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Abstract
Background

Although optimization of fluoroquinolone dosage increases the efficacy of this class of drugs against bacterial infections, its impact on

the emergence of resistance in commensal bacteria is unknown.

Methods

Six different dosing regimens of oral ciprofloxacin for 14 days were randomly assigned to 48 healthy volunteers. Individual

pharmacokinetic and pharmacodynamic parameters combining antibiotic exposure in plasma, saliva and stool and MIC and MPC of

ciprofloxacin against viridans group streptococci in the pharyngeal flora and in the fecal flora were estimated. TheirEscherichia coli 

links with the emergence of resistance to nalidixic acid or ciprofloxacin in the fecal flora and to levofloxacin in the pharyngeal flora,

at day 7, 14 or 42, were investigated.

Results

Resistance emerged in 25  and 33  of the subjects in the fecal flora and the pharyngeal flora, respectively, mainly when local% %
concentrations of ciprofloxacin were below the MIC. No variable integrating pharmacokinetic data and pharmacodynamic

parameters were found to differ significantly between the subjects in whom resistance emerged or not. Probabilities of emergence of

resistance were not significantly different whatever the antibiotic exposure.

Conclusions

Selection of resistant commensals during ciprofloxacin therapy is a frequent ecological side effect which is not preventable by

optimizing dosing regimen.

MESH Keywords Adult ; Anti-Bacterial Agents ; administration & dosage ; pharmacokinetics ; pharmacology ; Ciprofloxacin ; administration & dosage ; pharmacokinetics

; pharmacology ; Drug Resistance, Bacterial ; Escherichia coli ; drug effects ; Feces ; microbiology ; Female ; Humans ; Male ; Microbial Sensitivity Tests ; Pharynx ; 

microbiology ; Saliva ; metabolism ; Viridans Streptococci ; drug effects ; Young Adult

Bacterial resistance to antibiotics is a growing therapeutic problem, both in the community and the hospital, involving all antibiotics

including fluoroquinolones . Decreased susceptibility to fluoroquinolones arises mainly by single-step mutations in the and [1 ] gyrA parC 

genes, which encode the fluoroquinolones targets, the topoisomerase enzymes , conferring cross-resistance to all fluoroquinolones .[2 ] [3 ]
Accumulation of multiple mutations in several genes confers increasing level of resistance associated with clinical failure , .[4 5 ]
However, even low-level resistance can generate therapeutic failure .[6 ]

Resistance to fluoroquinolones can result from direct selection at the site of infection or from selection in commensal bacteria

followed by horizontal gene transfer to pathogens , which might even be more frequent because there are many more bacteria among[7 ]
commensal flora than within any infectious focus . In addition, differences in local antibiotic concentrations, as compared with plasma,[8 ]
can affect selection of resistant bacteria in different sites , . Also, resistant commensal bacteria may be selected after any antibiotic[9 10 ]
treatment, whereas resistant pathogens can emerge only in actually infected patients .[11 ]
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Pharmacokinetic and pharmacodynamic parameters give rationale to antibacterial dosing , . The minimal inhibitory[12 13 ]
concentration (MIC) and more recently the mutant prevention concentration (MPC) are parameters used to investigate the relationship

between antibiotic exposure and efficacy or prevention of resistance development . The ratio of the area under the concentration-time[14 ]
curve (AUC) to the MIC and the ratio of the peak concentration to the MIC for the infecting bacteria have been linked to treatment success

with fluoroquinolones , but not to emergence of resistant pathogens, probably because the inocula at the foci of infection are[15 –18 ]
limited and emergence of resistance is uncommon , . To investigate whether optimization of dosing regimens might prevent the[15 19 ]
emergence of resistance in commensal flora, we studied the relationship between antibiotic pharmacokinetic and pharmacodynamic

parameters in plasma, saliva and feces and the emergence of resistant strains in the pharyngeal and fecal flora in healthy volunteers

receiving variable dosing regimens of ciprofloxacin, the reference fluoroquinolone.

Methods
Subjects

Eighteen to 45 year-old healthy volunteers were selected on the basis of normal findings in a thorough general examination (interview

and physical examination), normal intestinal transit (one formed stool a day), normal ECG findings with a QTC < 450 ms, and normal

results in a biological work-up (blood count, blood biochemistry, liver tests, urinalysis, serological tests for hepatitis viruses and HIV) [20 ]
. Women of child-bering age were included if they were using effective contraception and had a negative pre-inclusion pregnancy test. The

volunteers had no known allergy to a fluoroquinolone, had taken no antibacterial or antifungal drug, theophylline, steroids, vitamin K

antagonists or barrier antacids during the three months before inclusion. Subjects unlikely to adhere to the study protocol, who had given

blood (> 500 ml) or who had participated in another study within the previous three months were not included. Caffeine consumption was

limited and stable during the two-week treatment period. Volunteers were advised to avoid exposure to sunlight throughout the treatment

period. The study design was approved by the local ethics committee of Paris Bichat-Cergy Pontoise. All the participants gave their

written informed consent before entering the study.

Regimens

Volunteers were randomly assigned into 6 groups of 8 individuals each, receiving either 250 mg every 12h, 500 mg every 24 h, 500

mg every 12 h, 750 mg every 24 h, 750 mg every 12h, or 1000 mg every 24 h of oral ciprofloxacin for a total of 14 days. These regimens

were chosen in order to generate pharmacokinetic variability within range of clinically relevant total daily doses. Each intake was

observed, and its time recorded.

Outcome and follow-up

Microbiological study

Samples

Fecal and pharyngeal samples were collected before initiation of treatment and on days 7, 14 and 42, stored at 80 C and blinded until− °
analysis . Analysis focused on viridans group streptococci (VGS) in the pharyngeal flora and in the fecal flora for[20 ] Escherichia coli 

several reasons: these bacterial species are present in all subjects, they are involved in various clinical infections (bacteremia, endocarditis,

urinary tract infections), and are recognized sources of horizontal gene transfer within the commensal flora. We determined for each of

these target species the susceptibility to quinolones of the global population (dominant flora) and we also detected the emergence of

quinolone-resistant subpopulations (subdominant flora).

Suceptibility to ciprofloxacin of the dominant flora

We used a procedure specifically designed to estimate susceptibility to fluoroquinolones of the dominant flora as a whole. Saliva

samples were inoculated on colimycin-nalidixic acid (CNA) blood agar (Biom rieux, Craponne, France) and fecal samples on Drigalskié
agar. After growth, we isolated ten separate colonies from each plate, identified as VGS and using standard techniques, in order toE. coli 

obtain a representative sample of the dominant flora. These ten colonies were mixed, and susceptibility to fluoroquinolones of the mixture

was tested using minimum inhibitory concentration (MIC) in duplicate by the agar dilution method  and mutant prevention[21 ]
concentration (MPC) in triplicate , , as described. Geometric means of these replicates were used in the analysis.[14 22 ]

Detection of resistance in the subdominant flora

Resistance in the subdominant flora of each target bacterial species was detected by plating the fecal samples on Drigalski agar with

16 mg/L of nalidixic acid to detect first step mutant in , or containing 1 mg/L of ciprofloxacin to detect mutants resistant toE. coli 

ciprofloxacin. Pharyngeal samples were plated on CNA blood agar with 2 mg/L of levofloxacin because VGS are naturally resistant to

ciprofloxacin but susceptible to levofloxacin . MICs of the colonies growing on selective media were determined by the agar dilution[23 ]
method .[21 ]
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Endpoints

Resistance to nalidixic acid and ciprofloxacin in from the fecal flora and resistance to levofloxacin in VGS from the pharyngealE. coli 

flora were determined according to CLSI breakpoints . Emergence of resistance was defined by the detection of resistant strains at day[24 ]
7, 14 or 42 in subjects in whom only susceptible strains were detected and resistant strains were not detected before treatment.

Pharmacokinetic study

Serum and saliva samples were taken from each volunteer before and 1, 3, 6 and 12 hours after the first ciprofloxacin intake, at trough

on day 8 and day 14, and again 1, 3, 6 and 12 hours after the last intake . Stool samples were collected on days 0, 7, 14 and 42. All[10 ]
samples were blinded and stored at 80 C until analysis. Ciprofloxacin concentrations were determined by liquid chromatography with− °
fluorimetric detection after deproteinization or stool extraction in acidic medium, as described .[25 ]

Statistical analysis

A population pharmacokinetic analysis with, as previously described  a one compartment model with first order absorption[26 –28 ]
was used to analyze plasma and saliva concentrations and estimate the maximal concentration (peak) and AUC from 0 to 24 h at

steady-state for each volunteer, taking into account the dosing schedule. AUC/MIC, AUC/MPC, peak/MIC, peak/MPC, AUC above MIC,

AUC above MPC, AUC between MIC and MPC, time above MIC, time above MPC, and time between MIC and MPC were determined

using individual MIC and MPC of ciprofloxacin. In feces, concentration/MIC and concentration/MPC ratios were determined using the

average of the concentrations measured at days 7 and 14.

Confidence intervals for proportion of emergence of resistance were estimated using the binomial distribution. For each target flora,

the volunteers were divided into two groups (regardless of the dosing schedule) according to the emergence or not of resistance. Variables

integrating pharmacokinetic and pharmacodynamic parameters were compared between the two groups using the Wilcoxon-Mann and

Whitney non parametric test. Logistic regression analysis was also performed in each flora to model the link between the probability of

emergence of resistance and the logarithm of AUC/MIC.

The number of subjects were determined expecting emergence of quinolone resistance in the fecal flora in one third of the volunteers [
. With this proportion and the mean AUC/MIC ratios reported previously to be significantly associated with respect to emergence29 –31 ]

of resistance at the site of infection , the power of this study was 90  with a type I error of 5 .[32 ] % %

Results
Subjects

Eighty subjects were screened and 48 subjects (28 males and 20 females) who fulfilled the predefined criteria for healthy subjects were

selected. Median age was 28.9 y range 19.5 43.9 , and median weight was 65 kg 47 93  (71 kg 53 93  in males and 55 kg 47 85  in[ – ] [ – ] [ – ] [ – ]
females). One subject who developed tendinitis at day 8 while receiving the 750 mg bid regimen and stopped therapy was excluded from

the microbiological and pharmacokinetic follow-up analysis. The remaining 47 subjects had no treatment related side effects.

Microbiology study ( )Figure 1 

Before treatment, median range  MIC and MPC of ciprofloxacin against the dominant flora were 0.016 mg/L 0.005 0.5  and 0.25[ ] [ – ]
mg/L 0.06 2.8  in the fecal flora and 2 mg/L 0.71 45.25  and 22.6 mg/L 8 512  in the pharyngeal flora, respectively. In the fecal flora,[ – ] [ – ] [ – ]
one subject had no detectable while six (13 ) initially had strains resistant to nalidixic acid, including one with resistance to bothE. coli %
ciprofloxacin (MIC  32 mg/L) and nalidixic acid (MIC > 1024 mg/L) and five with resistance to nalidixic acid only (MICs: 64 to > 1024=
mg/L and MICs to ciprofloxacin: 0.01 to 0.5 mg/L). All the strains resistant to ciprofloxacin were also resistant to nalidixic acid. Before

treatment, in the pharyngeal flora, one subject had VGS strains resistant to levofloxacin (MIC  16 mg/L) and for one subject there was no=
pharyngeal sample.

During treatment, susceptible were not detected in the fecal flora from any volunteers. Resistance to ciprofloxacin was detectedE. coli 

in three subjects (6 ) at day 7 and 14. By contrast, at day 42, 14 subjects (30 ) were colonized by strains resistant to nalidixic acid% %
(MICs: 64 to >1024 mg/L), including four with resistance to ciprofloxacin (MICs: 32 64 mg/L). Overall, resistance to nalidixic acid or–
ciprofloxacin that was not initially detected before therapy emerged in 10/40 subjects (25 , 95 CI: 13 40 ), during or after therapy.% % – %

In the pharyngeal flora, VGS resistant to levofloxacin were detected in eight subjects (17 ) at day 7, ten (21 ) at day 14, and four (10% %
) at day 42. MICs of levofloxacin against the resistant strains ranged between 4 and 64 mg/L. Overall, resistance to levofloxacin that was%

not initially detected before therapy emerged in 15/45 volunteers (33 , 95 CI: 20 49 ), during or after ciprofloxacin therapy.% % – %

Antibiotic concentrations and pharmacokinetic studies ( )Figure 2 
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Median peak concentrations of ciprofloxacin in plasma at steady state ranged from 1.35 mg/L range: 1.13 1.77  for the 250 mg twice[ – ]
daily regimen to 4.26 mg/L 2.89 5.66  for the 1000 mg once daily regimen; median AUC ranged from 11.77 mg/L.h 11.56 12.08  for the[ – ] [ – ]
250 mg bid regimen to 36.27 mg/L.h 33.23 45.49  for the 750 mg bid one. Thus, median concentrations of ciprofloxacin in plasma were[ – ]
above median MIC against the fecal dominant flora during most of the time for all regimens, and above median MPC for all twice daily

regimens. For the pharyngeal flora, median ciprofloxacin concentrations in plasma were far below median MPC and just above median

MIC at peak, except for the 250 mg twice daily regimen.

Median concentrations of ciprofloxacin in stools at steady state ranged from 845 mg/L 455 1265  for the 250 mg twice daily regimen[ – ]
to 1938 mg/L 1100 3235  for the 500 mg twice daily regimen, far above the median MIC and MPC of ciprofloxacin against the fecal[ – ]
dominant flora. Ciprofloxacin concentrations were undetectable in stools at day 42 in all subjects.

Median peak concentrations of ciprofloxacin in saliva at steady state ranged from 0.48 mg/L 0.32 0.84  for the 250 mg twice daily[ – ]
regimen to 1.79 mg/L 1.05 2.35  for the 1000 mg once daily one, never reaching the median MIC level of ciprofloxacin against the[ – ]
pharyngeal dominant flora, and far below its median MPC. Ciprofloxacin concentrations were undetectable in saliva at day 42 in all

subjects.

Relationship between antibiotic exposure and emergence of bacterial resistance

Distribution of AUC/MIC of ciprofloxacin in plasma, as well as ciprofloxacin concentrations/MIC ratios in feces, were not

significantly different in subjects in whom resistance to nalidixic acid or ciprofloxacin emerged or not in fecal flora ( and Table 1 Figure 3 

). Other variables integrating plasma pharmacokinetic and pharmacodynamic parameters of ciprofloxacin failed to show any significant

difference ( ). Logistic regression analysis did not evidence any significant link between probability of emergence of resistance inTable 2 

fecal flora and antibiotic exposure as measured by AUC/MIC for ciprofloxacin in plasma or by ciprofloxacin concentrations in feces/MIC

( ).Table 1 

Similar results were obtained in pharyngeal flora. Distribution of plasma AUC/MIC of ciprofloxacin in plasma or saliva did not

significantly differ in subjects in whom resistance to levofloxacin emerged or not in the pharyngeal flora ( and ), nor wereTable 1 Figure 3 

any other variables integrating pharmacokinetic data in plasma or saliva and pharmacodynamic parameters of ciprofloxacin ( ).Table 3 

Probability of emergence of resistance in pharyngeal flora was not significantly linked to antibiotic exposure measured as AUC/MIC ratio

of ciprofloxacin in plasma or in saliva ( ).Table 1 

Discussion

We found a high rate of emergence of resistance to quinolones in commensal flora from healthy volunteers during of after a 14-day

course of oral ciprofloxacin, both in fecal and pharyngeal VGS. Because this was observed in healthy volunteers, without recentE. coli 

antibiotic exposure, these rates are probably the minimal to be expected in patients. Indeed, higher rates of ciprofloxacin resistance, from

32 to 40 , have already been reported in fecal in cancer or leukemia patients exposed to fluoroquinolones .% Enterobacteriaceae [28 –29 ]
This can be explained by two reasons: i) antibiotic exposure of the commensal flora is more frequent in patients than in healthy volunteers

and may accumulate resistance over time; ii) interpatient pharmacokinetic variability is expected to be greater in heavier, sicker and older

patients from the medical wards than observed in healthy volunteers.

Emergence of resistance was mainly observed for fecal against nalidixic acid and for pharyngeal VGS against levofloxacin.E. coli 

Few patients developed resistance to ciprofloxacin in the fecal flora, and our study was underpowered to specifically examineE. coli 

differences in ciprofloxacin resistance.

Although not specifically designated to analyze time-effect relationship, our study showed that prevalences of resistance were not

different between day 7 and day 14, suggesting that impact on commensal flora was already achieved at day 7 ( ).Figure 1 

Different kinetic patterns of emergence of the resistant bacteria were observed in the two commensal flora. Resistant strainsE. coli 

were detected mainly 4 weeks after the end of therapy in the fecal flora while resistant VGS were primarily selected during the two weeks

of therapy in the pharyngeal flora ( ). Pharmacokinetic and pharmacodynamic parameters could account for these differences. InFigure 1 

the feces, ciprofloxacin concentrations were very high, indeed several thousand times greater than the initial MPC on the dominant flora,

explaining that virtually disappeared from the stool during therapy and that selection of resistance was unlikely. Such disappearanceE. coli 

has previously been reported with different quinolones . It has also been shown that ciprofloxacin persists in the feces of volunteers for[33 ]
several days after oral treatment ends . Therefore, resistance was probably selected in the fecal flora when ciprofloxacin[34 ]
concentrations decreased below the MPC and the MIC , . This occurred between day 14 and day 42, when no ciprofloxacin could[14 19 ]
be detected in the feces anymore. In contrast, pharyngeal concentrations of ciprofloxacin during therapy were close to - but below - initial

MIC level against VGS during the entire therapy, whatever the dosing regimens, explaining why resistance could be selected during

treatment, and why it then decreased as antibiotic selective pressure vanished ( ). Indeed, subinhibitory concentrations ofFigure 1 
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fluoroquinolones favor selection of resistance and induce genetic transformability increasing the rate of mutation and genetic exchange in

response to antibiotics , .[19 35 ]

Depending on the target flora, we based the detection of quinolone resistance on different surrogate markers, according to their clinical

relevance. Resistance to nalidixic acid, a first generation quinolone that can be prescribed for the treatment of uncomplicated urinary tract

infections, was used in since it is indicative of a single first step mutation in the target gene and associated with reducedE. coli gyrA 

activity of fluoroquinolones . Resistance to levofloxacin was used to detect emergence of resistance in pharyngeal VGS since[29 –31 ]
VGS are naturally resistant to ciprofloxacin and therefore no MIC breakpoints exist. In addition, levofloxacin is widely recommended for

the treatment of respiratory infections . Emergence of resistance to levofloxacin in pharyngeal VGS obviates the selection of[23 ]
cross-resistance among fluorquinolones, as shown for .Streptococcus pneumoniae [3 ]

A major issue in the use of fluoroquinolone is the role of dosing regimen to optimize efficacy. We did not identify any significant

difference in antibiotic exposure in plasma, saliva and stool between subjects in whom resistance was selected or not. Similarly, the

probability of emergence of resistance was comparable whatever the ciprofloxacin exposure, expressed as the ratio of the AUC to the MIC

against the dominant flora. This was observed despite the fact that large ranges of ciprofloxacin dosing regimens were investigated, from

the minimum to the maximum total daily dose that can be administered therapeutically. Lack of power is here unlikely and duration of

treatment was sufficient to allow the selection of resistant mutants. Therefore, these results indicate that, whereas optimizing dosing

regimen of ciprofloxacin is useful to increase efficacy at the focus of infection , it is not likely to be helpful to decrease the risk for[15 –18 ]
selection of resistant strains in commensal flora. This may be explained by the different pharmacokinetic patterns of ciprofloxacin in saliva

and feces as compared with the one in plasma and by the fact that variations in dosing regimens had little impact on local ciprofloxacin

concentrations in saliva and in feces as compared with the respective MIC and MPC of ciprofloxacin against the dominant flora at these

sites ( ). Indeed, for all ciprofloxacin regimen tested, concentrations of ciprofloxacin were always far above the MPC for Figure 2 

in feces and below the MIC for VGS in saliva ( ). Overall, the comparable rates of emergence of resistance inEnterobactericeae Figure 2 

the fecal and pharyngeal flora whatever the antibiotic exposure suggest a random phenomenon occuring at subinhibitory concentrations (

). Thus, selection of resistant commensals during ciprofloxacin therapy should be considered as an ecological side effect which isTable 1 

not preventable by optimizing antibiotic dosing. Other strategies to prevent such an event are warranted.

Ackowledgements:

The authors thank Agn s Certain, pharmacist, for her helpful technical assistance, the study nurses Isabelle Poirier, Emmanuelle Royer andè
Patricia Servant, and Pr Jean-Claude Soul , head of the gastroenterology department, who allowed the nurses of his department to superviseé
the intake of ciprofloxacin on sundays (all from Bichat hospital, Paris, France).

This work was granted by a  Contrat d Investigation et de Recherche Clinique  from  Direction de la RechercheFinancial support. « ’ » «
Clinique, Assistance Publique-H pitaux de Paris , France.ô »

Footnotes:
For all authors: no conflict of interest.

Clinical trial name: Parameters Associated with the Emergence of Resistance to Ciprofloxacin in Human Commensal Flora. Clinical

Trials.gov identifier: NCT00190151.

This work was presented in part at the 47th Interscience Conference on Antibiotic Agents and Chemotherapy, hold in Chicago, Il, September

2007.

All authors: no conflicts.Potential conflicts of interest. 

References:
 1 .       Normark BH , Normark S . Evolution and spread of antibiotic resistance . J Intern Med . 2002 ; 252 : 91 - 106
 2 .       Hooper DC . Emerging mechanisms of fluorquinolone resistance . Emerg Infect Dis . 2001 ; 7 : 337 - 41
 3 .       Chen DK , McGeer A , de Azavedo JC , Low DE . Decreased susceptibility of to fluoroquinolones in Canada Streptococcus pneumoniae . N Engl J Med . 1999 ; 341 : 233 - 9
 4 .   Komp Lindgren P , Karlsson A , Hughes D . Mutation rate and evolution of fluoroquinolone resistance in isolates from patients with urinary tract infections Escherichia coli .

    Antimicrob Agents Chemother . 2003 ; 47 : 3222 - 32
 5 .  Lautenbach E , Metlay JP , Bilker WB , Edelstein PH , Fishman NO . Association between fluorquinolone resistance and mortality in and Escherichia coli Klebsiella

     infections: the role of inadequate empirical antibiotic therapy pneumoniae . Clin Infect Dis . 2005 ; 41 : 923 - 9
 6 .       Davidson R , Cavalcanti R , Brunton JL . Resistance to levofloxacin and failure of treatment of pneumococcal pneumonia . N Engl J Med . 2002 ; 346 : 747 - 50
 7 .       Varon E , Gutmann L . Mechanisms and spread of fluoroquinolone resistance in Streptococcus pneumoniae . Res Microbiol . 2000 ; 151 : 195 - 202
 8 .      Andremont A . ASM News . 2003 ; 69 : 601 - 7
 9 .       Hoiby N , Jarlov JO , Kemp M . Excretion of ciprofloxacin in sweat and multiresistant Staphylococcus epidermidis . Lancet . 1997 ; 349 : 167 - 9

 10 .  Darouiche R , Perkins B , Musher D , Hamill R , Tsai S . Levels of rifampin and ciprofloxacin in nasal secretions: correlation with MIC90 and eradication of
     nasopharyngeal carriage of bacteria . J Infect Dis . 1990 ; 162 : 1124 - 7

 11 .       Piddock LJ . Fluoroquinolone resistance: overuse of fluoroquinolones in human and veterinary medicine can breed resistance . Brit Med J . 1999 ; 318 : 1029 - 30
 12 .       Craig WA . Pharmacokinetic-pharmacodynamic parameters: rationale for antibacterial dosing in mive and men . Clin Infect Dis . 1998 ; 26 : 1 - 12
 13 .       Ambrose PG , Bhavnani SM , Rubino CM . Pharmacokinetics-Pharmacodynamics of antibiotic therapy: it s not just for mice anymore ’ . Clin Infect Dis . 2007 ; 44 : 79 - 86

 14 .        Zhao X , Drlica K . Restricting the selection antibiotic-resistant mutants: a general strategy derived from fluoroquinolones . Clin Infect Dis . 2001 ; 33 : (Suppl 3 ) S147 -
56

 15 .       Preston SL , Drusano G , Berman AL . Pharmacodynamics of levofloxacin: a new paradigm for early clinical trials . JAMA . 1998 ; 279 : 125 - 9



J Infect Dis . Author manuscript

Page /6 10

 16 .   Forrest A , Nix DE , Ballow CH , Birmingham MC , Cumbo TJ , Schentag JJ . Pharmacodynamics of intravenous ciprofloxacin in seriously ill patients . Antimicrob
    Agents Chemother . 1993 ; 37 : 1073 - 81

 17 .  Ambrose PG , Grasela DM , Grasela TH , Passarel J , Mayer HB , Pierce PF . Pharmacodynamics of fluoroquinolones gainst against in patientStreptococcus pneumoniae 

     with community-acquired respiratory tract infections . Antimicrob Agents Chemother . 2001 ; 45 : 2793 - 7
 18 .  Drusano G , Preston SL , Fowler C , Corrado M , Weisinger B , Kahn J . Relationship between fluoroquinolone area under the curve: minimum inhibitory concentration

     ratio and the probability of eradication of the infecting pathogen, in patients with nosocomila pneumonia . J Infect Dis . 2004 ; 189 : 1590 - 7
 19 .       Olofsson SK , Cars O . Optimizing drug exposure to minimize selection of antibiotic resistance . Clin Infect Dis . 2007 ; 45 : S129 - 36
 20 .  Cr mieux é AC , Muller-Serieys C , Panhard X . Emergence of resistance in normal human aerobic commensal flora during telithromycin and amoxicillin/clavulanic acid

     treatments . Antimicrob Agents Chemother . 2003 ; 47 : 2030 - 5
 21 .   Comit  de l Antibiogramme de la Soci t  Fran aise de Microbiologie é ’ é é ç . January 2007 ; Communiqu  du Comit  de l Antibiogramme de la Soci t  Fran aise deé é ’ é é ç

 Microbiologie . Online . [ ] http://www.sfm.asso.fr

 22 .   Blondeau JM , Zhao X , Hansen G , Drlica K . Mutant prevention concentrations to fluoroquinolones for clinical isolates of Streptococcus pneumoniae . Antimicrob Agents
    Chemother . 2001 ; 45 : 433 - 8

 23 .  Mandell LA , Bartlett JG , Dowell SF , File MF Jr , Musher DM , Whitney C . Update practice guidelines for the management of community-acquired pneumonia in
     immunocompetent adults . Clin Infect Dis . 2003 ; 37 : 1405 - 33

 24 .   Clinical and Laboratory Standards Institute . 2007 ; Performance Standards for Antimicrobial Susceptibility Testing: Seventeenth Informational Supplement M100-S17 
Wayne, PA, USA

 25 .   Nakashima M , Uematsu T , Kosuge K . Single and multiple-dose pahrmacokinetics of Am-1155, a new 6-fluoro-8-methoxyquinolone, in humans . Antimicrob Agents
    Chemother . 1995 ; 39 : 2635 - 40

 26 .  Montgomery MJ , Beringer PM , Aminimanizani A . Population pharmacokinetics and use of Monte Carlo simulation to evaluate currently recommended dosing regimens
     of ciprofloxacin in adult patients with cystic fibrosis . Antimicrob Agents Chemother . 2001 ; 45 : 3468 - 3473

 27 .      Brunner M , Stabeta H , Moller JG . Target site concentrations of ciprofloxacin after single intravenous and oral doses . Antimicrob Agents Chemother . 2002 ; 46 : 3724 -
30

 28 .  Debon R , Breilh D , Boselli E , Saux MC , Duflo F , Chassard D , Allaouchiche B . Pharmacokinetic parameters of ciprofloxacin (500 mg/5 mg) oral suspension in
     critically ill patients with severe bacteria pneumonia: a comparison of two dosages . J Chemother . 2002 ; 14 : 175 - 180

 29 .  Carratala J , Fernandez-Sevilla A , Tubau F , Dominguez MA , Gudiol F . Emergence of fluoroquinolone-resistant in fecal flora of cancer patients receivingEscherichia coli 

     norfloxacin prophylaxis . Antimicrob Agents Chemother . 1996 ; 40 : 503 - 5
 30 .  Perea S , Hidalgo M , Arcediano A . Incidence and clinical impact of fluoroquinolone-resistant in the faecal flora of cancer patients treated with high doseEscherichia coli 

     chemotherapy and ciprofloxacin prophylaxis . J Antimicrob Chemother . 1999 ; 44 : 117 - 20
 31 .  Dupeyron C , Mangeney N , Sedrati L , Campillo B , Fouet P , Leluan . Rapid emergence of quinolone resistance in cirrhotic patients treated with norfloxacin to prevent

     spontaneous bacterial peritonitis . Antimicrob Agents Chemother . 1994 ; 38 : 340 - 4
 32 .  Thomas JK , Forrest A , Bhavnani SM . Pharmacodynamic evaluation of factors associated with the development of bacterial resistance in acutely ill patients during

     therapy . Antimicrob Agents Chemother . 1998 ; 42 : 521 - 7
 33 .       Sullivan A , Edlund C , Nord CE . Effect of antibiotic agents on the ecological balance of human microflora . Lancet Infect Dis . 2001 ; 1 : 101 - 14
 34 .   Pecquet S , Ravoire S , Andremont A . Faecal excretion of ciprofloxacin after a single oral dose an dits effect on faecal bacteria in healthy volunteers . J Antimicrob

    Chemother . 1990 ; 26 : 125 - 9
 35 .   Prudhomme M , Attaiech L , Sanchez G , Martin B , Claverys JP . Antibiotic stress induces genetic transformability in the human pathogen Streptococcus pneumoniae .

    Science . 2006 ; 313 : 89 - 92

Figure 1
Number of subjects harbouring strains of in fecal flora that were resistant to nalidixic acid or ciprofloxacin (top left) or strainsEscherichia coli 

of viridans group streptococci in pharyngeal flora that were resistant to levofloxacin (bottom left) and their corresponding MIC values (mg/L)

for nalidixic acid (Nal, white circles) and ciprofloxacin (Cip, black circles) (top right) and levofloxacin (bottom right) in healthy subjects

receiving various dosing regimens of ciprofloxacin from day 1 to day 14. Strains that were resistant to ciprofloxacin also appear among strains

resistant to nalidixic acid. There were 48 subjects at the start of therapy and 47 subjects later because of one subject discontinuing therapy. In

addition, there was no pharyngeal sample to perform measurement at day 0 for one patient.
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Figure 2
Mean concentration profiles of ciprofloxacin at steady state in plasma and saliva from healthy subjects receiving ciprofloxacin from day 1 to

day 14, according to dosing regimens, and boxplot of the distribution of the fecal concentration at day 7 and day 14. Horizontal lines represent

median MIC (mg/L) (full line) and MPC (mg/L) (dotted line) of ciprofloxacin against the dominant flora in each commensal flora.

Figure 3
Distribution of the area under the ciprofloxacin concentration-time curve from 0 to 24 h (AUC)/MIC ratio in plasma (top and bottom left) and

saliva (bottom right) and of the fecal concentrations of ciprofloxacin/MIC ratio (top right) in healthy subjects receiving various regimens of

ciprofloxacin from day 1 to day 14 and in whom no resistant strains were detected at day 0. Results are presented according to the emergence

or not of strains of resistant to nalidixic acid or ciprofloxacin in fecal flora (top, n 40) or of strains of viridans groupEscherichia coli =
streptococci that were resistant to levofloxacin in pharyngeal flora (bottom, n 45), from day 7 to day 42. The solid line represents the median=
in each group. Each circle represents a subject.
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Table 1
Observed percentage of emergence of resistance in from the fecal flora and in viridans group streptococci from the pharyngeal flora in healthy volunteers according to the importance ofEscherichia coli 

ciprofloxacin exposure expressed as quartile of the distribution. values of the nonparametric test comparing exposure in patients with or without emergence or resistance. values of the link betweenP P 

exposure and probability of emergence of resistance in logistic regression

Parameter of ciprofloxacin exposure No of subjects at risk Emergence of resistance valuesP 

Number Percent Group comparison Logistic regression

Fecal flora
AUC/MIC in plasma (h) 0.35 0.36

 361  721– 10 2 20%
 722  1112– 10 2 20%
 1113  2004– 10 3 30%
 2005  4236– 10 3 30%
 Total 40 10 25%
Concentration/MIC in stool 0.93 0.86

 20  49  10– × 3 10 2 20%
 50  77  10– × 3 10 2 30%
 77  117  10– × 3 10 3 30%
 118  358  10– × 3 10 2 20%
 Total 40 10 25%
Pharyngeal flora
AUC/MIC in plasma (h) 0.86 0.27

 0.37  5.80– 11 3 27%
 5.81  8.54– 11 4 36%
 8.55  12.22– 11 4 36%
 12.24  22.79– 12 4 33%
 Total 45 15 33%
AUC/MIC in saliva (h) 0.45 0.16

 0.06 0.87– 11 4 36%
 0.88  1.47– 11 4 36%
 1.48  2.21– 11 4 36%
 2.22  6.82– 12 3 25%
 Total 45 15 33%
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Table 2
Comparison of variables integrating ciprofloxacin pharmacokinetic parameters in plasma or concentrations in stool and pharmacodynamic parameters of ciprofloxacin against from theEscherichia coli 

dominant fecal flora between groups of subjects in whom resistant emerged or not from day 7 to day 42.Escherichia coli 

Variables

Emergence of resistance valueP 

Yes (n 10)= No (n 30)=
Median (Min - Max) Median (Min - Max)

Plasma
 AUC/MIC (h) 1516.0 (524.8  3137.0)– 1094.0 (360.5  4236.0)– 0.35

 AUC/MPC (h) 66.9 (22.0  375.9)– 89.5 (32.2  374.2)– 0.41

 Peak/MIC 186.9 (61.6  443.2)– 148.4 (29.5  715.0)– 0.38

 Peak/MPC 9.3 (3.9  46.3)– 13.3 (3.8  42.2)– 0.40

 AUC > MIC (mg/L.h) 13.5 (11.0  34.3)– 21.1 (10.3  45.2)– 0.38

 AUC > MPC (mg/L.h) 8.4 (5.5  31.1)– 16.3 (5.4  39.6)– 0.18

 MIC<AUCMPC (mg/L.h) 4.2 (1.7  8.0)– 3.2 (0.4  7.1)– 0.57

 Time > MIC (h) 24.0 (22.7  24.0)– 24.0 (13.3  24.0)– 0.15

 Time > MPC (h) 15.0 (7.4  24.0)– 16.0 (7.8  24.0)– 0.64

 MIC< Time <MPC (h) 8.9 (0.0  16.6)– 7.4 (0.0  14.1)– 0.16

Stool
 Concentration/MIC 80  10 (22  10  358  10 )× 3 × 3 – × 3 75  10 (20  10  340  10 )× 3 × 3 – × 3 0.93

 Concentration/MPC 48  10 (8  10  223  10 )× 2 × 2 – × 2 7  10 (1  10  46  10 )× 3 × 3 – × 3 0.30
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Table 3
Comparison of variables integrating ciprofloxacin pharmacokinetic parameters in plasma or saliva and pharmacodynamic parameters of ciprofloxacin against viridans group streptococci (VGS) from the

dominant pharyngeal flora between groups of subjects in whom resistant VGS emerged or not from day 7 to day 42.

Variables

Emergence of resistance valueP 

Yes (n 15)= No (n 30)=

Median (Min  Max)– Median (Min  Max)–
Plasma
 AUC/MIC (h) 9.47 (0.37  12.79)– 8.47 (2.95  22.79)– 0.86

 AUC/MPC (h) 0.76 (0.10  2.98)– 0.55 (0.10  2.01)– 0.53

 Peak/MIC 1.45 (0.04  3.90)– 1.29 (0.34  4.00)– 0.97

 Peak/MPC 0.10 (0.01  0.46)– 0.09 (0.01  0.80)– 0.58

 AUC > MIC (mg/L.h) 2.30 (0.00  8.46)– 0.71 (0.00  12.52)– 0.78

 AUC > MPC (mg/L.h) 0.00 (0.00  0.00)– 0.00 (0.00  0.00)– NA

 MIC<AUC <MPC (mg/L.h) 2.30 (0.00  8.46)– 0.71 (0.00  12.52)– 0.78

 Time > MIC (h) 3.96 (0.00  4.82)– 2.22 (0.00  9.26)– 0.72

 Time > MPC (h) 0.00 (0.00  0.00)– 0.00 (0.00  0.00)– NA

 MIC<Time<MPC (h) 3.96 (0.00  4.82)– 2.22 (0.00  9.26)– 0.72

Saliva
 AUC/MIC (h) 1.46 (0.063  3.01)– 1.57 (0.53  6.82)– 0.45

 AUC/MPC (h) 0.11 (0.01  0.53)– 0.09 (0.01  0.60)– 0.77

 Peak/MIC 0.39 (0.02  1.12)– 0.46 (0.14  1.66)– 0.71

 Peak/MPC 0.03 (0.00  0.23)– 0.03 (0.00  0.10)– 0.73

 AUC > MIC (mg/L.h) 0.00 (0.00  0.06)– 0.00 (0.00  0.42)– 0.70

 AUC > MPC (mg/L.h) 0.00 (0.00  0.00)– 0.00 (0.00  0.00)– NA

 MIC<AUC<MPC (mg/L.h) 0.00 (0.00  0.06)– 0.00 (0.00  0.42)– 0.70

 Time > MIC (h) 0.00 (0.00  0.41)– 0.00 (0.00  0.94)– 0.68

 Time > MPC (h) 0.00 (0.00  0.00)– 0.00 (0.00  0.00)– NA

 MIC<Time<MPC (h) 0.00 (0.00  0.41)– 0.00 (0.00  0.94)– 0.68


