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        Abstract



        
          Objective:


          A meta-analysis was performed to explore the relative effects of clarithromycin and amoxicillin (with or without clavulanate potassium) in the treatment of acute maxillary sinusitis.

        


        
          Methods:


          Six studies were identified in the peer-reviewed literature. All were randomized single-blind (investigator-blind) or open-label trials in outpatients diagnosed with acute maxillary sinusitis. A total of 1580 patients were enrolled, of whom 1194 were clinically evaluable.


          The total daily dose of clarithromycin was 1000 mg; the total daily dose of amoxicillin (with or without clavulanate potassium) was either 1500 or 2000 mg. The duration of study drug treatment varied from 8 to 14 days. Endpoints comprised clinical and radiological success within 48 h of the end of study drug treatment plus bacteriologic cure and eradication.


          Success and cure rate differences were analyzed using fixed- and random-effect models. The absence of between-study heterogeneity was tested using Cochran’s Q-test.

        


        
          Results:


          Clinical success rates varied between 85.8% and 97.9% for clarithromycin and between 84.2% and 96.8% for amoxicillin. The combined rate difference in clinical success rates between clarithromycin and amoxicillin was +1.9% (P=0.14). Radiological success rates (four studies) varied from 78.2% to 94.0% for clarithromycin and 79.7% to 95.0% for amoxicillin, with a combined rate difference of zero (P=1.00). Bacteriologic cure rates (four studies) were 87.1–94.6% for clarithromycin, compared with 89.8–98.1% for amoxicillin, with a combined difference in cure rates of –3.2% (P=0.16). Overall bacterial eradication rates were comparable between the two treatments (clarithromycin, 89.3%; amoxicillin, 92.1%).

        


        
          Conclusion:


          These data, with their limitations properly acknowledged, identify clarithromycin as a valid and viable alternative to amoxicillin for the treatment of acute maxillary sinusitis in adults.
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      1. INTRODUCTION


      Maxillary sinusitis is the inflammation of the paranasal sinuses caused by an infectious agent, such as a virus, bacte- rium, or fungus, or as the result of an allergic reaction. Cases may present with some degree of ethmoid involvement.


      This apparently relatively insignificant condition can have a significant socio-economic impact, much of it through indirect costs arising from work absences [1]. Estimates from a prevalence-based cost-of-illness study suggest that >$3.5 billion is spent annually on treatments, including possibly $600 million on antibiotics [2]. Untreated sinusitis may evolve into complications such as meningitis, brain abscess, orbital invol- vement, and cavernous-sinus or cortical-vein thrombosis.


      We have previously reported the results of a concise meta-analysis that explored the effects of clarithromycin in the management of pharyngitis caused by Group A beta-hemolytic Streptococcus strains (GAS) [3]. Our overall conclusion from that investigation was that although clarithromycin, a second-generation macrolide that has an expanded spectrum of activity and tolerability relative to erythromycin [4], is currently not specified as first-line therapy for upper respiratory tract infec- tions in many guidelines, it may nevertheless be an effective and largely well-tolerated treatment for GAS pharyngitis patients, and can be considered as an alternative treatment option [5].


      In the course of that exercise, we identified a group of studies comparing clarithromycin and amoxicillin in the treat- ment of Acute Maxillary Sinusitis (AMS). We now summarize the findings of our appraisal of those studies.

    


    
      

      2. MATERIALS AND METHODS


      Relevant studies were identified by reference to the 2014 Cochrane Collaboration review by Ahovuo-Saloranta and colleagues [6] and corroborated and supplemented by PubMed searches framed around the terms ‘clarithromycin,’ ‘amoxici- llin,’ ‘sinusitis,’ and ‘clinical trial.’ No a priori language limita- tion was imposed. Study quality was quantified using the Jadad score scale (Appendix 1), in which possible scores range from zero (worst) to five (best) [7].


      Endpoints were clinical and radiological success as evaluated within 48 h after the end of study drug treatment and bacteriologic cure and eradication rates. Clinical success was defined as either cure (signs and symptoms resolved) or improvement (signs and symptoms improved but not resolved). Radiological success was defined as either resolution or improvement. Pathogens were considered eradicated if none could be cultured after the end of study drug treatment or if there was no clinical indication for culturing. A bacteriologic cure was defined as the eradication of all pathogens.


      To obtain combined estimates with Confidence Intervals (CIs) for the differences in success and cure rates between clarithromycin and amoxicillin, either a random-effects model based on the DerSimonian−Laird method or a fixed-effect model based on the inverse-variance method was performed, with the rate difference as the effect measure [8]. The absence of between-study heterogeneity was tested using Cochran’s Q-test.

    


    
      

      3. RESULTS


      
        

        3.1. Studies


        Six studies were identified in the peer-reviewed literature [9-14]. The course of identification of papers is illustrated in Fig. (1). All studies were randomized single-blind (investi- gator-blind) or open-label trials in outpatients diagnosed with AMS.


        Summary particulars of the final selection of papers are presented in Table 1. In aggregate, these randomized 1580 patients. After the exclusion of 440 patients, primarily for pre-treatment failure to identify a target pathogen, 1140 were available for the evaluation of clinical response and 818 for evaluation of bacteriological response.


        In all studies, the total daily dose of clarithromycin was 1000 mg, given as 500 mg b.i.d. (five studies) or 1000 mg o.d. (extended-release formulation; one study). The total daily dose of amoxicillin was either 1500 mg given as 500 mg t.i.d. (three studies) or 2000 mg, given as 1000 mg b.i.d. (two studies). The duration of study drug treatment was up to 14 days (four studies), up to 11 days (one study), or up to 8 days (one study). In three studies, the amoxicillin formulation was a fixed combination with clavulanate potassium, a beta-lactamase inhibitor that prevents certain bacteria from becoming resistant to amoxicillin.


        Details of the individual studies are provided below.


        
          

          3.1.1. Calhoun & Hokanson


          The diagnosis of AMS had to be confirmed by a sinus roentgenogram. Results of pre-treatment susceptibility testing were not reported. One hundred and forty-two patients (58 males, 84 females) aged 14–77 years were enrolled, of whom 70 received clarithromycin and 72 amoxicillin. Twenty-six patients were excluded from the analysis, 15 in the clarithromycin group and 11 in the amoxicillin group. In the clarithromycin group, the primary reason for exclusion was non-compliance (n=6), while in the amoxicillin group, the primary reason for exclusion was premature discontinuation of therapy (n=5). Other reasons for exclusion included misdiagnosis, no pre-treatment roentgenographic confirmation of sinusitis, receiving fewer than 3 days of study drug treatment, no follow-up sinus roentgenogram, or no follow-up examination [12].

        


        
          

          3.1.2. Dubois et al.


          The diagnosis of AMS had to be confirmed by a positive maxillary sinus radiograph and positive culture of sinus fluid. Results of pre-treatment susceptibility testing were not reported. In total, 497 patients aged ≥12 years were randomized, 246 to treatment with clarithromycin and 251 to treatment with the fixed combination amoxicillin/clavulanate. A total of 103 patients treated with clarithromycin and 117 treated with amoxicillin were excluded from analysis due to the absence of pathogen in the pre-treatment culture. A further 17 patients (11 with clarithromycin, six with amoxicillin) were excluded for unspecified reasons. In the clarithromycin group, the infection was mild in 15 evaluated patients (11.4%), moderate in 113 (85.6%), and severe in four (3.0%). In the amoxicillin/clavulanate group, the corresponding numbers were 16 (12.5%), 103 (80.5%), and nine (7.0%), respectively [11].

        


        
          

          3.1.3. Géhanno et al.


          Patients suspected of suffering from AMS had to undergo both a pre-treatment roentgenogram and a sinus culture. Susceptibility testing established that 25% of the Haemophilus influenzae isolates were producers of beta-lactamases but that all were sensitive to clarithromycin or the combination amoxicillin/clavulanate. Decreased sensitivity to penicillin was observed in 7/57 (12.3%) Streptococcus pneumoniae isolates, and 15/57 (26.3%) were deemed resistant to clarithromycin. In total, 284 patients (148 males, 136 females) were randomized, 145 to treatment with clarithromycin and 139 to treatment with the combination amoxicillin/clavulanate. Sinus infection was bilateral in 28 of the clarithromycin patients and in 20 of those who received amoxicillin. Eleven patients treated with clarithromycin and 10 treated with amoxicillin were excluded from the analysis. The clarithromycin patients were excluded either because the radiologic investigation was not done (n=4) or because it did not reveal any abnormality (n=7). Corres- ponding numbers for the amoxicillin group were three and four, respectively. Sinus infection was bilateral in 41 (30.6%) of the evaluated clarithromycin patients and in 36 (27.3%) of the evaluable patients who received amoxicillin [13].


          [image: ]
Fig. (1)

          Derivation of source data.

          
            Table 1 Summary of study details.


            
              
                
                  	Reference

                  	Clarithromycin Regimen

                  	Comparator Regimen

                  	Study Design

                  	Number of Patients Randomized/Clinically Evaluated/Bacteriologically Evaluated

                  	Sex Distribution/Age

                  	Endpoints

                  	Jadad Scoreb
                

              

              
                
                  	Calhoun & Hokanson [12]

                  	500 mg b.i.d. for 7−14 days

                  	Amoxicillin 500 mg t.i.d.

                  	Randomized, multicenter, single-blind

                  	142/116/not applicable

                  	Men: 58; women: 86/age range 14–77 years: mean ≈37 years

                  	Clinical and radiological success

                  	3
                


                
                  	Dubois et al. [11]

                  	500 mg b.i.d. for up to 14 days

                  	Amoxicillin/clavulanate 500 mg t.i.d.

                  	Randomized, multicenter, single-blind

                  	497/260/294

                  	

                  	Clinical and radiological success; bacteriologic cure; bacteriological eradication

                  	3
                


                
                  	Géhanno et al. [13]

                  	500 mg b.i.d. for 8 days

                  	Amoxicillin/clavulanate 500 mg t.i.d.

                  	Randomized, open-label

                  	284/263/158

                  	Men: 139; women: 145/mean age ≈40 years

                  	Clinical success

                  	3
                


                
                  	Karma et al. [10]

                  	500 mg b.i.d. for 9−11 days

                  	Amoxicillin 500 mg t.i.d.

                  	Randomized, multicenter, single-blind

                  	100/68/61

                  	Men: 99; women: 11/age range 18–69 years: mean ≈30 years

                  	Clinical and radiological success; bacteriologic cure; bacteriological eradication

                  	3
                


                
                  	Marchi [9]

                  	500 mg b.i.d. for up to 14 days

                  	Amoxicillin 1000 mg b.i.d.

                  	Randomized, multicenter, open-label

                  	120/114/87

                  	Men: 74; women: 46/age range 19–76 years: mean ≈48 years

                  	Clinical success; bacteriologic cure

                  	3
                


                
                  	Riffer et al. [14]

                  	1000 mg o.d.a for 14 days

                  	Amoxicillin/clavulanate 1000 mg b.i.d.

                  	Randomized, multicenter, single-blind

                  	437/373/218

                  	Men: 194; women: 243/age range 13–79 years: mean ≈37 years

                  	Clinical and radiological success; bacteriologic cure; bacteriological eradication

                  	3
                

              
            


            


          

        


        
          

          3.1.4. Karma et al.


          The diagnosis of AMS had to be confirmed by the presence of sinus fluid during antral puncture, and the pathogens cultured from the fluid had to be susceptible to both study antibiotics. Detailed results of pre-treatment susceptibility testing were not reported, but pathogens cultured from sinus fluid were required to be susceptible to both study antibiotics. One hundred patients ranging in age from 17 to 69 years (89 males, 11 females) were enrolled, of whom 50 were randomized to treatment with clarithromycin and 50 to treatment with amoxicillin. Sinus infection was bilateral in 28 (56.0%) of the clarithromycin patients and 20 (40.0%) of those who received amoxicillin. For 34 patients in the clarithromycin group and 38 in the amoxicillin group, causative pathogens could be isolated from the pre-treatment sinus fluid culture. One patient in the clarithromycin group was excluded from the analysis because of concomitant pneumonia. In the amoxicillin group, two patients were excluded because they did not have susceptibility results reported. A third patient discontinued treatment due to an adverse event (diarrhea) [10].

        


        
          

          3.1.5. Marchi


          In total, 120 patients (74 males, 46 females) ranging in age from 19 to 76 years were randomized, 61 to treatment with clarithromycin and 59 to treatment with amoxicillin. The clinical condition of the patients was rated good for all clarithromycin patients and for all but one of the amoxicillin patients, whose condition was rated fair. Results of pre-treatment susceptibility testing were not reported, but the study protocol stipulated that all pathogens were required to be susceptible to both study antibiotics. In the clarithromycin group, 57 of 61 patients were evaluable clinically, and 47 were evaluable bacteriologically. Of the four patients who were not clinically evaluable, one was diagnosed after the termination of study treatment as having chronic maxillary sinusitis, while for three patients, post-treatment signs and symptoms were not recorded. In the amoxicillin group, 57/59 patients were evaluable clinically, and 40 were evaluable bacteriologically. Post-treatment signs and symptoms were not recorded for two patients, who were therefore excluded from the analysis.

        


        
          

          3.1.6. Riffer et al.


          The diagnosis of acute, uncomplicated bacterial sinusitis was based on opacification or an air/fluid level in a sinus radiograph or computerized tomography scan of the maxillary sinus(es), purulent nasal discharge, and at least two relevant signs and symptoms lasting between 8 and 28 days before screening. A total of 437 patients in the age range 13–79 years (194 males, 243 females) were enrolled, of whom 221 were randomized to treatment with clarithromycin and 216 to treatment with the combination amoxicillin/clavulanate. Two analysis sets were defined: a clinically evaluable set and a clinically and bacteriologically evaluable set. In total, 33 clarithromycin and 31 amoxicillin patients were excluded from the clinically evaluable population. Reasons for exclusion were: selection criterion not met (n=21), no radiographic confirmation of diagnosis (n=6), non-compliance (n=5), missing endpoint data (n=18), confounding medication (n=10) and other (n=4). Excluded from the clinically and bacterio- logically evaluable set were 166 clarithromycin and 162 amoxicillin patients. Here, the major reasons were no target pathogen isolated (n=205) or aspiration/endoscopy data missing (n=88). Detailed results of susceptibility testing were not reported, but it was recorded that five of 22 isolates of S. pneumoniae isolated from patients randomized to clarithro- mycin and who were clinically and bacteriologically evaluable were classified as resistant on the basis of in vitro tests, but the pathogen was deemed to have been eradicated at the completion of treatment [14].

        

      


      
        

        3.2. Isolated Pathogens


        Four of the six studies reported pathogens that were isolated pre-treatment (Table 2). The most frequently reported pathogens were S. pneumoniae (31.8%), Haemophilus (28.6%), and Staphylococcus aureus (20.8%).

      


      
        

        3.3. Clinical Success


        Clinical success rates are summarized in Table 3. Success rates were high and varied between 85.8% and 97.9% for clarithromycin and between 84.2% and 96.8% for amoxicillin. The heterogeneity of success-rate differences among studies was non-substantial (Cochran’s Q=3.6, P=0.60), justifying a fixed-effect meta-analysis. The combined difference in success rates between clarithromycin and amoxicillin was +1.9% (P=0.14), with a 95% CI of −0.6% to +4.5%.

      


      
        

        3.4. Radiological Success


        Radiological success rates were available for four studies (Table 4). Success rates varied between 78.2% and 94.0% in the clarithromycin group and between 79.7% and 94.0% in the amoxicillin group. For this endpoint, there was considerable heterogeneity of success-rate differences, which varied between −13.6% and +8.2% (Cochran’s Q=7.6, P=0.06), requiring a random-effects meta-analysis. The combined difference in success rates between clarithromycin and amoxicillin was 0.0% (P=1.0), with a 95% CI of −7.5% to +7.5%.


        
          Table 2 Isolated pathogens pre-treatment.


          
            
              
                	Pathogen

                	n

                	%
              

            

            
              
                	Streptococcus pneumoniae

                	237

                	31.8
              


              
                	Haemophilusa

                	213

                	28.6
              


              
                	Staphylococcus aureus

                	155

                	20.8
              


              
                	Moraxella catarrhalisb

                	65

                	8.7
              


              
                	Enterobacteriaceae

                	25

                	3.4
              


              
                	Streptococci

                	22

                	3.0
              


              
                	Streptococcus pyogenes

                	7

                	0.7
              


              
                	Branhamella catarrhalisb

                	2

                	0.3
              


              
                	Other

                	20

                	2.7
              


              
                	Total

                	746

                	100
              

            
          


          


        


        
          Table 3 Clinical success rates.


          
            
              
                	Reference

                	Clarithromycin

                	Amoxicillin

                	Difference Clarithromycin vs. Amoxicillin (%)
              


              
                	n

                	%

                	n

                	%
              

            

            
              
                	[12]

                	50/55

                	90.9

                	54/61

                	88.5

                	+2.4
              


              
                	[11]

                	128/132

                	97.0

                	119/128

                	93.0

                	+4.0
              


              
                	[13]

                	115/134

                	85.8

                	110/129

                	85.3

                	+0.5
              


              
                	[10]

                	29/33

                	87.9

                	32/35

                	91.4

                	–3.5
              


              
                	[9]

                	52/57

                	91.2

                	48/57

                	84.2

                	+7.0
              


              
                	[14]

                	184/188

                	97.9

                	179/185

                	96.8

                	+1.1
              


              
                	Combined rate difference*

                	+1.9
              


              
                	Cochran’s Q=2.2, P=0.82

                	95% CI –0.6 to +4.5
              

            
          


          


        


        
          Table 4 Radiological success rates.


          
            
              
                	Reference

                	Clarithromycin

                	Amoxicillin

                	Difference Clarithromycin vs. Amoxicillin (%)
              


              
                	n

                	%

                	n

                	%
              

            

            
              
                	[12]

                	43/55

                	78.2

                	56/61

                	91.8

                	–13.6
              


              
                	[11]

                	116/132

                	87.9

                	102/128

                	79.7

                	+8.2
              


              
                	[10]

                	30/33

                	90.9

                	31/35

                	88.6

                	+2.3
              


              
                	[14]a

                	172/183

                	94.0

                	172/183

                	94.0

                	0.0
              


              
                	Combined rate difference*

                	+0.5
              


              
                	Cochran’s Q=7.6, P=0.06

                	95% CI –3.5 to +4.4
              

            
          


          


        


        
          Table 5 Bacteriologic cure rates.


          
            
              
                	Reference

                	Clarithromycin

                	Amoxicillin

                	Difference Clarithromycin vs. Amoxicillin (%)
              


              
                	n

                	%

                	n

                	%
              

            

            
              
                	[11]

                	115/132

                	87.1

                	115/128

                	89.8

                	–2.7
              


              
                	[10]

                	29/33

                	87.9

                	32/35

                	91.4

                	–3.5
              


              
                	[9]

                	42/47

                	89.4

                	37/40

                	92.5

                	–3.1
              


              
                	[14]

                	52/55

                	94.6

                	53/54

                	98.1

                	–3.5
              


              
                	Combined rate difference*

                	–3.2
              


              
                	Cochran’s Q=0.0, P=1.00

                	95% CI –7.7 to +1.3
              

            
          


          


        


        
          Table 6 Bacteriological eradication.


          
            
              
                	Pathogen

                	Clarithromycin

                	Amoxicillin
              


              
                	n

                	%

                	n

                	%
              

            

            
              
                	Streptococcus pneumoniae

                	87/92

                	94.6

                	73/80

                	91.3
              


              
                	Haemophilus

                	55/62

                	88.7

                	61/64

                	95.3
              


              
                	Staphylococcus aureusa

                	49/61

                	80.3

                	51/58

                	87.9
              


              
                	Moraxella catarrhalisb

                	18/20

                	90.0

                	19/20

                	95.0
              


              
                	Branhamella catarrhalisb

                	2/2

                	100

                	−/−

                	−
              


              
                	Streptococcus pyogenes

                	2/2

                	100

                	5/5

                	100
              


              
                	Other

                	5/5

                	100

                	12/13

                	92.3
              


              
                	Total

                	218/244

                	89.3

                	221/240

                	92.1
              

            
          


          


        

      


      
        

        3.5. Bacteriologic Cure Rates


        Bacteriologic cure rates were reported for five of the six studies (Table 5). Cure rates varied between 87.1% and 94.6% with clarithromycin and between 89.8% and 98.1% with amoxicillin. The combined difference in success rates between clarithromycin and amoxicillin was −3.2% (P=0.16), with a 95% CI of −7.7% to +1.3%.

      


      
        

        3.6. Bacteriologic Eradication


        Eradication rates are shown in Table 6. On average, eradication rates were slightly higher with amoxicillin. Overall eradication rates were comparable between the two treatments (clarithromycin, 89.3%; amoxicillin, 92.1%).

      


      
        

        3.7. Safety Data


        Documented rates of adverse events varied between studies. Riffer and colleagues [14] reported a significantly higher incidence of dysgeusia with clarithromycin than amoxicillin (11% vs. 1%; P<0.001) but more vaginitis among female patients treated with amoxicillin (8% vs. 2%; P=0.028). Gastrointestinal-related adverse events were among the most often reported incidents and, in the case of Dubois et al. [11], affected a significantly greater proportion of patients treated with amoxicillin than clarithromycin (78% vs. 50%; P=0.001). Karma et al. [10] reported overall adverse event rates of 16% for clarithromycin and 26% for amoxicillin, while Gehanno et al. [13] reported corresponding rates of 14.8% and 12.2%.

      

    


    
      

      4. DISCUSSION


      Our data indicate broadly similar clinical, radiological and bacteriological effectiveness of clarithromycin and amoxicillin (with or without clavulanate potassium) in the setting of AMS and, to that extent, indicate that clarithromycin, while currently not routinely identified as first-line therapy for bacterial AMS, may be considered as a viable treatment option for patients who are candidates for antibiotic therapy. The high clinical success rates (85.8−97.9% for clarithromycin and 84.2−96.8% for amoxicillin) plus the determination of a non-wide CI of −0.6% to +4.5% for the comparison of clinical effectiveness illustrates the comparable efficacy of clarithromycin and amoxicillin. It should be borne in mind throughout, however, that only a small proportion of cases of AMS have bacterial causes or indications for antibiotic therapy and that use of antibiotics in this setting should be a relative niche application.


      We identified six randomized comparisons of clarithro- mycin and amoxicillin in our investigations [9-14]. These recruited an initial total of 1580 patients, but exclusions from analysis predominantly attributed to non-fulfilment of inclusion criteria reduced the number of patients contributing data. Reliance on a numerically small base of data is, however, not exceptional in antibiotic research. Hernandez et al. [15] drew on limited sources in a recent meta-analysis of placebo-controlled studies of the use of antibiotics in the treatment of AMS [16]. Similarly, the 2020 European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS2020), the current exhaustive English-language survey of the field, based its advice on the use of antibiotics in rhinosinusitis on three placebo-controlled, randomized (but not all of which were blinded) studies, one of which recorded no clinical benefit of antibiotic (specifically, moxifloxacin 400 mg for 5 days [17]) and another which found nasal ultrasound to be non-inferior to antibiotics (amoxicillin 500 mg t.i.d. for 10 days) for the relief of rhinosinusitis-related face pain [18]. EPOS2020 advice (graded 1a) on the use of antibiotics in bacterial rhinosinusitis and the expressed preference for beta-lactams thus rests essentially on a >20-year-old study conducted in 130 patients [17, 19]. Viewed in that context, our dataset assumes more substance. All the data used in this meta-analysis are available from peer-reviewed and publicly available reports. Our calculations are, therefore, open to independent scrutiny and corroboration.


      Most of the patients enrolled in the studies we examined were adults, and the interpretation of our conclusions should be restricted accordingly.


      Hernandez et al. [15] have noted that amoxicillin/ clavulanate was associated with “significantly more dropouts because of adverse effects than cephalosporins or macrolides”, and some aspects of our safety database corroborate that perception. Rechtweg et al. [20] examined the impact of amoxicillin/clavulanate and clarithromycin on quality of life in patients being treated for acute rhinosinusitis and concluded (from a sample of 20 patients) that clarithromycin may produce “a faster resolution or improvement of symptoms” vis-à-vis amoxicillin but that the two treatments are otherwise similar in their impact on quality-of-life indices [21].


      Our findings for bacteriologic cure favor clarithromycin. This seeming benefit draws attention to theoretically favorable features of the pharmacokinetics and metabolism of clarithro- mycin [22, 23] and are consistent with (although not confir- matory of) evidence that clarithromycin exerts wide-ranging anti-inflammatory and immunomodulatory effects that may be pertinent in AMS [24-26], and which may not be apparent with amoxicillin [27]. A commentary on these aspects of clarithromycin, including the possible contribution of the active metabolite 14-hydroxy-clarithromycin to overall antimicrobial effect, discussion of general pharmacokinetics, sinus pene- tration, and pharmacodynamic modeling, as well as an introduction to the concept of the mutant-prevention concen- tration, has recently been published [4]. Effects on the development of a bacterial biofilm may be relevant to the clinical efficacy of all the antibiotics evaluated, but none of our selected studies was designed to explore such an effect.


      No significant difference in bacteriologic cure rates was apparent in studies that used higher doses of amoxicillin, however, suggesting a possible contribution of amoxicillin dosage to that favorable comparison (data not shown). Developments in formulation science that occurred in the years after our studies had been conducted may be noteworthy in this context [28, 29]. It should also be noted (Table 5) that the numerical rates of eradication with clarithromycin varied in ways that cannot readily be explained by the difference in comparator dosages, and this again cautions against over-interpretation of these data.


      Shifting patterns of antibiotic resistance are relevant when considering these data. Profiles of resistance will have altered, often substantially, in the intervening years, as evidenced, for example, by the emergence of high-level resistance against macrolides by clinical isolates of Moraxella catarrhalis in Japan [30] and China [31], and by wider shifts in antibiotic resistance around the world [32, 33]. Decisions on the use of antibiotics in AMS of presumed bacterial origin should, so far as possible, be guided by the local circumstances of pathogen resistance and by emerging trajectories of resistance develop- ment. The Canadian Choosing Wisely campaign (www. choosingwiselycanada.org) advocates restricted antibiotic usage for uncomplicated AMS as part of broader antibiotic stewardship [34]. A comprehensive discussion of the need for discipline in antibiotic prescribing is beyond the scope of this report, but we fully endorse that necessity. Schneider et al. [35] have very recently modeled the potential of point-of-care testing as one aid to prudent prescribing, with striking results. Other initiatives have met with mixed success, highlighting the need for continuing innovation [36-38].


      We recognize the desirability of additional well-configured prospective controlled trials to guide antibiotic practice in AMS, but the realities of the world make such trials improbable for the foreseeable future. In their absence, exercises such as that reported here can, without being conclusive, provide useful signals to physicians seeking pharmaceutical options to treat bacterial AMS. Our analysis leads us to the view that clarithromycin may be considered a viable alternative to amoxicillin as antibiotic therapy for AMS where such therapy is warranted. Final decisions of the choice of medication will be shaped by the circumstances of individual patients.


      
        Appendix 1 Jadad scoring system for controlled trials.
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              	Was the study described as randomized (this includes words such as randomly, random, and randomization)?

              	0/1
            


            
              	Was the method used to generate the method of randomization described and appropriate (table of random numbers, computer-generated, etc.)?

              	0/1
            


            
              	Was the study described as double-blind?

              	0/1
            


            
              	Was the method of double-blinding described and appropriate (identical placebo, active placebo, dummy, etc.)?

              	0/1
            


            
              	Was there a description of withdrawals and dropouts?

              	0/1
            


            
              	Deduct one point if the method used to generate the sequence of randomization was described, and it was inappropriate (patients were allocated alternately or according to date of birth, hospital number, etc.)

              	0/−1
            

          
        


        


      

    

  


  
    
      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      STANDARDS OF REPORTING


      PRISMA guidelines and methodologies were followed in this study.

    


    
      FUNDING


      This research was supported by Abbott Products Operations AG, Allschwil, Switzerland.

    


    
      CONFLICT OF INTEREST


      Mr. Nauta is a salaried full-time employee of Abbott Healthcare Products B.V., Weesp, The Netherlands, and owns company stock.


      Dr Hoban has in the past received grant support from Abbott, is currently a member of Abbott advisory boards, and also lectures for Abbott. No other conflicts to report.

    


    ACKNOWLEDGEMENT


    Abbott Products Operations AG, Allschwil, Switzerland, retained Hughes associates, Oxford, UK, to provide editorial assistance in the preparation of this report.


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Kneis K.C., Gandjour A.. Economic evaluation of Sinfrontal in the treatment of acute maxillary sinusitis in adults., Appl. Health Econ. Health Policy. 2009; 7(3): 181-191.

        [CrossRef] [PubMed]
      


      
        	[2]

        	Ray N.F., Baraniuk J.N., Thamer M., Rinehart C.S., Gergen P.J., Kaliner M., Josephs S., Pung Y.H.. Healthcare expenditures for sinusitis in 1996: Contributions of asthma, rhinitis, and other airway disorders., J. Allergy Clin. Immunol.. 1999; 103(3 Pt 1): 408-414.

        [CrossRef] [PubMed]
      


      
        	[3]

        	Hoban D.J., Nauta J.. Clinical and bacteriological impact of clarithromycin in streptococcal pharyngitis: findings from a meta-analysis of clinical trials., Drug Des. Devel. Ther.. 2019; 13: 3551-3558.

        [CrossRef] [PubMed]
      


      
        	[4]

        	Davidson R.J.. In vitro activity and pharmacodynamic/pharmacokinetic parameters of clarithromycin and azithromycin: why they matter in the treatment of respiratory tract infections., Infect. Drug Resist.. 2019; 12: 585-596.

        [CrossRef] [PubMed]
      


      
        	[5]

        	van Driel M.L., De Sutter A.I., Keber N., Habraken H., Christiaens T.. Different antibiotic treatments for group A streptococcal pharyngitis., Cochrane Database Syst. Rev... 2013; (4)CD004406.[CrossRef] [PubMed]
      


      
        	[6]

        	Ahovuo-Saloranta A., Rautakorpi U.M., Borisenko O.V., Liira H., Williams J.W. Jr, Mäkelä M.. Antibiotics for acute maxillary sinusitis in adults., Cochrane Database Syst. Rev... 2014; (2)CD000243.[CrossRef] [PubMed]
      


      
        	[7]

        	Jadad A.R., Moore R.A., Carroll D., Jenkinson C., Reynolds D.J., Gavaghan D.J., McQuay H.J.. Assessing the quality of reports of randomized clinical trials: Is blinding necessary?, Control. Clin. Trials. 1996; 17(1): 1-12.

        [CrossRef] [PubMed]
      


      
        	[8]

        	Petitti D.B.. Meta-analysis, decision analysis, and cost-effectiveness analysis methods for quantitative synthesis in medicine.. (2nd ed). 2000New York: Oxford University Press; Section 7.5.
      


      
        	[9]

        	Marchi E.. Comparative efficacy and tolerability of clarithromycin and amoxycillin in the treatment of out-patients with acute maxillary sinusitis., Curr. Med. Res. Opin.. 1990; 12(1): 19-24.

        [CrossRef] [PubMed]
      


      
        	[10]

        	Karma P., Pukander J., Penttilä M., Ylikoski J., Savolainen S., Olén L., Melén I., Löth S.. The comparative efficacy and safety of clarithromycin and amoxycillin in the treatment of outpatients with acute maxillary sinusitis., J. Antimicrob. Chemother.. 1991; 27 Suppl. A: 83-90.

        [CrossRef] [PubMed]
      


      
        	[11]

        	Dubois J., Saint-Pierre C., Tremblay C.. Efficacy of clarithromycin vs. amoxicillin/clavulanate in the treatment of acute maxillary sinusitis., Ear Nose Throat J.. 1993; 72(12): 804-810.

        [CrossRef] [PubMed]
      


      
        	[12]

        	Calhoun K.H., Hokanson J.A.. Multicenter comparison of clarithromycin and amoxicillin in the treatment of acute maxillary sinusitis., Arch. Fam. Med.. 1993; 2(8): 837-840.

        [CrossRef] [PubMed]
      


      
        	[13]

        	Géhanno P., Barry B., Chauvin J.P., Hazebroucq J.. Clarithromycin versus amoxicillin-clavulanate in acute maxillary sinusitis., Pathol. Biol. (Paris). 1996; 44(4): 293-297.

        [PubMed]
      


      
        	[14]

        	Riffer E., Spiller J., Palmer R., Shortridge V., Busman T.A., Valdes J.. Once daily clarithromycin extended-release vs twice-daily amoxicillin/clavulanate in patients with acute bacterial sinusitis: A randomized, investigator-blinded study., Curr. Med. Res. Opin.. 2005; 21(1): 61-70.

        [CrossRef] [PubMed]
      


      
        	[15]

        	Hernandez J.M., Rigg K.B., Upadhye S.. Are antibiotics effective in the treatment of acute maxillary sinusitis?, Ann. Emerg. Med.. 2016; 67(3): 384-385.

        [CrossRef] [PubMed]
      


      
        	[16]

        	Fokkens W.J., Lund V.J., Hopkins C., Hellings P.W., Kern R., Reitsma S., Toppila-Salmi S., Bernal-Sprekelsen M., Mullol J., Alobid I., Terezinha Anselmo-Lima W., Bachert C., Baroody F., von Buchwald C., Cervin A., Cohen N., Constantinidis J., De Gabory L., Desrosiers M., Diamant Z., Douglas R.G., Gevaert P.H., Hafner A., Harvey R.J., Joos G.F., Kalogjera L., Knill A., Kocks J.H., Landis B.N., Limpens J., Lebeer S., Lourenco O., Meco C., Matricardi P.M., O’Mahony L., Philpott C.M., Ryan D., Schlosser R., Senior B., Smith T.L., Teeling T., Tomazic P.V., Wang D.Y., Wang D., Zhang L., Agius A.M., Ahlstrom-Emanuelsson C., Alabri R., Albu S., Alhabash S., Aleksic A., Aloulah M., Al-Qudah M., Alsaleh S., Baban M.A., Baudoin T., Balvers T., Battaglia P., Bedoya J.D., Beule A., Bofares K.M., Braverman I., Brozek-Madry E., Richard B., Callejas C., Carrie S., Caulley L., Chussi D., de Corso E., Coste A., El Hadi U., Elfarouk A., Eloy P.H., Farrokhi S., Felisati G., Ferrari M.D., Fishchuk R., Grayson W., Goncalves P.M., Grdinic B., Grgic V., Hamizan A.W., Heinichen J.V., Husain S., Ping T.I., Ivaska J., Jakimovska F., Jovancevic L., Kakande E., Kamel R., Karpischenko S., Kariyawasam H.H., Kawauchi H., Kjeldsen A., Klimek L., Krzeski A., Kopacheva Barsova G., Kim S.W., Lal D., Letort J.J., Lopatin A., Mahdjoubi A., Mesbahi A., Netkovski J., Nyenbue Tshipukane D., Obando-Valverde A., Okano M., Onerci M., Ong Y.K., Orlandi R., Otori N., Ouennoughy K., Ozkan M., Peric A., Plzak J., Prokopakis E., Prepageran N., Psaltis A., Pugin B., Raftopulos M., Rombaux P., Riechelmann H., Sahtout S., Sarafoleanu C.C., Searyoh K., Rhee C.S., Shi J., Shkoukani M., Shukuryan A.K., Sicak M., Smyth D., Sindvongs K., Soklic Kosak T., Stjarne P., Sutikno B., Steinsvag S., Tantilipikorn P., Thanaviratananich S., Tran T., Urbancic J., Valiulius A., Vasquez de Aparicio C., Vicheva D., Virkkula P.M., Vicente G., Voegels R., Wagenmann M.M., Wardani R.S., Welge-Lussen A., Witterick I., Wright E., Zabolotniy D., Zsolt B., Zwetsloot C.P.. European position paper on rhinosinusitis and nasal polyps 2020., Rhinology. 2020; 58 Suppl. S29: 1-464.

        [CrossRef] [PubMed]
      


      
        	[17]

        	Hadley J.A., Mösges R., Desrosiers M., Haverstock D., van Veenhuyzen D., Herman-Gnjidic Z.. Moxifloxacin five-day therapy versus placebo in acute bacterial rhinosinusitis., Laryngoscope. 2010; 120(5): 1057-1062.

        [CrossRef] [PubMed]
      


      
        	[18]

        	Høsøien E., Lund A.B., Vasseljen O.. Similar effect of therapeutic ultrasound and antibiotics for acute bacterial rhinosinusitis: A randomised trial., J. Physiother.. 2010; 56(1): 29-32.

        [CrossRef] [PubMed]
      


      
        	[19]

        	Lindbaek M., Hjortdahl P., Johnsen U.L.. Randomised, double blind, placebo controlled trial of penicillin V and amoxycillin in treatment of acute sinus infections in adults., BMJ. 1996; 313(7053): 325-329.

        [CrossRef] [PubMed]
      


      
        	[20]

        	Rechtweg J.S., Moinuddin R., Houser S.M., Mamikoglu B., Corey J.P.. Quality of life in treatment of acute rhinosinusitis with clarithromycin and amoxicillin/clavulanate., Laryngoscope. 2004; 114(5): 806-810.

        [CrossRef] [PubMed]
      


      
        	[21]

        	Metzler K., Drlica K., Blondeau J.M.. Minimal inhibitory and mutant prevention concentrations of azithromycin, clarithromycin and erythromycin for clinical isolates of Streptococcus pneumoniae., J. Antimicrob. Chemother.. 2013; 68(3): 631-635.

        [CrossRef] [PubMed]
      


      
        	[22]

        	Kobuchi S., Kabata T., Maeda K., Ito Y., Sakaeda T.. Pharmacokinetics of macrolide antibiotics and transport into the interstitial fluid: comparison among erythromycin, clarithromycin, and azithromycin., Antibiotics (Basel). 2020; 9(4): 199.

        [CrossRef] [PubMed]
      


      
        	[23]

        	Huckle A.W., Fairclough L.C., Todd I.. Prophylactic antibiotic use in COPD and the potential anti-inflammatory activities of antibiotics., Respir. Care. 2018; 63(5): 609-619.

        [CrossRef] [PubMed]
      


      
        	[24]

        	Haghi M., Saadat A., Zhu B., Colombo G., King G., Young P.M., Traini D.. Immunomodulatory effects of a low-dose clarithromycin-based macrolide solution pressurised metered dose inhaler., Pharm. Res.. 2015; 32(6): 2144-2153.

        [CrossRef] [PubMed]
      


      
        	[25]

        	Fouka E., Lamprianidou E., Arvanitidis K., Filidou E., Kolios G., Miltiades P., Paraskakis E., Antoniadis A., Kotsianidis I., Bouros D.. Low-dose clarithromycin therapy modulates Th17 response in non-cystic fibrosis bronchiectasis patients., Lung. 2014; 192(6): 849-855.

        [CrossRef] [PubMed]
      


      
        	[26]

        	Steel H.C., Theron A.J., Cockeran R., Anderson R., Feldman C.. Pathogen- and host-directed anti-inflammatory activities of macrolide antibiotics., Mediators Inflamm.. 2012; 2012584262[CrossRef] [PubMed]
      


      
        	[27]

        	Essilfie A.T., Horvat J.C., Kim R.Y., Mayall J.R., Pinkerton J.W., Beckett E.L., Starkey M.R., Simpson J.L., Foster P.S., Gibson P.G., Hansbro P.M.. Macrolide therapy suppresses key features of experimental steroid-sensitive and steroid-insensitive asthma., Thorax. 2015; 70(5): 458-467.

        [CrossRef] [PubMed]
      


      
        	[28]

        	File T.M. Jr. The development of pharmacokinetically enhanced amoxicillin/clavulanate for the management of respiratory tract infections in adults., Int. J. Antimicrob. Agents. 2007; 30 Suppl. 2: S131-S134.

        [CrossRef] [PubMed]
      


      
        	[29]

        	Xu J., Li W., Liu Z., Li J., Zhao X., Li D., Guo S., Zhang X.. Preparation, characterization and pharmacokinetics evaluation of clarithromycin-loaded Eudragit(®) L-100 microspheres., Eur. J. Drug Metab. Pharmacokinet.. 2016; 41(3): 287-293.

        [CrossRef] [PubMed]
      


      
        	[30]

        	Suzuki K., Kurono Y., Ikeda K., Hotomi M., Yano H., Watanabe A., Matsumoto T., Takahashi Y., Hanaki H.. The seventh nationwide surveillance of six otorhinolaryngological infectious diseases and the antimicrobial susceptibility patterns of the isolated pathogens in Japan., J. Infect. Chemother.. 2020; 26(9): 890-899.

        [CrossRef] [PubMed]
      


      
        	[31]

        	Zhang Y., Zhang F., Wang H., Zhao C., Wang Z., Cao B., Du Y., Feng X., Hu Y., Hu B., Ji P., Liu Z., Liu Y., Liao W., Lu J., Sun H., Wang Z., Xu X., Xu X., Yang Q., Yu Y., Zhang R., Zhuo C.. Antimicrobial susceptibility of Streptococcus pneumoniae, Haemophilus influenzae. and Moraxella catarrhalis isolated from community-acquired respiratory tract infections in China: Results from the CARTIPS Antimicrobial Surveillance Program., J. Glob. Antimicrob. Resist.. 2016; 5: 36-41.

        [CrossRef] [PubMed]
      


      
        	[32]

        	Kasai A., Ohta A., Maeda Y., Yamada K., Tao K., Saito R.. Novel mechanism responsible for high-level macrolide resistance in Moraxella catarrhalis., Infect. Drug Resist.. 2018; 11: 2137-2140.

        [CrossRef] [PubMed]
      


      
        	[33]

        	El Moujaber G., Osman M., Rafei R., Dabboussi F., Hamze M.. Molecular mechanisms and epidemiology of resistance in Streptococcus pneumoniae in the Middle East region., J. Med. Microbiol.. 2017; 66(7): 847-858.

        [CrossRef] [PubMed]
      


      
        	[34]

        	Desrosiers M., Evans G.A., Keith P.K., Wright E.D., Kaplan A., Bouchard J., Ciavarella A., Doyle P.W., Javer A.R., Leith E.S., Mukherji A., Robert Schellenberg R., Small P., Witterick I.J.. Canadian clinical practice guidelines for acute and chronic rhinosinusitis., J. Otolaryngol. Head Neck Surg.. 2011; 40 Suppl. 2: S99-S193.

        [PubMed]
      


      
        	[35]

        	Schneider J.E., Boehme C., Borisch B., Dittrich S.. Application of a simple point-of-care test to reduce UK healthcare costs and adverse events in outpatient acute respiratory infections., J. Med. Econ.. 2020; 23(7): 673-682.

        [CrossRef] [PubMed]
      


      
        	[36]

        	Hansen M.J., Carson P.J., Leedahl D.D., Leedahl N.D.. Failure of a best practice alert to reduce antibiotic prescribing rates for acute sinusitis across an integrated health system in the Midwest., J. Manag. Care Spec. Pharm.. 2018; 24(2): 154-159.

        [CrossRef] [PubMed]
      


      
        	[37]

        	Ginzburg R., Conway J.J., Waltermaurer E., Song W., Jellinek-Cohen S.P.. Using clinical decision support within the electronic health record to reduce incorrect prescribing for acute sinusitis., J. Patient Cent. Res. Rev.. 2018; 5(3): 196-203.

        [CrossRef] [PubMed]
      


      
        	[38]

        	Jaume F., Quintó L., Alobid I., Mullol J.. Overuse of diagnostic tools and medications in acute rhinosinusitis in Spain: A population-based study (the PROSINUS study)., BMJ Open. 2018; 8(1)e018788.[CrossRef] [PubMed]
      

    

  


  

OEBPS/Images/toidj.jpg
ISSN: 1874-2793

The Open
Infectious Diseases
Journal

V
BENTHAM OPEN
o





OEBPS/Images/TOIDJ-13-1_F1.jpg
PUBMED search using
terms ‘clarithromycin’,
‘amoxicillin’ and
‘sinusitis’

L

51 candidate papers identified

v

‘Clinical trials’ filter applied

v

Eight candidate papers retained

v

Manual inspection

v

Six papers retained

v

Six studies included in
current analysis

Search of internal
legacy database: one
candidate study
identified (n=31) but
excluded because Jadad
score <3






