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Using restriction fragment–length polymorphism data, we conducted a retrospective cohort study of 139 adult

patients with pulmonary tuberculosis to investigate the clinical impact of Mycobacterium tuberculosis infection

with a clustered isolate. The cumulative all-cause mortality rate during treatment was 21%. Patients with

clustered DNA fingerprint patterns had a reduced risk of death, compared with patients with unique patterns

(hazard ratio [HR], 0.5; 95% confidence interval [CI], 0.2–1.1), but this finding was confounded by age (adjusted

HR, 0.8; 95% CI, 0.4–1.8). After adjustment for age, the strongest predictors of death were such underlying

illnesses as diabetes mellitus, renal failure, chronic obstructive pulmonary disease, and human immunodefi-

ciency virus infection. We conclude that comorbidity and immunosuppression are important predictors of

survival for patients with pulmonary tuberculosis in an inner-city cohort. Recently transmitted infection, as

determined by use of DNA fingerprinting to classify patients’ isolates as being either clustered or unique, was

not independently associated with death.

Molecular typing techniques have been used in out-

break investigations to identify Mycobacterium tuber-

culosis isolates in individuals who develop active tu-

berculosis (TB) within several years of infection [1–3].

Although estimates may be affected by incomplete sam-

pling [4], the definition of clusters [5], and the extent

of crowding [6], it is thought that 30%–50% of the

isolates are clustered, according to matching DNA fin-
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gerprints [7–10]. Clustered isolates are thought to rep-

resent recent infection with rapid progression to disease

in urban settings. Outbreak strains may achieve evo-

lutionary success because of increased infectivity, en-

hanced virulence, reduced drug susceptibility, or host

factors shared by the exposed individuals. It has been

argued that an outbreak of TB that involved the strain

CDC1551 was caused by either increased virulence [2]

or increased transmissibility [11]. In vitro experiments

have suggested that this strain is unique in its capacity

to induce a vigorous host immune response [12]. In

outbreaks that have been defined by restriction frag-

ment–length polymorphism (RFLP) typing, factors that

may blunt the host response, such as HIV infection [5,

7], injection drug use, and alcohol abuse [9], have been

associated with the clustered isolates.

To investigate in vivo the impact of TB due to a

clustered isolate, we conducted a cohort study of 139

patients treated for drug-susceptible pulmonary TB

with the outcomes of survival and sputum sterilization.

We hypothesized that patients infected with clustered
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isolates would have a decreased survival rate and a prolonged

time to sputum sterilization, compared with patients infected

with nonclustered isolates.

PATIENTS AND METHODS

Patients. From 1 January 1994 through 30 June 1996, a total

of 199 consecutive cases of culture-confirmed TB were reported

to the Baltimore City Health Department Tuberculosis Clinic

(Maryland). Of the isolates collected during this period, 182

underwent RFLP analysis; 17 additional isolates were unavail-

able for DNA fingerprinting. Subjects were considered eligible

for the study if their isolates were in this RFLP library, which

has been described elsewhere [9]. We excluded from this cohort

all patients with isolated extrapulmonary TB, because their

cases could not be followed by serial culture. In addition, we

excluded patients aged !18 years, those with a postmortem

diagnosis of TB, and patients who had an M. tuberculosis isolate

that was resistant to �1 first-line treatment drugs. The re-

maining 139 patients were included in the study.

A technician who was blinded to the clinical data performed

DNA fingerprinting analysis by use of the standard IS6110

RFLP typing method [13, 14]. Strains that had �6 IS6110 bands

also underwent further analysis with a probe specific for the

polymorphic GC-rich repetitive sequence [15, 16]. RFLP clus-

ters were composed of �2 isolates with identical IS6110 fin-

gerprints and an identical polymorphic GC-rich repetitive se-

quence pattern if �6 IS6110 bands were present. A “clustered

patient” was defined as a patient who was infected with an

isolate included in an RFLP cluster. Patients with an M. tu-

berculosis RFLP pattern that did not match that of any other

isolate were classified as “nonclustered patients.” Because some

patients with available DNA fingerprinting results were ex-

cluded from the study, the number and specific types of strains

within each cluster were not included in the analysis.

Detailed information on patient medical history and TB

treatment, including all outpatient and inpatient visits, was

abstracted from the Tuberculosis Clinic’s medical charts, re-

corded on a standardized form, and keyed into a computer

database; data entry checks were used to ensure accuracy. HIV

infection status was determined on the basis of documented

results of serologic testing. If results of serologic testing for HIV

were not available, then the patient was classified as having high

risk or low risk on the basis of drug use and sexual history.

An arbitrary threshold of �20 pounds was used as the defi-

nition of “weight loss.”

Outcome measures. The outcomes of the study were death

due to any cause while the patient was undergoing treatment

for TB and conversion of the sputum culture result from being

positive for M. tuberculosis to being negative for such organ-

isms. All deaths were confirmed by evaluation of death certif-

icates; however, cause of death was not recorded, because this

source of information was considered inconsistent. Survival was

measured from the date that treatment began until either the

date that death occurred or the date that the last treatment

dose was received, at which time patients were censored.

Time to conversion of the sputum culture result was mea-

sured from the date that treatment began until the date that

the first of 2 consecutive negative sputum culture results was

collected. All the patients were followed by Tuberculosis Clinic

staff, regardless of whether the patients were treated as out-

patients or as inpatients in hospitals or long-term care facilities.

Outpatients underwent initial chest radiography; they had their

sputum samples cultured on a monthly basis until 2 consecutive

negative results were obtained. The sputum samples were proc-

essed at the Maryland Department of Health and Mental Hy-

giene Mycobacteria Laboratory (Baltimore), by use of both the

BACTEC radiometric method (Becton Dickinson) and Low-

enstein-Jensen slants; they were monitored for 6 weeks before

being discarded. Bacteriologic data were abstracted from labo-

ratory reports and recorded on a separate data-collection form,

which was identified only by a clinic identification number.

Statistical analysis. Initial analysis was performed with

Pearson’s x2 test or Fisher’s exact test, for categorical variables,

and with a 2-tailed t test or the Mann Whitney U test, for

continuous variables. Kaplan-Meier plots, the log-rank test, and

Cox proportional hazards modeling were performed to study

data on death. Survival data were initially analyzed on an in-

tention-to-treat basis; analysis was then repeated, with days of

treatment used as a time-dependent variable. Length of treat-

ment was calculated from the date that treatment began until

the date of death or, for censored patients, completion of ther-

apy or loss to follow-up. The proportional hazards assumption

was tested and was met with age divided into appropriate cat-

egories. Multivariate models, including variables associated

with both death and the covariate, were performed to control

for potential confounding. Stratified analysis was used to assess

for interactions. A 2-tailed a level of 0.05 was used. Statistical

analysis was performed with the STATA software package, ver-

sion 6.0 (Stata).

RESULTS

Patients. Of the original cohort of 182 culture-positive pa-

tients for whom DNA fingerprinting results were available, 43

were excluded from the study. Of these 43 patients, 11 received

a postmortem diagnosis, 22 had isolated extrapulmonary dis-

ease, and 3 were unable to provide sputum samples. Also ex-

cluded were 6 patients with M. tuberculosis that was resistant

to �1 of the standard treatment drugs and 1 patient aged !18

years.

The demographic and clinical characteristics of the patients
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Table 1. Demographic and clinical characteristics of 139 adult
patients with culture-positive pulmonary tuberculosis.

Characteristic
No. (%)

of patients

Age, years

Mean (SD) 52.6 (17.5)

18–60 95 (68)

61–75 24 (17)

76–90 20 (15)

Male sex 100 (72)

Race

White 28 (20)

Black 102 (73)

Other 9 (7)

Foreign born 12 (9)

Homeless 11 (8)

Daily alcohol usea 41/128 (32)

Injection drug usea 28/126 (22)

HIV status

Seropositive 31 (24)

Seronegative 63 (48)

High risk, not tested 4 (3)

Low risk, not tested 32 (25)

Diabetes 18 (14)

Renal disease (serum creatinine level, �2.0 mg/dL) 12 (9)

Recent history of cancer 8 (6)

Chronic obstructive pulmonary disease 13 (10)

Steroid use during past year 7 (6)

Weight loss (�20 lb.) 39 (31)

Positive tuberculin skin test resulta 71/104 (68)

Initial sputum smear positive for AFB 73 (53)

Chest radiography finding

Cavitary disease 44 (32)

Other infiltrate(s) 91 (65)

Normal 4 (3)

Disease site

Pulmonary alone 117 (84)

Pulmonary and extrapulmonary 22 (16)

RFLP molecular fingerprinting

Clustered 73 (53)

Unique 66 (47)

NOTE. AFB, acid-fast bacilli; RFLP, restriction fragment–length poly-
morphism.

a Data are no. of patients with characteristic/no. of patients for whom data
were available (%).

are summarized in table 1. Age distribution was normal, and

the mean patient age (�SD) was 53 � 17 years. The majority

of the patients were male (100 [72%]) and black (102 [73%]).

A total of 31 of the patients (24%) had serologic documentation

of HIV infection. Other underlying medical conditions included

diabetes (in 18 patients [14%]), renal disease (in 12 [9%]), and

chronic obstructive pulmonary disease (COPD; in 13 [10%]).

Four patients (3%) had both diabetes and renal disease.

For 73 patients (53%), the M. tuberculosis isolate was clas-

sified as clustered by DNA fingerprinting. The remaining 66

patients (47%) had an isolate with a unique RFLP pattern.

Patients with clustered isolates were younger than patients with

nonclustered isolates (mean age, 47.5 vs 58.2 years; ),P ! .001

and they were more likely to be HIV seropositive (32% vs.

15%; ) and injection drug users (36% vs. 7%;P p .04 P !

). Data on race, sex, and underlying medical conditions,.001

including alcohol use, were comparable for patients with clus-

tered and nonclustered isolates.

Approximately half of the patients (73 [53%] of 139) had

an initial sputum smear that showed acid-fast bacilli. Tuber-

culin skin test results were reactive for 71 (68%) of the 104

patients tested. One-third of the patients with nonreactive re-

sults had HIV infection. Chest radiography done at the time

of diagnosis showed noncavitary disease in 91 patients (65%),

cavitary disease in 44 patients (32%), and no abnormality in

4 patients (3%). Cavitary disease was less likely to occur in

HIV-seropositive patients than in HIV-seronegative patients

(11% vs. 40%; ), but it occurred equally among patientsP ! .01

with clustered and nonclustered isolates.

For 129 patients (93%), initial treatment included isoniazid,

rifampin, and pyrazinamide. Most of the patients (117 [84%]

of 139) received directly observed therapy for their entire course

of treatment. Ten of the 22 patients who self-administered ther-

apy did so only before presentation to the clinic (mean duration

of self-administration, 11 days; range, 2–28 days). For 40 pa-

tients (29%), there was a delay of 114 days between the date

that the first positive sputum culture result was obtained and

the date that therapy was begun (mean delay, 29 days; range,

15–81 days). Eight patients were lost to follow-up after a mean

of 130 days (range, 14–339 days).

Death. A total of 29 (21%) of the 139 patients died during

treatment; the median time to death among these patients was

39 days. The median follow-up for survivors was 202 days. Age

was strongly associated with the risk of death (table 2). Patients

aged 160 years had a 5-fold increased risk of death, compared

with patients aged 18–60 years. Patients with clustered DNA

fingerprint patterns had a 50% reduced risk of death, compared

with patients who had unique patterns (hazard ratio [HR], 0.5;

95% CI, 0.2–1.1). The association was confounded by age, be-

cause patients with clustered isolates were significantly younger

(age-adjusted HR, 0.8; 95% CI, 0.4–1.8) than patients with

nonclustered isolates. Analysis of RFLP clustering according to

age strata did not reveal significant evidence for an interaction,

although the number of deaths among older patients with clus-

tered isolates was small. When HIV infection and injection drug

use, factors associated with RFLP clustering, were entered along
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Table 2. Molecular epidemiologic, clinical, and demographic characteristics and risk
of death due to all causes for 139 patients treated for culture-positive tuberculosis.

Characteristic
No. of

subjects
No. (%)

of deaths
Crude HR
(95% CI) Pa

Adjusted HRb

(95% CI) Pa

Age, years

18–60 95 10 (11) 1.0

61–75 24 10 (42) 5.2 (2.1–12.6) !.001

76–90 20 9 (42) 5.3 (2.1–13.2) !.001

RFLP

Clustered 73 11 (15) 0.5 (0.2–1.1) .07 0.8 (0.4–1.8) .6

Unique 66 18 (27) 1.0 1.0

HIV status

Seropositive 31 7 (23) 2.7 (0.8–8.6) .09 5.4 (1.1–26.4) .03

Seronegative 63 5 (8) 1.0 1.0

Diabetes

Yes 18 8 (44) 4.8 (2.0–11.6) !.001 4.7 (1.9–12.5) .002

No 108 14 (13) 1.0 1.0

Renal diseasec

Yes 12 9 (75) 9.4 (4.1–21.8) !.001 8.1 (3.4–19.6) !.001

No 119 16 (13) 1.0 1.0

Cancer

Yes 8 3 (38) 2.5 (0.7–8.5) .1 0.9 (0.2–3.4) .9

No 117 18 (15) 1.0 1.0

COPD

Yes 13 7 (54) 4.8 (2.0–12.1) .001 2.6 (1.0–6.8) .05

No 113 15 (13) 1.0 1.0

Steroid use

Yes 7 3 (43) 4.3 (1.2–14.6) .02 4.2 (1.2–15.0) .03

No 118 18 (15) 1.0 1.0

Weight loss

Yes 39 7 (18) 1.1 (0.4–2.7) .8 1.2 (0.5–2.9) .7

No 86 14 (16) 1.0 1.0

Daily alcohol

Yes 41 6 (15) 0.8 (0.3–2.1) .7 1.1 (0.4–2.9) .8

No 87 15 (17) 1.0 1.0

Injection drugs

Yes 28 7 (25) 1.5 (0.6–3.8) .4 14.7(1.8–120) .01

No 98 15 (15) 1.0 1.0

Chest radiograph

Cavity present 44 9 (20) 0.9 (0.4–2.0) .8 0.9 (0.4–2.2) .9

Other infiltrate 91 20 (22) 1.0 1.0

Initial AFB smear result

Positive 73 18 (25) 1.5 (0.7–3.2) 0.3 1.8 (0.8-4.0) .1

Negative 66 11 (17) 1.0 1.0

Tuberculin skin test result

Reactive 71 6 (8) 0.2 (0.1–0.6) !.01 0.3 (0.1–0.8) .02

Nonreactive 33 10 (30) 1.0 1.0

Delay in treatment

114 days 40 9 (23) 1.1 (0.5–2.5) .8 0.9 (0.4–2.0) .8

�14 days 99 20 (20) 1.0 1.0

Sex

Male 100 18 (18) 0.6 (0.3–1.4) .3 0.7 (0.3–1.5) .4

Female 39 11 (28) 1.0 1.0

Race

Nonwhite 111 23 (21) 0.9 (0.4–2.3) .9 1.4 (0.6–3.5) .4

White 28 6 (21) 1.0 1.0

NOTE. AFB, acid-fast bacilli; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; RFLP,
restriction fragment–length polymorphism.

a Cox proportional hazards model.
b Adjusted for age.
c Renal disease was defined by a serum creatinine level �2.0 mg/dL.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/34/6/752/384828 by U

.S. D
epartm

ent of Justice user on 17 August 2022



756 • CID 2002:34 (15 March) • Oursler et al.

Figure 1. Kaplan-Meier survival curves for patients with culture-positive pulmonary tuberculosis, by underlying illnesses (HIV infection, diabetes,
renal failure, or chronic obstructive pulmonary disease [COPD]). Renal failure is defined by a serum creatinine level of �2.0 mg/dL.

Table 3. Multivariate Cox proportional hazards
model for mortality, including diseases associated
with mortality in univariate analysis.

Factor Adjusted HR (95% CI) P

Diabetes 6.7 (1.6–29.3) .01

Renal diseasea 9.7 (1.2–80.3) .04

COPD 6.1 (0.8–49.8) .09

HIV infection 2.4 (0.3–16.8) .4

Age, years

61–75b 4.1 (0.5–33.5) .2

76–90b 4.3 (0.2–76.6) .3

NOTE. COPD, chronic obstructive pulmonary disease;
HR, hazard ratio.

a Renal disease was defined by a serum creatinine level
of �2.0 mg/dL.

b Reference age, 18–60 years.

with age into the Cox model, the results remained unchanged.

Patients with positive sputum smear results and patients with

cavitary disease did not have an increased risk of dying. Patients

with a reactive tuberculin skin test result had a 77% reduced

risk of death (HR, 0.23; 95% CI, 0.1–0.6), independent of age,

HIV infection, and injection drug use. A delay of 114 days

before initiation of therapy was not associated with increased

mortality.

Diabetes, renal disease, COPD, and HIV infection were in-

dependent predictors of death, after adjustment for age (figure

1 and table 2). Renal disease represented the greatest increased

risk of death, with 9 (75%) of the 12 patients with renal disease

dying while receiving treatment (HR, 9.4; 95% CI, 4.1–21.8).

Univariate analysis of data on steroid use showed an increased

risk of death among steroid users with TB. However, 4 of 7

patients who were using steroids also had a history of diabetes,

and 1 had COPD. When results were adjusted for the presence

of diabetes and COPD, steroid use was no longer a significant

predictor of death. A history of cancer (8 patients) was asso-

ciated with a trend toward an increased risk of death (HR, 2.5;

95% CI, 0.7–8.5). When the diseases that were significantly

associated with death in the univariate analysis were analyzed

in a multivariate model, only diabetes and renal disease re-

mained independent predictors of death (table 3). Demo-

graphic variables, including race, sex, and homelessness, were

not associated with death. Self-reported daily alcohol con-

sumption also was not associated with death. For injection drug

users, the age-adjusted risk of death was no longer significant

when controlled for HIV infection (HR, 5.5; 95% CI, 0.5–54).

A separate Cox regression model, in which treatment was used

as a time-dependent variable, found associations that were sim-

ilar in magnitude and significance to those revealed by the

intention-to-treat model.
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Table 4. Median duration of therapy until conversion of the
sputum culture result for 109 patients, according to intention-to-
treat analysis.

Characteristic

Days to culture result
conversion,

median (range) P a

RFLP fingertyping

Clustered 59.5 (3–458) .5

Unique 59.0 (0–154)

Initial sputum smear result

Positive for AFB 73.5 (16–458) !.01

Negative for AFB 53.0 (0–166)

Infiltrate type

Cavitary 75.0 (11–458) !.001

Other 52.5 (0–166)

Tuberculin skin test result

Positive 60.0 (0–458) .4

Negative 56.5 (7.7)

Treatment compliant

No 60.5 (0–166)

Yes 80.0 (0–458) .2

Delay between first culture
and start of therapy

114 days 45.0 (0–102) !.001

�14 days 68.0 (3–458)

HIV status

Seropositive 43.5 (3–130) .06

Seronegative 62.0 (0–458)

Diabetes

Yes 69.0 (11–99) .9

No 59.0 (0–458)

Renal failure

Yes 69.0 (11–99) .5

No 59.0 (0–458)

Cancer history

Yes 62.0 (3–146) .7

No 61.0 (0–458)

COPD

Yes 77.5 (44–96) .1

No 58.0 (0–458)

Weight loss

Yes 62.0 (1–131) .3

No 56.5 (0–458)

Daily alcohol use

Yes 61.0 (0–458) .8

No 59.0 (3–244)

Injection drug use

Yes 74.0 (3–458) .4

No 59.0 (0–166)

NOTE. AFB, acid-fast bacilli; COPD, chronic obstructive pulmonary dis-
ease; RFLP, restriction fragment–length polymorphism.

a Mann-Whitney U test.

Conversion of the sputum culture result. Because 27

(90%) of 30 patients whose sputum culture result did not con-

vert from positive to negative died during follow-up, signifi-

cantly fewer culture samples were obtained from these patients

(mean number of samples, 3 vs. 9). To minimize information

bias, we analyzed the median time to conversion of the sputum

culture result for those patients who had sputum sterilization

occur (109 of 139 patients), instead of using conversion of the

sputum culture result as an outcome. Time to sterilization was

set at 0 days for the 3 patients who had negative sputum culture

results before initiation of therapy. The median time to sputum

sterilization was 59 days (range, 0–458 days). Time to sterili-

zation was prolonged for patients with smear-positive sputum

samples or cavitary lung disease (table 4). Patients who had a

delay of 114 days between the date that the first positive culture

result was obtained and the date that treatment was initiated

had shorter times to sputum conversion than did patients with

little or no delay in receiving treatment (median number of

days, 45 vs. 68; ). The delay in treatment initiation didP ! .001

not affect the number of sputum samples collected (mean num-

ber of samples, 7.2 vs. 8.1). With regard to time to conversion

of the sputum culture result, there was no difference between

patients with RFLP-clustered isolates and those with nonclus-

tered isolates ( ). Underlying medical illnesses and dem-P p .5

ographic variables did not affect the time to sputum sterili-

zation. HIV-infected patients tended to have a shorter time to

sterilization than did HIV-negative patients (median days, 44

vs. 62, ).P p .06

DISCUSSION

In this community-based cohort of patients with drug-suscep-

tible pulmonary TB, we found that older age, diabetes, renal

disease, COPD, and HIV infection were associated with an

increased risk of death during treatment. Patients infected with

RFLP clustered strains tended to be less likely to die but were

younger than patients infected with unique strains. Intact cel-

lular immune response, which was indicated by a reactive tu-

berculin skin test result, was associated with a 77% reduced

risk of death.

Death remains a common outcome for patients with TB.

Case-fatality rates are reported to be between 7% and 35%

[17–19]. Delayed treatment and infection with multidrug-re-

sistant strains of mycobacteria are associated with increased

risk of death [20–22]. HIV-infected patients have a 4–8-fold

increased risk of dying with TB, compared with HIV-seroneg-

ative patients [20, 23–25].

The effect of other underlying diseases on the risk of death

due to TB has not been studied as extensively as the effect of

HIV infection. On death certificates from 1990, the most com-

mon diseases that were listed with TB as the cause of death
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included AIDS (11%), cardiovascular disease (16%), cancer

(9%), and COPD (5%) [26]. A case-control study of 50 patients

with TB showed that 56% of the patients who died had �1

clinical risk factor, compared with 14% of the control group

(i.e., hospitalized survivors) [27]. Before the HIV pandemic,

investigators in British Columbia found that chronic renal dis-

ease, malignancy, and silicosis were associated with the deaths

of 153 patients treated for TB [28]. A recent study of death

among hospitalized patients following diagnosis of TB found

that respiratory failure requiring mechanical ventilation, mal-

nutrition, and end-stage renal disease were predictors of death

[29]. Our study extends these findings to a community-based

population that represents patients with TB from an entire city,

with consistent treatment and follow-up.

Questions remain regarding the pathogenesis of fatal TB.

Cell-mediated immunity is the key to defense against M. tu-

berculosis [30, 31]. Among HIV-infected patients, a positive

delayed-type hypersensitivity reaction to tuberculin (a marker

for intact cellular immunity) has been associated with a reduced

risk of death, compared with that noted for anergic patients

[32, 33]. Although renal disease has been recognized as a risk

factor for reactivation of latent disease, its effect on mortality

may be caused by a combination of altered cellular immunity

[34], difficulty of the diagnosis [35], or death resulting from

other causes. Association of diabetes and COPD with deaths

due to TB may have a similar basis. The significant and in-

dependent effect of diabetes and renal disease on mortality

emphasizes the importance of host factors in determining the

outcome of TB. Although there are data suggesting that some

M. tuberculosis strains may be highly efficient in establishing

initial infection [2, 11], we found that patients infected with

clustered strains had clinical outcomes similar to those of pa-

tients infected with unique strains. Our results suggest that host

factors are more important than strain variation in determining

the outcome of pulmonary TB.

We found no association between alcohol abuse and survival,

although such an association has been reported elsewhere [20,

36]. The effect of alcohol abuse on patient risk of death may

have been diluted by our study’s broad definition of alcohol

abuse, which included daily consumption of any quantity of

alcohol. In addition, because 91% of our patients received di-

rectly observed therapy for the majority of their chemotherapy,

the effect of poor adherence associated with alcohol may have

been minimized.

As an additional outcome, we studied the length of time

required to render M. tuberculosis nonviable in sputum samples.

We found that a prolonged time to conversion of the sputum

culture result was associated with cavitary lung disease and the

presence of acid-fast bacilli in the initial smear sample. It is

unclear whether these results can be attributed to increased

pathogenicity of the organism, apart from burden or altered

host response. Neither the RFLP cluster status of the isolate

nor host factors affected clearance of the organism. In fact,

HIV-infected patients tended to sterilize their sputum more

quickly than did seronegative patients. This finding is likely due

to the low number of HIV-infected patients with cavitary dis-

ease (11% vs. 40%), but it may explain why some HIV-infected

patients have been reported to be less infectious to contacts

[37, 38].

The apparent accelerated sputum sterilization for patients

experiencing a delay in treatment is likely because of diagnostic

bias. On the basis of their clinical presentation, these patients

were not deemed sick enough to receive empiric chemotherapy,

but they were closely followed and did well once therapy was

begun. Delayed treatment of TB can have serious consequences

and has been associated with increases in the mortality rate in

other studies [20, 21]. These findings do not minimize the

importance of prompt diagnosis and treatment of TB; rather,

they suggest that patients who have atypical chest radiography

findings and smears that are negative for acid-fast bacilli will

have more rapid sterilization of their sputum.

A limitation of the present study is its exclusion of patients

who had cultures that were negative for TB and those whose

disease was entirely extrapulmonary. Our results may not apply

to these patients, who may have a different clinical presentation

and prognosis. Our selection of patients may explain the ap-

parent high overall mortality rate in the present study (21%),

compared with the 16% case-fatality rate reported in the Amer-

icas in 1999 [17]. The conclusions made on the basis of RFLP

clustering are dependent on appropriate designation of clus-

tered status versus nonclustered status. Although our subjects

were selected from a cohort of patients whose isolates were in

an RFLP library that included 91% of the culture-positive iso-

lates in Baltimore City during the study period, misclassification

could have occurred. However, other published data from this

cohort show that clustered cases of TB are grouped according

to geographic areas [9]. This finding suggests that recently

transmitted TB isolates should be equally accessible for DNA

fingerprinting.

We conclude that comorbidity has a significant affect on the

survival of patients with pulmonary TB and that it is a poor

prognostic indicator that must be considered regardless of spu-

tum conversion. The results of the present study highlight the

role of M. tuberculosis as an opportunistic infection in patients

with and without HIV infection; they also underscore the im-

portance of prompt diagnosis of infection and use of preventive

therapy for individuals with chronic diseases. The finding that

infection with genetically clustered M. tuberculosis strains ap-

pears to have no affect on either sputum sterilization or mor-

tality suggests that transmissible strains of M. tuberculosis are

not associated with increased virulence.
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