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Arnold FW, et al. J Manag Care Pharm. 2004;10:152-158.  

Lower Respiratory Tract Infections: 
The Most Common Reason for 
Antibiotic Use

Antibiotic Use in Hospitalized Patients, United Sta tes

Site of Infection
Number of 

Antibiotic Uses %

1. Lower respiratory tract infections 1498 50%

2. Urinary tract infections 539 18%

3. Skin and soft tissue infection 477 15%

4. Intraabdominal infection 222 7%

5. Other infections 298 10%

Total number of infections 3004 100%
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Community-Acquired Pneumonia 
Guidelines: Associated Organisms

• Outpatient
– Streptococcus 

pneumoniae
– Mycoplasma 

pneumoniae
– Haemophilus influenzae
– Chlamydophila 

pneumoniae
– Respiratory viruses

• Inpatient: non-ICU
– S pneumoniae
– M pneumoniae
– C pneumoniae
– H influenzae
– Legionella spp
– Aspiration
– Viruses

• Inpatient: ICU
– S pneumoniae
– Staphylococcus aureus
– Legionella spp
– Gram-negative bacteria
– H influenzaeMandell LA, et al. Clin Infect Dis. 2007;44(suppl 2):S27-S72.
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Etiology-Specific Diagnosis and the 
Clinical Setting

• Specific microbiologic pathogens are associated with certain risk factors 
rather than with clinical features
– Patient risk factors for pneumococcal pneumonia1,2

• Advanced age
• Alcoholism
• Chronic cardiovascular disease
• Chronic obstructive airway disease
• Immunoglobulin deficiency
• Hematologic malignancy
• HIV infection
• Smoking

– Environmental risk factors1

• Streptococcus pneumoniae, Haemophilus influenzae, and viral 
infection occur more often in winter months

1. Bartlett JG, et al. Clin Infect Dis. 2000;31:347-382.
2. Mandell LA, et al. Clin Infect Dis. 2003;37:1405-1433.

6

Region I: 22%
North America

Region II: 28%
Europe

Region III: 21%
Latin America

Region IV: 20%
Asia and Africa 

Arnold FW, et al. Am J Respir Crit Care Med. 2007;175:1086-1093.

Worldwide Incidence of Atypical Pathogens
University of Louisville Infectious Diseases Atypical Pathogens 

Reference Laboratory Database

Community-Acquired Pneumonia: 
Atypical Pathogens
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Worldwide Incidence of Atypical 
Pathogens in Community-Acquired 

Pneumonia, by Pathogen

Arnold FW, et al. Am J Respir Crit Care Med. 2007;175:1086-1093.
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Atypical Pathogens Are Prevalent in 
Outpatient Community-Acquired Pneumonia

Lode HM. Respir Med. 2007;101:1864-1873.

Atypical
21.0%

Unknown
49.8%

Conventional
19.3%

Other/Uncommon
9.9%
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Atypical Pathogens in Community-Acquired 
Pneumonia: Important in All Age Groups

Marston BJ, et al. Arch Intern Med. 1997;157:1709-1718.

Age-Specific Rates of Hospital Admission for Commun ity-Acquired Pneumona
Due to Streptococcus pneumoniae , Mycoplasma pneumoniae ,

Chlamydia pneumoniae , or Legionella spp
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Pneumonia is defined as an infection  
of the pulmonary parenchyma

Local 
Inflammatory

Response

+ Cough 
+ Sputum 
+ SOB
+ Rales
+ Pulmonary 

infiltrate

Systemic 
Inflammatory

Response

+ Fever 
+ Tachycardia 
+ Malaise
+ Anorexia
+ Leukocytosis
+ Left shift

Community-Acquired 
Pneumonia: Diagnosis
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Reasons to Perform 
Diagnostic Testing

• Confirm the presence of community-acquired pneumonia: 
chest radiograph, serum markers

• Establish an etiologic diagnosis
– Proper therapy: look for unusual or resistant pathogens
– Epidemiologic purposes: eg, Legionella spp and 

environmental source, design of future empiric treatment
– Focused and tailored therapy: proper duration, de-

escalate, escalate
• Determine severity and prognosis: bacteremia, 

procalcitonin, C-reactive protein
• Define duration of therapy: procalcitonin

12

Reasons NOT to Perform 
Diagnostic Testing

• Expensive
• Time consuming
• May delay therapy
• Low yield of true positives: role of prior antibiotics 
• False positive may add to overuse of antibiotics
• False negatives may lead to undertreatment
• Mixed infection (atypicals) may not be detected, yet 

needs therapy
• No effect on outcome
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Community-Acquired Pneumonia 
Guidelines Implementation: Why?

• Lower (30-day) mortality
– 5-year study of 28,700 patients (OR 0.69)

– Spanish hospital: survival rate higher (OR 2.14)

• Hospitalization
– Pneumonia Severity Index: fewer less-ill patients admitted (49% 

vs 31%)

– American Thoracic Society (1993): hospital-rate decreased 
(13.6% vs 6.4%)

• Cost
– Decreased by half (P=0.01)

• Comprehensive protocol is greater than a single element

Mandell LA, et al. Clin Infect Dis. 2007;44(suppl 2):S27-S72.

Community-acquired Pneumonia:
Empiric Therapy– ATS/IDSA 2007

Outpatient
Previously well : Advanced Macrolide; Doxy     
CoMorbidity or recent ATB use*:  

Resp Fluoroquinolone 
(Gemifloxacin, 
Levofloxacin750 mg or 
Moxifloxacin 400 mg) ; 
High dose Beta-lactam** + 
(macrolide or doxycyline);
Ceftriaxone + macrolide or 
doxycycline

*Base decision on ‘prior antimicrobial used’;  use a lternate
**Amox 1 gm TID; Amox/clav 2 gm BID preferred: alte rnatives:

cefpodoxime, cefuroxime (500 mg BID)

Mandell LA et al. Clin Infect Dis 2007;44 Suppl 2:S 27-72



����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

8

���������������������������������������������������������������������������������������� ������� ���������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

15

Global Guidelines on Empiric 
Antibiotics for Community-Acquired 
Pneumonia: Nonsevere Outpatient

• Australia: amoxicillin or doxycycline or roxithromycin
• Canada: macrolide preferred, alternate is doxycycline
• France: amoxicillin; if no improvement in 48 hours, 

add or substitute a macrolide or change to 
antipneumococcal fluoroquinolone monotherapy

• Germany: cephalosporins or macrolides or 
aminopenicillin/� -lactamase inhibitor or 
antipneumococcal fluoroquinolone

• Hong Kong: amoxicillin/clavulanate or 
ampicillin/sulbactam � macrolide, or amoxicillin + 
newer macrolide

Guidelines International Network. Available at: http://www.g-i-n.net/index.cfm?fuseaction=homepage
Accessed September 4, 2008.

OUTPATIENT QUINOLONE 
THERAPY OF CAP

• Prospective, 6 Canadian hospitals, CAP 
presenting to ED, then treated out of hospital.

• Criteria for quinolone rx: Use macrolide or 
doxycycline UNLESS COPD with antibiotics or 
steroids in last 3 months. 

• 768 patients (51% of all ED CAP). Macrolides for 
55%, quinolones (levofloxacin) for 33%.

• Predictors of levofloxacin use: older age, COPD, 
antibiotics on presentation, site of care, low 
physician patient volume.

• ONLY 49% getting levofloxacin were appropriate 
by criteria (but age NOT a criteria)
– Malcolm and Marrie: Arch Intern Med 2003; 163: 797
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AVOIDING PNEUMOCOCCAL 
RESISTANCE: DRUG CHOICES

• Take a history of recent antibiotic usage
– Prior therapy with beta-lactams, macrolides 

and quinolones leads to resistance to the 
same agent

• Choose an agent that differs from what was 
used last time
– EVEN IF IT WORKED WELL LAST TIME

• This is a form of patient-specific antibiotic 
rotation
– THIS APPROACH ONLY WORKS IF WE 

HAVE CHOICES, 

18

Benefit of Combination Therapy in 
Community-Acquired Pneumonia: 
Macrolides, but Not Quinolones 

• Bacteremic community-acquired pneumonia (CAP)1

– 2209 patients with bacteremic CAP (38% pneumococcus)
• Use of a macrolide (but not a quinolone) reduced 30-

day mortality and readmission rate (OR 0.6)
– Macrolide benefit applied to all pathogens 

(antiinflammatory effect?)
• Severe CAP: 515 patients2

– 261 � -lactam + macrolide, 254 quinolone monotherapy 
(levofloxacin) 

– Lower 30-day mortality with � -lactam + macrolide vs 
quinolone monotherapy (18.4% vs 36.6%, P=0.05) in    
PSI V patients

1. Metersky ML, et al. Chest. 2007;131:466-473.
2. Lodise TP, et al. Antimicrob Agents Chemother. 2007;51:3977-3982.
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Criteria for Determining Mortality 
Risk and Site of Care of CAP

• According to the updated European Respiratory Society 
guidelines (2005), the Pneumonia Severity Index is a 
validated tool to determine CAP mortality risk1

– Pneumonia Severity Index (PSI)1,2

• Risk Class I: age <50 years, no comorbidity, no vital-sign 
abnormality (outpatient treatment, low risk of mortality)

• Risk Class II: � 70 points (potential outpatient treatment, intravenous 
treatment at home, or <24-hour inpatient hospital admission)

• Risk Class III: 71–90 points (potential outpatient treatment, 
intravenous treatment at home, or <24-hour inpatient hospital 
admission)

• Risk Class IV: 91–130 points (traditional inpatient hospital care)
• Risk Class V: >130 points (traditional and/or intensive care unit care)

1. Woodhead M, et al. Eur Respir J. 2005;26:1138-1180.
2. Fine MJ, et al. N Engl J Med. 1997;336:243-250. 

Compliance in RTI Therapy 

• Compliance with daily 
dosing can approach 
100%

• Compliance improves 
with reduced duration (<7 
days)

• LRTI’s with better 
compliance if disease is 
perceived as severe

• Compliance mistakes: not 
fill prescription, not start 
therapy, delay in therapy, 
omit dose, missed doses, 
early stop of therapy
– Kardas P: JAC 2002; 49: 

897

• FACTORS 
INFLUENCING 
COMPLIANCE
– Patient education
– Price
– Duration of Therapy
– Frequency of Dosing
– Convenience to use 

and formulation (syrup 
in children)

– Packaging
– Adverse effects
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Azithromycin is Embedded in Azithromycin is Embedded in 
Microsphere MatrixMicrosphere Matrix

Azithromycin is Released Slowly Via Azithromycin is Released Slowly Via 
Diffusion Through Pores in the Diffusion Through Pores in the 

MicrosphereMicrosphere

Microsphere Technology Allows for 
Azithromycin Extended Release

Cavity formed by 
dissolved-away 

drug crystal

Surface Pores

Microsphere
Surface

Drug crystal

Microsphere Formulation Makes 
Front-Loading Possible

Provides 
High Dose

Provides 
Toleration and 
Bioavailability

Provides 
Toleration
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Zmax = Single 2 g Dose

3-Day Regimen = 2x250 mg Administered as a Single Dose on Days 1-3 (Tri-Pak)

5-Day Regimen = 2x250 mg Administered as a Single Dose on Day 1, 
then 1x250 mg Administered on Days 2-5 (Z-Pak)

Greater 24-hour exposure

24-h exposure is > 3x 
higher with 2.0 g MS than 
with 3- or 5-day IR 
regimens

24

Study Design: Zmax  vs Clarithromycin 
XR in the Treatment of Community-

Acquired Pneumonia
• Study compared the efficacy and safety of Zmax 

(azithromycin extended release) for oral suspension 2 g 
with clarithromycin extended release 1 g per day x 7 
days

• Adults who were diagnosed with mild-to-moderate 
community-acquired pneumonia and were deemed 
appropriate for oral therapy were evaluated in a study 
that was
– Randomized
– Double blind
– Double dummy*
– Multicenter

*Zmax patients received placebo capsules that mimicked clarithromycin extended release; 
clarithromycin extended release patients received a placebo dose that mimicked Zmax

Drehobl MA, et al. Chest. 2005;128:2230-2237.
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Administration: Azithromycin  vs 
Clarithromycin Extended Release in 

the Treatment of CAP 
• Patients (n=247) treated with Zmax (azithromycin extended release) for oral 

suspension received
– Day 1: single, 2-g active dose of Zmax and 2 capsules of placebo
– Days 2–7: 2 capsules of placebo per day

• Patients (n=252) treated with clarithromycin extended release received
– Day 1: 2 x 500 mg of active clarithromycin extended release and liquid 

placebo
– Days 2–7: 2 x 500 mg of active clarithromycin extended release per day

Drehobl MA, et al. Chest. 2005;128:2230-2237.

Clarithromycin 
Extended Release

26

Zmax : Clinical Response Comparable With 
Clarithromycin Extended Release at Test of Cure in the 
Treatment of Community-Acquired Pneumonia

Zmax (azithromycin extended release) for oral suspension provided clinical success 
comparable with 7 days of clarithromycin extended release at test of cure (TOC) visit

Clinical Cure*—Zmax vs 
Clarithromycin Extended Release

Clarithromycin
extended release
1 g qd x 7 days

Zmax 2 g
single dose

Drehobl MA, et al. Chest. 2005;128:2230-2237.

*TOC (Day 14–21)

• Randomized, double blind, double 
dummy, multicenter study comparing 
the efficacy and safety of Zmax with 
clarithromycin extended release

• Response assessed at the TOC visit 
(Day 14–21) and the long-term follow-
up (Day 28–35)

• Cure defined as
– Resolution of signs and symptoms of 

acute infection or
– Clinical improvement—no additional 

antibiotics deemed necessary and 
chest x-ray performed at the TOC 
was improved or stable
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Zmax : Bacterial Eradication Comparable With 
Clarithromycin Extended Release at Test of Cure in the 
Treatment of Community-Acquired Pneumonia

Zmax (azithromycin extended release) for oral suspension eradication of key 
community-acquired pneumonia pathogens at test of cure (TOC) visit

Drehobl MA, et al. Chest. 2005;128:2230-2237.

• Randomized, double blind, double 
dummy, multicenter study comparing 
the efficacy and safety of Zmax with 
clarithromycin extended release

• Responses assessed at the TOC visit 
(Day 14–21) and the long-term follow-
up (Day 28–35)

• Bacteriologic success was defined as 
documented eradication and presumed 
eradication*TOC (Day 14–21), †Documented plus presumed eradication

Key pathogens

• Haemophilus influenzae

• Streptococcus pneumoniae

• Chlamydophila pneumoniae

• Mycoplasma pneumoniae

Overall Bacterial Eradication*—Zmax 
vs Clarithromycin Extended Release

Clarithromycin
extended release
1-g qd x 7 days

Zmax 2-g
single dose
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Treatment-Related Adverse Events: Zmax vs 
Clarithromycin Extended Release in the 
Treatment of Community-Acquired Pneumonia 

Drehobl MA, et al. Chest. 2005;128:2230-2237.
.

Most treatment-related adverse events occurring � 1% across treatment groups 
were mild to moderate in severity

• Episodes of diarrhea resolved by Day 2 for the majority of patients treated 
with Zmax

• Respiratory disorders included ronchi, choking on sputum, egophany, rales, 
and tracheal burn at inspiration

Clarithromycin Extended Release
(n=252)
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Administration: Zmax vs 
Levofloxacin in the Treatment of 
Community-Acquired Pneumonia

D'Ignazio J, et al. Antimicrob Agents Chemother. 2005;49:4035-4041.
.

• Patients (n=211) treated with Zmax (azithromycin extended release) for oral 
suspension received
– Day 1: single, 2-g active dose of Zmax and 2 capsules of placebo
– Days 2–7: 2 capsules of placebo per day

• Patients (n=212) treated with levofloxacin received*
– Day 1: 2 x 500 mg of active levofloxacin and liquid placebo
– Days 2–7: 2 x 500 mg of active levofloxacin per day

Levofloxacin

*Levofloxacin 750 mg was not approved at the time of the trial.

30

Baseline Patient Characteristics: Zmax
vs Levofloxacin in the Treatment of 
Community-Acquired Pneumonia

D'Ignazio J, et al. Antimicrob Agents Chemother. 2005;49:4035-4041.
Please see full prescribing information.

Levofloxacin
(n=212)
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Zmax: Clinical Response Comparable With 
Levofloxacin at Test of Cure in the Treatment of 
Community-Acquired Pneumonia

Clinical Cure*—Zmax vs 
Levofloxacin

Levofloxacin
500 mg per day 

x 7 days

Zmax 2 g
single dose

Zmax® (azithromycin extended release) for oral suspension provided clinical 
success comparable with 7 days of levofloxacin at test of cure (TOC) visit

*TOC (Day 14–21)

• Randomized, double blind, double 
dummy, multicenter study comparing 
the efficacy and safety of Zmax with 
levofloxacin

• Response assessed at the TOC visit 
(Day 14–21) and the long-term follow-
up (Day 28–35)

• Cure defined as
– Resolution of signs and symptoms of 

acute infection or
– Clinical improvement—no additional 

antibiotics deemed necessary and 
chest x-ray performed at the TOC 
was improved or stable

D'Ignazio J, et al. Antimicrob Agents Chemother. 2005;49:4035-4041.
Please see full prescribing information.
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Zmax: Bacterial Eradication Comparable With 
Levofloxacin at Test of Cure in the Treatment of 
Community-Acquired Pneumonia

Overall Bacterial Eradication*—
Zmax vs Levofloxacin

Levofloxacin
500 mg per day 

x 7 days

Zmax 2 g
single dose

Zmax® (azithromycin extended release) for oral suspension eradication of key 
community-acquired pneumonia pathogens at test of cure (TOC) visit

• Randomized, double blind, double 
dummy, multicenter study comparing 
the efficacy and safety of Zmax with 
levofloxacin

• Responses assessed at the TOC visit 
(Day 14–21) and the long-term follow-
up (Day 28–35)

• Bacteriologic success was defined as 
documented eradication and presumed 
eradication

*TOC (Day 14–21), †Documented plus presumed eradication

Key pathogens

• Haemophilus influenzae

• Streptococcus pneumoniae

• Chlamydophila pneumoniae

• Mycoplasma pneumoniae

D'Ignazio J, et al. Antimicrob Agents Chemother. 2005;49:4035-4041.
.
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Treatment-Related Adverse Events: 
Zmax vs Levofloxacin in the Treatment 
of Community-Acquired Pneumonia 

Most treatment-related adverse events occurring � 1% across treatment groups 
were mild to moderate in severity

• Episodes of diarrhea resolved by Day 2 for the majority of patients treated 
with Zmax

D'Ignazio J, et al. Antimicrob Agents Chemother. 2005;49:4035-4041.
.

Levofloxacin
(n=212)

Why  Should Macrolides Still Be 
Used In CAP?

• Choose the most focused therapy possible
– Quinolones may be broader than needed for some 

patients
– For selected patients, macrolide monotherapy is 

adequate
• A beta-lactam/macrolide combination is equivalent to 

quinolone monotherapy: most data from inpatients
• Outcomes in CAP are improved if a macrolide is used 

– Usually with a beta-lactam
• Macrolide resistance is NOT an issue

– If combination therapy is used in those at risk
– If macrolide monotherapy is used selectively

• Antibiotic Heterogeneity is Useful
– Avoid overusage of any one class (such as 

quinolones)
• Macrolides have other benefits beyond antibacterial 

action
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Acute Exacerbations of Chronic 
Bronchitis

• Definition of Chronic Bronchitis: Chronic recurrent cough 
with sputum production for at least 3 months in 2 
consecutive years. Cigarette smoker.

• Exacerbation: event in the natural course of the disease 
characterized by a change in the patient's baseline 
dyspnea, cough, and/or sputum beyond day-to-day 
variability sufficient to warrant a change in management

• Cardinal Symptoms
– Change in baseline dyspnea

– Change in baseline sputum volume

– Change in baseline sputum purulence

American Thoracic Society, European Respiratory Society. 2004. Available at: 
http://www.thoracic.org/sections/copd/index.html. Accessed September 15, 2008.
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Differential Diagnosis

• Viral infection vs bacterial (50% bacterial)
• Chemical irritation
• Allergic tracheobronchitis
• Congestive heart failure
• Pneumothorax
• Pneumonia
• Pulmonary embolus
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Bacteria in Acute Exacerbations of 
Chronic Bronchitis

• Nontypeable Haemophilus influenzae, 
pneumococcus, Moraxella catarrhalis, atypical 
pathogens
– Antibiotic-resistant organisms

• Penicillin-resistant pneumococcus risks: prior 
� -lactam therapy, immunosuppressive illness

• � -lactamase producing H influenzae and M 
catarrhalis

• Gram-negatives in more complicated patients, 
especially if on steroids, frequent antibiotics, serious 
comorbidity

38

Acute Exacerbations of Chronic 
Bronchitis: Purulence Predicts 

Bacterial Exacerbation

Stockley RA, et al. Chest. 2000;117:1638-1645.
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New Bacterial Strains in Sputum Are 
Associated With Acute Exacerbations 

of Chronic Bronchitis (AECB)
Frequency of Exacerbations

# of exacerbations/total # of visits (%)

Pathogen New Strain
No New 
Strain

RR
(95% CI)

Any
89/270
(33.0%)

213/1385
(15.4%)

2.15
(1.83–2.53)

Haemophilus 
influenzae

38/145
(26.2%)

257/1503
(17.1%)

1.69
(1.37–2.09)

Moraxella 
catarrhalis

41/84
(48.8%)

261/1571
(18.7%)

2.96
(2.39–3.67)

Streptococcus 
pneunomiae

8/25
(32.0%)

294/1630
(18.0%)

1.77
(1.14–2.75)

Pseudomonas 
aeruginosa 

3/22
(13.6%)

297/1631
(18.2%)

0.61
(0.21–1.82)

Sethi S, et al. N Engl J Med. 2002;347:465-471.

40

Worldwide Prevalence of Chronic 
Bronchitis

1. Albalak R, et al. Thorax. 1999;54:1004-1008.
2. Balgos AA. Medical Progress. 1998;November:29-37.
3. Akhtar MA, Latif PA. J Indian Med Assoc. 1999;97:365-369.
4. Peña VS, et al. Chest. 2000;118:981-989.
5. Çetinkaya F, et al. Monaldi Arch Chest Dis. 2000;55:189-193.
6. Ball P, Make B. Chest. 1998;113(suppl 3):S199-S204.

Region Population Year Prevalence (%)

Bolivia Age >20 years 1999 13.0–22.01

Hong Kong Elderly Chinese 1995 6.82

Kashmir � 70 years 1999 9.9–17.33

Spain 40–69 years 2000 4.1–15.04

Sweden Not specified 1995 6.72

Turkey 20–83 years 2000 10.0–17.85

United States Not specified 1995 5.12

Denmark Not specified NA 3.7%6

Norway Not specified NA 4.5%6

Taiwan Not specified NA 6.9%6
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Acute Exacerbations of Chronic Bronchitis: 
Treatment Failure Risk Factors

Adapted from Balter MS, et al. Can Respir J. 2003;10(suppl B):3B-32B.

17%–32% Experience Clinical Failure

42

Acute Bacterial Exacerbations of Chronic 
Bronchitis Microbiology Associated With 

Severity: GOLD Guidelines
Patients With Exacerbation of Chronic Obstructive P ulmonary 

Disease Stratified for Antibiotic Treatment
Group Definition Microorganism

Group A

Mild exacerbation
No risk factors for poor outcomes

Haemophilus influenzae
Streptococcus pneumoniae
Moraxella catarrhalis
Chlamydia pneumoniae
Viruses

Group B

Moderate exacerbation
Risk factors for poor outcomes

(comorbidities, severe COPD, >3 
exacerbations/year, antibiotics during past 3 
months)

Group A PLUS
Resistant pneumococci
Enterobacteriaceae 

Group C
Severe exacerbation
Risk factors for Pseudomonas aeruginosa

Group B PLUS
P aeruginosa

GOLD Expert Panel. Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease. 
Updated 2007. Available at: http://www.goldcopd.com/Guidelineitem.asp?l1=2&l2=1&intId=989. Accessed September 15, 2008.

Poor outcomes=comorbidities, severe COPD, >3 exacerbations/year, antimicrobial use during last 3 months
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Acute Bacterial Exacerbation of Chronic 
Bronchitis Antibiotics and Disease Severity: 

GOLD Guidelines
Oral Alternate Oral Parenteral

Group A
No risks
1 cardinal symptom

No antibiotics

Group A
No Risks
2 cardinal symptoms

Amoxicillin, penicillin
Tetracycline
Trimethoprim/ 
sulfamethoxazole

Amoxicillin/clavulanate
Macrolides (Zithromax®, 
clarithromycin, roxithromycin)
2nd- or 3rd-generation 
cephalosporin

Group B

Amoxicillin/clavulanate Fluoroquinolone (gemifloxacin, 
levofloxacin, moxifloxacin)

� -lactam/� -lactamase
2nd- or 3rd generation 
cephalosporin
Fluoroquinolone: 
(levofloxacin, moxifloxacin)

Group C

Fluoroquinolone: 
ciprofloxacin, levofloxacin 
(750 mg)

Fluoroquinolone:
ciprofloxacin, levofloxacin 
(750 mg)
Antipseudomonas � -lactam

GOLD Expert Panel. Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease. 
Updated 2007. Available at: http://www.goldcopd.com/Guidelineitem.asp?l1=2&l2=1&intId=989. Accessed September 15, 2008.
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Administration: Zmax vs Levofloxacin 
in the Treatment of Acute Exacerbation 

of Chronic Bronchitis 
• Patients (n=220) treated with Zmax (azithromycin extended release) for oral 

suspension received
– Day 1: Zmax, 2-g active dose and 2 capsules of placebo
– Days 2–7: 2 capsules of placebo QD

• Patients (n=218) treated with levofloxacin received
– Day 1: 2 x 250-mg capsules of active levofloxacin and liquid placebo
– Days 2–7: 2 x 250-mg capsules of active levofloxacin QD

.
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Zmax : Clinical Response Comparable With 
Levofloxacin at Test of Cure in the Treatment of 

Acute Exacerbation of Chronic Bronchitis

• Zmax (azithromycin extended release) for oral suspension provided clinical 
success comparable with 10 days of levofloxacin at test of cure (TOC)

*TOC (Day 14–21)

Zervos MJ, et al. Infect Dis Clin Pract. 2005;13:115-121. 

.
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Zmax : Clinical Response Comparable With Levofloxacin at 
Long-Term Follow-Up in the Treatment of Acute 

Exacerbation of Chronic Bronchitis

*LTFU (Day 25–38)

• Zmax (azithromycin extended release) for oral suspension provided clinical 
success comparable with 10 days of levofloxacin at long-term follow-up 
(LTFU) visit

Zervos MJ, et al. Infect Dis Clin Pract. 2005;13:115-121. 
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Zmax : Bacterial Eradication Rates Comparable 
With Levofloxacin at Test of Cure in the Treatment 

of Acute Exacerbation of Chronic Bronchitis
• Zmax (azithromycin extended release) for oral suspension eradication of 

key acute exacerbation of chronic bronchitis pathogens at test of cure (TOC) 
visit

*TOC (Day 14–21)
†Documented plus presumed eradication

Zervos MJ, et al. Infect Dis Clin Pract. 2005;13:115-121. 
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Zmax Provides Clinical Cure Rates Comparable to 
Levofloxacin Regardless of Disease Severity

All treated subjects with FEV 1/FCV ratio <70% predicted
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Treatment-Related Adverse Events: Zmax
vs Levofloxacin in the Treatment of Acute 

Exacerbation of Chronic Bronchitis


