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SUMMARY
SETTING—Fluoroquinolone (FQ) exposure before tuberculosis (TB) diagnosis is common, but
its effect on outcomes, including mortality, is unclear.

DESIGN—Among TB patients reported to the Tennessee Department of Health from 2007 to
2009, we assessed FQ exposure within 6 months before TB diagnosis. The primary outcome was
the combined endpoint of death at the time of TB diagnosis and during anti-tuberculosis treatment.

RESULTS—Among 609 TB cases, 214 (35%) received FQs within 6 months before TB
diagnosis. A total of 71 (12%) persons died; 10 (2%) were dead at TB diagnosis and 61 (10%)
died during anti-tuberculosis treatment. In multivariable logistic regression analysis, factors
independently associated with death were older age (OR 1.05 per year, 95%CI 1.04–1.07), human
immunodeficiency virus infection (OR 8.08, 95%CI 3.83–17.06), US birth (OR 3.03, 95%CI
1.03–9.09), and any FQ exposure before TB diagnosis (OR 1.82, 95%CI 1.05–3.15). Persons with
FQ exposure before TB diagnosis were more likely to have culture- and smear-positive disease
than unexposed persons.

CONCLUSIONS—Among this patient population, FQ exposure before TB diagnosis was
associated with an increased risk of death. These findings underscore the need for cautious use of
FQs in persons with possible TB.
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Despite a Decrease in worldwide incidence since 2002, tuberculosis (TB) continues to be a
major cause of mortality worldwide; it is estimated that 1.45 million persons died from TB
in 2010.1 Factors that increase the risk of TB-associated death include older age, human
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immunodeficiency virus (HIV) infection, being Black, Hispanic and homeless, having
miliary or meningeal TB, malignancy, frequent alcohol use and drug-resistant disease.2–6

Multidrug-resistant TB (MDR-TB), defined as resistance to at least isoniazid (INH) and
rifampin (RMP), and extensively drug-resistant TB (XDR-TB), defined as MDR-TB strains
that are also resistant to fluoroquinolones (FQs) and a second-line injectable agent, are of
growing global concern.

FQs demonstrate excellent in vitro and in vivo activity against Mycobacterium
tuberculosis,7,8 and are important components of the treatment regimens for MDR-TB and
in patients who are intolerant of first-line treatment. Because of their broad antimicrobial
properties, outstanding bioavailability and relatively low toxicity, FQs are commonly used
to treat a variety of bacterial infections. The prevalence of FQ exposure in the 12 months
prior to TB diagnosis has been as high as 41%.9

The use of FQs prior to TB diagnosis has been associated with an increased risk of FQ
resistance10–12 and delays in diagnosis and treatment of pulmonary TB.13–17 One
retrospective study in a TB-endemic area found that FQ exposure before TB diagnosis was
associated with increased mortality.14 We sought to clarify the association between FQ
exposure before TB diagnosis and mortality in an area of low TB incidence using a
prospective cohort with both in- and out-patient FQ exposure data.

METHODS
We performed a prospective cohort study among patients with newly diagnosed TB reported
to the Tennessee Department of Health (DoH) from January 2007 to December 2009.
Patients from the cohort were included if they had an assessment for possible FQ exposure
starting 6 months before TB diagnosis from at least one of four sources. An FQ exposure
assessment survey was completed by Tennessee DoH staff who questioned TB patients
regarding receipt of FQs. An in-home questionnaire recorded data from face-to-face
interviews of patients with culture-positive TB conducted by research study staff regarding
patient recall of FQ prescriptions. Research study staff reviewed clinic and hospital records
to assess details of FQ prescriptions among culture-positive patients who gave consent and
for any culture-positive patients who were dead at diagnosis, died during treatment or died
after completion of anti-tuberculosis treatment. For each of the four sources of FQ exposure
data, the names of specific FQs prescribed during the 6 months preceding TB diagnosis, date
of prescription, duration of prescription and reason for prescription were ascertained where
possible.

The study was approved by the institutional review boards of Vanderbilt University, the
Tennessee DoH, and the Davidson County Metro Public Health Department.

The primary outcome of the study was all-cause mortality as a combined endpoint of death
at the time of TB diagnosis and death during anti-tuberculosis treatment. Secondary
outcomes included death at either time point alone, site of disease, pulmonary cavitation and
acid-fast smear and culture status. The date of TB diagnosis was defined as the date of
initiation of anti-tuberculosis treatment. The date of death was obtained from the Tennessee
DoH database, local health departments, the Tennessee DoH Division of Health Statistics or
the Social Security Death Index Database. Deaths were ascertained through October 2010.

Culture-positive TB was defined as cases in which Mycobacterium tuberculosis was isolated
at least once from sputum, tissue or body fluid cultures. Cases were defined as culture-
negative TB when no cultures grew M. tuberculosis and any of the following occurred: 1)
nucleic acid amplification testing of a clinical specimen demonstrated M. tuberculosis; 2)
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acid-fast bacilli were confirmed on a sputum smear or a smear, pathology or cytology
specimen of other body fluids or tissue; 3) the case met clinical case definition criteria
(positive tuberculin skin test or positive interferon gamma release assay for M. tuberculosis,
abnormal plain chest radiograph [CXR] or chest computed tomography scan if the site of
disease was pulmonary, pleural, or intrathoracic lymphatic, and treatment with at least two
anti-tuberculosis medications); or 4) the case met physician-verified TB criteria (culture-
negative cases who did not meet the clinical case definition but were considered cases by
physicians at the Tennessee DoH). Patients with culture-negative TB had to demonstrate
clinical response to treatment.

Patients with pulmonary TB had M. tuberculosis isolated from or evidence of disease in
sputum, bronchoalveolar lavage or lung parenchyma. If specimens from anywhere outside of
the lung parenchyma were positive for M. tuberculosis, patients were considered to have
extra-pulmonary TB. Patients with evidence of cavitation on plain CXR were considered to
have cavitary disease.

Clinical specimens were sent to the Tennessee DoH Division of Laboratory Services Special
Microbiology Section for fluorochrome acid-fast stain and culture, either directly, or for
further testing if they were positive, at outside laboratories. Identification of mycobacteria
was performed by high performance liquid chromatography or nucleic acid hybridization
(AccuProbe, Gen-Probe Inc, San Diego, CA, USA).

FQ exposure was characterized as a categorical variable (exposed vs. unexposed). Duration
of FQ exposure was characterized categorically (>10 days vs. 1–10 days) and as a
continuous variable (cumulative days of exposure). Differences in demographic and clinical
characteristics between FQ-exposed and -unexposed groups were evaluated using the χ2 test
for categorical variables and the Wilcoxon rank-sum test for continuous variables. Factors
associated with death were assessed using univariate and multivariable logistic regression
analysis, and included age, sex, race, HIV status, birth in the United States, MDR-TB,
resistance to any first-line anti-tuberculosis medications and FQ exposure. Patients who
were dead at diagnosis were not included in the logistic regression analysis of factors
associated with death during treatment. A Cox proportional hazards model was used to
evaluate differences in time to death in the first 6 months (specifically 182 days) after
starting treatment between those who received FQs before TB diagnosis and those who did
not. For cases in which HIV status was missing, multiple imputation techniques were used
to predict HIV status in regression and hazards models.

All analyses were performed using Stata, version 10 (Stata Corporation, College Station,
TX, USA), except for multiple imputation and Cox proportional hazards calculations, which
were performed using R (R statistical software, version 2.11.1, Vienna, Austria, www.r-
project.org). All P values were two-sided and P ≤ 0.05 was considered significant.

RESULTS
Of the 719 TB cases reported to the Tennessee DoH during the study period, 609 were
included in the study as data were available on possible FQ exposure from at least one
source. The 110 excluded patients were significantly younger and were less likely to be US-
born than the included cases. Of the 609 cases, 390 (64%) were male, 238 (39%) were Black
and 434 (71%) were US-born; 586 had HIV testing results available, of whom 59 (10%)
were HIV-positive.

The majority of the patients (n = 500, 82%) had pulmonary TB, including 36 (6%) who had
both pulmonary and extra-pulmonary disease. CXR revealed cavitary disease in 150 (25%)
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patients. Smear-positive TB occurred in 241 (40%) patients and 460 (76%) were culture-
positive. Of 454 M. tuberculosis isolates tested, 13 (3%) were resistant to INH and 3/455
(1%) were resistant to RMP; all three of the RMP-resistant isolates were also INH-resistant
(i.e., MDR-TB). FQ susceptibility testing was performed on 441 (72%) isolates, nine (2%)
of which were FQ-resistant.

Among the study patients, 214 (35%) received at least one FQ prescription within the 6
months before TB diagnosis. Demographic and clinical characteristics of the study patients
categorized according to FQ exposure are listed in Table 1. Those who had any FQ exposure
were significantly older and more likely to be US-born or Hispanic than those who were
unexposed. Table 2 lists FQ exposure characteristics of the study population.

Among the 609 TB cases, 71 (12%) died: 10 (2%) were dead at the time of TB diagnosis
and 61 (10%) died during anti-tuberculosis treatment. As noted in Table 3, when all deaths
were considered as a combined endpoint, exposure to any FQ was associated with death in
univariate logistic regression analysis. In multivariable logistic regression analysis adjusting
for age, HIV status and US birth, FQ exposure was independently associated with death
(odds ratio [OR] 1.82, 95% confidence interval [CI] 1.05–3.15, P = 0.03) in addition to age,
being HIV-positive and US-born.

Among those treated for TB (i.e., all patients except the 10 who were dead at TB diagnosis),
FQ exposure was significantly associated with death during anti-tuberculosis treatment in
both univariate (OR 2.63, 95%CI 1.54–4.50, P < 0.001) and multivariable (OR 1.79, 95%CI
1.01–3.17, P = 0.05) logistic regression analyses, along with age, HIV-positive status and
US birth. Only age and HIV-positive status, however, were associated with death at the time
of TB diagnosis in multivariable regression analysis; any FQ exposure was not significantly
associated with death at the time of TB diagnosis in either univariate (OR 2.82, 95%CI
0.79–10.10, P = 0.11) or multivariable (OR 1.51, 95%CI 0.37–6.24, P = 0.57) logistic
regression models.

FQ exposure was independently associated with death when all deaths were considered and
after imputation of HIV status for those in whom it was unknown, as reported in Table 3, but
not when the 23 patients with unknown HIV status were excluded (OR 1.68, 95%CI 0.93–
3.02, P = 0.08). Patients with unknown HIV status were significantly more likely to be older
and US-born and less likely to be Black than those whose HIV status was known. Patients
with unknown HIV status were also significantly more likely to have had FQ exposure, to
have been dead at diagnosis or to have died during treatment.

We observed a difference in the rates of death in the first 6 months after initiation of
treatment between those who were exposed to FQs in the 6 months before TB diagnosis and
those who were not (Figure). The difference in rates of death between those exposed to FQs
before TB diagnosis and those unexposed appeared to be most pronounced in the first 30–60
days, based on the Figure. Taking into account age, HIV status and US birth, we observed a
significant difference in the risk of death in the first 6 months after starting anti-tuberculosis
treatment between those exposed to FQs and those unexposed using a Cox proportional
hazards model (relative risk 1.78, 95%CI 1.05–3.02, P = 0.03).

Among the clinical, radiological and bacteriological characteristics evaluated, FQ exposure
was associated with culture-positive (P < 0.001) and smear-positive TB (P < 0.001). Site of
disease and cavitary disease were not associated with FQ exposure (Table 4).
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DISCUSSION
Although previous studies have investigated risk factors for mortality among persons with
TB,2–6,18,19 our study is the first to evaluate the risk of death associated with FQ exposure
prior to diagnosis in a low TB incidence area (3.2 cases per 100 000 population in 2009)20

using in- and out-patient exposure data in a prospective cohort. One previous study
conducted at a Taiwanese tertiary care referral center also demonstrated an independent
association between FQ exposure and mortality, but ascertainment of FQ exposure was
limited to review of hospital and TB case manager records. That study was performed in a
region with much higher TB incidence (62.4 cases/100 000 in 2003).14

Previous studies have demonstrated an association between FQ exposure and delays in
diagnosis and treatment of TB, and several studies have compared exposure to FQs vs. non-
FQ antibiotics. Two of these found that those who received FQs were not more likely than
recipients of non-FQ antibiotics to have delays in the initiation of anti-tuberculosis treatment
or diagnosis of pulmonary TB.17,21 Two other studies, however, did report significant delays
in treatment that were specifically attributable to FQs. A meta-analysis that looked at three
of the four studies above and one additional study16 found a mean difference of 19.03 days
(95%CI 10.87–27.18, P < 0.001) in overall delays in starting anti-tuberculosis treatment
between those who received FQs and those who received non-FQ antibiotics.22 Although
TB treatment delays could arise from clinical decisions to monitor improvement after any
empiric course of antibiotics, the above results suggest that FQs may have unique effects,
such as their activity against M. tuberculosis, that additionally obscure the diagnosis of TB.
While our study did not assess for delays in diagnosis and treatment of TB, these are
conceivable mechanisms for the increased mortality associated with FQ exposure described
here.

For survival analysis, we focused on the first 6 months after the initiation of anti-
tuberculosis treatment, as this represents the usual treatment duration for drug-susceptible
TB. Although we did not have data on cause of death, it is possible that deaths occurring
shortly after TB diagnosis were more likely to be due to TB than those that occurred later,
particularly as the difference in rates of death between FQ-exposed and -unexposed groups
appeared to be most pronounced within the first 60 days of TB diagnosis. Our cohort had
relatively few persons who were dead at the time of TB diagnosis, which may have affected
our ability to detect any association with prior FQ exposure.

It is interesting to note that persons with FQ exposure were more likely to have smear- and
culture-positive TB. Although this finding is consistent with an earlier study that used data
from the Tennessee DoH TB registry and TennCare (Medicaid) database from 2000–2004,9

the reasons are unclear.

Our study had several limitations. Prescriptions for FQs were used as a marker for FQ
exposure, and we did not account for possible non-adherence. Due to the relatively small
number of deaths in the cohort and patient data limitations, we were unable to adjust for
comorbidities such as chronic obstructive pulmonary disease, diabetes mellitus or
alcoholism. Furthermore, missing data could have affected the analyses. In particular, 23
(4%) patients had unknown HIV status; when they were excluded from the analysis, the
association between FQ exposure and mortality was not present. When we used multiple
imputation to predict HIV status of those with unknown HIV status, however, FQ exposure
was independently associated with death.

In this study, we demonstrated an association between FQ exposure prior to TB diagnosis
and an increased risk of death. Our findings underscore the importance of keeping TB as a
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diagnostic consideration, even in areas of low TB incidence. In those patients who have risk
factors for TB, an alternative to FQs should be considered if empiric antibiotic treatment is
warranted. Further investigation in areas of high TB incidence and frequent use of FQs is
needed, particularly given the growing concerns about drug-resistant TB.
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Figure.
Kaplan-Meier survival estimates in the first 182 days after TB diagnosis comparing those
who were exposed to FQ during the 6 months preceding TB diagnosis with those who were
not. TB = tuberculosis; FQ = fluoroquinolones.
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Table 1

Demographic, clinical and drug resistance characteristics

Characteristic

Any
FQ exposure

(n = 214)
n (%)

No
FQ exposure

(n = 395)
n (%) P value

Age, years, median [IQR] 53 [40–73] 43 [29–59] <0.001

Male 134 (63) 256 (65) 0.60

Black race 79 (37) 159 (40) 0.42

Hispanic ethnicity 24 (11) 69 (18) 0.04

US-born 173 (81) 261 (66) <0.001

HIV-positive 25/201 (12) 34/385 (9) 0.17

Drug resistance

  FQs 8/176 (5) 1/265 (0) 0.002

  Isoniazid 7/183 (4) 6/271 (2) 0.31

  Rifampin 3/184 (2) 0/271 (0) 0.04

  Pyrazinamide 4/180 (2) 11/268 (4) 0.28

  Ethambutol 2/184 (1) 0/271 (0) 0.09

FQ = fluoroquinolone; IQR = interquartile range; HIV = human immunodeficiency virus.
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Table 2

FQ exposure characteristics

Variable

Patients
(n = 609)

n (%)

Any FQ exposure 214 (35)

Duration of FQ exposure prior to TB diagnosis, days, median [IQR] 7 [3–14]

  >10 90 (15)

  1–10 124 (20)

Timing of exposure, days prior to TB diagnosis, median [IQR]* 8.5 [0–35]

  Receipt of FQ >60 days prior to TB diagnosis 31 (5)

  Receipt of FQ ≤60 days prior to TB diagnosis 151 (25)

Specific FQ†

  Moxifloxacin 73 (12)

  Levofloxacin 127 (21)

  Ciprofloxacin 68 (11)

  Ofloxacin 0

  Gatifloxacin 0

*
Only 182 cases with known timing of exposure included.

†
Number of cases who received at least one prescription of each FQ; some persons received more than one type of FQ.

FQ = fluoroquinolone; TB = tuberculosis; IQR = interquartile range.
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Table 3

Factors associated with death at the time of diagnosis or during tuberculosis treatment*

Risk factor
Unadjusted
OR (95%CI) P value

Adjusted
OR (95%CI)† P value

Age 1.05 (1.03–1.06) <0.001 1.05 (1.04–1.07) <0.001

Male sex 1.39 (0.81–2.38) 0.24

Black race 1.24 (0.75–2.04) 0.40

HIV-positive 4.41 (2.29–8.50)‡ <0.001‡ 8.08 (3.83–17.06) <0.001

Fluoroquinolone exposure 2.70 (1.63–4.46) <0.001 1.82 (1.05–3.15) 0.03

US-born 7.80 (2.80–21.75) <0.001 3.03 (1.03–9.09) 0.04

Any first-line drug resistance§ 0.62 (0.14–2.68) 0.52

*
The unadjusted model included MDR-TB. However, no MDR-TB patients were dead at diagnosis or died during anti-tuberculosis treatment.

†
Multivariable regression results applied multiple imputation techniques for those with unknown HIV status.

‡
Calculated using only those with known HIV status (n = 586).

§
Drug resistance to any of isoniazid, rifampin, pyrazinamide, ethambutol.

OR = odds ratio; CI = confidence interval; HIV = human immunodeficiency virus; MDR-TB = multidrug-resistant tuberculosis.
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Table 4

Association of FQ exposure with clinical, radiological and bacteriological presentation

Outcome

Any
FQ exposure

(n = 214)
n (%)

No
FQ exposure

(n = 395)
n (%) P value

Death, all 40 (19) 31 (8) <0.001

  At the time of TB diagnosis 6 (3) 4 (1) 0.10

  While being treated for TB 34 (16) 27 (7) <0.001

Site of disease 0.19

  Pulmonary only 170 (79) 294 (74)

  Extra-pulmonary only 36 (17) 73 (18)

  Both pulmonary and extra-pulmonary 8 (4) 28 (7)

Cavitary disease 60 (28) 90 (23) 0.15

Culture status <0.001

  Culture-positive TB 186 (87) 274 (69)

  Culture-negative TB 28 (13) 121 (31)

Smear status <0.001

  Smear-positive TB 107 (50) 134 (34)

  Smear-negative TB 107 (50) 261 (66)

FQ = fluoroquinolone; TB = tuberculosis.
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