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The time course of persistence of Mycobacterium tuberculosis as measured by detection of rRNA, acid-fast
bacillus (AFB) smear, and culture was determined for pulmonary tuberculosis patients during antimicrobial
therapy. Twenty-three patients who were initially AFB smear positive and who subsequently completed a course
of antimicrobial therapy were selected for the study. Sequential specimens were tested by AFB smear, culture,
and rRNA amplification (Gen-Probe Amplified Mycobacterium Tuberculosis Direct Test [MTD]). The initial
diagnostic specimens of all patients were positive by culture; those of 22 patients (96%) also were positive by
MTD. Overall, MTD results remained positive longer than both smear and culture results. The median times
to the last positive test result were 9 days for AFB smear, 26 days for culture, and 30 days for MTD. The last
positive test result was the AFB smear result in 4% of cases, the culture result in 22%, and the MTD result in
52%. Fifty-six percent of patients had a period of shedding of noncultivable M. tuberculosis which was detected
by MTD after culture results had converted to negative. This noncultivable period lasted 7 to 245 days. All three
tests became reproducibly negative before the end of therapy and remained negative during follow-up for up
to 1 year. These results indicate that during successful antimicrobial therapy, M. tuberculosis is eliminated in
sputum samples as measured by amplification of rRNA, as well as by AFB smear and culture. No long-term
rRNA carrier state was detected. While the time course of clearance of M. tuberculosis measured by rRNA
overall was longer than with the two traditional tests, the rRNA test results allow sensitive and precise
measurement of the clearance of noncultivable M. tuberculosis from respiratory specimens. This attribute may
allow rRNA testing to be useful in clarifying patient response to antimicrobial therapy.

Many investigators have demonstrated the ability of nucleic
acid amplification assays to supplant the acid-fast bacillus
(AFB) smear and culture for laboratory diagnosis of Mycobac-
terium tuberculosis. Studies have focused on the rapid detection
of M. tuberculosis for initial diagnosis of pulmonary tuberculo-
sis. Assays which amplify ether DNA or RNA have been uti-
lized for this purpose. The performance characteristics of tran-
scription-mediated amplification (amplification of rRNA) (1,
4, 13, 17, 19, 21, 22), as well as laboratory-based PCR (7, 10,
26) and commercially based PCR (2, 6, 8, 18, 22), have been
demonstrated. Sensitivities ranging from 82 to 100% and spec-
ificities ranging from 98 to 100% have been documented (1, 2,
4, 6–8, 10, 13, 17–19, 21, 22, 26). The performance character-
istics of these assays, combined with a short turnaround time
and commercial availability, ensure that use of these assays will
become more widespread in the near future.
AFB smear and culture results are utilized to determine

response to antimicrobial therapy, as well as initial diagnosis.
Because the turnaround time for culture results is long, most
initial clinical and public health management decisions are
made on the basis of the AFB smear result, despite its low
sensitivity and lack of specificity (3). Nucleic acid amplification
tests have been shown to be more sensitive than the AFB
smear and can be completed in 8 h or less (1, 6, 13, 18). Thus,
it should be possible to utilize nucleic acid amplification test
results, as well as AFB smear results, to guide patient therapy

and public health decisions. A good understanding of the time
frame of M. tuberculosis persistence as measured by nucleic
acid amplification compared with culture and AFB smear is
necessary to enable use of these tests for these purposes. Little
has been published concerning this usage. Several researchers
have demonstrated that in certain patients M. tuberculosis
DNA, as detected by PCR, can be found after culture results
have turned negative (10, 11, 26). Since these studies were not
designed to address M. tuberculosis nucleic acid persistence,
the data available are very limited in scope. In a study assessing
use of PCR to monitor patients on therapy, Kennedy et al.
demonstrated that PCR test results of successfully treated pa-
tients converted to negative but those of patients with a relapse
became positive again (14). An in vitro study utilizingM. smeg-
matis treated with antibicrobial agents concluded that detec-
tion of rRNA was correlated with cell viability (20). The
present study was performed to determine the time frame of
M. tuberculosis persistence, as measured by detection of rRNA
compared with culture and AFB smear in patients undergoing
antimicrobial therapy. This can provide a basis for determina-
tion of the usefulness of rRNA detection to monitor patient
response to therapy, as well as provide data to determine the
meaning of a positive Gen-Probe Amplified Mycobacterium
Tuberculosis Direct Test (MTD; Gen-Probe, San Diego, Ca-
lif.) result when AFB smear and culture results are negative.

MATERIALS AND METHODS

Patient selection criteria and study design. Sequential, new, smear-positive
patients presenting at the Orange County Health Care Agency Pulmonary Dis-
ease Clinic were selected for the study. Patients who completed a course of
antimicrobial therapy were retained. Patients were treated with a standard four-
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drug regimen (isoniazid, rifampin, pyrazinamide, and ethambutol). Pyrazinamide
was discontinued after 3 months or when improvement was noted. Treatment
was altered on the basis of patient response and laboratory results (culture, AFB
smear, and drug susceptibility) as necessary. Standard laboratory testing was
completed, and an aliquot of each specimen was frozen at2708C. The MTD was
performed retrospectively after the patient identifications had been removed.
Review of patient charts was carried out to determine history, clinical diagnosis,
therapy, and outcome.
Specimen collection and laboratory techniques. All specimens were induced

sputum samples taken with an Ultra-Neb 99 nebulizer (DeVilbiss, Somerset, Pa.)
with a 0.45% NaCl solution and a 50-ml sterile conical tube collection kit (Sage
Products, Crystal Lake, Ill.). Specimens were kept at 48C and received by the
laboratory within 2 h. The majority of specimens were processed within 24 h by
a standard N-acetyl-L-cysteine sodium hydroxide method (15) with addition of
1.0 ml of 0.2% bovine albumin (Becton Dickinson Microbiology Systems, Cock-
eysville, Md.), 45.5 U of penicillin G per ml, and 9% LaMotte Wide Range
Indicator (LaMotte Chemical Company, Chestertown, Md.) to the final pellet,
followed by titration to pH 6.8 to 7.2 with 0.5 N HCl. For each specimen, two
Lowenstein-Jensen tubes (Becton Dickinson Microbiology Systems) were inoc-
ulated with a 0.1-ml specimen, a BACTEC 12B bottle was inoculated with 0.5 ml,
and a smear was made for fluorochrome staining. The remainder of the sample
was frozen at 2708C. Fluorochrome staining was performed by standard proce-
dures (15). Tube cultures were examined weekly for 6 weeks, BACTEC vials
were read daily for 7 days and biweekly for an additional 5 weeks. Positive
cultures were quantitated, and acid-fast isolates were identified by standard
biochemical techniques (15), DNA-RNA hybridization (Accu-Probe; Gen-
Probe), or high-performance liquid chromatography (5). Antimicrobial suscep-
tibility testing was done by standard techniques (15). The transcription-mediated
amplification test (MTD) was performed in accordance with the package insert.
Culture and smear results were not known by the investigators performing the
MTD. Statistical analysis was done with Student’s t test.

RESULTS

Patient demographics. Twenty-three patients, including 16
males (ages, 20 to 72 years) and seven females (ages, 25 to 65
years), made up the patient population. The majority of the
patients were Hispanic (n5 10) and Southeast Asian (n5 10);
two were Indian, and one was Caucasian. Twenty-one of the 23
patients were foreign born (10 were from Mexico and Central
America, 10 were from Southeast Asia, and 2 were from In-
dia). Fifteen of the 23 patients were infected with M. tubercu-
losis strains susceptible to all primary drugs. Seven patients had
strains resistant to a single drug (isoniazid, three; streptomycin,
three; ethambutol, one), and one strain was resistant to all
primary drugs. Six patients had previously been treated for

tuberculosis. Patients remained on antimicrobial therapy for a
median of 373 (range, 220 to 856) days. A mean of 15 (range,
6 to 26) specimens from each patient were analyzed. Twenty-
two (96%) of 23 patients had initial diagnostic specimens
which were positive by MTD, as well as by culture and AFB
smear.
Time to conversion of test results. The time to the last

positive AFB smear, culture, or MTD result for all patients is
presented in Fig. 1. The MTD result was slower to convert to
negative than the AFB smear and culture result for the ma-
jority of patients. As summarized in Table 1, the MTD had the
highest median and mean times to the last positive result and
the longest maximum time to the last positive result and was
the last positive test in 52% of cases. For the 16 patients whose
positive MTD results persisted longer than the AFB smear
results, the median length of time of positivity past the last
positive AFB smear result was 30 days. For the 13 patients
whose positive MTD results persisted longer than their posi-
tive culture results, the median length of time of positivity past
the last positive culture result was 45 days (Table 1).
Figure 2 presents the kinetics of conversion from positive to

negative test results for all patients. The initial rate of conver-
sion to negative test results was fastest for the AFB smear,
slower for culture, and slowest for MTD. Fifty percent of all
patients’ AFB smear results were negative after day 9, com-
pared with day 26 for culture and day 30 for MTD. Ninety
percent of patients had their last positive test result on or
before day 107 for the AFB smear, day 58 for culture, and day
213 for MTD. While the initial rate of AFB smear result
conversion for the population was very rapid, the rate slowed
at 60% of patients and was intermediate between those of
culture and MTD results for the final 40%.
Detection of noncultivable M. tuberculosis. Many of the pa-

tients had periods of shedding of noncultivableM. tuberculosis.
Specimens from these patients were positive by AFB smear or
MTD or by both tests after culture results had converted to
negative. A period of noncultivable M. tuberculosis shedding
was detected by AFB smear in 5 patients (22%) and by MTD
in 13 patients (56%), including all 5 patients in whom shedding
was detected by AFB smear. The median durations of these
noncultivable-mycobacterium-shedding periods after the cul-
ture result had converted to negative were 44 (range, 13 to 99)
days for the 5 patients in whom shedding was detected by AFB
smear and 45 (range, 7 to 245) days for the 13 patients in whom
shedding was detected by MTD. The pattern of test results for
these patients is represented by Fig. 3D and E.
Effects of previous treatment and drug-resistant strains on

clearance times. The 6 patients who had been previously
treated (patients 4, 7, 12, 15, 18, and 23 in Fig. 1) had mean
times to the last positive test result of 70, 47, and 145 days for
the AFB smear, culture, and MTD, respectively, compared
with mean times of 20, 25, and 35 days for the AFB smear,
culture, and MTD, respectively, for the 17 patients with no
previous treatment. However, these differences were not sta-

FIG. 1. Time to the last positive test result by patient. Patient order is based
on increasing time to the last positive MTD result. ID, identification.

TABLE 1. Comparison of time to last positive test result and difference in time to last positive MTD result

Test % of last positive
resulta

Median no. of days to
last positive result

Mean no. of days to last
positive result

Maximum no. of days to last
positive result

Median no. of days (range) from last positive
result to last positive MTD result

AFB smear 4 9 33 126 30 (7–146)b

Culture 22 26 31 125 45 (7–245)c

MTD 52 30 64 272

a The last positive test was often a combination of tests: AFB smear, culture, and MTD, 13%; culture and MTD, 9%.
b For the 16 patients whose MTD results were positive longer than their AFB smear results.
c For the 13 patients whose MTD results were positive longer than their culture results.
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tistically significant (P . 0.05). There was no statistically sig-
nificant difference (P , 0.05) in clearance times due to resis-
tance to a single drug, ethnicity, and gender. The one patient
(no. 18) with a multiply resistant strain had the second longest
conversion time for AFB smear and MTD results. She also had
a history of previous treatment and was treated with primary
drugs for 90 days before therapy was switched to secondary
drugs. Patients 4 and 12, who had the longest and third longest
conversion times for MTD results, both had been previously
treated, in Vietnam and Korea, respectively. The details of
their earlier therapy were not available.
Continuity of negative test results. For every patient, all test

results, including rRNA amplification, became negative during
the course of therapy and were negative before therapy was
discontinued. Patients had a median of 9 (range, 1 to 14)
specimens negative by MTD after conversion to a negative
result. The specimens producing these negative MTD results
were collected over a median period of 385 (range, 26 to 715)
days. Specimens were collected from 10 patients after cessation
of therapy. These specimens were also uniformly negative
when tested by AFB smear, culture, and MTD. The median
period of negative MTD results after cessation of therapy was
197 (range, 10 to 385) days for these 10 patients. Therapy was
continued past the last positive test result for at least 145 days
for AFB smear, 190 days for culture, and 118 days for MTD.
None of the patients later relapsed to active tuberculosis.
Patterns of test results. The complete test results for five

representative patients shown in Fig. 3 demonstrate the most
common patterns of test results over time. For patients 2, 6,
and 22, all test results converted to negative in under 10 days.
While individual test results correlated for patients 6 and 22,
they did not for patient 2 while following the same pattern.
Patient 4 represents patients with an early conversion of cul-
ture followed by an extensive period of shedding of nonculti-
vable organisms, detected first by smear and rRNA and then by
rRNA alone. Patient 12 also had a noncultivable-organism-
shedding period with a gap of negative results ended by a single
positive rRNA result.
All results were examined to determine if three sequential

negative test results would accurately predict final conversion
from a positive to a negative test result. Four patients had a
period in which three or more sequential negative test results
were followed by a positive test result. This occurred once for
culture, twice for the AFB smear, and three times for MTD.
The calculated predictive values of three negative specimens
signaling conversion are 91% for the AFB smear, 96% for
culture, and 87% for MTD. Four negative results were 96%
predictive for the AFB smear, 96% predictive for culture, and
91% predictive for MTD. Five negative test results were 100%

predictive of final conversion to negative results for all of the
tests.

DISCUSSION

Conversion of AFB smear and culture results from positive
to negative for patients undergoing antimicrobial therapy is
well established (9, 25). In this study, the median and mean
times to the last positive AFB smear were 9 and 33 days,
respectively. This conversion gives timely feedback to the cli-
nician on the efficacy of antimicrobial treatment. The data
presented here demonstrate that conversion from positive to
negative results also takes place for a test which detects M.
tuberculosis rRNA. However, the time course of the conversion
of MTD results to negative was longer than that for AFB
smear or culture in the majority of patients. For every patient,
the rRNA test results converted to negative before antimicro-
bial treatment was completed. Once the rRNA test results
converted to a negative state, they remained negative, as did
AFB smear and culture results. However, there was a variabil-
ity of individual test results for some patients, as shown in Fig.
3. This could be the result of variations in the shedding of
organisms or in the efficiency of specimen collection. Even with
this variability, the data presented here indicate that three
negative results are $96% predictive of conversion for all tests
while five negative results are 100% predictive.
There was no evidence of an extended rRNA carrier state.

Of interest was the detection by MTD of a noncultivable-
organism-shedding period in 56% of the patients. In these
patients, rRNA was detected after culture results had con-
verted to negative. This noncultivable-organism-shedding pe-

FIG. 2. Time of last positive test result for all patients. Symbols: E, AFB
smear; å, culture; π, MTD.

FIG. 3. Serial MTD, culture, and AFB smear results for samples from pa-
tients 6 (A), 2 (B), 22 (C), 4 (D), and 12 (E). Zero time is the day of initiation
of antimicrobial therapy. EOT, end of therapy.
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riod can be extensive; the maximum time seen in this study was
245 days but is usually much shorter (the median duration was
45 days). A noncultivable-organism-shedding period was also
detected by AFB smear but in only 22% of the patients. Over-
all, these results are similar to the PCR results reported by
Kennedy et al. for successfully treated patients (14).
The composition of the patient population studied here may

have affected the results. Only initially smear-positive patients
were enrolled in the study, and only patients who completed
therapy were retained for this study. In our clinic, approxi-
mately 50% of the patients are smear negative on initial pre-
sentation, so our patient sample was biased to more heavily
infected patients. Because of the aggressive treatment and the
selection of patients who completed therapy, all of the patients
in this group were clinically determined to have completed
therapy successfully and suffered no relapses. Thus, this study
represents a longitudinal view of traditional and rRNA testing
results for a more heavily infected group of patients who suc-
cessfully completed therapy. For other patient populations, the
results may be slightly different. For smear-negative tubercu-
losis cases, the time for conversion to negative culture and
MTD results will most likely be less than that reported here.
Also, because there is a lighter M. tuberculosis load in smear-
negative patients, the percentage of patients shedding noncul-
tivable organisms will most likely be lower and the shedding
periods may be shorter. Preliminary (unpublished) data from
our laboratory indicate that noncompliant patients who do not
respond to therapy remain MTD positive, as well as AFB
smear and culture positive, longer than did the patients in this
study.
The noncultivable-organism-shedding period detected by

AFB smear in this study is very similar in incidence and dura-
tion to those described in previous studies (9, 12, 16, 23).
However, this is the first report describing the quantitation of
such a shedding period with an rRNA amplification test. Re-
searchers have previously presented data which support the
existence of such a period on the basis of both PCR (2, 10, 11,
14, 18) and MTD (13). In some instances, the effect of the
noncultivable-organism-shedding period is seen as initial
“false-positive” specimens when nucleic acid amplification test
and culture results are compared. On discrepant analysis, it is
often seen that these specimens were collected from a patient
with documented tuberculosis on antimicrobial therapy (2, 7,
13, 18). It appears that these patients were in a noncultivable-
organism-shedding period when the specimens were collected.
A recent in vitro study utilizing M. smegmatis concluded that
rRNA decays rapidly after cell death while DNA is stable for
longer periods (20). Whether a noncultivable DNA period is
longer or shorter than the noncultivable rRNA period in vivo
and if it reproducibly converts to negative test results for pa-
tients on antimicrobial therapy, as seen here for rRNA, must
be determined by future investigations.
The data presented here reinforce results from several clin-

ical trials which indicate that detection of M. tuberculosis
rRNA, as well as positive AFB smear and culture results, is
indicative of an active infection and a diseased state (1, 4, 13,
17, 19, 21, 22). In this study, the last positive MTD result
occurred a minimum of 118 days before patients were consid-
ered cured and therapy was discontinued on the basis of stan-
dard clinic protocols. There is no evidence of an extended
latency state after successful treatment that can be detected by
MTD. These results are similar to a longitudinal PCR study of
patients treated for Chlamydia trachomatis in which no long-
term carrier state was seen (24).
No statistically significant effect on clearance time was seen

when patients were grouped by gender, ethnicity, resistance to

a single drug, or previous treatment. However, the three pa-
tients with the longest clearance times by MTD had had pre-
vious therapy and one of these was infected with a multiply
resistant strain. These three patients were all foreign born, and
details of their earlier treatment were not available. Patient 7
had several positive AFB smear results with negative MTD
results. This was most likely due to an inhibitor of the MTD,
since the sensitivity of the MTD for smear-positive samples in
our laboratory is 99% (13). To detect inhibitors, our current
protocol calls for retesting of all AFB smear-positive, MTD-
negative samples by using the package insert protocol for in-
hibitor detection.
The exact physical state of M. tuberculosis rRNA during the

noncultivable-organism-shedding period demonstrated in this
study is not known. A noncultivable-organism-shedding period
detected by MTD when the AFB smear result is also positive
suggests that intact organisms with detectable rRNA se-
quences are present. They do not reproduce in culture because
they are either totally nonviable or so damaged that they can-
not grow on laboratory media. M. tuberculosis detected in a
noncultivable state by MTD only may also be intact but at a
concentration too low for detection by the AFB smear. It is
also possible that there could be a period during which M.
tuberculosis rRNA is detectable while there is no intact organ-
ism but before all of the rRNA is degraded. Determination of
the condition of noncultivable M. tuberculosis cells remains for
further studies. Whatever the outcome of these studies, it has
been demonstrated here that the duration of the nonculti-
vable-organism-shedding period is finite for patients on a suc-
cessful treatment regimen.
The results of this study indicate that rRNA becomes non-

detectable in patients responding to therapy before therapy
was discontinued. Therefore, the use of the MTD to monitor
therapy and as a final “test of cure” is a theoretical possibility.
However, before this can be considered, additional studies
need to be carried out to corroborate the existing data, com-
pare conversion times for successfully treated patients versus
nonresponders, and establish the minimum time period after
rRNA conversion for continuation of therapy. Until these
studies are carried out, an understanding of the kinetics of
rRNA test conversion in successfully treated patients allows
the MTD to be helpful in certain instances. One example is in
the initial diagnosis of partially treated patients. These patients
are often culture negative and may be AFB smear positive or
negative. The results presented here indicate that a patient
may have a positive rRNA test result, due to shedding of
noncultivable organisms, which would establish the diagnosis.
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