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ABSTRACT
Aim: Community acquired Pneumonia (CAP) is one of the major causes 
of under-five morbidity and mortality in most of the tropical countries. 
Management of CAP with an appropriate antibiotic will help reduce the growing 
antibiotic resistance. The aim of the study was to compare the efficacy of 
oral amoxicillin with parenteral ceftriaxone in uncomplicated CAP in children 
aged 6 months to 12 years.
Methods: This was a prospective, single blinded, parallel design, randomized 
control trial. One hundred children with uncomplicated CAP, aged 6 months 
to 12 years, admitted in pediatric wards at a tertiary care centre were 
included in the study. The enrolled patients were randomized in two groups 
in the ratio of 1:1. Group I received oral amoxicillin and group II received 
intravenous ceftriaxone for 7 days. Number of days for defervescence, day 
of settlement of respiratory distress, day of subsidence of cough, duration 
of hospital stay, step-up to higher antibiotics, adverse drug reactions were 
compared in both the groups.
Results: Time to deferervescence of fever in Group I was 3.7±0.9 days as 
compared to 3.66±0.8 days in group II (p=0.81). Settlement of respiratory 
distress occurred in 3.22±0.85 days in group I as compared to 3±0.67 days 
in group II (p=0.19). Subsidence of cough occurred in 11.68±0.92 days in 
group I as compared to 11.14±1.06 days in group II (p=0.74). Duration of 
hospital stay was 6.02±1.11 days in group I as compared to 7.24±1.18 days 
in group II (p<0.0001). Step-up to a higher antibiotic was required in 2 (4%) 
children on oral amoxicillin and 1 (2%) child on IV. ceftriaxone (p=1.00). 
Two children from oral amoxicillin group had diarrhea without any signs of 
dehydration on day 2 of treatment, which subsided in 2 days after giving 
probiotics and oral rehydration solution. This did not require discontinuation 
of amoxicillin. No side effects were observed from IV ceftriaxone group.
Conclusion: Use of oral amoxicillin for uncomplicated CAP in children has 
a similar outcome as compared to parenteral cephalosporins. It reduces the 
duration of hospital stay and thus the cost of treatment. More importantly, 
it prevents the unnecessary use of a higher-class antibiotic, thereby helping 
to reduce antibiotic resistance.

Introduction
Pneumnia remains the single largest infectious cause 
of death in children worldwide.1 Globally, more than 
800,000 children die of pneumonia annually before 
their fifth birthday.2 Incidence of pneumonia in low and 
middle-income countries (LMIC) is ten times that of 
high-income countries (HIC), which is attributable to a 
low birth weight, malnutrition, vitamin A deficiency, lack 
of breastfeeding, passive smoking, poor socioeconomic 

status, large family size, overcrowding and pollution in 
these countries.3 Nevertheless, community acquired 
pneumonia (CAP) incurs huge costs either directly 
for treatment or through loss of working hours by 
guardians of diseased children.4

CAP is an infection of lung parenchyma in a previously 
healthy patient who acquired the infection in the 
community and has no history of hospitalization in 
the 2 weeks preceding manifestation.5,6 The most 
common causes of uncomplicated CAP are Hemophilus 
influenzae, Streptococcus pneumoniae, Staphylococcus 
aureus, certain gram-negative rods, certain viruses 
and atypical organisms.6,7,8 The clinical diagnosis of 
CAP is made using the new World Health Organization 
(WHO) criteria5 which primarily includes two categories 
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of pneumonia: 1) pneumonia with fast breathing and/
or chest indrawing, which requires home therapy with 
oral amoxicillin, and 2) severe pneumonia defined as 
pneumonia with any general danger sign (including 
inability to drink/feed, persistent vomiting, convulsions, 
lethargy or unconsciousness, stridor in a calm child or 
severe malnutrition). Uncomplicated CAP is defined as 
CAP in which there are no signs of other complications 
such as pleural effusion, cavitation or abscess from 
admission to discharge.9

A microbial culture takes significant amount of time. 
This could potentially delay initiation of treatment. 
Without microbiological culture, we cannot accurately 
predict the causative agent. This justifies the role of 
empirical treatment with higher antibiotics in CAP.10 The 
current management guidelines focus more on 
diagnostic sensitivity than specificity, leading to abuse 
of higher antibiotics.11,12 WHO recommends first line 
treatment with twice daily amoxicillin given for 7 days, 
for pneumonia with rapid breathing (age appropriate 
measure) with or without chest indrawing but no 
danger signs, in children under 5 years of age.5 While 
there is no standard recommendation of IV ceftriaxone 
for 7 days for an uncomplicated CAP, it is being used 
rampantly in clinical settings for the treatment of 
uncomplicated CAP.13,14,15,16 Also, many studies from 
LMICs suggest the use of ceftriaxone for severe 
pneumonia.17,18,19,20,21,22 However, some studies suggest 
that the use of narrow-spectrum antibiotics against 
CAP is as useful as broad-spectrum antibiotics.22 If 
proven equally efficacious, the use of lower generation 
antibiotics with high therapeutic indices, like penicillin 
or amoxicillin must definitely be made a priority. In 
addition to contributing to drug resistance, adverse 
reactions to cephalosporins must also be considered 
while prescribing these antibiotics.22 Additionally, in 
LMI countries, use of narrow spectrum antibiotics will 
also be a cost-effective alternative for treating CAP.
The objective of our study was to assess the efficacy 
of oral amoxicillin versus parenteral cephalosporin in 
uncomplicated CAP among children 6 months to 12 
years of age.

Methods & Materials
This study was a prospective, single blinded, parallel 
design, randomized control trial in a tertiary care 
hospital of a metropolitan city in Western India 
conducted over a period of 18 months from January 
2018 to August 2019. Children admitted in the pediatric 
wards were enrolled for the study. Patients were blinded 
regarding the drug administered throughout the study. 
One hundred children between 6 months to 12 years 
of age, diagnosed with uncomplicated CAP (presenting 
with fast breathing or chest indrawing but no danger 
signs) were enrolled.5,9 Children admitted in Pediatric 
Intensive Care Unit (PICU), those with underlying 
immunodeficiency disorders (acquired or congenital), 
with other co-existing infections (for example: dengue, 
malaria, measles etc.) or with underlying co-morbidities 
like cystic fibrosis, sickle cell disease, disorders 
of cilia etc., children with underlying anatomical 
disorders of the lung like pulmonary sequestration, 
tracheo-esophageal fistula, congenital cystic adenoid 
malformation or any other co-existing acute or chronic 

disorders were excluded from the study. After obtaining 
approval from the Institutional Ethics Committee 
(IEC), a written informed consent was taken from the 
caretakers. The study was registered with the Clinical 
Trials Registry – India (CTRI) [CTRI/2019/07/020174].
Children presenting with clinical features of CAP 
viz. tachypnea, respiratory distress, fever, were 
evaluated using the WHO criteria for clinical diagnosis 
of pneumonia.5 A chest X-ray was done for all and 
cases having radiological evidence of lobar and/or 
bronchopneumonia were enrolled. Chief complaints, 
co-morbidities, family & socioeconomic history, birth 
history, and immunization history of the patients were 
recorded. Physical examination along with baseline 
investigations like complete blood count, blood culture, 
sputum for gram stain and culture sensitivity, arterial 
blood gases (ABG) done on the day of admission 
were recorded. The enrolled patients were divided 
in two groups in the ratio of 1:1. Group I received 
oral amoxicillin and Group II received intravenous 
ceftriaxone. Randomization to Group I or II was done 
by numbering the subjects serially and dividing them 
into odd and even numbers with odd numbers being 
included in Group I and even numbers in Group II. 
After randomization, patients in group I treatment 
were given oral amoxicillin at 100mg/kg/day in three 
divided doses for 7 days. Patients in group II were 
given intravenous (IV) ceftriaxone at 75mg/kg/day 
in two divided doses for 7 days. In order to blind the 
patients from the drug which they were taking, normal 
saline (NS) intravenously was given and multivitamin 
syrup orally to all the patients. In this way, all patients 
were on medications given with both the routes, which 
made it possible to give the patients drug according 
to their groups and without revealing the drug. The 
effectiveness of the two antibiotics were evaluated 
based on the following parameters: number of days 
to defervescence of fever (defined as complete 
abatement of fever for ≥24 hours), days to settlement 
of respiratory distress, days to subsidence of cough, the 
duration of hospital-stay, step-up to higher antibiotics, 
and any significant adverse reactions requiring 
change of drug. Children from both groups received 
supplemental oxygen. They were monitored for 
tachypnea, respiratory distress, fever, cough, oxygen 
saturations (SpO2) and development of complications. 
For Group I, children were discharged after the 
respiratory distress had settled and the children were 
afebrile for 24 hours. The remaining course of antibiotic 
was completed at home. Appropriate responses were 
recorded from these patients’ caretakers at the time 
of discharge on completion of the hospital course. For 
Group II, children were discharged after 7 days of 
completion of intravenous antibiotic therapy, provided 
they were afebrile and respiratory distress had settled. 
Step-up to higher antibiotics i.e. failure of response, 
was considered under following circumstances: 
no improvement and/or worsening of tachypnea, 
worsening fever or lower chest in-drawing any time 
before or at 48 hours of admission and/or appearance 
of danger signs such as inability to drink, abnormal 
sleepiness, difficult to awake from sleep, stridor 
in a calm child, central cyanosis, convulsion and/
or occurrence of any complication like empyema, 
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pneumothorax, lung abscess, meningitis, septicemia, 
shock and respiratory failure any time during hospital 
stay. Children from both groups were followed up at 
the end of 7 days. Common adverse effects in Group 
I like diarrhea, vomiting, rashes and in Group II like 
rash, anaphylaxis, redness and swelling over injection 
site, diarrhea, if any, were recorded.
Statistical Analysis:
Data was recorded in Microsoft Excel Version 2016. 
Descriptive statistics for quantitative variables were 
represented as mean ± standard deviation (SD). 
Qualitative variables were represented as frequency & 
percentages. Fisher test or Chi-square test was used 
to test the association for qualitative/ categorical data. 
Unpaired sample t-test or Mann Whitney test was used 
to compare differences between two independent 
groups depending on the normality of distribution. A p 
value of ≤0.05 with a confidence interval of 95% was 
considered significant.

Results
One hundred out of 108 eligible children as per the 
inclusion criteria were recruited. Figure 1 shows the 
trial profile. Table 1 illustrates baseline characteristics 
of the participants in both groups.

The minimum age of presentation was 6 months and 
maximum 11 years. In Group I, 18(36%) patients 
were <1 year, 25(50%) were between 1-3 years, 
5(10%) were between 3-6 years and 2(4%) patients 
were >6 years. In Group II 21(42%) patients were 
<1 year, 21(42%) were between 1-3 years, 6(12%) 
were between 3-6 years and 2(4%) patients were >6 
years. Fever was present in all children, as were cough, 
tachypnea and tachycardia (n=100). The characteristics 
of fever and cough in both the groups are depicted in 
table 2.
On blood culture and sputum for gram stain and culture, 
no organisms were isolated from both groups.
During the treatment, step-up to a higher antibiotic 
was required in 2(4%) children on oral amoxicillin and 
1(2%) child on IV. ceftriaxone (p=1.00). Out of two 
children on oral amoxicillin requiring step-up, one child 
had respiratory acidosis on admission. The one patient 
from IV ceftriaxone group who required step-up had 
respiratory alkalosis on admission. Two children from 
oral amoxicillin group had diarrhea without any signs 
of dehydration on day 2 of treatment, which subsided 
in 2 days after giving probiotics and oral rehydration 
solution. This did not require discontinuation of 
amoxicillin. No side effects were observed from 

Figure 1. Trial Profile
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Table 2. Characteristics of Fever and cough in both the groups

Parameters Group I Group II p value

Duration of fever (days) <7 38 (76%) 49 (98%)
0.001

7-15 12 (24%) 1 (2%)

Intensity of fever High (102°F) 30 (60%) 32 (64%)
0.83

Low (100°F-101°F) 20 (40%) 18 (36%)

Character of fever Intermittent 45 (90%) 46 (92%)
1.00

Continuous 5 (10%) 4 (8%)

Other fever parameters Chills 3 (6%) 4 (8%)

1.00Rigors 8 (16%) 8 (16%)

Diurnal Variation 1 (2%) 0 (0%)

Duration of Cough <7 days 37 (74%) 46 (92%)
0.03

7–15 days 13 (26%) 4 (8%)

Productive cough  4 (8%) 2 (4%) 0.67

Diurnal Variation of cough  1 (2%) 0 (0%) 1.00

Table 3. Outcome Analysis

 Oral Amoxicillin 
Group (Mean ± 
SD)

IV Ceftriaxone 
Group (Mean 
± SD)

Mean Difference 
(95% CI)

P value

Time to defervescence of fever 
(days)

3.7 ± 0.9 3.66 ± 0.8 0.04 (-0.298 to 0.378) 0.81

Settlement of respiratory distress 
(days)

3.22 ± 0.85 3 ± 0.67 0.22 (-0.084 to 0.524) 0.19

Subsidence of Cough (days) 11.68 ± 0.92 11.14 ± 1.06 0.54 (0.146 to 0.934) 0.74

Duration of hospital stay (days) 6.02 ± 1.11 7.24 ± 1.18 1.22 (0.765 to 1.675) <0.0001

Table 1. Baseline characteristics of all participants

Baseline Characteristics Oral amoxicillin group Intravenous ceftriaxone group

Age (Months) 24.68 ± 23.70 23.42 ± 21.31

Male: Female 27:23 22:28

Post-Tussive Vomiting 9 2

    Vitals & Complete blood count

Pulse (/min) 116.34 ± 10.58 119.14 ± 8.23

Systolic BP (mm of Hg) 95.48 ± 5.32 96.45 ± 4.43

Diastolic BP (mm of Hg) 60.02 ± 4.27 59.82 ± 4.03

Respiratory rate (/min) 52.22 ± 9.74 54.92 ± 9.16

Hemoglobin count (gm/dl) 9.24 ± 1.40 9.54 ± 1.13

Platelet count (x109/cumm) 3.42 ± 1.28 2.88 ± 1.03

WBC count (cells/cumm) 14835 ± 5932 14720 ± 5189

    Chest x-Ray Findings

Lobar Pneumonia 19 (38%) 17 (34%)

Bronchopneumonia 31 (62%) 33 (66%)

    Arterial Blood Gas

Respiratory Acidosis 1 0

Respiratory Alkalosis 2 1
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IV ceftriaxone group. Use of a third-generation 
cephalosporin was not associated with any change in 
the outcomes as compared to oral amoxicillin (Table 3), 
except the duration of hospital stay (p<0.0001) which 
was longer with parenteral treatment.

Discussion
In recent literature, studies have proved the effectiveness 
of higher antibiotics like cephalosporins and macrolides 
in the treatment of CAP in children.18,20,23,24,25,26 Although 
there are only a few studies that have proven the 
effectiveness of oral beta-lactams in uncomplicated 
CAP, there is still some discrepancy regarding their 
use.27,28,29 Our study proves that the efficacy of 
amoxicillin in managing uncomplicated CAP is similar 
to that of third-generation cephalosporins with no 
difference in the time to defervescence of fever, 
subsidence of cough or settlement of respiratory 
distress and only shorter duration of hospital stay 
in the amoxicillin group. Rehman et al26 conducted a 
similar study where the efficacy of treatment in terms 
of fever and respiratory rate after 24 hours follow up 
was analyzed. Amoxicillin was effective in 78.6% while 
IV ceftriaxone was effective in 83.4% children (p=0.5). 
The mean hospital stay was 3.7 days in oral amoxicillin 
as compared to 4.1 days in IV ceftriaxone (p=0.001). 
Pukander et al30 found that IV ceftriaxone was effective 
in 87% children while amoxicillin was effective in 80% 
children in CAP. Agweyu et al31 also demonstrated non-
inferiority of amoxicillin to benzylpenicillin for treatment 
of hospitalized children with severe pneumonia. Patel 
et al32, reported home based oral amoxicillin treatment 
was equivalent to hospital treatment for the first 48 
hours in selected children and was less expensive 
than hospital treatment. Lodha et al25 in a systematic 
review examined antibiotics for community-acquired 
pneumonia in children and provided recommendations 
for countries with high case fatalities due to pneumonia. 
They recommended amoxicillin over co-trimoxazole in 
treatment of patients with CAP in ambulatory settings 
with co-amoxiclav and cefpodoxime as alternative 
second-line drugs. According to WHO Evidence 
Summaries (2014)5, oral or injectable amoxicillin is the 
drug of choice in cases of pneumonia.
In our study, a step up to higher antibiotics was 
required in 3 patients. However, 2 of them had 
respiratory acid-base disturbances at the time of 
admission. This indicates that the children might have 
had compromised respiratory function at the time of 
admission.33 Hence, the reason for step-up can neither 
be attributed to failure of oral amoxicillin nor to the 
pre-existing resistance to beta-lactams. There is very 
less data available about the resistance of amoxicillin 
in organisms responsible for CAP.32 We didn’t observe 
any clinical or statistical difference in both groups and 
both antibiotics seemed equally effective statistically 
and clinically. However, this doesn’t mean that there 
is complete absence of resistance to beta-lactams in 
the community.
Our study demonstrates that oral amoxicillin is as 
effective as parenteral ceftriaxone for the treatment of 
uncomplicated CAP and reduces the number of days to 
hospitalization. Also, the side effects associated with 
parenteral therapy like injection site pain, extravasation 

are avoided. Use of effective lower class of antibiotics, 
spares the unnecessary abuse of the more broader 
spectrum drugs, thereby preventing anti-microbial 
resistance.
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