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Fluoroquinolone (FQ) Resistance - Is it really a
concern? - Worldwide & Canadian Perspective
• FQ resistant strains of S. pneumoniae1,2,3,4, E. coli,

Pseudomonas and gonococcus5 have been identified
and are emerging in Canada (see Figure 1 & Table 1).

• While resistance rates in many pathogens are still
low, the slow emergence of resistant strains is
concerning and could lead to the “demise of FQs as
useful agents in the next 5-10 years” (IDSA-2003) 6.
Reserving FQs for cases most likely to benefit from
their use may preserve their long term effectiveness.

• Resistance is promoted with overuse, underdosing
and lack of adjustment based on culture results. 7,8

• Useful Anti-infective References:
2005 Anti-infective Guidelines for Community-acquired Infections (CAN) 9

2001 Do Bugs Need Drugs - www.dobugsneeddrugs.org (CAN-Alberta) 10

2004 Sanford Guide to Antimicrobial Therapy (USA) 11

2004 Medical Letter  Treatment Guidelines: Choice of Antibacterial Drugs  12

2004 Johns Hopkins Antibiotic Guide - http://www.hopkins-abxguide.org 13

Figure 114: FQ resistant S. pneumo in Older Canadians

Table 1: How bad can FQ Resistance Be?  Insight
              from Selected FQ Resistance Rates Worldwide
              (for ciprofloxacin unless otherwise noted)

Bacteria Canada World - Upper Range
S.  pneumoniae 2.7% 

15; 5.9% Elderly
14 14% levofloxacin - Hong Kong 

16

N. gonorrhea 4.4% Atlantic Canada 
17 63% Korea, 92% China 

18

E. coli 20% Nursing Home
19 22% Spain 20

Campylobacter <2% 21 84% Thailand 
22

FQs for respiratory tract infections (RTIs)?
• Respiratory FQs (gati-, gemi-, levo- & moxi- floxacin) are quite

effective for RTIs as they cover a broad spectrum of
bacteria including atypicals such as Chlamydia and
have good activity against S. pneumoniae. 23

• Several non-FQ alternatives are very effective in treating
RTIs in lower risk individuals.  A recent meta-analysis
(in patients primarily <60yo; free of coexisting disease)
found a modest benefit for FQs compared with oral
macrolides, β-lactams, or doxycycline in community
acquired pneumonia (CAP).24 The authors indicated
clinicians must decide whether 1 extra treatment success
(i.e. symptom resolution only, not morbidity or mortality)
for every 33 patients justifies initial treatment with a FQ
and the potential increased FQ resistance.

• FQs are often appropriate for RTIs in patients with
     co-morbidity, more severe illness and those intolerant
     or resistant to alternative regimens.
• CAP: FQs not indicated in previously healthy outpatients

(suitable choice: macrolide or doxycycline).6,9,25,26,27

• COPD, Acute Exacerbations: Recommendations for
low risk patients: amoxicillin, doxycycline, SMX/TMP,
2nd gen. cephalosporin or new macrolide e.g. azithromycin or

clarithromycin.  FQs or amoxicillin-clavulanate are useful
for high risk patients {e.g. “Group 2 patients” - FEV1 < 50%, or
have significant cardiac disease and/or experience 4 or more
exacerbations per year. 28(CND03), 29(NICE04)   FQ 5-7 day regimens are clinically
equivalent but associated with greater eradication and longer disease free
intervals compared to clarithromycin & other non-FQ comparators. 30,31,32,33}

• Acute Bronchitis: ≥ 90% is viral without indication for
antibiotics.9,11  If productive cough lasts 10+ days, a
macrolide or doxycycline are considered 1st choice.9  In
acute exacerbation of chronic bronchitis (AECB), FQs are
reserved for more severe cases (as in COPD above). 9,34(CND03)

• Adult Sinusitis 35(2004),36,37,38: FQs 3rd Line- if failed/severe
disease {If symptomatic >7days� 1st Line: Amoxicillin;  2nd line: amox/clav,
cefuroxime axetil, cefixime, doxycycline, clarithromycin, azithromycin & SMX/TMP}.

When should ciprofloxacin be avoided?
• Ciprofloxacin has poor coverage of S. pneumoniae,

and treatment failures have been reported.  If a FQ is
indicated for an RTI, a “respiratory FQ” with
enhanced coverage of S. pneumonia is preferred.

• Reserve ciprofloxacin for Pseudomonas aeruginosa
e.g. bronchiectasis, cystic fibrosis, recent ICU stay, etc.

Available 2005 Anti-infective Guidelines 9

for Community-acquired Infections.
Anti-infective Review Panel ; Now Available.  Email: guidelines@mumshealth.com

In cases of FQ treatment failure, it is most rational to
choose an agent from a totally different antibiotic class.
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Are FQs a good choice for treatment of acute
(uncomplicated) cystitis in Saskatchewan?

• FQs should be reserved for recurrent, complicated,
more severe or resistant cases.

• The most common urinary pathogen, E. coli
generally responds to sulfamethoxazole/trimethoprim
(SMX/TMP) or nitrofurantoin.39  {In SK, cefazolin
iv or cephalexin po may be an option ≥93% Susceptible-2003.}

• E. coli resistance rates to SMX/TMP (Sask.) are
~15%; however since many acute cystitis cases are
not cultured, this represents E. coli from recurrent
and/or more complicated cystitis.40 Alternatives to
SMX/TMP should be considered when resistance
rates are ≥15-20%.41,42  Of interest SMX/TMP is
clinically successful in >50% of women who appear
to have resistant urinary pathogens.40

• FQ or SMX/TMP regimens: A duration of 3 days
is recommended for healthy women with acute
uncomplicated cystitis. 43,44  Moxifloxacin has lower
renal concentrations and is not indicated for UTI.

• Nitrofurantoin has retained excellent activity
against E. coli (≥98% susceptible SK-2003); however,
7 day regimens are recommended for lower UTI.

• Related Note: in some regions, N. gonorrhea
resistance may also be an important consideration.

• See also RxFiles UTI Drug Comparison Chart 45

FQ Side Effect Concerns
• Glycemic reactions: Rare hypo (within 3 days) &

hyperglycemia (within 4-10 days esp. in very elderly),
can occur in ~1% of patients on oral hypoglycemics
(reported with most FQs) 46,47,48

• Minimal QT effects (~1 per million prescriptions 49)
for the current FQs, but reason grepafloxacin was
removed. Caution for use if cardiac patients,
concurrent drugs known to ↑ QT interval 50,51 and if
low potassium or magnesium. (Higher to Lower Antibiotic Risk:
erythromycin; clarithromycin; gatifloxacin / levofloxacin / moxifloxacin) 52

• See also RxFiles Q&A-QT Prolongation…Feb05 53

Table 2: Antibiogram for Ciprofloxacin (SK)
                (% isolates susceptible)
SK Region E. Coli Klebsiella

pneum.
Proteus
mirabilis

P. aeruginosa

S’toon
Outpatient

99 96 99 72

S’toon
Inpatient

98 98 100 78

RQHR
Outpatient

94 97 91 78

RQHR
Inpatient

95 97 87 81

Comment: FQs not necessarily drug of choice for bacteria listed.
Enterococcus: 56-74% susceptible to Cipro; use inadvisable except possibly in UTI
Saskatoon Health Region (S’toon) = Jan 1999-Dec 2003 data (Note: 5 yrs of data)
Regina Qu’Appelle Health Region (RQHR) = Apr 2003-Mar 2004 data

FQs dosages and comments are available in the RxFiles Anti-infective54,
Pneumonia (CAP) 55, & UTI 45 charts at www.RxFiles.ca

Table 3: FQ Pharmacological Overview 23,56,57,58,59

Mechanism of Action
• bactericidal; inhibition of DNA synthesis by interfering with DNA

gyrase (topoisomerase II) and type IV topoisomerase
Pharmacokinetics / Pharmacodynamics
• Absorption: excellent bioavailability (>90-99%) (less with gemi)
• Distribution: widely distributed (except Moxi - low renal concentrations 60)
• Elimination:  renal & non-renal routes; (Moxi OK in renal dysfunction)

- ↓ renal function : ↓ dose for Cipr, Gati, Gemi, Levo, Norf, Oflo
• concentration-dependent killing; post-antibiotic effect of 1-2 hours
Side Effects  {generally well tolerated}
• Gastrointestinal 2-10%: nausea, anorexia, dyspepsia & other
• CNS toxicity 1-2%: headache, dizziness, drowsiness; less common:

insomnia, agitation; rare-seizures esp. in elderly 61{least with Levo}
• Hepatic rare: elevation of enzymes (esp. with trovafloxacin)
• Dermatologic 0.5-3%: phototoxicity {least with Moxi/Gati}, rash, itch

{Severe rash of some concern with Gemi. given limited clinical experience}
• Musculoskeletal ≤1%: arthropathy, tendinitis, achilles rupture
• Other hypo- or hyper-glycemia (usually in diabetics; especially with Gati)
Contraindications
• Children <18 years of age 62,63 (Except ciprofloxacin for postexposure

anthrax & 2nd line in complicated E. coli UTI/pyelonephritis in ≥1yr) American

• Pregnancy category       64

Drug Interactions (select) 65

• Chelation with cations: Al++(sucralfate), Mg++, Ca++, Fe++, Zn++

{avoid interaction by administering FQ >2 hrs before food/supplement}
• Drugs prolonging QT interval, especially in high-risk pts
   eg. Class 1A (quinidine, procainamide) & Class III (amiodarone, sotalol) antiarrhythmics;
   antidepressants, antipsychotics, azole antifungals, cisapride, clarithromycin & erythromycin.
• Ciprofloxacin:  ↑ phenytoin, theophylline;  All FQs: ↑ warfarin effect
• Gatifloxacin:   ↑ digoxin levels/toxicity
• NSAIDs: may  ↑ risk of CNS stimulation & seizures
• Rifampin:        ↓ effectiveness of ciprofloxacin vs S. aureus

Relative Antimicrobial Activity Overview & Cost of FQs  66

Cipr
CIPRO

Gati 67

TEQUIN
Gemi
FACTIVE

Levo 68

LEVAQUIN
Moxi 69

AVELOX
Norf

NOROXIN
Oflo
FLOXIN

Enterobacteriaceae +++ +++ +++ +++ +++ +++ +++
Atypicals + +++ +++ +++ +++ + +++
S. pneumoniae & PRSP + +++ +++ ++ +++ - +
S. aureus + ++ ++ + ++ - +
P. aeruginosa ++ +/- +/- +/- +/- +  if  UTI -
Anaerobes - + + - + - -
Indications * CANADA ABCDEFGHIJK ABCDG B ABCDEF ABC DG BCEFGLM
Year launched CANADA 1989 2001 2005 1998 2000 1986 1995
Forms
(Eye solns: for Cipr, Gati,
Moxi & Oflo; Otic:Cipr.)

Tab:  250,500,750mg;

   500mgXL⊗,1g XL
Susp: 500mg/5ml
IV:   200,400mg

Tab: 400mg,
      200mg�

⊗

IV:   400mg

Tab: 320mg Tab:
      250, 500mg;

     (750mg 
�⊗)

IV: 500mg

Tab:  400mg

IV:   400mg

Tab: 400mg Tabs:
  200,300 &
  400mg

Dosing frequency bid; XL form od od od od od bid bid ac
COST
 (10days therapy,
  unless noted)

$44 250mg q12h

$49 500mg q12h

$40 1g XL�   �

$ 67

� �

NA

�⊗

$49500mg od

$63750mg odx5

� �

$ 69

  � �

$40

   � �

$ 67

��

Cipr=ciprofloxacin CIPRO,    Gati=gatifloxacin TEQUIN,    Gemi=gemifloxacin FACTIVE,    Levo=levofloxacin
LEVAQUIN,    Moxi =moxifloxacin AVELOX,    Norf =norfloxacin NOROXIN,    Oflo=ofloxacin FLOXIN,
NA=not available  PRSP= penicillin resistant streptococcal pneumonia,   �Non formulary Sask.,
�  EDS in Sask.,  � =prior approval for NIHB   ⊗=not covered by NIHB   � covered by NIHB
Enterobacteriaceae include: E. coli, Klebsiella, Enterobacter, Providentia, Serratia, etc., ac=before meal
Atypicals include: Chlamydia, Legionella, Mycoplasma.                    : ↓ dose for renal dysfunction
* Indications, official CDN:  A=acute sinusitis; B=acute exacerbation of chronic bronchitis; C=CAP;

D=complicated UTI/pyelonephritis; E=skin infections; F=chronic prostatitis; G=gonorrhea; H=bone & joint;
I=diarrhea; J=typhoid; K=neutropenia; L=pelvic inflammatory disease; M=Chlamydia
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