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Background & objectives: Fluoroquinolones (FQs) are important drugs used for treatment of drug resistant 
tuberculosis and are also now being considered as fi rst line drugs to shorten the duration of treatment of 
tuberculosis (TB). In order to fi nd out useful FQs for treatment of tuberculosis, the comparative effi cacy 
of fi ve FQs, namely, ofl oxacin (OFL), ciprofl oxacin (CIP), sparfl oxacin (SPX), gatifl oxacin (GAT) and 
levofl oxacin (LEVX) was studied against  Mycobacterium tuberculosis (MTB) isolates obtained from both 
treated and untreated patients from Agra and Kanpur regions of north India.

Methods: A total of 162 MTB isolates [including 110 MTB isolates obtained from untreated patients 
(Cat-I) and 52 isolates from treated patients (Cat-II)] were tested for their susceptibilities to FQs using 
standard minimum inhibitory concentration (MIC) method on Löwenstein-Jensen medium.

Results: Keeping in view the therapeutically achievable drug levels, it was found that in Cat-I 97.2 per 
cent (107/110) isolates were sensitive to GAT, 89 per cent (98/110) to LEVX at 1 µg/ml whereas 92.7 per 
cent (102/110) isolates were inhibited by OFL at 2 µg/ml and 73.6 per cent (81/110) to SPX at 0.5 µg/ml. 
Only 63.6 per cent (70/110) isolates were found to be sensitive to CIP at 2 µg/ml which increased to 89 
per cent (98/110) at 4 µg/ml (higher than achievable peak serum level). On the other hand, among 52 
isolates for Cat-II, 37 (71.2%) were found to be sensitive to GAT and 33 (63.5%) to LEVX at 1 µg/ml 
concentration, 28 (53.8%) to SPX at 0.5 µg/ml whereas 33 (63.5%) and 24 (46.2%) isolates were found to 
be sensitive to OFL and CIP at 2 µg/ml, respectively. 

Interpretation & conclusions: It appears that GAT has higher activity against MTB isolates followed by 
OFL, LEVX and SPX whereas CIP showed the lowest activity. GAT was also found to be the most effective 
FQ against multi-drug resistant (MDR) isolates both from Cat-I and Cat-II patients. Thus, except CIP, 
other FQs showed potential to be included in the treatment regimens of tuberculosis including MDR-TB. 
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Tuberculosis (TB) is one of the serious public health 
problems in both developing and developed countries. 
Two billion people, 1/3rd of the world’s population rd of the world’s population rd

are estimated to be infected with Mycobacterium 
tuberculosis1. As a consequence of the inappropriate 
use of essential anti-TB drugs, tubercle bacilli have 
increasingly become resistant to one or more of these 
drugs. Treatment of drug resistant, especially multi drug 
resistant tuberculosis (MDR-TB), is expensive and the 
mortality rate is usually high2. The global project on 
anti-tuberculosis drug resistance surveillance revealed 
that the overall primary multi drug resistance (MDR-
TB) was 1.1 per cent (range 0-14.2%) whereas acquired 
MDR-TB was estimated to be 7.0 per cent (range 
0-58.3%)3. In India, an overall prevalence of about 3 
per cent for MDR-TB has been estimated in untreated 
cases4. Higher rates of drug resistance necessitate the 
introduction of other drugs in TB treatment regimens.  

Among the alternate drugs available for the 
treatment of drug resistant TB cases, fl uoroquinolones 
(FQs) have prominent place and are often 
recommended5,6. FQs have also been tried to shorten 
the duration of treatment7. However, there is a need 
for in depth studies to know the therapeutic potential 
of FQs in different geographical settings. Hence, the 
present study was planned to determine the minimum 
inhibitory concentrations (MICs) of fi ve FQs viz., 
ofl oxacin (OFL), ciprofl oxacin (CIP), sparfl oxacin 
(SPX), gatifl oxacin (GAT) and levofl oxacin (LEVX) 
against M. tuberculosis isolates collected from patients 
from Agra and Kanpur region of North India.

Material & Methods

M. tuberculosis isolates: A total of 162 isolates of 
M. tuberculosis from Mycobacterial Repository Centre 
of National JALMA Institute for Leprosy & other 
Mycobacterial Diseases, Agra, were included in this 
study. One hundred and ten isolates were obtained from 
untreated patients (Cat-I) and 52 from treated patients 
(Cat-II). Among the Cat-I isolates, 77 were collected 
during July, 2004 to February, 2005 from Kanpur 
district, India and 33 during February, 2005 to June, 
2005 from Agra district. All 52 Cat-II isolates were 
obtained during February, 2005 to June, 2005 from 
Agra district, India. Identifi cation of these isolates as 
M. tuberculosis was based on biochemical properties8.

Drug concentrations: Drug stocks of OFL 
(Sigma Chemical Co., USA) and GAT (Mankind 
Pharmaceuticals, India) were prepared in distilled water 
acidifi ed with minimal amount of 1N HCl to facilitate the 

dissolution. SPX (Fluka, Canada) was initially dissolved 
in 0.1N NaOH and subsequently diluted with distilled 
water9water9water . CIP (Hi-Media, India), LEVX (Fluka, Canada) 
and isoniazid (INH) (Sigma Chemical Co., USA) drug 
stocks were prepared in distilled water. Rifampicin (RIF) 
(Sigma Chemical Co., USA) was dissolved in dimethyl 
sulphoxide to prepare the stock solution. These drugs were 
added aseptically to the Löwenstein-Jensen (LJ) medium 
to give the desired fi nal preinspissation concentrations of 
2, 4 and 6 µg/ml for OFL and CIP10, 0.5, 1 and 2 µg/ml 
for SPX11,12 and LEVX10,13,14,  0.25, 0.5 and 1 µg/ml for 
GAT14, 1 µg/ml for INH15 and 64 µg/ml for RIF16,17. 

Drug susceptibility testing: M. tuberculosis isolates 
were tested for their susceptibilities to FQs, INH and 
RIF using standard minimum inhibitory concentration 
(MIC) method18. The standard bacterial suspension of 
4 mg/ml was prepared19 and used as inoculum with the 
help of a loop (3 mm internal diameter) to inoculate on to 
LJ slants. The culture bottles were incubated at 37˚C and 
readings were taken after 4 wk of incubation. The MIC 
was determined by counting the colony forming units 
(cfu) and comparing with control cultures. The standard 
strain of M. tuberculosis H37Rv was also tested which 
were found to be sensitive at <1 µg/ml levels for OFL and 
CIP, <0.25 µg/ml GAT, LEVX and SPX. An isolate was 
considered resistant if it yielded a growth of 20 colonies 
or more at a particular concentration of drug. The term 
MDR refers to those bacilli that are resistant to RIF and 
INH. To assess the quality of inoculum, culture control 
was read as growth of ++ (more than 100 colonies, 
usually 150-200 colonies) and considered essential for 
reading the results, otherwise the procedure is repeated. 
MIC was defi ned as the minimum drug concentration 
inhibiting the growth of M. tuberculosis isolate17,18. The 
corresponding cut-off concentrations were 64 µg/ml for 
RIF, 1µg/ml for INH, 2 µg/ml for OFL and CIP, 1 µg/ml 
for LEVX, GAT and 0.5 µg/ml for SPX.

Statistical analysis: Data of susceptibility tests were 
analyzed with Stata-7 statistical software (Stata 
Corporation, TX, USA). Chi square (χ2) test and 
Fisher’s exact test were used at 5 per cent level of 
signifi cance to test the signifi cance difference in 
activity of different FQs (GAT, OFL, SPX, LEVX and 
CIP) at their critical concentration. 

Results & Discussion

Drug susceptibility results of the tested FQs are 
summarized in Table I. Of the 162 isolates tested, 33 Table I. Of the 162 isolates tested, 33 T
(20.3%) were found to be MDR (i.e., simultaneously 
resistant to RIF and INH). Of these 33 MDR isolates, 
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8/110 (7.2%) were found to be Cat-I cases while 25/52 
(48%) were among Cat-II cases (Table I).

In developing countries like India, LJ medium 
is being used as standard medium for susceptibility 
testing of mycobacteria10,20,21. For the drugs which have 
low MIC/MBC (minimum inhibitory concentration/
minimum bactericidal concentration) ratio, for 
example, FQs, the MICs have been reported to be in 
the same range when determined in egg medium22, agar 
medium23 or in broth24. Moreover, due to high cost, 
tedious procedure and diffi culties in interpretation of 
results, the MIC determination in broth has not been 
used widely25. MIC determinations for CIP, OFL, GAT 
and SPX have also yielded similar MIC ranges in both 
7H11 and LJ media21. 

In our study susceptibility testing for quinolones 
was performed by the absolute concentration method 
as according to the WHO it is also one of the standard 
methods for performing drug sensitivity testing (DST)18,26. 
The proportion method is much more defi nitive but 

MIC method is more convenient and fairly reliable. 
Moreover, proportional susceptibility testing (PST) 
is more time consuming than a minimum inhibitory 
concentration determination18,27. MIC method has earlier 
been standardized by others for quinolones and used 
satisfactorily10,21. We have also tested the same in our 
laboratory and observed good concordance with PST.

Table II depicts the inhibition abilities of FQs; of 
the 110 isolates from Cat-I patients, 107 (97.2%) were 
found to be sensitive to GAT and 98 (89%) to LEVX at 
1 µg/ml, 81 (73.6%) to SPX at 0.5 µg/ml concentration 
whereas 102 (92.7%) and 70 (63.6%) isolates were 
respectively found to be sensitive to OFL and CIP drugs 
at 2 µg/ml respectively. On statistical analysis, these fi ve 
drugs showed a signifi cant difference in their inhibition 
abilities. A decreasing order of M. tuberculosis isolates 
inhibited at critical concentration of various FQs was 
GAT>OFL>LEVX>SPX>CIP.  While in the case of 8 
MDR isolates of Cat-I cases, 7 (87.5%) were sensitive 
to GAT and 4 (50%) to LEVX at 1 µg/ml, 3 (37.5%) 

Table I. Determination of fl uoroquinolone MICs against MTB isolates

Fluoroquinolone No. (%) of isolates with MIC (µg/ml)

0.25 0.5 1 2 4 6

Cat I patients (n=110)

GAT 52 (47.27) 92 (83.63) 107 (97.2) ND ND ND
SPX ND 81 (73.6) 105 (95.4) 108 (98.1) ND ND
LEVX ND 65 (59) 98 (89.09) 106 (96.3) ND ND
OFL ND ND ND 102 (92.7) 107 (97.2) 107 (97.2)
CIP ND ND ND 70 (63.6) 98 (89.09) 107 (97.2)
Cat II patients (n=52)
GAT 21 (40.4) 32 (61.5) 37 (71.2) ND ND ND
SPX ND 28 (53.8) 36 (69.2) 41 (78.8) ND ND
LEVX ND 22 (42.3) 33 (63.5) 36 (69.2) ND ND
OFL ND ND ND 33 (63.5) 35 (67.3) 37 (71.2)
CIP ND ND ND 24 (46.2) 30 (57.6) 35 (67.3)

ND, not determined. GAT, gatifl oxacin; SPX, sparfl oxacin; LEVX, levofl oxacin; OFL, ofl oxacin; CIP, ciprofl oxacin

Table II. Inhibition of Cat-I isolates at critical concentrations of FQs

Isolates No. (%) of isolates with MIC (µg/ml) P valuesP valuesP

OFL
2 

CIP
2 

SPX
0.5 

GAT
1

LEVX
1

Non MDR (n=102) 96
(94.12)

67
(65.39)

78
(76.4)

100
(98.04)

94
(92.16)

P<0.0001

MDR (n=8) 6
(75)

3
(37.5)

3
(37.5)

7
(87.5)

4
(50)

P*=0.267

Total (n=110) 102
(92.73)

70
(63.6)

81 
(73.6)

107
(97.27)

98
(89.09)

P<0.0001

p (χ2 with 4 degree of freedom); P* (Fisher’s exact test) 
MDR, multidrug resistant; remaining abbreviations as in Table I
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to SPX at 0.5 µg/ml concentration, 6 (75%) isolates 
were found to be sensitive to OFL and 3 (37.5%) to 
CIP at 2 µg/ml. There was no statistically signifi cant 
difference between inhibition abilities of these drugs in 
case of MDR isolates from Cat I cases (Pcase of MDR isolates from Cat I cases (Pcase of MDR isolates from Cat I cases ( =0.267; Table 
II). In pair-wise comparison of drug activity of GAT 
and OFL, OFL and LEVX, LEVX and GAT and CIP 
and SPX, no signifi cant difference was found. GAT, 
OFL and LEVX showed signifi cantly better activity in 
comparison to CIP and SPX (Pcomparison to CIP and SPX (Pcomparison to CIP and SPX ( <0.05).

Of the 52 isolates from Cat-II patients, 37 (71.2%) 
were found to be sensitive to GAT and 33 (63.5%) 
to LEVX at 1µg/ml, 28 (53.8%) to SPX at 0.5 µg/ml 
concentration whereas 33 (63.5%) and 24 (46.2%) 
isolates were respectively found to be sensitive to OFL 
and CIP at 2 µg/ml (Table III). Among these 52 isolates 
from Cat-II patients, 25 were MDR. Of these, 14 (56%) 
were sensitive to GAT and 10 (40%) to LEVX at 1 µg/ml 
concentration, 10 (40%) to SPX at 0.5 µg/ml whereas 9 
(36%) isolates were found to be sensitive to both OFL 
and CIP at 2 µg/ml (Table III). In the remaining 27 non 
MDR isolates, 24 (88.8%) were inhibited by OFL and 
15 (55.5%) by CIP at 2 µg/ml whereas 18 (66.6%) were 
inhibited by SPX at 0.5 µg/ml, 23 (85.2%) each by 
GAT and LVX at 1 µg/ml concentration, respectively. 
There was signifi cant difference (PThere was signifi cant difference (PThere was signifi cant difference ( <0.002) among FQs 
in non MDR isolates in this category. Almost similar 
fi ndings in Cat-II isolates have been reported by other 
investigators21,28,29. The Philippines study29 showed 
that 64.7 per cent isolates were sensitive to OFL, 73.2 
per cent to CIP and 48.6 per cent MDR isolates were 
sensitive to CIP and OFL. Similarly, one study from 
India reported that 40 per cent isolates were sensitive 
to OFL and CIP (at 8 µg/ml conc.), 41.81 per cent to 
SPX (at 2 µg/ml), while GAT (at 2 µg/ml) sensitivity 
was found in 60 per cent isolates21. 

Of the 33 MDR isolates from both Cat-I and Cat-II, 
45.5 per cent were susceptible to OFL, 36.6 per cent to 
CIP at 2 µg/ml, 39.4 per cent to SPX at 0.5 µg/ml, while 
42.4 per cent to LVX, and 63.6 per cent were sensitive 
to GAT at 1µg/ml. Among MDR group GAT (63.6%) 
showed higher activity than other FQs but there was no 
signifi cant difference. 

Our results showed that FQs were more effective 
in Cat-I cases whereas these drugs might be 
comparatively less useful in Cat-II cases. The reason 
of this lower effi cacy may be prior use of these drugs 
alone in the failing regimens of Cat-II cases resulting 
higher resistance rates. This also suggests the need to 
include FQs in MDR cases only after proper DST.

It is evident from our fi ndings that among FQs, GAT 
had higher activity at low concentrations (leading to 
inhibition of 97.2% isolates at 1 µg/ml) followed by OFL 
(93% inhibition at 2 µg/ml), LEVX (89% inhibition at 1 
µg/ml) and SPX (73.6% inhibition at 0.5 µg/ml), while 
CIP showed the least inhibition ability (inhibiting 63.3% 
isolates at 2 µg/ml concentration). Even though number 
of isolates being inhibited at 4 and 6 µg/ml concentration 
of CIP was much higher (89 and 97.2% respectively), 
these concentrations are higher than the peak serum 
level (Cmax) of the drug in human i.e., 3.5 µg/ml30. 

In a Spanish study, 93 per cent isolates 
were reported to be inhibited by OFL at 1µg/ml 
concentration31 and 98.2 per cent at 4 µg/ml32. Jain 
et al10 have reported the concentration of 2.04 µg/ml 
OFL as the MIC of M. tuberculosis isolates. In our 
study it was found that in Cat-I cases, 92.7 per cent 
isolates were inhibited at 2 µg/ml concentration of OFL 
whereas 97 per cent isolates were inhibited at 4 µg/ml. 
These concentrations of OFL are below the peak serum 
level achievable in humans i.e., 10 µg/ml11. 

Table III. Inhibition of Cat-II isolates at critical concentrations of FQs

Isolates No. (%) of isolates with MIC (µg/ml) P valuesP valuesP

OFL
2 

CIP
2 

SPX
0.5 

GAT
1 

LEVX
1

Non MDR (n= 27) 24 
(88.8 )

15 
(55.5)

18
(66.6)

23 
(85.18)

23 
(85.18)

P<0.002

MDR (n=25) 9 
(36 )

9
 (36)

10
(40)

14 
(56)

10 
(40)

P=0.586

Total (n=52) 33 
(63.5)

24 
(46.2)

28 
(53.8)

37 
(71.2)

33 
(63.5)

P*=0.09

P* P<0.001 P=0.177 P=0.09 P<0.021 P<0.001

p (χ2 with 4 degree of freedom); P* (Fishers exact test); Abbreviations as in Table II
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The activity of GAT and LEVX at their MIC 
level (i.e., 1 µg/ml) was 97.2 per cent and 89 per 
cent respectively. This concentration was lower than 
the peak serum level i.e., 3.8-4.2 µg/ml for GAT and 
6.2 µg/ml for LEVX33. In the present study, the MIC 
level of SPX was 0.5 µg/ml (inhibiting 73.6% isolates) 
which was lower than the mean peak serum level i.e., 
1.4 µg/ml after 200 mg daily doses11. Though at 1µg/
ml concentration of SPX, 95.4 per cent isolates were 
inhibited, but this concentration was near to the mean 
serum peak level. Since peak serum level of GAT is 
4.2 µg/ml after 400 mg daily doses, the ‘Cmax/MIC’ 
value for GAT is also more than that for SPX. It has 
been reported that SPX was more active than LEVX, 
OFL and CIP11,12,34-37. Lubasch et al35 reported that 
SPX was an effective and safe alternative agent in the 
treatment of complicated tuberculosis and the suitable 
alternative drug for some cases of MDR tuberculosis. 
According to Alvirez-Freites et al14. GAT appeared to 
have suffi cient activity alone and in combination with 
ethanomide with or without pyrazinamide for treatment 
of tuberculosis. One Indian study has also reported low 
MIC for GAT21. Hence based on the fi ndings of present 
study and the published literature14,21, GAT appears to 
have higher activity against M. tuberculosis isolates.

Among the 8 MDR isolates (from Cat-I) tested, 
GAT showed highest activity inhibiting 7 (87.5%) at 
1 µg/ml concentration. While comparing the inhibition 
ability of LEVX at higher concentration (2 µg/ml), 
which is still much below the peak serum value (i.e., 
6.2 µg/ml), 87.5 per cent (7/8) isolates were found to 
be inhibited. Similarly, 75 per cent (6/8) isolates were 
sensitive to CIP at 4 and 87.5 per cent (7/8) and SPX 
2 µg/ml concentrations, respectively. However, these 
concentrations were slightly higher than the peak 
serum levels i.e., 3.5 µg/ml for CIP and 1.4 µg/ml 
for SPX. In studies based on isolates from treated 
patients, GAT along with moxifl oxacin was found to 
be most effective followed by SPX, OFL, CIP and 
lomefl oxacin11,12,21,34-37.

In conclusion, fl uoroquinolones used in our study 
showed promising activity (up to 97.2% inhibition 
for M. tuberculosis isolates from untreated patients) 
at concentrations lower than the peak serum levels. 
The present study provides the base line data about 
in vitro activity of various quinolones against M. 
tuberculosis from north India. Similar fi ndings have 
been reported by several investigators from different 
parts of the world12,13,33,38,39. Also FQs showed better 
activity in Cat-I cases in comparison to Cat-II. These 

drugs may be useful in the treatment of tuberculosis 
including MDR tuberculosis. Other quinolones, like 
moxifl oxacin which have shown promising results in 
in vitro and animal studies32,40, need further testing.
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