
Fluoroquinolone resistance in multidrug-
resistant Mycobacterium tuberculosis
independent of fluoroquinolone use

To the Editor:

During the 1990s, multidrug-resistant tuberculosis (MDR-TB), resistant to at least isoniazid and rifampin,
emerged as a great threat to global tuberculosis (TB) control [1]. For most MDR-TB patients, the World
Health Organization (WHO) recommends a treatment regimen including second-line anti-TB drugs [2].
One of the most effective second-line drugs is fluoroquinolone [3]. During the treatment, MDR-TB may
develop resistance to fluoroquinolone, or even become extensively drug-resistant (XDR-TB), which is
resistant to both fluoroquinolone and at least one of three injectable second-line drugs [4]. The main genetic
mechanism of fluoroquinolone resistance lies in the mutations in the quinolone-resistance-determining
region of gyrA and gyrB [5].

A previous report has shown that less than 1% of pan-susceptible Mycobacterium tuberculosis isolates but
often over 30% of MDR M. tuberculosis isolates are fluoroquinolone resistant, a characteristic distribution
leading to about 70% of fluoroquinolone resistance events and relevant marker gyr mutations in MDR
M. tuberculosis isolates [6]. The development of fluoroquinolone resistance may be linked to its use. A
meta-analysis study has demonstrated previous exposure to fluoroquinolone and thereafter
fluoroquinolone resistance in M. tuberculosis [7]. Nevertheless, fluoroquinolone is widely used on farms, in
veterinary clinics and in human healthcare facilities, making it difficult to obtain accurate information
about prior use or exposure of patients [8].

During the study period, owing to a lack of M. tuberculosis culture for every TB patient, MDR-TB patients
might experience various durations of drug-susceptible anti-TB regimens before MDR-TB is finally
identified. Most new TB cases are given a drug-susceptible TB regimen and previously treated TB patients
might be treated with first-line drugs plus second-line drugs, possibly including fluoroquinolone, before
the drug susceptibility test has been completed. This situation has generated various randomly distributed
durations for first-line drug regimens before MDR-TB is finally identified and a standard anti-MDR-TB
regimen is started. Therefore, this study aims to explore to what degree the different regimens affect the
development of fluoroquinolone resistance during treatment of MDR-TB.

During 2013–2015 we collected 2687 M. tuberculosis isolates from TB patients in Ningbo, a city in the
mid-East of China with a population of 10 million. We tested susceptibility of these isolates in two steps
using the BD BACTEC™ MGIT™ 960 system (Becton, Dickson and Company, NJ, USA) following WHO
guidelines [9]. First, we tested susceptibility to the first-line anti-TB drugs isoniazid, rifampin,
streptomycin and ethambutol. Based on the resistance results, we classified all isolates into three resistance
subgroups: pan-susceptible (1593 isolates, susceptible to four first-line drugs), non-MDR (832 isolates,
resistant to at least one first-line drug but not MDR) and MDR (262 isolates). Then, since most
fluoroquinolone resistance events and relevant marker gyr mutations exist in the MDR group, the 262
MDR M. tuberculosis isolates were tested for susceptibility to ofloxacin, levofloxacin, moxifloxacin,
kanamycin, capreomycin and amikacin, and amplified for the identification of gyr mutations as described
previously [10]. Conversely, we estimated fluoroquinolone resistance and gyr mutations in 1593
pan-susceptible and 832 non-MDR resistant M. tuberculosis isolates by testing 100 randomly selected
isolates in each group. In this way, we obtained the distribution of fluoroquinolone resistance in different
groups with enough accuracy and an acceptable amount of labour.
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Finally, to assess the effect of the duration of different regimens on the development of fluoroquinolone
resistance, we classified MDR M. tuberculosis isolates into groups according to treatment duration using
intervals that allowed a similar number of isolates in each group. The prevalence of fluoroquinolone
resistance among isolates from patients with less than 1 month of first-line drug treatment was used as the
baseline prevalence, with prevalence in other groups being compared against this baseline (table 1).

We found 98 fluoroquinolone resistant isolates and 94 gyr mutations in 262 MDR M. tuberculosis isolates,
three resistant isolates and three gyr mutations in 100 non-MDR resistant isolates, and no fluoroquinolone
resistance and gyr mutations in 100 randomly selected pan-susceptible isolates, respectively. Based on this
prevalence, we estimated there were 25 fluoroquinolone-resistant isolates and 25 gyr mutations in 832
non-MDR-resistant M. tuberculosis isolates. These results indicate that about 80% of fluoroquinolone-resistant
isolates and gyr mutations exist in MDR M. tuberculosis isolates, a result similar to a previous report [6] and
which justifies our strategy of studying fluoroquinolone resistance focusing on MDR M. tuberculosis isolates.
Additionally, the 262 MDR-TB isolates were composed of 209 (fluoroquinolone resistant, 45%) Beijing strains
and 53 (fluoroquinolone resistant, 30%) non-Beijing strains (p=0.20).

Our study shows that the prevalence of fluoroquinolone resistance in MDR M. tuberculosis isolates
increases with the duration of the treatment regimen independent of whether the regimen contains
first-line drugs or first-line drugs plus fluoroquinolone or injectable drugs (table 1). In patients with less
than 1 month of first-line drug treatment, as much as 18% of MDR M. tuberculosis isolates were
fluoroquinolone resistant. Compared with baseline, prevalence increased steadily with treatment duration.
Except for a duration of 1–2 months (p=0.14), the prevalence (range 38–62%) was significantly higher
(p=0.03 to <0.001) than the baseline prevalence (18%). Since no fluoroquinolone is usually used for new
patients in the first few months of TB treatment, the increasing prevalence of fluoroquinolone resistance
and gyr mutation may be associated with treatment duration, rather than use of fluoroquinolone. When
patients treated for over 6 months were divided into two treatment groups, i.e. first-line drugs plus one
fluoroquinolone and first-line drugs plus one injectable agent, the prevalence in the former group (62%)
was slightly greater than that in the latter group (52%), showing no significant difference (p=0.63) and
implying fluoroquinolone exposure because of treatment is not the only major cause of fluoroquinolone
resistance and gyr mutation.

A previous study has demonstrated a higher than expected rate of MDR-TB in new patients never
previously treated for TB, highlighting the extent to which MDR-TB has become an epidemic in its own
way [11]. Since most fluoroquinolone-resistant strains come from MDR-TB patients, it is reasonable to
speculate fluoroquinolone resistance also has its own way of reaching epidemic proportions from very
early on. Also, a report has illustrated that of 53 patients with XDR-TB, 55% claimed that they had never
been treated, providing more evidence to indicate that there are factors other than fluoroquinolone

TABLE 1 Prevalence of fluoroquinolone-resistance and gyr mutation in groups classified by
different regimen durations

Duration
months

Regimen MDR
isolates

gyr
mutations

FQ-resistant
isolates

p-value#

Total 262 94 (36) 98 (37)¶

<1 H, R or H, R, Z, E 84 14 (17) 15 (18) Baseline
1–2 H, R or H, R, Z, E 42 13 (31) 13 (31) 0.14
3–6 H, R or H, R, Z, E 50 19 (38) 19 (38) 0.03
7–8 H, R or H, R, Z, E, plus one

injectable agent or FQ
54 28 (52) 29 (54) 0.002

9+ H, R or H, R, Z, E, plus one
injectable agent or FQ

32 20 (62) 22 (69) <0.001

7+ H, R or H, R, Z, E, plus one FQ 34 21 (62) 22 (65) <0.001+,ƒ

7+ H, R or H, R, Z, E, plus one
injectable agent

52 27 (52) 29 (56) <0.001+,ƒ

Data are presented as n or n (%) unless otherwise stated. MDR: multidrug-resistant; XDR: extensively
drug-resistant; FQ: fluoroquinolone; H: isoniazid; R: rifampicin; Z: pyrazinamide; E: ethambutol. #: p-Value
for FQ-resistance was calculated by comparing the prevalence of FQ-resistance for the treatment duration
against the baseline prevalence; ¶: Four cases that were phenotypically resistant but lacked detectable gyr
mutations were XDR; +: Data from regimens of 7–8 and 9+ month durations were combined to calculate
statistics grouped by the use or absence of FQ; ƒ: The p-value for comparison between the two 7+ month
duration groups (with or without FQ treatment) was 0.63.
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exposure in TB treatment that cause fluoroquinolone resistance [12]. Similar evidence was found in our
study, i.e. four of 16 XDR-TB cases had no fluoroquinolone exposure. Very similar features also exist in
the prevalence trend of the gyrA mutation. gyrA mutations are highly correlated with fluoroquinolone
resistance (table 1), indicating that accumulating gyrA mutations leads to increasing prevalence of
fluoroquinolone resistance. D94G (GAC→GGC) and A90V (GCG→GTG) gyrA mutations were most
common, accounting for 80% of mutations. Among five types of gyr mutation, only the D94G
(GAC→GGC) gyrA mutation resulted in resistance to fourth-generation moxifloxacin [13], supporting
previous reports that the D94G mutation has a more significant effect on this compound [14].

However, our conclusion does not mean that fluoroquinolone use has no effect on resistance development.
Instead, as shown by comparison between two subgroups of patients treated for over 6 months,
fluoroquinolone use can slightly increase the prevalence of fluoroquinolone resistance. A similar weak
relationship between fluoroquinolone resistance and fluoroquinolone consumption for M. tuberculosis has
been demonstrated previously [15].

Our results show that MDR-TB patients experiencing a long period of irrational drug-susceptible regimens
may increase the risk of becoming fluoroquinolone-resistant. Nowadays, in more and more areas of China,
M. tuberculosis culture and drug susceptibility tests are stipulated for every TB patient. It will be less
probable for MDR-TB patients to have a long period on a drug-susceptible regimen because of delay in
identification of MDR-TB. However, there are still some factors that may cause delay, such as no rapid
testing means in some hospitals, high expense and the time needed to get the first positive culture despite
a positive smear test.

To summarise, this study shows that fluoroquinolone resistance develops with treatment of MDR-TB
independent of whether regimens contain first-line drugs or first-line drugs plus fluoroquinolone or injectable
drugs. This study also demonstrates that analysing fluoroquinolone resistance in MDR M. tuberculosis strains
is an effective way to understand fluoroquinolone resistance in overall TB cases.
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