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            Abstract

            
               
Antimicrobial agents (AMAs) are among the most commonly prescribed drugs in dental practice. However inappropriate prescribing
                  and irrational use of antimicrobial agents without prior culture and sensitivity tests, inadequate duration, dosing etc. have
                  been identified as major factors contributing to the emergence of antibiotic resistance, which is an ongoing challenge in
                  all over the world. A total of 1900 patients were screened and out of which 1748 patients were selected based on the inclusion
                  and exclusion criteria for the study after taking consent. This study shows that the majority of patients attended in these
                  clinics were female, 1020 (58.35%) and majority of patients (717) comes under age group 21-40 (41.02%) followed by age group
                  by ≤ 20 (32.43%).  This study established that most commonly recommended antimicrobial agents were amoxicillin, followed by
                  amoxicillin-clavulanate and metronidazole. The antimicrobial agents like Ciprofloxacin, Cefixime, Tetracyclines, Azithromycines
                  were also used but in less extent. This study also revealed that the selection of antimicrobials was not confirmed with culture
                  and sensitivity tests in all cases, which may negatively influence bacterial resistance profile. 
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               Introduction

            Antimicrobial agents (AMAs) are among the most commonly prescribed drugs, accounting for 30 – 50% of medicine prescriptions
               (Fleming-Dutra et al., 2016). These antimicrobial agents are also very commonly used in dental practice and use of these agents takes an important part
               in dental care  (Roda, Bagan, Bielsa, & Pastor, 2007).
            

            Dentists are regularly prescribing antimicrobial agents for prophylactic or therapeutic indication to treat oral and dental
               infections  (Padda, Goyal, & Kaur, 2016). Dentists usually start antimicrobial therapy in oral conditions such as periodontal abscess, acute ulcerative gingivitis
               and pericoronitis  (Dar-Odeh, Fadel, Abu-Hammad, Abdeljawad, & Abu-Hammad, 2018). However inappropriate prescribing and irrational use of antimicrobial agents without prior culture and sensitivity tests,
               inadequate duration, dosing etc. have been identified as major factors contributing to the emergence of antibiotic resistance,
               which is an ongoing challenge in all over the world  (Standing Medical Advisory Committee, 1998; Weber & Courvalin, 2005). There are also other issues by the usage of antimicrobial agents such as possible adverse events and additional cost of
               prescribing etc  (Al-Haroni & Skaug, 2007).
            

            In recent years, dental practitioners have reported a shift from narrow spectrum to broad spectrum antimicrobials prescription
               due to excessive antimicrobial resistance  (AbdulKader, Ali, Hassan, & Manan, 2010). The data available on antimicrobial agents use in most of the low and middle income countries are scanty and inadequate.
               Distinctively, information on antimicrobials use in dental practice sector is widely unavailable  (Haliti et al., 2017). So the evaluation of prescribing pattern in these dental care facilities is of very important to identify problems related
               with rational drug use and to propose interventions  (Jayanthi & Sushma, 2014).
            

            So this study was conducted to find out the prescription pattern of antimicrobial agents in North Malabar region of Kerala
               to analyze the nature of prescription habits and to improve the rational use of these antimicrobial agents  (Muhas, Salim, Mufeeda, & Shamna, 2018).
            

         

         
               MATERIALS AND METHODS 

            This is a cross-sectional, observational study was carried out for a period of 6 months from October 2020 to March 2021 at
               various dental clinics in Malappuram district, which is located in North Malabar region of Kerala. A total of 1900 patients
               who visited in these dental clinics were screened and out of which 1748 patients were included based on the inclusion and
               exclusion criteria.
            

            
               Inclusion Criteria
               
            

            
                  
                  	
                     Both genders.

                  

                  	
                     Patients of any age.

                  

                  	
                     Prescription containing any antimicrobial agent.

                  

               

            

            
               Exclusion Criteria
               
            

            
                  
                  	
                     Patients with ineligible and incomplete prescription.

                  

                  	
                     Patients with oral cancer.

                  

                  	
                     Patients who is not willing to participate.

                  

               

            

            A structured questionnaire was prepared and explained in a simple language to patients by our team members. Patient’s demographic
               data, detailed medical history, comorbidities, various features like dental conditions for which antibiotics were recommended,
               duration, dose, dosage, number of antibiotics in each prescription were recorded in the study proforma. The patient’s details
               were allocating a code for recognition and the patient data entered into an approved excel spreadsheet. The secrecy and anonymity
               of the patient's details will be preserved during and after the study. The institution ethics committee approval was obtained
               and also collected the written informed consent from all the participants.
            

            
               Statistical Analysis
               
            

            In this study, the data were scrutinized using Microsoft excel 2007 and the collected data is expressed in the percentile
               form.
            

         

         
               RESULTS

            In this study, a total of 1900 patients who visited various dental clinics were screened and out of which 1748 patients were
               selected. The majority of patients attended in these clinics were females, 1020 (58.35%) (Figure  1). These patients were further categorized based on their age. In case of male subjects, most of the patients presents in
               age group of 21-40 (41.35%) followed by ≤ 20 (28.85) and only 07.69% of subjects constitutes above 60 years of age group.
               In case of female patients; 43.72% patients were present in 21-40 age group and followed by ≤ 20 (32.05%). Totally majority
               of patients (717) comes under age group 21-40 (41.02%), followed by age group by ≤ 20 (32.43%) (Table  1).
            

            

            
                  
                  Figure 1

                  Gender Based Distribution
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                  Figure 2

                  Relationship Between Gender and Number of Drugs in Prescription
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                  Figure 3

                  Relationship Between Age and Number of Drugs in Prescription
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                  Figure 4

                  Frequency Distribution of the Conditions for which Antimicrobial was Prescribed
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                  Figure 5

                  Percentage of Antibiotic Classes of Prescription
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                  Table 1

                  Study Subjects Based on Age

               

               
                     
                        
                           	
                              
                           
                           Sl. No.

                           
                        
                        	
                              
                           
                           Age group

                           
                        
                        	
                              
                           
                           Male (%)

                           
                        
                        	
                              
                           
                           Female (%)

                           
                        
                        	
                              
                           
                           Total (%)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1.

                           
                        
                        	
                              
                           
                           ≤ 20

                           
                        
                        	
                              
                           
                           210 (28.85)

                           
                        
                        	
                              
                           
                           327 (32.05)

                           
                        
                        	
                              
                           
                           567 (32.43)

                           
                        
                     

                     
                           	
                              
                           
                           2.

                           
                        
                        	
                              
                           
                           21 – 40

                           
                        
                        	
                              
                           
                           301 (41.35)

                           
                        
                        	
                              
                           
                           446 (43.72)

                           
                        
                        	
                              
                           
                           717 (41.02)

                           
                        
                     

                     
                           	
                              
                           
                           3.

                           
                        
                        	
                              
                           
                           41 – 60

                           
                        
                        	
                              
                           
                           161 (22.11)

                           
                        
                        	
                              
                           
                           205 (20.10)

                           
                        
                        	
                              
                           
                           366 (20.94)

                           
                        
                     

                     
                           	
                              
                           
                           4.

                           
                        
                        	
                              
                           
                           >60

                           
                        
                        	
                              
                           
                           56 (07.69)

                           
                        
                        	
                              
                           
                           42 (04.11)

                           
                        
                        	
                              
                           
                           98 (05.60)

                           
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  Incidence of Polypharmacy

               

               
                     
                        
                           	
                              
                           
                           Number of Drugs

                           
                        
                        	
                              
                           
                           Number of patients, n=1748

                           
                        
                        	
                              
                           
                           Percentage

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1.

                           
                        
                        	
                              
                           
                           95

                           
                        
                        	
                              
                           
                           05.43

                           
                        
                     

                     
                           	
                              
                           
                           2.

                           
                        
                        	
                              
                           
                           686

                           
                        
                        	
                              
                           
                           39.24

                           
                        
                     

                     
                           	
                              
                           
                           3.

                           
                        
                        	
                              
                           
                           529

                           
                        
                        	
                              
                           
                           30.26

                           
                        
                     

                     
                           	
                              
                           
                           4.

                           
                        
                        	
                              
                           
                           406

                           
                        
                        	
                              
                           
                           23.22

                           
                        
                     

                     
                           	
                              
                           
                           5.

                           
                        
                        	
                              
                           
                           32

                           
                        
                        	
                              
                           
                           01.83

                           
                        
                     

                  
               

            

            

            
                  
                  Table 3

                  Monotherapy and Combination Therapy of Antibiotics in a Prescription

               

               
                     
                        
                           	
                              
                           
                           Number of Antibiotics

                           
                        
                        	
                              
                           
                           Number of patients, n=1748

                           
                        
                        	
                              
                           
                           Percentage

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1.

                           
                        
                        	
                              
                           
                           1293

                           
                        
                        	
                              
                           
                           73.97

                           
                        
                     

                     
                           	
                              
                           
                           2.

                           
                        
                        	
                              
                           
                           455

                           
                        
                        	
                              
                           
                           26.03

                           
                        
                     

                  
               

            

            

            
                  
                  Table 4

                  Utilization Pattern of Antimicrobial Agents

               

               
                     
                        
                           	
                              
                           
                           Sl.no

                           
                        
                        	
                              
                           
                           Drugs

                           
                        
                        	
                              
                           
                           Number of times prescribed

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1.

                           
                        
                        	
                              
                           
                           Amoxicillin

                           
                        
                        	
                              
                           
                           797

                           
                        
                     

                     
                           	
                              
                           
                           2.

                           
                        
                        	
                              
                           
                           Amoxicillin + Clavulanic acid

                           
                        
                        	
                              
                           
                           670

                           
                        
                     

                     
                           	
                              
                           
                           3.

                           
                        
                        	
                              
                           
                           Metronidazole

                           
                        
                        	
                              
                           
                           646

                           
                        
                     

                     
                           	
                              
                           
                           4.

                           
                        
                        	
                              
                           
                           Ciporofloxacin

                           
                        
                        	
                              
                           
                           36

                           
                        
                     

                     
                           	
                              
                           
                           5.

                           
                        
                        	
                              
                           
                           Cefixime

                           
                        
                        	
                              
                           
                           13

                           
                        
                     

                     
                           	
                              
                           
                           6.

                           
                        
                        	
                              
                           
                           Doxycycline

                           
                        
                        	
                              
                           
                           12

                           
                        
                     

                     
                           	
                              
                           
                           7.

                           
                        
                        	
                              
                           
                           Azithromycin

                           
                        
                        	
                              
                           
                           09

                           
                        
                     

                     
                           	
                              
                           
                           8.

                           
                        
                        	
                              
                           
                           Erythromycin

                           
                        
                        	
                              
                           
                           08

                           
                        
                     

                     
                           	
                              
                           
                           9.

                           
                        
                        	
                              
                           
                           Tetracycline

                           
                        
                        	
                              
                           
                           06

                           
                        
                     

                  
               

            

            

            
                  
                  Table 5

                  Patients on Monotherapy

               

               
                     
                        
                           	
                              
                           
                           Drugs

                           
                        
                        	
                              
                           
                           Number of times prescribed, n=1293

                           
                        
                        	
                              
                           
                           Percentage

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           
                              Penicillins
                              
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Amoxicillin

                           
                        
                        	
                              
                           
                           604

                           
                        
                        	
                              
                           
                           46.71

                           
                        
                     

                     
                           	
                              
                           
                           Amoxicillin + Clavulanic acid

                           
                        
                        	
                              
                           
                           408

                           
                        
                        	
                              
                           
                           31.55

                           
                        
                     

                     
                           	
                              
                           
                           
                              Nitroimidazole
                              
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Metronidazole

                           
                        
                        	
                              
                           
                           197

                           
                        
                        	
                              
                           
                           15.23

                           
                        
                     

                     
                           	
                              
                           
                           
                              Fluroquinolones
                              
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Ciporofloxacin

                           
                        
                        	
                              
                           
                           36

                           
                        
                        	
                              
                           
                           02.78

                           
                        
                     

                     
                           	
                              
                           
                           Cephalosporins

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Cefixime

                           
                        
                        	
                              
                           
                           13

                           
                        
                        	
                              
                           
                           01.01

                           
                        
                     

                     
                           	
                              
                           
                           
                              Tetracyclines
                              
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Doxycycline

                           
                        
                        	
                              
                           
                           12

                           
                        
                        	
                              
                           
                           00.93

                           
                        
                     

                     
                           	
                              
                           
                           Tetracycline

                           
                        
                        	
                              
                           
                           06

                           
                        
                        	
                              
                           
                           00.46

                           
                        
                     

                     
                           	
                              
                           
                           
                              Macrolides
                              
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Azithromycin

                           
                        
                        	
                              
                           
                           09

                           
                        
                        	
                              
                           
                           00.69

                           
                        
                     

                     
                           	
                              
                           
                           Erythromycin

                           
                        
                        	
                              
                           
                           08

                           
                        
                        	
                              
                           
                           00.61

                           
                        
                     

                  
               

            

            

            Prescription pattern of the 1748 prescriptions were assessed and in which total 4838 drugs were used for the treatment of
               the patients. The average number of drugs per prescription was 2.77.
            

            Table  2  indicated that only 95 patients (05.43%) were receiving monotherapy and 686 (39.24%) patients were receiving two drug therapy
               and 529 (30.26%) patients receiving three-drug therapy and 406 (23.22%) patients taking four drugs in their prescriptions.
               Only 32 (01.83%) patients were receiving 5 drugs through their prescriptions. Figure  3  indicated that age significantly affected the number of drugs in each prescription, however, effect of gender and the interaction
               effect (gender x number of drugs in the prescription) were not significant (Figure  2). 
            

            Total number of antibiotics prescribed was 2203 and average number of antibiotics per prescription was 1.26. Out of antibiotics
               prescribed 73.97% of patients receiving monotherapy and 26.03% of patients were receiving two drug therapy (Table  3). In patients with two drug therapy, mainly they received either Amoxicillin + Metronidazole or Amoxiclav + Metronidazole.
            

            The most common dental problems for which antimicrobial agents were prescribed include dental infections (38.84%), root canal
               treatment (30.26%), extraction (20.59%), scaling (05.09%), perio surgery (02.12%), fracture (02.06%) and oral ulcer (01.03%).
               Majority of patients receiving antimicrobial agent therapy for dental infections, root canal treatment and extraction (Figure  4). 
            

            Table  4  showed that the prescribing pattern of antimicrobial agents and the most commonly prescribed antimicrobial agents to treat
               above mentioned conditions were amoxicillin which was followed by Amoxicillin + clavulanic acid and Metronidazole. The antimicrobial
               agents like Ciprofloxacin, Cefixime, Tetracyclines, Azithromycines were not frequently used. Table  5  described that Amoxicillin was prescribed most frequently, 604 times (46.71%) followed by Amoxicillin + Clavulanic acid
               (31.55%), and Metronidazole (15.23%). Figure  5  showed that those patients receiving single antimicrobial agent, penicillin was the most common class of antibiotics administered
               (78.26%) followed by nitroimidazole class (15.23%), fluoroquinolones (02.78%), Tetracyclines (01.39%), Macrolides (01.30%)
               and Cephalosporins (01.01%).
            

         

         
               DISCUSSION

            Appropriate diagnosis of a dental problems and its treatment with proper drugs and dental procedure take part in the crucial
               role in dental care  (Fayisa, Anas, & Sudhakar, 2019). This study was carried out to find the prescription pattern of antimicrobial agents in various dental clinics at North
               Malabar region of Kerala, South India.
            

            In our study, majority of the patients visiting inn the dental clinics were females (58.35%) and the same report were also
               found by another study conducted in Malappuram district of Kerala  (Fayisa et al., 2019). In this study, most of the dental cases were related to dental problems such as dental infections, dental abscesses, root
               canal treatment, post dental extraction etc. for which antimicrobial agents were recommended, which was in concordance to
               the study carried out in different places of North and South India  (Fayisa et al., 2019; Suhaib, Ahmad, & Ahmad, 2017).
            

            This study established that most commonly recommended antimicrobial agents was amoxicillin, followed by amoxicillin-clavulanate
               and metronidazole. These findings were in line with the antibiotics prescribing guidelines, which recommends amoxicillin or
               metronidazole as first choice agents for the treatment of different dental infections  (Abraham et al., 2020; Andersson et al., 2016). The same report was also exhibited by some different studies  (Haliti et al., 2017; Suhaib et al., 2017). Other studies from England and Iran also advocated that amoxicillin as first choice drug in dental practice. Another rationale
               behind this extensive use of amoxicillin may be due to its comparative clinical effectiveness to other antimicrobials, appropriate
               dosage, cost effectiveness and tolerability  (Al-Haroni & Skaug, 2006; Krishnakumar & Tsopra, 2019).  In contrast, in the USA amoxicillin was prescribed only by 27.5% of members of American association of endodontists  (Whitten, Gardiner, Jeansonne, & Lemon, 1996; Yingling, Byrne, & Hartwell, 2002).
            

            The use of antimicrobial agents for minor infections or in some cases in patients without infections could be major supporter
               to the development of antibiotic resistance. In this study, it was also found that only a few culture sensitivity tests were
               accomplished before the commencement of antimicrobial therapy  (Kaul et al., 2018).
            

         

         
               Conclusion

            This study was exhibit to analyse the prescription pattern of antimicrobial agents in North Malabar region of Kerala, South
               India. Our findings demonstrated that dental infections were the most commonly reported conditions followed by root canal
               treatment and extraction for which antimicrobial therapy were recommended in this region. Among the antimicrobial agents,
               Amoxicillin was prescribed most frequently followed by Amoxicillin + Clavulanic acid and Metronidazole. This study also revealed
               that the selection of antimicrobials was not confirmed with culture and sensitivity tests in all cases, which may negatively
               influence bacterial resistance profile. There is a crucial need to uplift public and professional awareness with respect to
               the risks of antimicrobial use in dentistry.
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