100%) andHenes-PCR was sensitive enough to detect less than a single
92.4% (84.4-96.4%), respectively (data not shown). The tacterium cell per mL of culture, however results were re-
agnostic parameters of HIV-negative patients were similargmducible in samples with three bacteria cells per mL. The
HIV-positive individuals due to the overlapping observed ianalytical sensitivity of Henes-PCR is similar to other

their 95% confidence intervals. heminested-PCRs in which different primers were used
(29,30).
DISCUSSION Pretreatment of clinical specimens is a relevant factor that

S%f'cfects the analytical sensitivity and specificity of the bacte-
riological as well as the DNA-based technique (31). There-

tecting and identifying botMTC, which is highly prevalent, Fore, al_ternatlve methods O.f specimen collection and
andMAC because is the most frequent opportunistic myCB[ocessmg must be evaluated in order to improve case detec-
bacterium found in HIV-infected patients. tion (32). o o _

We developed the Henes-PCR based on the available jn?[he high values of clinical sensitivity (93.4%) and speci-
formation about the coding region of the16S rRNA sequench&lty (100%) of Henes-PCR usually can be reached by most
fragment of 1030 bp that is specific folycobacteriunge- SPecimens from patients with well-defined diagnosis. On the
nus. One primer amplifies the fragment of 372 bp specific fether hand, false-negative results were observed in 14 speci-
MTB, and the last other amplifies a fragment of 180 bp sp®ens, 6 of these from HiV-infected patients. These speci-
cific for MAC. This approach differs from the other assaysens were: 3 (18.7%) cerebrospinal fluids, 6 (16.7%) sputa,
also developed based on 16S rRNA sequences (16,21,22,28}1.1%) pleural fluids, 2 (16.7%) bronchoalveolar lavages,
in which the heminested-PCR was not used. and one (16.1%) gastric lavage.

Henes-PCR was developed aiming to provide diagno
aid for tuberculosis to our public health laboratories by d

TABLE 3. Comparison of overall data obtained in the study of 356 different specimens from individuals with tuberculosis
(n = 213) and non-tuberculosis (n = 143) infections by culture, microscopy, and Henes-PCR techniques

Positive Negative
Tuberculosis Non-tuberculosis Sensitivity Specificity predictive pedictive
Technique (n) (n) (%) (%) (%) (%)
Culture
Positive 116 0 54.5 100 100 59.6
Negative 97 143
Microscopy
Positive 93 0 43.7 100 100 54.4
Negative 120 143
Henes-PCR
Positive 199 0 93.4 100 100 91.1

Negative 14 143
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TABLE 4. Comparison of Henes-PCR assay and culture methods in microscopy-positive and microsopy-negative results found
in the study of 356 different specimens from individuals with tuberculosis (n = 213) and non-tuberculosis (n = 143) infections

Positive Negative
Tuberculosis Non-tuberculosis Sensitivity Specificity predictive predictive
Specimens (n) (n) (%) (%) (%) (%)
Microscopy-positive
Culture
Positive 83 0 89.2 100 100 100
Negative 10 0
Henes-PCR
Positive 93 0 100 100 100 100
Negative 0 0
Microscopy-negative 120 143
Culture
Positive 33 0 275 100 100 62.2
Negative 87 143
Henes-PCR
Positive 106 0 88.3 100 100 91.1
Negative 14 143

False-negative results in Henes-PCR can be due to the peedly remaining less infectious than smear-positive cases, HIV-
ence of some inhibition factors in clinical samples, as hpgsitive patients with smear-negative pulmonary tuberculosis
been demonstrated in PCR assays (33). It is possible that am-generally more immunocompromised, have more adverse
lecting two or more specimens from each patient would irdrug reactions, and suffer higher mortality rates upon treatment
prove the sensitivity for either bacteriological or Henes-PQR?2). Therefore, the Henes-PCR assay also seems adequate for
assays increasing the sensitivity as previously reported (34pid initial diagnosis of tuberculosis, mainly of those infective
We should consider that paucibacillary specimens from pdinical forms of the disease in HIV-infected patients.
tients with previous incomplete tuberculosis treatment alsoData obtained in different specimens demonstrate that
could contribute to negative results. Henes-PCR can be used in the diagnosis not only of pulmo-

The overall sensitivity and specificity found for Henesaary tuberculosis by sputum testing, but also of cases in which
PCR are similar to data obtained either from piyzobacte- sputum can not be collected: gastric lavage, bronchoalveolar
rium PCR and multiplex PCR assays (18,19,35) or from sotagage, pleural fluid—even nonrespiratory specimens can be
PCR based on single or nested systems using 1S6110tssted (14,20,40). Henes-PCR also can be used to diagnose
quences (36,37). Although commercial PCR systemseningitis tuberculosis, in which cerebrospinal fluid speci-
(Amplicor and AMTD) have shown variations in severahens are examined; the assay yields high positivity.
assessments; our data do not differ from the results obtaineMAC was found only in 2% (5/199) of PCR-positive in
by some authors who have tested these commercial systspecimens from patients with tuberculosis. Species other than
(3,20,34). MAC seem absent, since the remaining 98% specimens were

The low sensitivity of culture procedure found in smeaidentified asMITC. A higher frequency (7%) MAC in spu-
negative specimens indicates that these bacterial tests rustwas observed when 1S6110 element (41) was used for
be used in conjunction with clinical assessment, as previouaiyplification by PCR.
described (6). Our findings show that few patients with HIV infection

On the other hand, our findings suggest that in patietizd opportunistic mycobacterial infections, differing from
with clinical features of tuberculosis presenting microscopwhat has been reported elsewhere (42). Concomidi@
negative results, the Henes-PCR may be useful as a corfitd MAV infections were not observed, but in the standard-
matory test, improving the clinical diagnosis of tuberculosigation step the problem of primer competition that may oc-
Therefore, the contribution of Henes-PCR assay is extremely between species was checked.
important in HIV-infected patients who usually have an atypi- The advantages and limitations of the DNA amplification
cal clinical presentation of tuberculosis. assays have been extensively discussed (3). However in pub-

The higher frequency of samples from HIV-positive pdic health laboratories where the diagnostic kits are usually
tients with tuberculosis confirm that HIV infection is the mogiroduced for each lab’s own use and to supply connected re-
potent risk factor known in transmission of tuberculosis igional laboratories under strict quality-controlled conditions,
fection, as previously demonstrated (38,39). it seems attractive to produce the Henes-PCR system because

Patients infected with both HIV and tuberculosis have a disis less expensive than commercially available systems. Some
proportionate increase in smear-negative disease. While apjpasestigators (37,41,43) corroborate this point.
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Presently, Henes-PCR or any other PCR system can notmediate identification of the infecting species in patients with myco-

replace the standard bacteriological methods but the ratip-Pacteria disease. J Clin Microbiol 1997;35:1492-1498.

nale behind using this assay—that it offers rapid detection'df

Tevere WJ, Hewitt PL, Daren A, et al. DetectioMgtobacterium tu-
berculosishy PCR amplification with paMycobacteriunprimers and

myCObaC_te_r_ia dire_Cﬂy in different C”n?c_al specimens—makes pypyidization to aM. tuberculosisspecific species. J Clin Microbiol
the possibility of its future use promising.

1996;34:918-923.

20. Brown TJ, Power EG, French GL. Evaluation of three commercial de-
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