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ported by Fischer et al.? in a patient with mild
myopathy.

The atherosclerotic lesion that we observed in
this patient was unusual® because the accumu-
lated lipid was triglyceride rather than cholesterol,
lipid-laden cells were distributed through all layers
of the arterial wall, and the patient had normal
plasma triglyceride levels. These phenotypes may
result from the mutation in ATGL.*
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Emergence of Extensive Drug Resistance during Treatment
for Multidrug-Resistant Tuberculosis

TO THE EDITOR: We report the development of
fluoroquinolone-resistant tuberculosis and exten-
sively drug-resistant tuberculosis during second-
line treatment for multidrug-resistant tuberculo-
sis in Karakalpakstan, Uzbekistan. Eighty-seven
patients were treated with a regimen containing
at least five drugs to which the infecting strain
was presumed to be susceptible, according to rec-
ommendations from the World Health Organi-
zation.»> We performed drug-susceptibility testing
and DNA fingerprinting on Mycobacterium tuber-
culosis isolates collected at baseline and during
treatment.

None of the 87 patients had ofloxacin resis-
tance at baseline, yet ofloxacin resistance devel-
oped during treatment in 18 patients (21%), and
10 patients (11%) were classified as having exten-
sively drug-resistant tuberculosis.® Only 5 (28%)
of the 18 patients with ofloxacin resistance were
successfully treated. Isolates from 13 patients had
identical DNA fingerprints throughout treatment,
probably reflecting the induction and amplifica-
tion of ofloxacin resistance. A mixed infection,
with two strains at baseline, was found in one
patient, whereas the isolates obtained from four
patients during treatment had DNA fingerprints
that differed from those of the baseline isolates,
indicating potential reinfection (Fig. 1).

Among the 13 patients with identical strains
at baseline and during treatment, second-line re-
sistance and a severe clinical condition at baseline
were significantly associated with the develop-
ment of ofloxacin resistance on univariate analy-
sis (P=0.002 and P=0.03, respectively) (see the
Supplementary Appendix, available with the full
text of this letter at www.nejm.org). Both factors
remained significantly associated with fluoroquin-
olone resistance in a multivariate model (P=0.007
and P=0.03, respectively). Interestingly, 9 of the
13 patients were infected with a multidrug-resis-
tant tuberculosis clone that is highly prevalent in
this region, suggesting a higher propensity of par-
ticular strains to acquire resistance. A reduction
in population diversity caused by clonal expansion
of particular multidrug-resistant strains also ren-
ders strain differentiation based on IS6110 finger-
prints more difficult. Thus, some of the presumed
amplification might represent reinfection with
a fluoroquinolone-resistant variant of the same
strain.

This study shows that exogenous reinfection
with extensively drug-resistant M. tuberculosis strains
may occur during second-line treatment of multi-
drug-resistant tuberculosis. The reinfecting strains
from three patients showed DNA fingerprint pat-
terns and resistance profiles that were identical to
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87 Patients with MDR-TB

(no OFX resistance)

18 Had OFX resistance

during treatment

4 Were infected with
a different strain

1 Was infected with mixed strain

13 Were infected with
the same strain

3 Had XDR-TB 1 Had MDR-TB plus 1 Had MDR-TB plus 7 Had XDR-TB
3 Were successfully OFX resistance OFX resistance, 5 Had treatment
treated 1 Died had treatment failure
failure, and died 2 Died treated
4 Died

1 Died 8 mo after end
of treatment

6 Had MDR-TB plus
OFX resistance
2 Were successfully

Figure 1. Ofloxacin Resistance during Treatment among 87 Patients with Multidrug-Resistant Tuberculosis at the Start of Treatment.
MDR-TB denotes multidrug-resistant tuberculosis, OFX ofloxacin, and XDR-TB extensively drug-resistant tuberculosis.

those of M. tuberculosis strains obtained from pa-
tients who stayed in the same hospital during the
same time. These data point to the risk of noso-
comial transmission of extensively drug-resistant
tuberculosis strains in high-incidence settings,
even with implementation of infection-control
measures such as ultraviolet germicidal irradia-
tion, natural and artificial ventilation, and limi-
tations on the number of patients per room.
The emergence of fluoroquinolone resistance
and extensively drug-resistant tuberculosis during
treatment of multidrug-resistant tuberculosis with
currently recommended protocols, under well-
controlled conditions, has significant implications
for the scale-up of multidrug-resistant tuberculo-
sis treatment internationally. With an estimated
489,000 new cases of multidrug-resistant tuber-
culosis emerging each year, the need to scale up
treatment is undeniable.* However, the risk of cre-
ating and transmitting highly resistant M. tuber-
culosis strains highlights the need to optimize
treatment regimens and develop strategies for ad-
ministering these regimens safely and effectively.>
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