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Summary

Fluoroquinolone susceptibility-testing is an important step in the design of effective treatment 

regimens for multidrug-resistant tuberculosis. Here we compare ciprofloxacin, ofloxacin and 

moxifloxacin resistance results from 226 multidrug-resistant samples. The low level of 

concordance observed supports that drug sensitivity tests should be performed for the specific 

FLQ planned for clinical use. The results also support the new WHO recommendation for testing 

moxifloxacin at a critical-concentration of 2.0μg/ml.
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INTRODUCTION

Fluoroquinolones (FLQs) are among the most effective drugs available for the treatment of 

multidrug resistant tuberculosis (MDR-TB)1. There is, however, uncertainty about how to 

interpret results from resistance testing of FLQs. Although the third- and fourth-generation 

agents (e.g. levofloxacin and moxifloxacin (MOXI)) are considered to have the most activity 

against Mycobacterium tuberculosis (MTB), in vitro FLQ drug susceptibility testing (DST) 

may still be performed using second-generation FLQs (e.g. ofloxacin (OFLX) and 

ciprofloxacin (CIP)). Resistance to OFLX or CIP is inferred to mean resistance to any FLQ2. 

This extrapolation of resistance across the FLQ class is implicit in how extensively drug 

resistant (XDR) TB is defined, i.e. as MDR-TB that is resistant to an injectable agent and 

any FLQ. Yet, the World Health Organization (WHO) now recommends against 

extrapolating resistance results from second- to third-generation FLQs3.

Interpretation of DSTs is further complicated by the need to choose a “critical 

concentration” (CC) for testing. If bacterial growth occurs in the presence of a drug at this 

CC, the bacteria are considered to be resistant. Currently used CCs are often lower than the 

serum concentrations achievable for the drug. In some cases, this means that isolates are 

classified as drug-resistant when they may still respond to treatment4. For MOXI, data on 

the optimal CC is limited5. A MOXI CC of 0.125-0.5 μg/ml is widely used to both guide 

patient care and in clinical trials2,6. In 2012, based on the experience of several 

supranational reference laboratories, the WHO proposed an interim recommendation to 

increase the MOXI CC from 0.5 to 2.0 μg/ml, however, the WHO did not proceed with 

formal policy guidance recommending the revised concentrations because of the limited data 

available3. A more refined resistance measure is the FLQ minimum inhibitory concentration 

(MIC), and this involves testing at a series of increasing concentrations of drug. MICs are 

seldom measured clinically due to the cost and labor involved.

To determine whether early-generation DST results can predict resistance to later-generation 

FLQs, we compared DST results for three FLQs: CIP, OFLX and MOXI. We also compared 

the distribution of MICs for MOXI to achievable serum drug concentrations to assess the 

validity of the current standard CC.

METHODS

Using an archive of M. tuberculosis samples from patients referred for individualized M/

XDR-TB treatment in Lima, Peru, between February 1, 1997, and July 31, 20031, we 

selected isolates that had undergone CIP DST using the indirect agar proportion method on 

7H10 media (Table 1). In 2001, the testing laboratory altered its standard CIP CC, reducing 

it from 2μg/ml to 1μg/ml. We randomly selected 175 CIP resistant and 100 CIP sensitive 

isolates from this archive for OFLX and MOXI MIC testing (Table 1) using the indirect 

proportion method on 7H10 agar. Cutoffs for sensitivity and resistance were chosen based 

on peak serum concentration data (Table 1), and the prevalent CCs of 2.0μg/ml for OFLX 

and 0.25-0.50μg/ml for MOXI7,8.
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We excluded 49 isolates from the analysis that were found to be previous samples from the 

same patient. Of the 45 total isolates that were CIP resistant but MOXI and OFLX sensitive, 

12 (25%) were randomly selected for repeat MIC testing and 10 were reconfirmed to be 

MOXI and OFLX sensitive. For 2 isolates the measured MOXI MIC increased from 

0.25μg/ml to 0.5μg/ml. In eight randomly selected concordant isolates, repeat testing 

confirmed the exact MIC except in 2 isolates. For the first the MOXI MIC changed from 

(<=0.125 to 0.25) and for the second the MOXI MIC decreased from 8 to 4 and OFLX MIC 

from 8 to 6. The repeat MIC results were retained for all data analysis.

We used the Fisher exact test using R version 3.1.0 for statistical testing. This study was 

deemed not to constitute human subjects research by the Partners Human Research 

Committee.

RESULTS

We analyzed 226 MDR-TB patient isolates, of which 153 were CIP resistant and 73 CIP 

sensitive. Among these, 56% (86/153) of CIP-resistant isolates had an OFLX MIC in the 

intermediate or resistant range, and 67% of the 153 had a MIC in the intermediate or 

resistant range for MOXI (Fig 1A). The proportion of strains that were intermediate or 

resistant was not different before and after 2001 when the CIP CC was decreased from 2.0 to 

1.0μg/ml (Fisher p-value 0.7 for CIP/MOXI and 0.8 for CIP/OFLX). None of the 73 CIP 

sensitive strains was fully resistant to MOXI or OFLX, while three were of intermediate 

MIC to one of these two drugs.

MOXI and OFLX MIC results were in full agreement in 69% (156/226) of samples. Among 

the remaining 70 (31%) samples, 56% of the discrepancies (39/70) were among isolates with 

high-level resistance to OFLX but intermediate resistance to MOXI. Of the 226 isolates, 

30% had MOXI MICs in the intermediate range (Fig 1B) in contrast to only 5% of the 

isolates with intermediate OFLX MIC. One third (22/67) of the MOXI intermediate isolates 

had an OFLX MIC<2 and this explains most of the other discrepancies (22/70, 31%) 

between the OFLX and MOXI MIC results (Fig 1B).

We determined the sensitivity and specificity of the MOXI 0.5μg/ml MIC as a proxy for the 

OFLX MIC of 2.0μg/ml, given the recent WHO recommendation to use these 

interchangeably3. We determined the sensitivity to be 89.1% (66/74 strains with OFLX 

MIC>2.0 have a MOXI MIC >0.5) and the specificity to be 92.8% (141/152 strains with 

OFLX MIC ≤2 have an MOXI MIC ≤0.5).

DISCUSSION

Concordance in resistance among the FLQ agents tested was lower than expected with one 

third to one half of strains showing no agreement among the three agents. The discrepancy 

between in vitro resistance results of CIP, OFLX and MOXI, and in particular the high rates 

of CIP/OFLX resistant isolates that were intermediate or sensitive to MOXI, confirms 

findings from previous smaller studies9, and could account for the continued clinical 

efficacy of later generation FLQs in XDR-TB treatment10. This discordance among agents 

within the FLQ class calls into questions the value of defining XDR-TB as TB resistant to 
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one or more FLQ rather than TB that is resistant to all—or at least the most active—class 

members. The latter definition will arguably carry better prognostic information.

We also found that a substantial proportion (30%) of strains had MOXI MICs in the 

intermediate range. Peak serum concentrations for MOXI are reported to be upwards of 

4μg/ml11, and although serum concentration may not directly correlate with the intracellular 

concentrations needed for TB bactericidal activity, the high serum concentrations may 

indicate that intermediate isolates (MIC 0.5-1.0 μg/ml) can be clinically treatable with 

standard doses of MOXI (400mg/day)2. This finding should be supported with the direct 

measurement of outcomes in patients infected with MOXI intermediate isolates. This 

finding is consistent with prior reports2 and supports the recent interim change in WHO’s 

guidelines suggesting the use of a MOXI critical concentration of 2.0 μg/ml. In sum, our 

results indicate that CIP or OFLX DST results should not be used clinically to guide the use 

of MOXI, and support the WHO recommendation to test MOXI at a critical concentration of 

2.0 μg/ml.
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Figure 1. 
DST results. A- Venn diagram of a subset of the DST results showing overlap between 

ciprofloxacin (CIP), moxifloxacin (MOXI) and ofloxacin (OFLX) resistance (number 

outside the circle represents the number of isolates sensitive by testing for all three drugs). I 

or R designations are as defined in Table 1. B- Cross tabulation of MOXI and OFLX MIC 

results, all drug concentrations are in μg/ml. Numbers in the cells represent strain counts, 

total=226 strains.
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Table 1

Resistance classification, and concentrations tested for the three fluoroquinolones using the Agar Proportions 

Method on 7H10 media.

Drug Tested Concentrations
Tested

Peak Drug Serum
Concentration

Sensitive Intermediate
Resistance

Resistant

OFLX (MIC μg/mL) 1.0, 2.0, 4.0, 6.0, 8.0,
10.0

2-104 <2.0 2.0 ≥4.0

MOXI (MIC μg/mL) 0.125, 0.25, 0.5, 1.0,
4.0, 8.0

4-911 <0.5 0.5,1.0 ≥4.0

CIP* (μg/mL) 1.0 or 2.0 - ≤1 or ≤2 NA >1 or >2

OFLX: ofloxacin, MOXI: moxifloxacin, CIP: ciprofloxacin.

*
Prior to 2001 isolates were tested at a critical concentration of 2.0μg/ml, from 2001 onwards the critical concentration was decreased to 1.0μg/ml.
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