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INTRODUCTION 

Pneumonia is the leading infectious cause of death 

globally among children <5 years, accounting for 740180 

deaths in 2019 (WHO), which constitutes 14% of under 5 

deaths and 22% of deaths in children aged 1-5 years.1 India 

is among the top 15 countries with high disease burden, 

with morbidity rates of 0.2-0.5 episodes per child-year and 

10-20% being severe.2 Revised guidelines of WHO 

classifies pneumonia into “Pneumonia” (fast breathing 

and/or chest indrawing; requires home therapy with oral 

amoxicillin) and “Severe pneumonia” (with any danger 

sign; requires referral and injectable therapy), Danger 

signs being fast breathing, difficulty in breathing, chest 

wall indrawing, stridor.3,4 Respiratory rate ≥50 

breaths/min (age 2-12 months), ≥40 breaths/min (12-59 

months) implies fast-breathing.5 Beta-lactam 

antibacterials (benzyl penicillin, ampicillin,  amoxicillin 

and ceftriaxone) interfering the bacterial cell wall        
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ABSTRACT 

Background: Antibacterial drugs play an important role in the treatment of Pneumonia-a leading cause of death 

globally among children. To determine the class, dosing schedule, Adverse Drug Reactions (ADRs), selection criteria 

and World Health Organisation (WHO) prescribing indicators of antibacterials used for pneumonia. 

Methods: Following the Institutional Review Board (IRB) clearance, 18 months long descriptive study was conducted 

among 432 paediatric patients admitted with Pneumonia in a tertiary care center. Details on antibacterial prescription 

with selection criteria and associated ADRs were collected. Causality, preventability and severity of ADRs were 

assessed. WHO prescribing indicators were calculated. Data analysed using SPSS software. 
Results: Aminopenicillins (61.2%)  were the major antibacterial class prescribed and the major antibacterial was 

Ampicillin (34.6%) with dosage regimen 32-66 mg/kg Intravenously four times daily (34.4%) with mean treatment 

duration 3.6±1.26 days. Major route of administration was intravenous (57%) and 99% patients received empirical 

treatment. The ADRs reported were Gentamicin & Ampicillin induced Hypersensitivity reactions and Vancomycin 

induced Redman Syndrome. WHO prescribing indicators: Average number of antibacterials per encounter 2.42, 

Antibacterials prescribed by generic name 96.56%, Encounters with injection 98.37%, Antibacterials from Essential 

Medicines List (EML) 90.9%. 

Conclusions: Aminopenicillins were the major antibacterial class, Ampicillin was the major antibacterial, Inj. 

Ampicillin 32-66 mg/kg intravenously four times daily with mean duration 3.6±1.26 days was the commonest dosage 

regimen prescribed. Most antibacterials were from EML, prescribed in generic name, selected empirically and 

administered intravenously.  Three ADRs were reported. Prescribing indicators were calculated. 
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cross-linking, aminoglycosides (gentamicin)- interfering 

the  bacterial-protein synthesis and cotrimoxazole- 

blocking the bacterial-folate metabolism (used in 

immunocompromised patients) are the WHO 

recommended antibacterials for childhood pneumonia.3,6-8 

This study describes the antibacterial prescription pattern 

for childhood pneumonia, ADRs, selection criteria and 

WHO prescribing indicators. 

METHODS 

Study type 

This descriptive study was conducted among the in-

patients diagnosed with pneumonia (revised WHO 

criteria).  

Study place 

The study was conducted in the Department of Paediatrics, 

in a tertiary care centre in Kerala. 

Study duration 

The study was conducted during July 2021 to December 

2022 following IRB approval. 

Calculated sample size was 762.9 Children aged between 2 

months-12 years (Department admissions include age 

group <12 years) were recruited. The study was conducted 

in 432 in-patients. Written informed consent/ informed 

assent was obtained from the child and legally accepted 

guardian. Using the proforma and case-records, 

demographic details and antibacterial prescription were 

collected. Antibacterial selection criteria were also 

determined. 

Details of ADR were obtained by direct conversation with 

patient, entered into CDSCO (Central Drugs Standard 

Control Organisation) suspected ADR reporting form and 

informed to nearest ADR monitoring centre (AMC). 

Causality, Preventability and Severity of ADR were 

assessed using WHO-UMC (Uppsala Monitoring Centre) 

scale, Schumock-Thornton scale and Modified Hartwig-

Seigel scale respectively. WHO prescribing indicators 

were calculated. 

Data entered in Microsoft Excel and analysed using 

Statistical Package of Social Science (SPSS) software 

version-16. All qualitative variables were expressed as 

frequency and percentages; all quantitative variables were 

expressed as mean±standard deviation.  

RESULTS 

The mean age of the sample was 2.16±2.27 years with 288 

(66.7%) aged 2 months -2 years. Male:female ratio was 

3:2. Among 432 cases, 401 (93%) were ‘Pneumonia’ and 

31 (7%) were ‘Severe Pneumonia’. The mean 

hospitalisation duration for  Severe Pneumonia was 

9.68±6.12 days (minimum-4 days, maximum-30 days), for 

‘Pneumonia’ 5.12±3 days (minimum 2 days, maximum 26 

days). Among the 1048 antibacterials from 10 different 

classes prescribed, 875 (83.5%) were β-lactams. Most 

commonly prescribed antibacterials were aminopenicillins, 

cephalosporins and aminoglycosides respectively (Table 

1). 

Among the 19 different antibacterials prescribed to 432 

patients, the major antibacterial was ampicillin (Table 2). 

The most common dosage regimen was ampicillin 32-66 

mg/kg QID in 360 (34.4%), amoxicillin 30-42 mg/kg BD 

in 245 (23.4%), cefpodoxime 4.7-13 mg/kg BD in 75 

(7.2%) and Gentamicin 4-10mg/kg OD in 57 (5.4%). 

Crystalline Penicillin 1 (0.1%) was the least prescribed 

one. Fixed dose combinations (FDC) included 

Amoxicillin+Clavulanic acid 10 (1%) and 

Piperacillin+Tazobactam 9 (0.9%). For those 31 patients 

with severe pneumonia, 102 antibacterials were prescribed; 

the major one was Ampicillin 21 (20.6%), followed by 

Cefpodoxime 13 (12.7%), Ceftriaxone 11 (10.8%) and 

Amoxicillin 11 (10.8%). 

Among the patients with ‘Severe Pneumonia’, 3 

antibacterials (17 (54.8%)) were used most commonly for 

treatment; intravenous Ampicillin+Gentamicin followed 

by oral Amoxicillin being most common. Among the 

patients graded with ‘Pneumonia’, 2 antibacterials (282 

(70.3%)) were used most commonly, intravenous 

ampicillin followed by oral amoxicillin was most common. 

Intravenous antibiotics accounted for 597 (57%) of 1048 

antibacterials, while oral antibiotics accounted for 451 

(43%). 

Ampicillin, 357 (34.06%) was the major intravenous 

antibacterial and amoxicillin, 268 (25.6%) was the major 

oral antibacterial. Generic prescriptions comprised of 1012 

(97%). The mean treatment duration was as follows- 

ampicillin 3.6±1.26 days, amoxicillin: 6.5±0.8 days, 

cefpodoxime 5.8±0.9 days and gentamicin: 4.36±1.5 days. 

The longest treatment duration was 25 days-by 

clindamycin followed by meropenam-15 days; prescribed 

for severe pneumonia. the mean treatment duration (days) 

of individual drug used in: pneumonia- 5.01±1.8 and 

severe pneumonia. 89±3.06 respectively. Among the 1048 

antibacterials, 953 (91%) were included in the EML.10 

Among the 432 patients, Culture and Sensitivity (C&S) 

was done for 43 patients (10%), specimen being blood. 

Among the 43 culture reports, majority-35 (81.3%) were 

‘Sterile’ and 6 (13.9%) were positive cultures. 

Methicillin resistant Staphylococcus aureus (MRSA) was 

the most common organism cultured, 3 (6.9%). 

Vancomycin and Linezolid were sensitive to all the 

cultured species. Among the 432 patients, 426 (99%) were 

treated empirically and 6 (1%) were treated according to 

C&S reports. All the patients (100%) were 

symptomatically better during discharge. Three adverse 

drug reactions (ADR) reported. Gentamicin and ampicillin 

induced hypersensitivity reactions, in the first case, the 
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suspected drug was discontinued and in the second case, 

the drug was discontinued and substituted with 

Cefotaxime. Redman syndrome occurred with 

vancomycin, in which the reaction subsided with decreased 

dose. Causality was ‘probable’ and preventability was 

‘preventable’ in 3 cases, severity was ‘mild’ in 1st and 2nd, 

‘moderate’ in third case.   

WHO prescribing indicators: As this study involves 

antibacterial prescription pattern, in prescribing indicators 

the word ‘drug’ is replaced by ‘antibacterials’.  

Table 1: Class of anti-bacterial. 

Class of antibacterials   Frequency   %   

Aminoglycoside   84   8.0   

Aminopenicillins   641   61.2   

Carbapenams   17   1.6   

Cephalosporins   207   19.8   

Glycopeptide   14   1.3   

Lincosamide   16   1.5   

Macrolides   45   4.3   

Oxazolidinones   14   1.3   

Penicillins   1   0.1   

Ureidopenicillins   9   0.9   

Total   1048   100.0   

Table 2: Anti-bacterial prescribed. 

Antibacterials prescribed   Frequency   %   

Amikacin   10   1.0   

Amoxicillin   268   25.6   

Amoxicillin+clavulanic acid   10   1.0   

Ampicillin   363   34.6   

Azithromycin   45   4.3   

Cefixime   8   .8   

Cefotaxime   49   4.7   

Cefpodoxime   78   7.4   

Ceftriaxone   56   5.3   

Cefuroxime   14   1.3   

Cephalexin   2   .2   

Clindamycin   16   1.5   

Crystalline penicillin   1   .1   

Faropenam   7   .7   

Gentamicin   74   7.1   

Linezolid   14   1.3   

Meropenam   10   1.0   

Piperacillin+tazobactam   9   .9   

Vancomycin   14   1.3   

Total   1048   100.0   

Table 3: WHO prescribing indicators. 

Average no. of antibacterials per 

encounter 

Total no. of different  

antibacterials prescribed÷ No. of encounters 

surveyed 

1048/432=2.42 

Percentage of antibacterials 

prescribed by generic name 

(No. of antibacterials prescribed by generic name÷ No. 

of antibacterials prescribed) ×100 

1012x100/1048 

=96.56% 

Percentage encounters with 

injection prescribed 

No. of patient encounters  

with injection÷No. of encounters surveyed)x100 

425x100/432=98.37% 

Percentage of antibacterials 

prescribed from EML 

(No. of antibacterials  

prescribed from EML÷Total no. of antibacterials 

prescribed) ×100 

953x100/1048=90.9% 

 

DISCUSSION 

In this study, the most common age group affected was 2 

months– 2 years, similar to previous studies, this might be 

due to the lower immunity level.11–13 Children below 2 

months were excluded due to their variable prescribing 

pattern. Majority were males; similar to previous  

studies.11–16 The patients were classified into pneumonia 

and severe pneumonia based on WHO criteria.3 Among the 

total patients, 93% had ‘Pneumonia’(admitted due to the 

presence of vulnerable risk factors which may progress to 

severe pneumonia or inconvenience for the follow-up, 

majority treated on out-patient basis were not included in 

this study) and 7% had ‘Severe Pneumonia’, similar to 

other studies.15 Variability may be present with other 

guidelines.15  No cases of mortality were reported in our 

study. In this study, major age group with ‘severe 

pneumonia’ was 8months while that with ‘pneumonia’ was 

1 year. Lack of immunization, passive smoking, low 

maternal education, undernutrition, low socioeconomic 

status and non-exclusive breast feeding are associated with 

severe pneumonia.15,17 Patients with ‘severe-pneumonia’ 

had longer hospital stay; which included Intensive Care 

Unit (ICU) admission.11,15,18  

In the present study, 1048 antibacterials from 10 different 

classes were prescribed to 432 patients, 83.5% being β-

lactams. Gram positive organisms mainly Streptococcus 

pneumoniae the major etiological factor in childhood 

pneumonia, shows effective response towards β-

lactams.6,19 Aminopenicillins, a beta lactam drug, shows 

better response towards certain gram negative organisms 

too such as H influenzae- another major etiological factor 

in childhood Pneumonia.6,20 In this study, aminopenicillins 

comprised 61.2% of the total antibacterials, similar to 

another study where Aminopenicillins (46.25%) were the 

most frequently prescribed antibacterial; followed by 

Macrolides (42%); 16 while in another study, macrolide 
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monotherapy was the most commonly used regimen 

(43.2%) which is in contrast with our study.14   

In our study, 1048 prescribed antibacterials were 

categorised as 19 different antibacterials;  Ampicillin was 

the major antibacterial, followed by Amoxicillin (Table 2). 

Ampicillin, an extended-spectrum Penicillin, covers the 

gram-negative organisms such as H influenzae in addition 

to the gram-positive organisms; also have more action 

against Listeria i.e., effective against a wide etiological 

spectrum causing childhood Pneumonia.21 In this study, 

ampicillin in ‘pneumonia’ cases was promptly switched to 

oral amoxicillin (WHO recommendation).3 

 The most common dosage regimen of these antibacterials 

were more or less similar to previous studies.16 

Amoxicillin+Clavulanic acid and 

Piperacillin+Tazobactam were the FDCs prescribed 

similar to previous studies.15,16 In a randomised controlled 

trial done by Vilas-Boas et al, oral amoxicillin BD dose 

was found to be as efficacious as TID dose.22  In the present 

study,102 antibacterials were prescribed for ‘severe 

pneumonia’, the major one being ampicillin, followed by 

cefpodoxime, ceftriaxone and amoxicillin respectively. In 

the study conducted by Albuhairi et a., Ceftriaxone (55%) 

was the major antibacterial prescribed for ‘severe 

pneumonia’ followed by azithromycin (42.5%).15   

Crystalline penicillin was the least prescribed antibacterial 

in this study, in contrast to Baby et al, where it was 

Cefpodoxime (8.3%).13 Another study conducted by Khaja 

et al, showed Penicillin (0.9%) as the least prescribed 

antibacterial, similar to our study, along with gentamicin, 

vancomycin and piperacillin+tazobactam (0.9% each).11   

In the present study, among the patients with ‘Severe 

Pneumonia’, treatment with 3 antibacterials was most 

commonly used, in which intravenous 

Ampicillin+Gentamicin (WHO recommendation) 

followed by oral Amoxicillin was most common. Among 

the patients with ‘pneumonia’, majority received atleast 

two drugs, intravenous ampicillin followed by oral 

amoxicillin was the commonest regimen. In a study done 

by Caballero et al, the combination antibacterial therapy 

was found to be superior to monotherapy, might be due to 

the extended coverage of typical-atypical etiological 

pathogens and due to the synergistic action.23 This also 

prevents antimicrobial resistance.24 

Macrolide+a narrow/broad spectrum antibacterial was the 

major combination therapy according to Lipsett et al.14 Di 

Pietro et al, found Macrolide and 

Aminopenicillins+enzyme inhibitor (80.4%) as the 

commonest combination therapy.16 According to Khaja et 

al, majority of the pneumonia patients (73%) were treated 

with single antibacterials and the major combination used 

was cephalosporin-derivatives with amikacin.11    

In our study, majority of antibacterials were administered 

by intravenous route while the remaining by oral route- 

Ampicillin was the major intravenous drug; Amoxicillin 

was the major oral drug. In the study conducted by Di 

Pietro et al, 66.6% of antibacterials were oral and 33%were  

parenteral; Macrolides (62.31%) was the commonest oral 

antibacterial; Ampicillin±Sulbactam was the major 

parenteral antibacterial (74.24%).16     

Adherence to generic drug prescriptions supports cost-

effective and WHO-rational drug use criteria. Generic 

prescriptions accounted for 96.56% in this study, 

significantly higher than the 16.7% in Spain and 

comparable to over 60% in UK and Denmark.25  

In this study, majority of the antibacterials were included 

in the EML. According to WHO, the essential drugs 

depend on the health requirements and health service 

structure of each country; should be available locally at 

reasonable cost and periodically updated according to the 

advice of experts in the respective field.26 In our sample, 

10% of patients underwent C&S. MRSA was the common 

organism cultured, vancomycin and linezolid were the 

sensitive antibacterials. Even though cloxacillin is 

effective against staphylococcus, the positive cultures 

didn’t show sensitivity towards the drug; the drug was not 

being prescribed among the patients.  In a study conducted 

by Albuhairi et al, blood cultures were frequently obtained, 

78%.15 

In another study by Khaja et al, blood cultures were send 

for 33.33% patients out of which 25.7% were positive, 

Ceftriaxone (77.8%) being the most sensitive drug, 

Streptococcus pneumoniae being the major pathogen.11 

Empirical treatment was given to 99% patients in our 

study, higher than the 91.43% reported by Khaja et al.11 

Despite limited culture testing, all patients were improved 

symptomatically suggesting effective institutional 

empirical antibacterial therapy. The institutional empirical 

therapy protocol covers the gram positive and certain 

gram-negative bacteria- the major etiological agents 

causing childhood Pneumonia.   

Three ADRs were reported in our study. Similar cases were 

reported by Schrufer et al, Connolly et al and Khurana        

et al.27–29 This study revealed that the hospital antimicrobial 

policy was in adherence with WHO recommendations.3 

This is a single-centre study. Multi-centre studies are 

needed to establish standardized protocols. The sample size 

couldn’t achieved due reduced hospital admissions during 

initial half of the study period due to the COVID pandemic.  

CONCLUSION 

Aminopenicillins were the major antibacterial class, 

Ampicillin was the major antibacterial, Inj. Ampicillin 32-

66 mg/kg intravenously four times daily with mean 

duration 3.6±1.26 days was the commonest dosage 

regimen prescribed. Most antibacterials were from EML, 

prescribed in generic name, selected empirically and 
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administered intravenously.  Three ADRs were reported. 

Prescribing indicators were calculated. 
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