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The New Diagnostic Mycobacteriology Laboratory 
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Recent surveys in the USA show that many mycobacteriology laboratories continue to 
use less-than-optimum culture and susceptibility testing methods. This seems to be true 
for European countries as well. The past few years have brought significant changes to 
the clinical tuberculosis laboratory. High-performance liquid chromatography and 
direct detection of acid-fast bacilli in clinical specimens aim at the same goal: increased 
sensitivity and spedficity of  the diagnostic approach and reduction of  turnaround 
time. This review outlines a brief comparison between contemporary traditional 
methods and the latest developments in the direct detection of  add-fast bacilli. If  
patient care and public health are always considered paramount, regardless of admis- 
sion time, hospital type, etc., the current concept of services has several shortcomings. 
One way to manage this situation is to sort and allocate specimens according to a sys- 
tem of priorities. There is a growing realization that no single method by itself is the 
best. To streamline the best choice for laboratory diagnosis, an additional dynamic 
acid-fast network is presented: 'Point-of-Care,' 'Fast Track,' and 'Specialty' labora- 
tories. The physician interacts with all three types of  laboratories, so ongoing com- 
munication between the physician and the laboratory is essential. Laboratorians must 
work together in the formation of  this dynamic acid-fast network to improve service 
rendered for our patients. 

One of the most alarming aspects of the recent in- 
Crease in tuberculosis in certain areas of the world 
has been the occurrence of nosocomial outbreaks 
With multidrug-resistant strains, especially in 
facilities providing health care for HIV-positive 
individuals. As demonstrated recently, tuberculo- 
sis infection in HIV-infected patients spreads 
readily and progresses rapidly to active disease 
(1). The new recommendations by the 
Disease Control and Prevention/American Tho- 
racic Society (2) require in vitro drug suscepti- 
bility testing of Mycobacterium tuberculosis iso- 
lates from all patients and reporting of these re- 
sults to the local health department. It has also 
been recommended that patients receive four- 
drug therapy until results of susceptibility tests 
are known. This puts the clinical laboratory under 
additional time pressure. The message for the 
new diagnostic myeobacteriology laboratory is 
thus evident: shorter turnaround times. 
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In 1958 Middlebrook and Cohn (3) stated that 
"there is much evidence that the clinical-bacterio- 
logic investigation of tuberculosis in this country 
(USA) today is pitifully inadequate." Ellner and 
Elbogen (4) noted more than 25 years ago in their 
paper entitled "Modern Methods in Tuberculosis 
Bacteriology for the General Hospital": "It has 
become apparent that there is a considerable 
hiatus, at the informational level, between the 
methods used in tuberculosis bacteriology by 
specialized research and reference laboratories 
and those used by smaller general laboratories." 
And today? How new is the "new diagnostic 
laboratory"? The Centers for Disease Control 
and Prevention (5) surveyed 56 state and terri- 
torial public health laboratories, only to find a 
minority of laboratories that were using rapid 
methods for identification and susceptibility test- 
ing. Surprisingly, a questionnaire completed by 
1,517 participants in the College of American 
Pathologists Mycobacteriology E survey revealed 
similar data (6). Only 26 % of the respondents 
processed respiratory specimens daily and pro- 
vided microscopy results within 24 hours after the 
specimen had been received. 

The laboratory provides an important service to 
the physician in diagnosing mycobacterial dis- 
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eases and in monitoring therapy. However, the 
laboratory is not at the beginning, rather it is al- 
most at the end of the decision tree for the 
patient's health improvement: first, because the 
symptomatic patient may wait several weeks until 
he seeks help at the doctor's office or, worse, is 
evaluated at an emergency room; second, be- 
cause the physician may or may not initially rec- 
ognize mycobacterial disease; and third, because 
an unsatisfactory specimen may have been sent to 
the mycobacteriology laboratory. Unfortunately, 
it is exactly at this point where miracles are ex- 
pected from the microbiology laboratory. 

Laboratories that provide clinical microbiological 
services may exist in physicians' offices, clinics, 
complex medical centers, general and specialty 
hospitals of all sizes, local and regional reference 
laboratories, and local, state and federal public 
health laboratories. With such a variety of labora- 
tory types, there is no space for the philosophy of 
"one size fits all": every laboratory is different. 
However, they all have the same task of providing 
accurate results in a timely manner. 

Let's briefly entertain five clinical scenarios. First, 
with highly infectious pulmonary tuberculosis 
with acid-fast smear-positive sputum, the patient 
should be under adequate anti-tuberculosis treat- 
ment and in respiratory isolation as rapidly as 
possible to stop transmission (2); second, with 
tuberculous meningitis, the significance of the 
disease is disproportionate to its rarity, owing to 
the appreciable risk of irreversible neurologic 
damage if it is not promptly recognized and treat- 
ment initiated (7, 8); third, with unilateral cervical 
lymphadenitis in children less than 5 years old, 
the disease is usually caused by Mycobacterium 
avium complex or other nontuberculous my- 
cobacteria which, aside from surgical excision, re- 
quire no antimycobacterial therapy (9-11); 
fourth, with HIV-positive individuals, who are 
more susceptible to opportunistic infection than 
are immunocompetent patients, treatment is 
based on rapid identification of the organism (2, 
12-14); and fifth, with intravesical instillation of 
Mycobacterium bovis [BCG] as the treatment of 
choice for superficial, transitional cell bladder 
cancer, dissemination and subsequent detection 
of Mycobacterium boris [BCG] from the respira- 
tory tract is possible and should not be misiden- 
tiffed as Mycobacterium tuberculosis (15-17). 
The physician must be assured that in all of these 
situations the specimens are handled efficiently in 
the mycobacteriology laboratory, providing accu- 
rate results in a timely manner. How should the 
laboratory carry out this responsibility? 

The few past years have brought significant 
changes to the clinical tuberculosis laboratory. 
Direct detection of mycobacterial compounds by 
highly sophisticated chemical methods such as 
gas-liquid chromatography/mass spectrometry 
(GLC/MS) (18) or direct detection of acid-fast 
bacilli (AFB) in clinical specimens by molecular 
biological methods (19, 20) are essentially aiming 
at the same goal: increasing sensitivity and speci- 
ficity of the diagnostic approach on the one hand, 
and reducing turnaround time on the other. In the 
following, a brief comparison between contem- 
porary traditional methods (all of which are 
growth-dependent) and the latest developments 
in the direct detection of AFB will be given. 

I. Detection and Identification of Mycobac- 
teria from Clinical Specimens 

la. Traditional Methodology 

Microscopy 

Despite the many recent advances in mycobacte- 
riology, early laboratory diagnosis of tuberculosis 
still relies heavily upon the examination of 
stained smears (Figure 1). Not only is it still the 
easiest, cheapest and most rapid procedure, but it 
also provides the physician with important pre- 
liminary information. For example, in as many as 
95 % of the microscopically positive cases in 
HIV-negative patients, tuberculosis is the causa- 
tive agent of the disease (21), except for southern 
parts of the USA, where the positive predictive 
value for tuberculosis is less than 60 %, especially 
in noncavitary cases (47 %) (22). The sensitivity 
of the AFB smear is, however, considerably lower 
than that of the cultural approach: the minimal 
number of AFB necessary to produce a positive 
direct smear has been estimated by several 
authors as approximately 5 x 104 per ml of sputum 
(23). Depending largely on the extent of the le- 
sion(s), the overall sensitivity for microscopy is 
only between 22 and 65 % (24-26). As shown by 
Urbanczik (24), examination of two smears will, 
however, detect most smear-positive cases, while 
testing more samples of the same kind will not 
materially improve the result. Upon using a cyto- 
centrifuge for patients' sputum smears (n = 120) 
the correlation between positive AFB smears and 
positive AFB cultures increased to 100 % (27). 
Unfortunately, in this particular study, only solid 
media were used. 
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TRADITIONAL METHODOLOGY 

DECONTAMINATION AND 
CONCENTRATION OF SPECIMEN 

[ t  day]  

MICROSCOPY CULTURE 
[ Same day ] [ 4-14-2,1 • 

NAP TEST DNA PROBES HPLC 
[ 5 days ] [ 1 day ] [ 1 day ] 

/ ! 
~ BIOCHEMICAL TESTS / 

[ 7-21 days ] 

SUSCEPTIBILITY TESTING I 
[ 7-t0 days ] 

SUSCEPTIBILITY TESTING II 
[ 2t days ] 

Figure 1: Laboratory diagnosis of mycobacteria (algo- 
rithm). Traditional methodology encompasses gentle decon- 
tamination and efficient concentration of the specimen, 
the use of solid and liquid media (radiometric detection is 
CUrrently the fastest), combined with DNA probes when 
acid-fast bacilli are present. The Bactec system allows rapid 
SCreening for drug resistance (streptomycin, isoniazid, 
rifampin, ethambutol, and pyrazinamide). Conventional 
agar techniques can be used to obtain additional suscep- 
tibility data for isolates resistant to one or more of the 
first-line drugs. Appropriate average times are listed in 
brackets. 

Staining the smears with a fluorochrome (e.g., 
auramine-rhodamine) is superior to the classical 
Carbol fuchsin stain [Ziehl-Neelsen or Kinyoun 
(28-30)] since, with fluorescence microscopy, a 
lower magnification can be used, which both in- 
Creases sensitivity and reduces the time for 
SCreening. It is good laboratory practice to con- 
firm any smear-positive result (including those 
COnsidered doubtful) in newly diagnosed patients 
by a Ziehl-Neelsen stain (31) or, alternatively, to 
have the smear(s) checked by a second person. 

Culture 

Pretreatment. Compared with other types of bac- 
teria, which generally reproduce within minutes, 
naYCobacteria proliferate extremely slowly (gene- 

ration time 18 to 24 h). If specimens from non- 
sterile body sites are not decontaminated, myco- 
bacteria will easily be overgrown by more rapidly 
dividing organisms, e.g., bacteria and fungi. The 
best yield of AFB may be expected when using 
the mildest digestion/decontamination method 
that manages to eradicate contaminants without 
interfering with the viability of the mycobacteria. 
Fortunately, AFB are quite refractory to harsh 
chemicals. In the past, a number of different 
digestion/decontamination procedures have been 
applied successfully. 

In contrast to the USA, where specimens are 
mainly pretreated with N-acetyl-L-cysteine 
(NALC)/NaOH (according to the recommenda- 
tions of the Centers for Disease Control and Pre- 
vention) (30), European laboratories frequently 
use sodium dodecyl (lauryl) sulfate (SDS)/NaOH 
(32). A study encompassing a total of 1,500 clinical 
specimens from the respiratory tract has revealed 
that (i) specimens treated with SDS/NaOH 
yielded more mycobacteria and fewer contami- 
nants than specimens processed with NALC/NaOH 
(p < 0.05), and (ii), the SDS method is quite com- 
patible with the radiometric detection system 
(Bactec) (33). Furthermore, SDS has also been 
applied prior to direct detection of Mycobac- 
terium tuberculosis complex by a target-amplified 
test system (34). Other decontamination agents, 
e.g., Zephiran-trisodium phosphate (Z-TSP), also 
selectively destroy many contaminants while ex- 
hibiting little bactericidal activity against tubercle 
bacilli. However, Z-TSP appears to be more 
damaging to nontuberculous mycobacteria than 
other agents (35). 

Media and Detection Time. Although it is gener- 
ally accepted that mycobacteria grow more 
rapidly in liquid medium, it has been rarely, 
though repeatedly; observed that some of the myco- 
bacterial isolates appear exclusively on solid 
media. Therefore, solid media should never be 
omitted. The current gold standard (36) consists 
of a combination of different culture media (non- 
selective/selective) that allow optimum culture 
sensitivity, i.e., an agar-based (e.g., Middlebrook 
7H10/sel 7Hl l ) ,  an egg-based (e.g., Lowenstein- 
J'ensen [I.J]), and a liquid medium (e.g., Dubos 
broth, Septi-Chek, Bactec 12B). Since its intro- 
duction, the Bactec radiometric system has con- 
siderably improved culture methodology. On 
average, it yields results one week earlier than 
Septi-Chek (37-39). For smear-positive speci- 
mens, Roberts et al. (40) have found for My- 
cobacterium tuberculosis, an average detection 
time of 8 days in the Bactec system and 19.4 days 
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in nonradioactive conventional media; for smear- 
negative specimens, Morgan et al. (41) reported 
an average recovery time of Mycobacterium 
tuberculosis between 13.7 days in the Bactec sys- 
tem and 26.3 days in conventional media. In addi- 
tion to more rapid growth, Bactec technology 
offers the possibility of a preliminary screening 
test (Mycobacterium tuberculosis complex versus 
nontuberculous mycobacteria; see "NAP Test" 
below) and allows radiometric susceptibility test- 
ing for the five first-line antituberculosis drugs 
within a few days (Figure 1). 

General Considerations for Special Specimens. ( a) 
Blood. Blood specimens from immunocom- 
promised patients can be processed in three ways: 
(i) in the Isolator system (Wampole Laboratories, 
USA); (ii) in the Bactec system (13A medium, 
Becton Dickinson Diagnostic Instrument Sys- 
tems, USA); and (iii) by lysis with sodium deoxy- 
cholate. Recovery rates among these three tech- 
niques are approximately the same (42-44). Since 
Mycobacterium avium complex is known to be 
able to survive in Isolator tubes for at least one 
week at densities encountered in disseminated 
human infection, Isolator tubes are especially suit- 
able for mailing blood cultures. Because growth 
may even occur in the Isolator tube, such blood 
cultures should, however, be processed within a 
few hours after sampling if a quantitative result is 
desired (45). On the basis of a recent study, the 
combined use of Isolator and radiometric 12B 
vials for recovery of mycobacteria is contraindi- 
cated (46) unless blood sediment prior to inocu- 
lating the 12B medium is carefully washed to 
eliminate any growth inhibitors. The flexibility to 
choose different culture media is a real advantage 
for those laboratories requiring versatility, al- 
though processing Isolator tubes is somewhat 
cumbersome. 

In contrast, Bactec 13A vials do not require ex- 
tensive manipulation of blood in the laboratory. 
Furthermore, Bactec vials have the advantage of 
permitting bedside media inoculation. On the 
other hand, it is well known that antituberculous 
therapy significantly prolongs the detection times 
of nontuberculous mycobacteria in Bactec 13A 
cultures (47), and drug carryover may even be re- 
sponsible for false-negative cultures. 

The minimum number of blood cultures required 
to reliably detect infection remains controversial 
(48, 49). A most recent study encompassing more 
than 1,000 blood cultures (50) has shown that the 
practice of routinely processing paired blood cul- 
tures should be discontinued, since specimens for 

repeat testing can readily be collected if the initial 
specimen remains negative after one or two 
weeks and disseminated Mycobacterium avium 
complex infection is still clinically suspected. The 
authors have, furthermore, demonstrated that 
acid-fast smears of sediments are definitely not a 
reliable means of detecting mycobacteremia. 

(b) Cerebrospinal Fluid. The urgency of the clini- 
cal situation of patients with tuberculous menin- 
gitis demands immediate treatment, i.e. without 
waiting for culture results (8, 51). Too often, lum- 
bar puncture must be performed with little fore- 
thought. Despite these particular circumstances, 
the physician must ensure that enough cere- 
brospinal fluid is promptly delivered to the 
laboratories for cell counts, chemistry, smears, 
and cultures (52). Several studies (53, 54) have re- 
corded the overuse of cerebrospinal fluid cul- 
tures. To prevent such overuse, Albright et al. (55) 
showed that mandatory screening substantially 
decreased the culture rate. To establish the diag- 
nosis of tuberculous meningitis, at least five cere- 
brospinal fluid specimens (preferably a total of 
10-15 ml) should be submitted for culture. This is 
supported by the data of Kennedy and Fallon (56) 
who found an increase in cumulative smear-posi- 
tivity, i.e., from 37 % on the initial sample to 87 % 
by the fourth specimen, when multiple specimens 
of smaller volumes (e.g. 3 ml) were provided. 

(c) Gastric Lavage. A recent study reaffirmed that 
gastric suction provides the specimen of choice 
for the diagnosis of primary pulmonary tuber- 
culosis in children (57). Mycobacterium tuber- 
culosis could be cultured from gastric specimens 
of 10 of 20 children, whereas in only two cases the 
bronchoalveolar lavage fluid (BAL) specimen 
was positive as well. Although the number of 
patients was small, this study demonstrated that 
in children, gastric lavage fluid obtained on three 
consecutive days represents by far the better clini- 
cal specimen than BAL in diagnosing smear- 
negative primary pulmonary tuberculosis. 

Smear-Positive, Culture-Negative Specimens. A 
distinction must be made between specimens with 
a false-positive smear result and those specimens 
that are microscopically positive but whose AFB 
fail to grow (25). Independent of the clinical 
specimen, explanations for false-negative cul- 
tures include (i) nontuberculous mycobacteria 
that require special incubation conditions (e.g., 
temperature: Mycobacterium marinum, Myco" 
bacterium ulcerans; supplemented medium: My" 
cobacterium haemophilum, Mycobacterium para- 
tuberculosis); (ii) highly fastidious organisms 
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(Mycobacterium genavense); or (iii) mycobac- 
teria isolated from patients under long-term anti- 
tuberculous therapy. 

identification 

Morphology of Mycobacteria. Apart from the 
morphology of the colonies on solid agar, little can 
generally be concluded from the microscopical 
appearance of the organisms. Although My- 
Cobacterium avium complex usually tends to be 
eoccobaciUary and Mycobacterium kansasii forms 
rather elongated, thick, often beaded rods, a pre- 
SUmptive species diagnosis should never be at- 
empted from microscopy slides. Some authors 
ave found cord formation to be a sensitive in- 

dicator for Mycobacterium tuberculosis (58). The 
matter remains, however, controversial, since my- 
CObacteria other than tubercle bacilli can also pro- 
duce serpentine cords in liquid media [e.g., My- 
Cobacterium avium complex, Mycobacterium gor- 
donae, Mycobacterium chelonae, Mycobacterium 
marinum (59)]. At best, the observation of cords 
In broth may help determine which method to use 
to identify the isolate in the most rapid manner. 

Nonisotopic Nucleic-Acid Probes. Culture confir- 
mation tests using DNA probes (e.g., AccuProbe 
Culture Confirmation Test, Gen-Probe, USA) 
are now widely established in clinical mycobacte- 
riology laboratories. The commercially available 
nUcleic-acid probe assays (available at present: 
Mycobacterium avium, Mycobacterium intra- 
cellulare, Mycobacterium avium complex, Myco- 
bacterium gordonae, Mycobacterium kansasii, 
Mycobacterium tuberculosis complex) are very 
easy to perform and dramatically shorten the 
turnaround time of the result inasmuch as species 
identification is obtained within a few hours (Fig- 
Ure 1). In addition, they can also be performed 
~Vith broth from radiometrie 12B vials (60). For 
Mycobacterium tuberculosis complex, the Accu 
Probe system has revealed an accuracy of nearly 
100 % (60, 61). 

t]eeause of the increased detection of Mycobac- 
{erium boris in immigrants (62) and because of an 
~q Creasing number of patients with superficial 

ladder cancer undergoing treatment with My- 
Cobacterium boris [BCG] with the potential of 
dissemination (15), the AccuProbe result for My- 
C°bacterium tuberculosis complex should not be 
.c.Onsidered as final identification. Speciation/ 
lClentification of the species of these isolates helps 

to alert public health officials and to ensure 
proper patient management. 

Blood causes a strong positive interference with 
the acridinium-ester-labeled probes. Two differ- 
ent approaches have been suggested to overcome 
the potential of false-positive results: first, to use 
a specimen blank (60), or second, for 13A Bactec 
vials, to subculture first into a 12B vial and in- 
cubate overnight prior to probing the cells (63). In 
very rare instances the Mycobacterium tuberculo- 
sis complex probe has reacted with strains of 
Mycobacterium terrae (64) or Mycobacterium 
celatum (65). Stockman et al. (66) have found 
eight isolates of mycobacteria that gave er- 
roneous Mycobacterium tuberculosis AccuProbe 
results. DNA sequencing of some of the isolates 
resembling phenotypically Mycobacterium avium 
complex revealed that they were identical to a re- 
cently described distinct group of slow-growing 
mycobacteria (67). These false-positive results 
could be eliminated by extending the time of the 
selection reagent step from 5 rain to 10 min in the 
assay (66). 

In view of the increasing number of immuno- 
suppressed patients, one should be aware that 
mixed infections may occur as well (68), i.e., that 
the specimen to be tested may contain nontuber- 
culous mycobacteria in addition to Mycobac- 
terium tuberculosis complex (69). Subculturing 
the positive broth cultures on solid media as well 
is, therefore, an absolute necessity. 

NAP Test. p-Nitro4x-acetylamino-]3-hydroxypro- 
piophenone (NAP) is a precursor in the synthesis 
of chloramphenicol and specifically inhibits mem- 
bers of the Mycobacterium tuberculosis complex, 
while nontuberculous mycobacteria are not af- 
fected (70). This test, which can be performed 
radiometrically (Bactec), leads to a preliminary 
discrimination between Mycobacterium tuber. 
culosis complex and nontubereulous mycobac- 
teria within five days (Figure 1). The NAP result 
must be considered preliminary, since the test 
yields a false result in 2 to 3 % (71). 

Chromatographic Procedures. Qualitative and 
quantitative differences in the spectrum of my- 
colic acids present in the cell wall are a reliable 
criterion for identifying mycobacterial species. 
Once mycobacterial cultures are available, high- 
performance liquid chromatography (HPLC) 
offers rapid and easy identification of AFB (72- 
75) (Figure 1). Thibert and Lapierre (76) have 
identified 96.1% of more than 1,100 strains 
(whereas the more time-consuming biochemical 
procedures together with commercial DNA 
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probes identified 98.3 %). HPLC also allowed 
early detection of rare mycobacterial species such 
as Mycobacterium haemophilum, Mycobacterium 
malmoense, Mycobacterium shimoidei and My- 
cobacterium fallax as well as uncharacteristic 
strains of Mycobacterium simiae. In addition, 
HPLC can be used to separate Mycobacterium 
bovis [BCG] from Mycobacterium tuberculosis 
and Mycobacterium boris (77). 

Mycobacteria can also be identified on the basis 
of cellular fatty acids by gas liquid chromatography 
(GLC) (78). If identification to the species level is 
not possible, a group consisting of a few species is 
usually obtained, which can then be further char- 
acterized by morphological and/or biochemical 
criteria. Most experience has been gained with 
the commercial Microbial Identification System 
(Hewlett Packard, USA/Microbial ID, USA). 
Once cells are extracted and derivatized, the 
GLC analysis itself is quite accurate and rapid 
(< 2 h). The need for standardized subcultures on 
Middlebrook agar is, however, a significant dis- 
advantage. Additionally, the system's data base 
needs improvement (79). The advantage, how- 
ever, is versatility for the clinical microbiology 
laboratory, because there are several data bases 
available that enable identification of groups of 
microorganisms other than mycobacteria. 

Biochemical Tests. For many decades the stand- 
ard biochemical tests (29, 30, 36) remained the 
only means of identifying mycobacterial species. 
Unfortunately, biochemical testing requires an 
additional two to four weeks for completion after 
mycobacteria have appeared in culture (Figure 
1). Despite much exciting technological progress 
in the direct detection of AFB in clinical speci- 
mens (see "Direct Detection of Acid-Fast Bacilli 
in Clinical Specimens by Amplification," below), 
these tests cannot, at present, be eliminated from 
the clinical mycobacteriology laboratory. They 
are still required in cases where (i) species- 
specific DNA probes are not available; (ii) results 
obtained with other identification methods are 
equivocal or not interpretable; and (iii) discrimi- 
nation within the Mycobacterium tuberculosis 
complex is necessary (see below). 

Identification of Members within the Mycobac- 
terium tuberculosis Complex. Intravesical therapy 
with Mycobacterium bovis [BCG] has proved to 
be more effective in the prophylaxis and treat- 
ment of superficial bladder tumors and carcinoma 
in situ than most therapeutic agents. This supe- 
riority of Mycobacterium bovis [BCG] im- 
munotherapy has increased its use throughout the 

world. In addition to the commonly induced 
granulomatous inflammatory changes in the blad- 
der, which produce irritative symptoms, this ther- 
apy may cause systemic side effects varying from 
mild malaise and fever to, in rare instances, life- 
threatening or fatal sepsis (15-17). Recovery of 
this strain in sputum should be recognized as such 
and not mistaken as Mycobacterium tuberculosis. 

Human infection with Mycobacterium bovis is 
rare in developed countries because of milk pas- 
teurization and the slaughter of infected cattle. 
While many of us may be aware that Mycobac- 
terium bovis was once a major cause of tuberculo- 
sis in industrialized countries, most are unaware 
that this mycobacterium has never been totally 
eradicated (64, 80, 81) and that it has always been 
a cause of tuberculosis in certain immigrant 
groups and elderly people. The recognition of its 
continued role is not just an academic exercise, 
since its isolation has additional public health im- 
plications (64). 

Because of these trends, there is an increasing 
need for the clinical microbiology laboratory to 
recognize Mycobacterium bovis or Mycobac- 
terium bovis [BCG] isolates within Mycobac- 
terium tuberculosis complex. A negative nitrate 
reduction and a negative niacin accumulation test 
are well known characteristics of these two mem- 
bers of the complex. Thiophen-2-carboxylic acid 
hydrazide susceptibility separates Mycobac- 
terium boris and Mycobacterium boris [BCt3] 
from Mycobacterium tuberculosis, which is re- 
sistant. Pyrazinamide monoresistance may serve 
as an additional marker for recognizing Mycobac- 
terium bovis and Mycobacterium bovis [BCG] 
(M. Salfinger et al., 90th Annual Meeting of the 
American Society for Microbiology, Anaheim, 
1990, Abstract no. U-55). Thus, pyrazinamide re- 
sistance generally indicates the need for a more 
extended test battery for the identification of iso- 
lates in the Mycobacterium tuberculosis complex, 
i.e., t-IPLC (77) or oxygen preference (82, 83). 
While Mycobacterium bovis grows microaero- 
philically in a semisolid medium, Mycobacteriurn 
tuberculosis and Mycobacterium bovis [BCG] are 
both aerobic. 

Antimicrobial Susceptibility Testing 

At present, there are three well recognized 
methods for determining antimicrobial suscepti- 
bility, all of which have been described elsewhere 
(84), namely, the proportion method, the absolute 
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COncentration technique and the resistance ratio 
raethod. Most laboratories use a modified propor- 
tion method according to the proposed standard 
of the National Committee for Clinical Labora- 
tory Standards (NCCLS) (85). Drugs are either 
delivered by solution or disks into a solid media, 
or, increasingly, susceptibility testing is performed 
With the faster Bactec broth method (Figure 1). 
Resistance is defined by growth on drug-contain- 
mg media that represents > 1% of the colonies 
observed on the drug-free medium. The Bactec 
system generates results for the primary anti- 
tuberculosis drugs most rapidly. After a 
radiometric screen against the first-line drugs - 
Streptomycin, isoniazid, rifampin, ethambutol, 
and pyrazinamide-  conventional agar techniques 
can be used to obtain additional susceptibility 
data for those isolates resistant to one or more of 
the primary drugs. Caution must be exercised to 
ensure that mixed cultures of Mycobacterium 
tuberculosis and nontuberculous mycobacteria 
are not overlooked. This can result in an apparent 
resistance, especially when the inoculum is 
derived from a broth. The evaluation of second- 
line drugs and experimental compounds in the 
ttaetec system is now being studied by severaI 
laboratories and will be available in the not too 
distant future (M. Salfinger et al., 94th General 
Meeting of the American Society for Microbi- 
ology, Las Vegas, 1994, Abstract no. U-138). 

In view of the increase of multi-drug resistant 
tuberculosis in certain areas it has been recom- 
mended by various institutions that isolates from 
all patients undergo drug susceptibility testing 
and that patients preferably receive a four-drug 
regimen until the results of susceptibility testing 
are known (2). In settings with a high prevalence 
of drug resistance (86, 87), direct susceptibility 
testing may even be performed from smear-posi- 
tive specimens (30). This method, however, is 
POorly standardized and contamination may 
OCCUr. 

.In contrast to tubercle bacilli, susceptibility test- 
lng of nontuberculous mycobacteria is a very con- 
troversial matter: it is not standardized at all and 
there are, so far, no reliable data reporting a cor- 
relation of the in vitro results with the in vivo 
situation (84; data to be published). As a general 
Principle, in vitro susceptibility testing of slow- 
growing nontuberculous mycobacteria should be 
onaitted. When requested explicitly by the physi- 
cian, testing should only be done by experienced 
laboratories for clinically significant isolates of 
blycobacterium kansasii (88, 89) or Mycobac- 
terium marinura (88). Results must be interpreted 

with caution. Susceptibility testing of dissemi- 
nated Mycobacterium avium complex in patients 
infected with HIV is similarly biased because 
there are severe doubts about the usefulness of 
such studies in view of therapeutic efficacy (14, 
90). 

For the rapidly growing mycobacteria, routine 
tests include a disk diffusion method and a broth 
microdilution technique (84; data to be published), 
Tests are similar to those used in bacteriology. 
The results are available within 72 h. 

lb. The Challenge: New Techniques for Direct 
Detection, Identification, Susceptibility Test- 
ing, and Epidemiologicai Investigations 

Gas-Liquid Chromatography/Mass Spectrometry 

The diagnosis of tuberculous meningitis still rep- 
resents a major problem in mycobacteriology 
(51), since the traditional techniques of detecting 
AFB in cerebrospinal fluid are very unsatis- 
factory: microscopy is insensitive (56), and cul- 
ture is a slow and low-yield procedure (55). At 
present, no data are available for the more sensi- 
tive radiometric cultivation technique that would 
allow an adequate comparison of the two 
methodologies. 

Thus, the introduction of GLC/MS for the detec- 
tion of tuberculostearic acid (R-10 methyl octade 
canoic acid; TBSA), a structural component  of 
Mycobacterium as well as Nocardia species and 
certain other aerobe gram-positive rods, re- 
presented a major breakthrough in the direct 
analysis of cerebrospinal fluid (91). TBSA is de- 
tected by GLC/MS combined with selected ion- 
monitoring at m/z (mass/charge ratio) = 74, 167, 
and 312. The first signal is obtained for any fatty 
acid molecule, the second one indicates a methyl- 
ated side chain (fragment ion), and the third one 
represents a C18 methyl ester (molecule ion). 
Identification of TBSA is based on the simul- 
taneous presence of the three signals, exhibiting 
thus, an identical retention time. Larsson et al. 
(18) have shown as early as 1979 that selected ion- 
monitoring allows quite a specific identification 
of the compound and dramatically increases the 
sensitivity of detection compared with total ion 
monitoring or conventional GLC. 

In the pioneer study of French et al. (91) TBSA 
could be detected in the cerebrospinal fluid from 
13 patients with proven tuberculous meningitis 
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and from eight of nine patients with suspected 
tuberculous meningitis. There was one false-posi- 
tive result in the control group, which consisted of 
87 patients with non-tuberculous meningitis or 
non-infectious disorders. Remarkably, of these 22 
cases, only eight yielded Mycobacterium tuber- 
culosis in culture. Unfortunately, at that time, 
only solid media were used. 

Compared with the original procedure, the ex- 
traction as well as the methylation step for the de- 
tection of TBSA has recently been modified in 
such a way that this technique can now easily be 
applied in a clinical mycobacteriology laboratory 
(Adler et al., Swiss National Center for Mycobac- 
teria, Zurich, unpublished data). Standardization 
was achieved by injecting synthetic TBSA and by 
analyzing cerebrospinal fluid specimens that had 
been artificially spiked with various amounts of 
Mycobacterium tuberculosis cells. Under these 
conditions, the detection limit of the methyl ester 
is approximately 10 pg, which corresponds to the 
amount of TBSA released from approximately 
103 AFB. Using this modified procedure in a pro- 
spective study, clinical cerebrospinal fluid speci- 
mens (n = 333) have been analyzed. TBSA was 
found in 22 specimens, seven of which yielded a 
positive culture as well (media used: LJ slant, 
Middlebrook 7H10/sel7Hll agar and Bactec). 
Eight of the remaining 15 TBSA-positive speci- 
mens were culture-negative but originated from 
patients showing clinical symptoms that were 
highly consistent with tuberculous meningitis; the 
other seven were false-positive. Apart from two 
false-negative results (TBSA negative/culture 
positive), all other cerebrospinal fluid specimens 
(n = 309) were negative by either technique. 
Compared with culture and clinical data, detec- 
tion of TBSA by GLC/MS showed a sensitivity of 
88.2 %, a specificity of 97.8 %, a positive predic- 
tive value of 68.1% and a negative predictive 
value of 99.4 % (Adler et al., unpublished data). 

Nevertheless, the sensitivity of the detection of 
TBSA by GLC/MS varies greatly with the type of 
clinical specimen to be analyzed. For sputum a 
sensitivity of between 90 % (92) and 97.1% (93) 
was found, while for pleural effusion and 
bronchial washing fluid the sensitivity dropped to 
75 % and 68 %, respectively (92), when com- 
pared with culture in liquid (Dubos) and on solid 
(Ogawa) media. 

Although the detection of TBSA by GLC/MS is 
much faster (results are available within 24 h 
upon receipt of the specimen) and obviously more 
sensitive than the cultural approach on solid 

media, this technique is very demanding with re- 
gard to equipment and its maintenance. This, to- 
gether with the fact TBSA is not specific for My- 
cobacterium tuberculosis only, may, at least to 
some extent, explain why this methodology is still 
not applied widely. 

Direct Detection of Acid-Fast Bacilli in Clini- 
cal Specimens by Amplification 

The application of molecular biological tech- 
niques has led to dramatic progress in the rapidity 
and accuracy of tuberculosis diagnostics. Al- 
though DNA probes have become an indis- 
pensable tool for today's clinical mycobacteri- 
ology laboratory, they are not sensitive enough 
for direct detection of AFB in patient specimens, 
since 103 to 10 4 microorganisms are required (94). 
Significant advances in tuberculosis diagnostics 
have been achieved by amplification techniques 
targeting either DNA or RNA. Currently, most 
experience is available from the direct detection 
of Mycobacterium tuberculosis in clinical speci- 
mens by the polymerase chain reaction (PCR; for 
refs., see 95). 

Eisenach et al. have used the Mycobacterium 
tuberculosis complex specific repeated DNA ele- 
ments IS6110 as target sequence (96, 97), while 
Brisson-No~l et al. (98) have chosen the 65 kDa 
gene to detect tubercle bacilli by PCR. Although 
some excellent procedures for the detection of 
Mycobacterium tuberculosis in respiratory speci- 
mens by PCR have now been developed which 
yield both high sensitivity and specificity [83.5 %/ 
99.0 % (99); 93.9 %/94.3 % (100); 87.2 %/97.7 % 
(101)], there are still authors reporting disappoint- 
ingly insensitive assays as well [55 % and 74 %/ 
98 % and 95 %, depending on the detection proce- 
dure: (102)]. Apparently most difficulties arise from 
microscopically negative specimens [sensitivity 
57 % (103)]. Schluger et al. evaluated the clinical 
utility of PCR in the diagnosis of infections due to 
Mycobacterium tuberculosis at B ellevue Hospital 
in New York (104). Sixty-five patients were en- 
rolled, and PCR was positive in 37 patients. When 
correlated with smear, culture, pathology and clini- 
cal history, the sensitivity of PCR for diagnosis of 
tuberculosis disease was 100 %. The specificity 
was, however, only 70 %, since the PCR assay was 
positive in a number of patients also with prior 
tuberculosis, treated disease, or tuberculosis in- 
fection. 

Data are still scarce on clinical specimens of non- 
respiratory origin. De Wit et al. (105) compared 



V~o1.13, I994 969 

COnventional methods (culture on solid media 
and Bactec) with PCR to diagnose tuberculous 
pleural effusion. The sensitivity of culture from 
pleural fluid was 53 %, but PCR was significantly 
better (sensitivity 81%)  and certainly superior to 
pleural biopsy culture and histology. PCR also ap- 
Pears to be superior to conventional bacteriology 
and an enzyme immunosorbent assay (EIA) for 
cerebrospinal fluid antibodies in the diagnosis of 
tuberculous meningitis (106) although this tech- 
nique only detected 75 % of the highly probable 
Cases as based on clinical features. 

As evidenced by a recent interlaboratory study 
using a coded panel of samples containing various 
numbers of Mycobacterium boris [BCG] cells, 
the reliability of PCR in detecting Mycobac- 
terium tuberculosis complex remains question- 
able, since unexpected high variations in sensitiv- 
ity among the laboratories were observed (107). 
It has also been shown that the implementation of 
an effective system for monitoring sensitivity and 
Specificity is required in the clinical mycobacteri- 
ology laboratory before PCR can be used reliably 
In the diagnosis of tuberculosis (108). Similarly, 
many of the protocols do not fit easily into a clini- 
cal laboratory's work flow, since they can be quite 
demanding as far as technical equipment and 
Operational skills are concerned. 

Before long, a PCR kit that may overcome such 
difficulties should be commercially available 
(Roche Diagnostic Systems, USA). The assay's 
target is the 16S rRNA gene, within which two 
primers identify a 583-bp amplicon, being specific 
for more than 30 mycobacterial species. Since the 
16S rRNA gene also contains hypervariable re- 
gions, further identification is possible using species- 
Specific probes following a positive genus screen. 

A recently developed isothermal transcription- 
mediated amplification system detects Mycobac- 
terium tuberculosis complex directly from respira- 
tory specimens and provides a billion-fold ampli- 
fication of the rRNA targets. In this test system 
Amplified Mycobacterium tuberculosis Direct 

st [MTD] Gen-Probe, USA), amplicons are 
Created via DNA intermediates and subsequently 
detected by the same hybridization protection 
assay employed in the conventional Gen-Probe 
tests (AccuProbe) for culture confirmation. Jonas 
et al. (19) obtained an overall sensitivity of 80 % 
and a specificity of 97 % with the Amplified Gen- 
Probe assay on induced sputum specimens 
(a ~ 758). After review of the patients' clinical 
data, the sensitivity, specificity, positive predictive 
Value (PPV), and negative predictive value (NPV) 

were 82 %, 99 %, 97 % and 96 %, respectively, 
for the MTD, and 88 %, 100 %, 100 % and 97 % 
for culture. The low sensitivity achieved for cul- 
ture is not surprising because only two LJ slants 
but no liquid (radiometric) media were used. Simi- 
lar values are reported from Abe et al. (109) and 
Miller et al. (20). Pfyffer et al. (34) have evaluated 
a total of 938 respiratory specimens by the MTD 
and compared the results with fluorescence mi- 
croscopy and cultivation (LJ slant plus Middle- 
brook 7H10/sel7Hll plus Bactec). One series of 
the specimens was decontaminated with 
NALCfNaOH, the other one with SDS/NaOH. 
Overall sensitivity and specificity of the MTD 
were 92.9 % and 96.2 %, respectively, after 
NALC decontamination; and 97.2 % and 96.1%, 
respectively, after SDS treatment. Analysis of the 
discordant results revealed that quite a few MTD 
positive/culture negative specimens could be con- 
sidered true positives after review of the patients' 
clinical data. After resolution of the discrepan- 
cies, the following values were obtained: 93.9 % 
sensitivity/97.6 % specificity for the NALC series, 
and 97.4 % sensitivity/96.9 % specificity for the 
SDS series. These data demonstrate that the 
MTD works slightly though not significantly bet- 
ter (p > 0.05) for SDS-decontaminated speci- 
mens, provided that the sediments are properly 
washed prior to the MTD (34). 

The high reliability of this new test makes it an 
ideal tool for diagnosing tuberculosis with low 
bacterial load. Moreover, with a negative predic- 
tive value of almost 100 %, the test can quickly 
help exclude tuberculosis from the differential 
diagnosis. When the specimen is microscopically 
positive but MTD negative, the test may point to 
the presence of nontuberculous mycobacteria. 

Alternative amplification procedures aiming also 
at the direct detection of Mycobacterium tuber- 
culosis in clinical specimens are currently in the 
process of development or in early stages of clini- 
cal evaluation and should be available in kit form 
before long. Among them are strand-displace- 
ment amplification (110), nucleic-acid-sequence- 
based amplification (111), ligase chain reaction 
(112), and Q[~ replicase amplification (113). 

Present Value of Molecular Test Systems Used 
for the Direct Detection of Mycobacterium 
tuberculosis in the Routine Diagnostic Labora- 
tory 

Certainly, the molecular biological technology 
has opened new dimensions in tuberculosis diag- 
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nostics as far as sensitivity, specificity, and speed 
are concerned. However, difficulties in the inter- 
pretation of results produced by any of these 
highly sensitive methods become obvious when 
results diverge from those obtained by conven- 
tional culture and identification procedures. 
Further evaluations must, therefore, be per- 
formed to answer questions such as (i) false posi- 
tives: reliability of the presently used 'gold stand- 
ard' (e.g. culture); (ii) false negatives: possible 
presence of amplification inhibitors in the speci- 
men; (iii) types of cells detected by molecular 
methods: viable cells only, or viable cells as well as 
dead ones; (iv) clinical interpretation of a positive 
result: acute infection, reactivation of disease, or 
simply persisting (inactive) population of tuber- 
cle bacilli; and (v) initiation/onset of antituber- 
cutous/preventive chemotherapy, etc. 

At present, results obtained by any of the new 
molecular methods should be interpreted in con- 
j unction with the patient's clinical data, i.e., medi- 
cal history, physical examination, chest radio- 
graph, tuberculin skin test, and contemporary 
techniques for microscopy, culture, and identifi- 
cation. Thus, it must be stressed that both clini- 
cian and microbiologist have to meet the results 
generated by these new methods with the neces- 
sary skepticism and that an optimum collabora- 
tion is critical to a positive outcome for the 
patient. 

Species Identification of Acid-Fast Bacilli 

In mycobacteria, well-preserved, genus-specific 
regions within the 16S rRNA co-occur, with hy- 
pervariable regions exhibiting species-specific 
characteristics (114). Kirschner et al., (115) have 
identified quite successfully 473 clinical isolates 
of Mycobacterium spp. by direct sequence deter- 
mination of 16S rRNA gene fragments amplified 
by PCR and have compared the results with those 
of traditional biochemical testing. PCR-mediated 
direct sequence determination allowed, in addi- 
tion, prompt recognition of previously unde- 
scribed species, i.e. isolates that could not be iden- 
tified by standard biochemical tests (e.g., Myco- 
bacterium confluentis, Mycobacterium genavense, 
Mycobacterium intermedium, Mycobacteriurn in- 
ter]ectum). This technique cannot, however, 
differentiate between Mycobacterium kansasii 
and Mycobacterium gastri or between Mycobac- 
terium marinum and Mycobacterium ulcerans. 
Because of workload and practicability problems, 

this methodology may have to be limited to refer- 
ence laboratories rather than to routine clinical 
laboratories. 

Plykaytis et al. (116) and Telenti et al. (117) de- 
scribed a rapid method for identification of my- 
cobacteria to the species level through PCR 
amplification of 65 kDa heat shock protein gene 
sequences combined with restriction endonu- 
clease analysis. Lungu et al. (118) amplified DNA 
from groEL gene and through restriction-frag- 
ment-length polymorphism analysis were success- 
ful in the differentiation of Nocardia from rapidly 
growing mycobacteria. PCR combined with re- 
striction-fragment-length polymorphism is less 
expensive and less labor-intensive than sequenc- 
ing and has the potential to be implemented in a 
busy clinical microbiology laboratory. 

Future Possibilities in Susceptibility Testing 

Independent of the emergence of multi-drug re- 
sistant tuberculosis in certain areas, rapid assess- 
ment of the results of drug susceptibility testing of 
Mycobacterium tuberculosis isolates has become 
of prime importance. Several exciting approaches 
have been elaborated very recently to overcome 
the problem of putting patients, contacts, and 
health care workers at risk. Some of them im- 
prove simply the understanding of the mecha- 
nisms of drug resistance, while others may lead to 
the development of rapid tests which should, in 
the near future, allow their use and application in 
a routine diagnostic laboratory (119-127). 

DNA Typing 

For epidemiological studies (e.g., nosocomial 
transmission, reactivation of tuberculosis vs. rein- 
fection, cross-contamination in the laboratory, 
etc.), biochemical strain properties, unusual anti- 
biotic susceptibility patterns, or even phage typ- 
ing have considerable limitations. A few years 
ago, repetitive DNA elements were identified in 
Mycobacterium tuberculosis and their potential 
for use as genetic markers recognized (128, 129). 
In contrast to the limited polymorphism of the re- 
striction fragments of the insertion sequence (IS) 
1081 (130), the number of IS6110 copies and the 
sites of insertion in the chromosome are highly 
variable. Thus, the IS6110 element is extremely 
powerful and, therefore, is being used most 
widely as a DNA probe in the epidemiological 
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distinction of Mycobacterium tuberculosis strains. 
Cave et al. (131) have reported good stability of 
the iS6110 fingerprints during periods of up to 4.5 
years and, in addition, reported that acquisition 
of drug resistance was not associated with pattern 
changes. Recently, recommendations for a stand- 
ardized DNA typing methodology have appeared 
(132). 

Major applications of DNA fingerprinting in- 
clude epidemics in homeless shelters (133) and 
nosocomial outbreaks in HIV facilities (1) or in 
renal transplant units (134). In the latter case, 
rapid DNA typing of IS6110 was performed by 
PCR using a modified single-site PCR method 
Specific for this insertion sequence (135). 

In a population-based study using conventional 
and molecular methods, the epidemiology of 
tuberculosis in San Francisco was analyzed (136). 
Despite an efficient tuberculosis control pro- 
gram, nearly one-third of new cases of tuberculo- 
sis are the result of a recent infection. Few of 
these instances of transmission have been iden- 
tified by conventional contact tracing. The San 
Francisco experience suggests that current tuber- 
culosis control strategies have important limita- 
tions in contemporary urban environments. 

The isolation of even a single positive culture for 
Mycobacterium tuberculosis complex should be 
the basis of a presumptive diagnosis of tuberculo- 
sis, A false-positive culture may have profound 
consequences on the clinical management of the 
patient. Episodes of laboratory cross-contamina- 
tion may occur more frequently than may be rec- 
ognized in the current resurgence of tuberculosis. 
In a recent study of cross-contamination, the 
POtential of molecular strain typing was demon- 
Strated (137). In this investigation, the impact of 
false-positive cultures was significant, even 
though it was mitigated by early recognition that 
these were probably the result of laboratory 
cross-contamination. Patients with false-positive 
cultures were nonetheless subjected to additional 
physician consultations, radiographic studies and 
acquisition of specimens for AFB workup. An ad- 
ditional disturbing consequence of these spurious 
results was the unnecessary administration of an- 
tituberculosis therapy to patients and contacts, re- 
suiting in adverse drug reactions in two patients 
(137). There is no justification for fingerprinting 
of Mycobacterhtm tuberculosis strains on a 
routine basis; however, the ultimate role of such 
.Procedures in clinical laboratory practice for qual- 
ity Control purposes may be significant to be de- 
termined. 

II. The Levels of Service Concept 

Laboratory directors take pride in the scope and 
precision of the tests performed in their institu- 
tions. However, it is the physician's responsibility 
to provide adequate care for the patient. On the 
basis of the physician's knowledge, laboratory 
tests are chosen primarily to screen for unsus- 
pected disease and to establish or exclude tuber- 
culosis or other mycobacterial disease. With the 
closing of the sanatoria and the treatment of 
patients in general hospitals or on an outpatient 
basis, the supporting mycobacteriology service 
has spread diffusely through a growing number of 
laboratories offering different extents and quali- 
ties of laboratory service. 

Ila. Current Situation 

Suggestions for several levels or extents of ser- 
vices that might be provided by mycobacteriology 
laboratories have been proposed by the Centers 
for Disease Control and Prevention, the Ameri- 
can Thoracic Society, and the College of Ameri- 
can Pathologists. It is recommended in the levels- 
of-service concept, first introduced in 1967 by the 
Public Health Service (138) and supported by the 
American Thoracic Society in official policy 
statements (139-141), that services be based on 
work load, expertise and cost-effectiveness. 

The current three-level concept of laboratory 
services for mycobacterial diseases (Level I: 
smear; Level II: in addition to I, culture, identifi- 
cation of Mycobacterium tuberculosis complex; 
Level III: as in II, plus susceptibility testing and 
identification of all mycobacteria) has been re- 
iterated by the International Union Against 
Tuberculosis and Lung Disease and the World 
Health Organization in 1990 (142). On the basis 
of a workshop concerned with tuberculosis elimi- 
nation in European and other industrialized 
countries, it was recognized that the elimination 
of tuberculosis will demand diligent work for de- 
cades to come, particularly in light of the HIV 
pandemic. It is essential that centers of expertise 
be maintained or established where they do not 
currently (or no longer) exist. These centers 
should play a leading role in developing programs 
to improve surveillance and should also act as a 
resource offering service guidance, training and 
support for all health care workers dealing with 
tuberculosis. In their prospective organization of 
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laboratory services for tuberculosis in low inci- 
dence countries, three levels are again men- 
tioned: Level I, smear only; Level II, smear, cul- 
turing and identification for tuberculosis only; 
and Level III, identification of all mycobacterial 
species along with susceptibility testing. While 
Level I laboratories are local, Level II laborato- 
ries render service for 1-4 million inhabitants, and 
Level III laboratories for 5-10 million inhabitants 
or nationally. In addition, Level III laboratories 
carry out studies on drug resistance and the 
development and evaluation of new technology. 

The current concept of laboratory services for 
mycobacterial diseases faces new challenges in 
this era of increased numbers of immunodeficient 
patients and of those with multidrug-resistant 
tuberculosis. The results not only must be accu- 
rate; they must be generated in a timely fashion as 
well. The hierarchic principle, i.e., waiting for 
well-grown subcultures to mail out, is responsible 
for delays. From this, it appears that the Level II 
laboratories are the weakest link in the chain. 
Some of these laboratories are using solid media 
only; they may identify tubercle bacilli without 
probe technology, and they may forward isolates 
to laboratories that are performing drug suscepti- 
bility testing only with solid media. Contributing 
to a long turnaround time, many of the laborato- 
ries involved are staffed only five days a week. 

Hb. Fast-Track Program- A Model Concept 

Motivated by the equipment and training costs 
necessary to upgrade many mycobacteriology 
laboratories to Level III, the New York State De- 
partment of Health has introduced a 'Fast Track' 
program for tuberculosis testing. The goal of this 
program is to provide statewide susceptibility 
testing results for highly contagious smear-posi- 
tive patients to the clinician as soon as possible, at 
the latest before patients are discharged from the 
hospital, so that appropriate therapy may be in- 
itiated immediately. This program relies on the 
use of proven rapid technologies (radiometric de- 
tection, species-specific nucleic-acid-hybridiza- 
tion identification, and radiometric susceptibility 
testing); rapid specimen transport by overnight 
courier to a central laboratory; same-day re- 
porting by fax; and seven-days-per-week service. 
Preliminary results show that susceptibility test 
results are available to the clinician in less than 
three weeks after sputum collection for about 80 % 
of the smear-positive cases. While such a program 

may not be feasible for many laboratories, the re- 
sults demonstrate that mycobacteriology services 
can be provided in an expeditious manner, result- 
ing in timely information that has a meaningful 
impact on clinical care and public health. 

Ilc. Dynamic Acid.Fast Network 

If patient care and public health are always con- 
sidered paramount regardless of admission time, 
hospital type, geographical region, etc., the cur- 
rent concept of services has several shortcomings: 
the laboratory may be slow in the overall turn- 
around time and therefore, not cost-efficient. In 
addition, an unknown number of false-negative 
specimens may render the quality of laboratory 
service below expectations. 

One way to deal with the current situation might 
be to sort and allocate specimens according to a 
system of priorities. The model 'Fast Track' pro- 
gram for tuberculosis testing as part of a new acid- 
fast network (Figure 2) focuses on the highly in- 
fectious patient population. The required screen- 
ing step is an economic way to utilize limited re- 
sources. The 'Fast Track' laboratory has three 
goals: first, the fastest and most reliable technolo- 
gies should be implemented to facilitate the 
shortest turnaround times possible for suscepti- 
bility testing; second, centralization of such serv- 
ices will assist in controlling costs; and third, 
patients with nontuberculous mycobacterial dis- 
eases (mycobacteriosis) will stay in respiratory 
isolation rooms for shorter periods of time and 
may discontinue anti-tuberculosis drugs earlier. 

The impact of the initial screening by smear may 
be improved by performing the smear in-house 
(the 'Point of Care' laboratory, Figure 2) or at 
least at courier distance, allowing less than 24- 
hour turnaround time from taking of that particu- 
lar specimen. A widespread use of cytocentrifuge 
technology for concentrating specimens may in- 
crease the yield of smear-positive patients. 

The third or 'Specialty' laboratory (Figure 2), is 
the most versatile and - based on the tests per- 
formed - the most expensive one in the dynamic 
acid-fast network, With the current methodolo- 
gies available, this laboratory could cover one or 
more of the following topics: testing of second- 
line and experimental drugs for strains of My" 
cobacterium tuberculosis complex, susceptibility 
testing for clinically significant isolates of rapid 
growers, Mycobacterium kansasii or other slow- 



Vol. 13, 1994 973 

Figure 2: Dynamic acid-fast network. A novel approach 
Stresses the physician's role in diagnosing tuberculosis. 
Three laboratory types are partners in the dynamic acid- 
fast network: Point-of-Care, Fast Track, and Specialty (see 
text). Arrows mark sites that request laboratory testing. 
The clinician interacts with all three types of laboratories. 

growing nontuberculous mycobacteria; identifi- 
cation of mycobacteria utilizing high-perform- 
ance liquid chromatography, PCR coupled with 
restriction-fragment-length-polymorphism analysis, 
or sequencing DNA found in smear-positive 
Specimens; DNA typing of tubercle bacilli or 
Pulsed-field gel electrophoresis of Mycobac- 
terium avium complex strains and other clinically 
significant species; detection of tuberculostearic 
acid in cerebrospinaI fluid of patients with suspi- 
cion of tuberculous meningitis; determination of 
Serum concentrations for anti-tuberculosis drugs; 
and evaluation of new diagnostic kits. This highly 
Sophisticated type of laboratory may serve a 
metropolitan area, an entire region, or even 
Several countries, e.g., in Europe. 

It is recommended that the sites involved in the 
dynamic acid-fast network - Point of Care, Fast 
Track, and Specialty - offer seven-day-per-week 
Service to minimize delays that might be of or- 
ganizational nature. It should also be noted that 
the use of the dynamic acid-fast network should 
be requested by an infectious disease physician on 
duty or another exoert in the field. The implemen- 
tation of this additional dynamic acid-fast net- 
Work will have a meaningful impact on both clini- 
Cal care and on public health. 

IlL Reporting 

Early reporting of tuberculosis is essential for 
Prompt evaluation of contacts to the source case. 

By law, any case of tuberculosis must be reported 
to the local and, in certain countries, to the 
national public health authorities as well. In the 
USA, reporting of the initial results of suscepti- 
bility testing is mandated to facilitate surveillance 
of drug-resistant tuberculosis (2). The same is 
planned in European countries such as Switzer- 
land. 

The laboratory itself must make an extra effort 
for rapid reporting, particularly when taking into 
account that laboratory procedures in myco- 
bacteriology are still much more time consuming 
than those for other bacteria, despite the latest 
developments in the rapid diagnosis of myco- 
bacterial disease. Whether tubercle bacilli or non- 
tuberculous mycobacteria will eventually be iso- 
lated, interim reports should be sent out to the 
physician whenever new data become available. 
This holds for smear results, direct detection 
methods (GLC/MS, amplification procedures), 
culture, tentative species or group identification 
by preliminary tests (such as the NAP test or 
DNA probes), and susceptibility testing. Further- 
more, it is good laboratory practice to call the 
physician when a clinical specimen is found posi- 
tive for the first time (e.g., smear, Mycobacterium 
tuberculosis complex, or resistant tubercle 
bacilli). This does, of course, not free the labora- 
tory from a written interim report. 

If the mycobacterial species has definitely been 
identified and the data from the susceptibility 
testing are available, a final report containing all 
the data previously reported is issued and sent to 
the physician. Fax copies may expedite reporting. 
However, confidentiality must be guaranteed. 

IV. Teamwork 

In recent years there has been a growing body of 
new exciting methods in mycobacteriology. At 
the same time, however, there is also growing in- 
sight that no single method by itself is the best. 
Thus, several techniques should always be used, 
since they are complementary to each other. The 
laboratory director needs to decide which tests 
will be performed in-house and which specimens 
will be mailed to a specialized laboratory within 
the dynamic acid-fast network, based on the com- 
munity to be served and the availability of re- 
sources. This decision should be made in consul- 
tation with infectious disease, pulmonary, or 
other physicians affected. 
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Although many factors contribute to and com- 
pound the escalating health care cost problem, 
the increased utilization of health services, espe- 
cially diagnostic services, is considered one of the 
most important  elements. From the perspective 
of the microbiology laboratory, there is a direct 
relationship between workload and the number  
of technologists needed  to perform it as a result of 
the general lack of automation in the clinical mi- 
crobiology laboratory (143). With limited re- 
sources available, only a few laboratories may be 
able to use molecular techniques as screening 
methods to rule out tuberculosis. Therefore ,  
hospital staff (in-house) and laboratorians to- 
gether with their clients (extra-mural) should 
develop policies and guidelines for utilization of 
these newer techniques. Direct  testing of sputum 
may be suitable or even necessary in the following 
patients: smear-positive patients; smear-negative 
patients under treatment;  patients in respiratory 
isolation; HIV-positive individuals; patients for 
whom infectious disease or pulmonary clinicians 
on duty make  requests (i.e., markers as foreign- 
born, history of tuberculosis, abnormal chest 
radiograph, etc.). It should be emphasized that 
this list may differ from laboratory to laboratory 
because of the differences of the community 
served. 

Returning to the five clinical scenarios initially 
ment ioned - 1) highly infectious patients with 
acid-fast smear-positive pulmonary tuberculosis; 
2) tuberculous meningitis; 3) cervical unilateral 
lymphadenitis in infants; 4) mycobacteremia in 
HIV-positive patients, and 5) dissemination after 
intravesical instillation of Mycobacterium bovis 
[BCG] - a question arises: can your laboratory 
provide accurate results in a timely manner  in all 
of these scenarios? With this proposed novel ap- 
proach it should be possible. 

In conclusion, several surveys have demonstrated 
that the implementat ion of new techniques in the 
clinical microbiology laboratory is slow and hesi- 
tant. We must work together on a dynamic acid- 
fast network to improve the service rendered for 
our patients. Exci tement  over well-proven 
molecular  tools should inspire the laboratory to 
make the necessary changes now, so that future 
challenges can be met. 
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