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Abstract 
Introduction. According to the recent data, lower respiratory tract infections 

(LRTIs), i.e. a broad terminology including acute bronchitis (AB), influenza, community-
acquired pneumonia (CAP), acute exacerbation of chronic obstructive pulmonary disease 
(AECOPD), and acute exacerbation of bronchiectasis (AEBX), represent the fourth most 
common cause of death at global level. 

Aim of the study. To assess efficacy and safety of cefpodoxime in the empirical 
treatment of LRTIs of bacterial origin in an outpatient setting. 

Methods. We performed an observational, non-randomized, open-label study (a 
real life-study) including 126 patients with LRTI of bacterial origin, 59 patients with 
AECOPD, 32 patients with CAP and 35 patients with AEBX, who met criteria for 
treatment in an outpatient setting. All study subjects were treated with cefpodoxime 200 
mg twice daily, and had intermediate visits at 3, 5, and 7 days (patients with AECB) and 
at 3, 5, 7, and 10 days (patients with CAP and AEBX) at which their symptoms as well as 
eventual side effects were evaluated. The treatment was considered to be successful if 
complete resolution of symptoms or their return to the baseline severity was achieved. 

Results. Percentage of clinical success, i.e., complete resolution of clinical 
symptoms and signs or their return to the baseline severity, varied from 77.9% in patients 
with AECOPD, 81.3% in patients with CAP to 77.1% in patients with AEBX. Mean time 
to clinical remission varied from 6.5  0.3 days in patients with AECOPD, 7.8  0.5 days 
in patients with CAP to 10.7  1.2 days in patients with AEBX. Incidence of side effects 
during the treatment varied from 10.2% in patients with AECOPD, 12.5% to 8.6% in 
patients with AEBX. Registered side effects were mild and self-limited and did not 
require premature discontinuation of the treatment. 

Conclusion. Our findings supported the use of cefpodoxime in the treatment of 
bacterial LRTI due to its high efficacy and good tolerability. 

Keywords: bacterial exacerbation, bronchiectasis, cefpodoxime, chronic 
obstructive pulmonary disease, clinical remission, lower respiratory tract infections, 
pneumonia, side effects      
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          Introduction 
Lower respiratory tract infection (LRTI) is defined as an acute illness (present for 

21 days or less), usually with cough as the main symptom, with at least one other 
respiratory tract symptom (sputum production, dyspnea, wheezing or chest 
discomfort/pain) and no alternative explanation (e.g. asthma or sinusitis). LRTI is a broad 
terminology which includes different disease such as acute bronchitis (AB), influenza, 
suspected and definite community acquired pneumonia (CAP), acute exacerbation of 
chronic obstructive pulmonary disease (AECOPD), and acute exacerbation of 
bronchiectasis (AEBX)1,2,3,4. 

AB is defined as an acute illness, occurring in a patient without a chronic lung 
disease, with symptoms including cough, which may or may not be productive and 
associated with other symptoms or clinical signs that suggest LRTI and no alternative 
explanation (e.g. asthma or sinusitis)1,3. 

Influenza is defined as an acute illness, usually with fever, together with presence 
of one or more headache, myalgia, cough or sore throat1,3. 

CAP is defined as an acute illness with cough and at least on of new focal chest 
signs, fever longer than 4 days or dyspnea/tachypnea, and without other obvious cause. 
Depending upon the presence of chest X-ray finding of lung shadowing that is likely to 
be new, CAP is classified as suspected or definite5. 

AECOPD is defined as an acute worsening of respiratory symptoms in a patient 
with COPD that requires additional therapy6. 

AEBX is defined as an acute event in a patient with bronchiectasis characterized 
by a worsening in the patients’ baseline dyspnea, and/or cough and/or sputum production 
beyond day-to-day variability sufficient to warrant a change in management7. 

Majority of the LRTIs are infective, of viral or bacterial origin. In addition, 
majority of the LRTIs are diagnosed and treated empirically in the outpatient setting. 

Antibiotic use is recommended in the LRTIs recognized as bacterial infections1,8,9, 

10. 
Cefpodoxime is an oral, third generation cephalosporin antibiotic for the 

treatment of various mild to moderate susceptible infections. It is an extended-spectrum, 
semi-synthetic bactericidal cephalosporin antibiotic that inhibits bacterial cell wall 
synthesis and it has activity against some beta-lactamases, both penicillinases and 
cephalosporinases.   

Cefpodoxime is active against most Gram-positive bacteria, including 
Staphylococcus aureus (methicillin-susceptible strains, including those producing 
penicillinases), Staphylococcus saprophiticus, Streptococcus pyogenes, and 
Streptococcus pneumoniae (excluding penicillin-resistant isolates), as well as against 
most Gram-negative bacteria, such as Haemophilus influenzae (including beta-lactamase 
producing isolates), Moraxella catarrhalis, Klebsiella pneumoniae, Escherichia coli, 
Proteus mirabilis, and Neisseria gonorrhoeae, but not against Pseudomonas aeruginosa, 
Enterococcus, and Bacteroides fragilis. In addition, atypical bacteria, i.e. Mycoplasma 
pneumoniae, Chlamydophila pneumoniae, Chlamydophila psittaci, Legionella spp., etc., 
are sensitive to antibiotics other than -lactams such as macrolides, tetracyclines or 
fluoroquinolones which are concentrated intracellularly and which is the usual site of 
replication of these pathogens. Due to its broad antibacterial spectrum, cefpodoxime is 
used in the treatment of a wide range of infections, including infections of the upper and 
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lower respiratory tract, urinary tract infections, and skin infections. It also finds use as an 
oral continuation therapy when intravenous cephalosporins (e.g. ceftriaxone) are no 
longer necessary for continued treatment. 

Results from several studies have indicated that cefpodoxime is fairly well-
tolerated, with diarrhea and nausea as the most common adverse events occurring in 
around 10% of the cefpodoxime-treated patients11-15. 
 

Aim of the study 
The aim of the study was to evaluate efficacy and tolerability of cefpodoxime in 

the empirical treatment of LRTI in an outpatient setting. The present study is a continuum 
of our investigations of efficacy and tolerability of various antimicrobial regimens in 
outpatient treatment of respiratory tract infections16-18.   
 

Methods 
Study design and setting 
An observational, non-randomized, open-label study (a real life-study) was 

carried out in the period January 2020 – March 2021 at the Institute of Occupational 
Health of R. North Macedonia, Skopje.  
 

Study population 
The study included 126 patients with LRTI of bacterial origin, 59 patients with 

AECOPD (37 males and 22 females, aged 46 to 74 years), 32 patients with CAP (17 
males and 15 females, aged 29 to 71 years) and 35 patients with AEBX (19 males and 16 
females, aged 37 to 73 years), who met criteria for treatment in an outpatient setting. 
Patients with AB were not included in the study as almost 90% of the cases with AB are 
related to viruses, such as adenovirus, coronavirus, parainfluenza, influenza, and 
rhinovirus, and less than 10% to bacteria, such as Bordetella pertussis, Chlamydophila 
pneumoniae and Mycoplasma pneumoniae19, 20. 
 All participants were informed about the study and their written consent was 
obtained. In addition, all included patients had neither positive epidemiological evidence 
for Covid-19, nor positive clinical findings or positive molecular test to SARS-CoV-2.   
 

Diagnosis of bacterial LRTI  
According to the current recommendations, diagnosis of bacterial LRTI in all 

included patients was established by its clinical signs, i.e., microbiological investigations 
were not performed 6-8. 

Bacterial AECOPD was defined by presence of three cardinal symptoms (increase 
in dyspnea, sputum volume and sputum purulence) or by two cardinal symptoms if 
increased sputum purulence was one of the two symptoms6,21. 

Bacterial CAP was defined by its radiological confirmation in clinically suspected 
patients. According to the current recommendations, microbial etiology of CAP is 
changing, and there is an increased recognition of the role of viral pathogens. Bacterial 
pathogens often coexist with viruses and there is no diagnostic test accurate enough or 
fast enough to determine that CAP is due solely to a virus at the time of presentation so it 
should be treated empirically for possible bacterial infection or coinfection8,22. 

Minov J. et al. Cefpodoxime in the outpatient treatment of lower respiratory tract infections 
 



________________________________________________________________________ 

40 
 

An exacerbation requiring antibiotics in patients with bronchiectasis was defined 
by deterioration of three or more of the following symptoms for at least 48 hours: cough, 
sputum volume and/or consistency, sputum purulence, breathlessness and/or exercise 
tolerance, fatigue and/or malaise, and hemoptysis, when a clinician determined that 
changes in bronchiectasis treatment were required23,24. 
 

Study protocol 
All study subjects underwent clinical examination, spirometry, blood gas 

measurements, ECG, and laboratory analysis. Chest X-ray was performed in a part of the 
patients by indications. Classification of smoking status was done by the World Health 
Organization (WHO) recommendations25. The Body Mass Index (BMI) as a measure of 
body fat based on height and weight that applies to adult population was determined in all 
study subjects by computed calculation using BMI calculator26.    

After the diagnosis of AECOPD, CAP or AEBX was established all patients were 
empirically treated with cefpodoxime.  

Patients with AECOPD were treated 10 days with cefpodoxime 200 mg twice 
daily per os. They were advised to continue the regular treatment of stable COPD, as well 
as to use short-acting bronchodilators when needed.    

Patients with CAP were treated 14 days with cefpodoxime 200 mg twice daily per 
os. 

Patients with AEBX were treated 14 days with cefpodoxime 200 mg twice daily 
per os. Those with regular treatment for bronchiectasis were advised to continue it.   

All study subjects had intermediate visits at 3, 5, and 7 days (patients with AECB) 
and at 3, 5, 7, and 10 days (patients with CAP and AEBX) at which their symptoms as 
well as eventual side effects of cefpodoxime were evaluated.   

The course of LRTI was evaluated as a function of the resolution of the symptoms 
and the treatment was considered to be successful if complete resolution of symptoms or 
their return to the baseline severity was achieved. According to the current 
recommendations, in patients with CAP whose symptoms resolved after the given 
treatment, follow-up chest X-ray was not performed. Treatment of cepodoxime was 
stopped two days after resolution of the clinical symptoms and signs. Treatment failure 
was considered if the clinical symptoms and signs did not improve or got worse as it was 
noted at each intermediate visit or was not resolved at the end of the treatment6,10,22.  
 

Statistical analysis 
Statistical analysis was performed using the Statistical Package for the Social 

Sciences (SPSS), version 11.0 for Windows. Chi-square test was used for testing 
difference in the prevalence. Comparison of the mean time of relief of symptoms and of 
mean FEV1 values was performed by independent-samples t-test. A P-value less than 
0.05 was considered as statistically significant.  
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Results 
Demographic and other characteristics of the study subjects is shown Table 1.  

 
Table 1. Demographics of the study subjects 
 
Characteristics Patients  

with AECOPD 
(n = 59) 

Patients  
with CAP 
(n = 32) 

Patients  
with AEBX 
(n = 35) 

 
M/F ratio 
 
Mean age (years) 
 
BMI 
 
Smoking status 
Current smokers 
Ex-smokers 
Passive smokers 
 
Comorbidities 
Arterial hypertension 
DM type 2 
IHD 
Osteoarticular disease 
Peptic ulcer 
 

 
1.7 
 
58.3  10.8 
 
26.1  2.3 
 
 
18 (30.5%) 
7 (11.9%) 
14 (23.7%) 
 
 
11 (18.6%) 
6 (10.2%) 
5 (8.5%) 
8 (13.5%) 
5 (8.5%) 
 

 
1.1 
 
45.3  9.7 
 
25.4  1.8 
 
 
12 (37.5%) 
2 (6.3%) 
7 (21.9%) 
 
 
5 (15.6%) 
3 (9.4%) 
2 (6.2%) 
4 (12.5%) 
3 (9.4%) 

 
1.2 
 
56.1  11.4 
 
26.4  1.7 
 
 
12 (34.3%) 
5 (14.3%) 
9 (25.7%) 
 
 
8 (22.8%) 
5 (14.9%) 
3 (8.6%) 
6 (17.1%) 
3 (8.6%) 

 
Numerical data are expressed as a mean value with standard deviation; the 

frequencies as a number and percentage of examinees with certain variable. 
AECOPD: exacerbation of chronic obstructive pulmonary disease; CAP: 

community-acquired pneumonia; AEBX: exacerbation of bronchiectasis; M: male; F: 
female; BMI: Body Mass Index; DM: diabetes mellitus; IHD: ischemic heart disease.  
 

Percentage of clinical success, i.e., complete resolution of clinical symptoms and 
signs or their return to the baseline severity, varied from 77.9% (46/59) in patients with 
AECOPD, 81.3% (26/32) in patients with CAP to 77.1% (27/35) (Figure 1). As clinical 
symptoms and signs did not improve in some intermediate visit, cefpodoxime was 
discontinued prematurely in 16 patients (eight patients with AECOPD, three patients with 
CAP and five patients with AEBX, respectively) and the treatment was continued with 
another antibiotic (macrolide or fluoroquinolone). There was not any hospitalized patient 
due to the current LRTI.  
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Fig. 1. Clinical success rate of cefpodoxime in patients with LRTI 
 

Mean time to complete resolution of clinical symptoms and signs or their return to 
the baseline severity varied from 6.5  0.3 days in patients with AECOPD, 7.8  0.5 days 
in patients with CAP to 10.7  1.2 days in patients with AEBX (Figure 2).  
 
 

   
Fig. 2. Mean time to clinical remission (days) 
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  Incidence of side effects during the treatment with cefpodoxime varied from 
10.2% (6/59) in patients with AECOPD, 12.5% (4/32) to 8.6% (3/35) in patients with 
AEBX (Figure 3). Registered side effects (nausea, diarrhea, and dizziness) were mild and 
self-limited and did not require premature discontinuation of the treatment. 
 

 
Fig. 3. Incidence of side effects during the treatment with cefpodoxime 
 
 

Discussion 
Acute LRTIs are a leading cause of sickness both in children and adults 

worldwide. Furthermore, according to the Global Burden of Disease 2015 study (GBD 
2015), chronic obstructive pulmonary disease (COPD) and lower respiratory tract 
infections (LRTIs) represent the third and fourth most common causes of death, 
respectively, after ischemic heart disease and cerebrovascular disease. While the burden 
had decreased in children younger than 5 years of age, it had increased in many regions 
for individuals older than 70 years27. Unfortunately, acute LRTIs are not uniformly 
defined and this may hamper a true appreciation of their epidemiological importance. As 
it is mentioned above, LRTI is a broad terminology which includes different diseases 
including acute bronchitis, influenza, pneumonia, and acute exacerbation of chronic lung 
diseases such as COPD or bronchiectasis. LRTIs are largely preventable causes of death, 
as vaccines are available against both influenza and pneumococcal respiratory infections. 
Furthermore, while antiviral therapy is available for the treatment of influenza infections, 
the mainstay of treatment for CAP, bacterial AECOPD and AEBX, is the use of 
antibiotics.  

In the present study we assessed efficacy and tolerability of cefpodoxime, a third 
generation cephalosporine with a broad spectrum of activity, in the treatment of LRTIs of 
bacterial origin. Study population included patients with AECOPD, CAP and AEBX who 
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met criteria for treatment in an outpatient setting. Males were dominant in the group of 
patients with AECOPD, while in the groups with CAP and AEBX the number of males 
and females did not differ significantly. In addition, the mean age in the group of patients 
with CAP was significantly lower than the mean age of patients in the groups with 
AECOPD and AEBX. The mean BMI value indicating overweight was similar in all 
groups. Similarly to the results of our previous studies, we found a large proportion of 
current smokers and passive in the three groups28. 

We found a high clinical success rate, defined as a complete resolution of clinical 
symptoms and signs or their return to the baseline severity, in all three groups. The 
clinical remission rate was around 80%, being similar in patients of the three groups. In 
addition, the mean time for clinical remission in cured patients varied from 6.5 days in 
patients with AECOPD, 7.8 days in patients with CAP to 10.7 days in patients with 
AEBX. As it is mentioned above, cefpodoxime is active against bacteria that are 
considered as the most important causative factors of LRTIs, such as Haemophilus 
influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, Staphylococcus aureus, 
Klebsiella pneumoniae, etc., so similar results were obtained in several studies on clinical 
efficacy of cefpodoxime in an outpatient treatment of bacterial LRTIs.  The relevance of 
these findings increases in the light of growing resistance rate of Streptococcus 
pneumoniae and Haemophilus influenzae to penicillins and macrolides, which in some 
regions exceeds 30%29.    

We registered a high clinical success rate (81.8%) in our study on efficacy and 
safety of cefpodoxime in an outpatient treatment of AECOPD performed in 201430. As 
similar results were obtained in several studies on efficacy of cefpodoxime in an 
outpatient treatment of bacterial AECOPD performed in the last two decades, it is 
considered as a first-line empiric antibiotic for outpatient treatment of patients with 
AECOPD who are unlikely to have infection with Enterobacteriaciae or Pseudomonas 
aeruginosa besides doxycycline, clarithromycin, azithromycin, amoxicillin clavulanate, 
and cefdinir31-34. According to the Johns Hopkins ABX Guide 2017, cefpodoxime is 
indicated as a first-line antibiotic for treatment of AECOPD caused by Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella catarhalis35.  

Current American Thoracic Society (ATS) and Infectious Disease Society of 
America (IDSA) guidelines indicate cefpodoxime as a first-line or second-line antibiotic 
for empirical treatment of CAP in an outpatient setting, i.e., combined with macrolide or 
doxycycline in outpatient adults with comorbidities (diabetes, chronic heart, lung, liver, 
or renal disease, alcoholism, asplenia, etc.) or as a monotherapy in previously healthy 
adults without comorbidities 22. Cefpodoxime was not mentioned as an antibiotic of first 
or second choice for an outpatient treatment of CAP in the European and American 
guidelines created in the first decade of this century36-38. On the other side, in the 
Japanese Manual of Prescription for Antibacterial Drugs prepared at that time, 
cefpodoxime was indicated as a first-line drug (categorized as Class I and Class II) for 
ambulatory patients with CAP13. 

According to the current consensus guidelines, AEBX in an outpatient setting 
should be treated 14 days with antibiotic therapy guided by previous sputum 
microbiology39.  Results obtained in the present study indicated a high clinical success 
rate in patients with AEBX. To our knowledge, in the existing literature there is no 
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published survey on clinical efficacy of cefpodoxime in an outpatient treatment of AEBX 
so there is a need of further investigations in this domain.  

Incidence of adverse effects in the present study varied from 8.6% to 12.5% that 
is in the range of data published in the existing evidence12,14,15. Side effects which 
occurred in all patients were mild and did not require discontinuation of the treatment 
with cefpodoxime.    

Results of the present study must be interpreted in the context of its limitations. 
First, the study design, since the study was neither blinded nor randomized and, therefore, 
can be a subject to possible selection bias. Second, a small number of the study subjects 
may have certain implications on data obtained and its interpretation. On the other hand, 
the study design may be its strength, as it is documented by other real life-studies. In 
addition, an investigation of clinical efficacy and safety of cefpodoxime in an outpatient 
treatment of a few bacterial LRTIs may also be the strength of the study.  
 

Conclusion 
In conclusion, in an observational, non-randomized, open-label study (a real-life 

study) aimed to assess clinical efficacy and safety of cefpodoxime in the outpatient 
treatment of LRTIs (AECOPD, CAP and AEBX) of bacterial origin we found a high 
clinical success rate and a low incidence of side effects. Our findings support the use of 
cefpodoxime as a first-line antibiotic in an outpatient treatment of bacterial LRTIs.    
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