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ABSTRACT 

Background: Resistance to antibiotics is a serious problem to all, but pediatric populations are most commonly affected. When 

compared to adults, pediatric populations are more susceptible to bacterial infections, and their sensitivity is reflected from their 

higher rates of bacterial disease. Objective: The main objective of this study was to retrospectively analyze the antibiotic resistance 

and susceptibility patterns of aerobic isolates from urine cultures of children in a tertiary care hospital. Method: The susceptibility 

tests for antimicrobials were done by Kirby-Bauer’s disk diffusion method. Results: The antibiotic, which is highly active against gram 

negative, was amikacin and against gram positive organisms, vancomycin and linezolid were highly active. Conclusion: Usage of 
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antibiotics should be in accordance with the standard anti-microbial susceptibility testing. This will greatly decrease the incidence of 

bacterial infections in children. 
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1. INTRODUCTION 

The increased tolerance of specific type of bacteria against specific types of antibiotics is called antibiotic resistance. As the 

antibiotics are being the most commonly prescribed group of drugs in India, the issue of escalating antibiotic resistance is 

considered to be one of the major public health threats of 21st century (Richard and Yitzhak, 2014). Resistance to antibiotics is a 

serious problem to all, but pediatric populations are most commonly affected. When compared to adults, pediatric populations are 

more susceptible to bacterial infections, and their sensitivity is reflected from their higher rates of bacterial disease. The risk is high 

in children, because of their underdeveloped immune systems and antibodies. Consequently, antibiotics will play a critical role in 

limiting morbidity and mortality rate in the country especially among the children (Alan, 2015). 

The most susceptible group of population to catch illness is the pediatrics. Usage of antibiotics has become a daily routine 

practice (Palikhe, 2004). The changing pattern of bacterial agents in children necessitates urgent review of the organisms causing 

bacterial infections and their sensitivity pattern. There is a wide variation in the incidence of bacterial infections (Sharma et al., 2008). 

The identification of pathogens from patient’s urine culture often indicates that there are very serious infections and this will affect 

the individuals' health, if we do not start the required therapy (Sharma et al., 2002). Various factors contributing to these infections 

include the availability of culture tests, their accuracy and precision (Enwere et al., 2006). The reasons mentioned above also have a 

role in the types and pattern of pathogens isolated from urine specimens (Karunakaran et al., 2007). 

Now-a-days, bacterial drug resistance poses a serious problem. There are wide variations in bacterial drug resistance and hence 

study results of one region do not match with the other region. The results are varied by a series of social, environmental and 

technological changes (Huang et al., 1999; Cohen, 1997). Numerous bacteria are isolated and bacterial diseases need immediate and 

appropriate intervention with antimicrobial agents. To rationally use these antibacterial agents, we need to understand the common 

pathogens and about drug resistance in the particular region (Reacher et al., 2000). The rational and proper use of antibiotics needs 

thorough knowledge of the pathogens and their drug sensitivity pattern within the regions. Resistances of antimicrobials are 

constantly evolving and hence there should be constant surveillance of sensitivity of antimicrobials; it helps the clinicians in selecting 

antimicrobials rationally (Kumar et al., 2013). Currently, there is no accepted national data base of antimicrobial resistance for 

different pathogens in India except for those where there is determining antibiotic sensitivity pattern by agar or broth dilution 

techniques. In broth dilution method, inoculation of broth media containing antibiotics is done.  After incubation, the turbidity and 

zone of inhibition is measured.   

Disk diffusion or Kirby-Bauer test is one of the commonly used microbiology techniques.In a petri dish, a broth of an isolate is 

evenly spread onto an appropriate agar (such as Mueller-Hinton or for a more defined media Iso-Sensitest™ agar). The disks are 

impregnated with numerous concentrations of various antibiotics and are placed onto the surface of the agar. A clear zone of circle 

with no growth indicates the susceptibility or sensitivity to the antimicrobial agents (Wiegand et al., 2008). Whichever method is 

used, the result provides a resistance and sensitivity pattern of antibiotic for that test isolate. 

The main aim of this study was to retrospectively analyze the antibiotic resistance and sensitivity patterns of aerobic isolates 

from urine cultures of children in a tertiary care hospital. 

 

2. MATERIALS AND METHODS 

This was a retrospective study, conducted in a tertiary care hospital in south India, after obtaining approval from the Institutional 

Ethics Committee (IEC/DOPI/2016/14). Specimen reports submitted for urine culture during the January to December 2017 to the 

microbiological laboratory of the hospital were analyzed and the positive cultures were identified. From the positive culture reports, 

data including patient demographics (age, sex), microbial species (as recorded in the urine culture reports) and antibiotic sensitivity 

pattern of identified pathogens were collected. The antibiotic susceptibility patterns of the pathogens were done by Kirby-Bauer’s 

disk diffusion method on Muller Hinton agar plates (Khanal et al., 2002). The antibiotic discs that were used to find the susceptibility 

pattern of the bacterial pathogens and their concentrations included: Ampicillin (10 mcg), Amikacin (30 mcg), Cephotaxime (30 

mcg), ceftazidime (70 mcg),  Cefixime (5 mcg), Cefipime (30 mcg),  Cefperazone + Sublactum (70mcg),ciprofloxacin (5mcg),  

Cotimoxazole (Trimethoprim/sulphamethoxazole 1.25/23.75), erythromycin (10mcg), Gentamicin (10 mcg), Imepenem (10 mcg), 

Linezolid (30 mcg), ofloxacin (5 mcg), Pipperacillin + Tazobactum (100/10mcg), Tetracycline (30 mcg), and vancomycin (30mcg). The 
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data obtained were tabulated and analyzed to identify the common causative pathogens of urinary infections as well as to identify 

the organisms which were resistant and sensitive. The obtained results were expressed by descriptive statistics.  

 

3. RESULTS 

A total of 1150 cases were collected from the microbiology lab for pediatrics during the January to December 2017. The type of 

organisms isolated in urine culture was shown in table 1. 

 

Table 1 Types of organisms isolated in urine culture 

Types of organisms grown       No. of isolates (n=1150)   Percentage (%) 

E. coli 510 44.35 

Kleb. pneumoniae 155 13.48 

E. faecalis 135 11.74 

Staph. aureus 110 9.57 

Acinetobacter 55 4.79 

Pseudomonas aeruginosa 55 4.79 

Proteus mirabilis 40 3.48 

Proteus vulgaris 30 2.61 

Candida tropicalis 15 1.30 

Staph epidermidis 10 0.87 

Citrobacter diversus 10 0.87 

Citrobacter koseri 5 0.43 

Salmonella typhi 5 0.43 

Providoncia rettgeri 5 0.43 

Candida albicans 5 0.43 

Enterobacter agglomerans 5 0.43 

 

 

 

Figure 1 Distribution of microbial growth cases by age groups 

 

The overall rate of isolation reduced with decreasing age and the overall positive rate was slightly higher in female children (n = 

585, 50.86%) when compared to male children (n = 565, 49.13%). The types of organisms cultured also vary with age. The present 
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study included children from neonatal to 18 years of age. In this study, the rate of isolation was found highest among children  with 

the age range between 10-18 years (86/230 i.e.37.39%), followed by children of 1-5 years age group (69/230 i.e.30%) and overall 

rate of isolation was reduced with decreasing age which was shown  in figure 1. 

Out of 230 positive cultures, 51(22.17%) were gram positive and 175(76.08%) were gram negative. Enterococcus faecalis 

27(52.91%), Staphylococcus aureus in 22(43.13%) and Staphylococcus epidermidis 2(3.92%) were the most commonly isolated gram 

positive bacteria. Escherichia coli in 102(58.20%) and Klebsiella pneumonia 31(17.71%) were the most prevalent gram negative 

bacteria found in positive cultures (Table 2). 

 

Table 2 Distribution of gram positive and negative organisms 

Gram positive  
No. of isolates 

(N=51) 
Percentage (%) Gram negative  

No. of isolates 

(N=175) 

Percentage 

(%) 

E. faecalis 27 52.91 E. coli 102 58.29 

Staph. aureus 22 43.13 Acinetobacter 11 6.29 

Staph epidermidis 2 3.92 Citrobacter koseri 1 0.57 

 

Kleb. pneumonia 31 17.71 

Enterobacter agglomerans 1 0.57 

Proteus vulgaris 6 3.43 

Proteus mirabilis 8 4.57 

Pseudomonas aeruginosa 11 6.29 

Salmonella typhi 1 0.57 

Providoncia rettgeri 1 0.57 

Citrobacter diversus 2 1.14 

 

From the laboratory reports, gram positive and gram negative organisms' sensitivity and resistance patterns were obtained. 

Among the gram positive organisms, Enterococcus faecalis was found to be highly sensitive to vancomycin (44.44%), followed by 

linezolid (40.74%); Staphylococcus aureus was sensitive to vancomycin (59.09%), followed by linezolid (54.54%); Staphylococcus 

epidermidis was sensitive to vancomycin (100%) and linezolid (100%). The resistance patterns of gram positive organisms were as 

follows: Enterococcus faecalis was highly resistant to ampicillin (62.96%) followed by gentamicin (44.44%); Highest resistance of 

Staph. aureus was seen with ampicillin (54.54%) followed by gentamicin (50%); Staph. epidermidis was highly resistant to gentamicin 

(100%) and erythromycin (100%). The highly resistant antibiotics among gram positive organisms were ampicillin and gentamicin 

(Table 3). 

 

Table 3 Antibiotic sensitivity and resistance patterns of gram positive organisms  

Antibiotics 

Organisms 

E. faecalis 

n=27 (%) 

Staph. aureus 

n=22 (%) 

Staph. epidermidis 

n=2 (%) 

S R S R S R 

Vancomycin (30mcg) 12 (44.44) - 13 (59.09) 1 (4.54) 2 (100) - 

Erythromycin (15mcg) - 1 (3.70) 9 (40.90) 9 (40.90) - 2 (100) 

Gentamicin (10mcg) 3 (11.11) 12 (44.44) 8 (36.36) 11 (50) - 2 (100) 

Cephotaxime (30mcg) - - 11 (50) 1 (4.54) - - 

Ciprofloxacin (5mcg) 4 (14.81) 10 (37.03) - 6 (27.27) - - 

Ceftazidime (30mcg) 2 (7.40) - - - - - 

Cefixime (5mcg) - - - 7 (31.81) - 1 (50) 

Cefipime (30mcg) - 9 (33.33) - 4 (18.18) - - 

Ampicillin (10mcg) 8 (29.62) 17 (62.96) 5 (22.72) 12 (54.54) - - 

Linezolid (30mcg) 11 (40.74) - 12 (54.54) 2 (9.09) 2 (100) 1 (50) 

 

Among gram negative organisms, the sensitivity patterns were as follows: Acinetobacter was highly sensitive to amikacin 

(81.81%), followed by  cefoperazone+sulbactum (72.72%); E. coli was highly sensitive to amikacin and cefoperazone+sulbactum 
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(57.84%) followed by piperacillin+tazobactum (46.07%); Kleb. pneumonia was highly sensitive to amikacin (58.06%) followed by 

cefoperazone+sulbactum (54.83%); Pseudomonas aeruginosa was highly sensitive to amikacin and cefoperazone+sulbactum 

(72.72%); Proteus mirabilis was highly sensitive to amikacin (75%) followed by cefoperazone+sulbactum (62.5%). Most of the gram 

negative organisms were sensitive to amikacin, cefoperazone+sulbactum and piperacillin+tazobactum. Acinetobacter was highly 

resistant to ampicillin (63.63%) among the isolated gram negative bacteria, followed by cefipime (36.36%); E. coli was highly resistant 

to ampicillin (41.17%), followed by cotrimoxazole (23.52%); Kleb. pneumonia was highly resistant to ampicillin (70.96%), followed by 

amikacin and cefipime (29.03%); Pseudomonas aeruginosa was highly resistant to ampicillin (90.90%), followed by cotrimoxazole 

(27.27%); Proteus mirabilis was highly resistant to ampicillin (87.5%), followed by cefipime (50%) (Table 4). 

 

Table 4 Antibiotic sensitivity and resistance patterns of gram negative organisms  

Antibiotics 

Organisms 

E. coli 

n=102 (%) 

Acinetobacter 

n=11 (%) 

Kleb. pneumoniae 

n=31 (%) 

Proteus mirabilis 

n=8 (%) 

P. aeruginosa 

n=11 (%) 

S R S R S R S R S R 

Ampicillin 

(10mcg) 
7 (6.86) 42 (41.17) - 7 (63.63) 1 (3.22) 22 (70.96) - 7 (87.5) - 10 (90.90) 

Amikacin 

(30mcg) 
59 (57.84) 4 (3.92) 9 (81.81) 1 (9.09) 18 (58.06) 9 (29.03) 6 (75) 1 (12.5) 8 (72.72) 1 (9.09) 

Ceftazidime 

(70mcg) 
- - - - 1 (3.22) - - - - - 

Ciprofloxacin 

(5mcg) 
- 2 (1.96) 2 (18.18) 1 (9.09) 1 (3.22) 1 (3.22) - 2 (25) 1 (9.09) - 

Cefperz+sulbact 

(70mcg) 
59 (57.84) 2 (1.96) 8 (72.72) - 17 (54.83) 8 (25.80) 5 (62.5) 1 (12.5) 8 (72.72) - 

Cotrimoxazole 

(1.25/23.75mcg) 
8 (7.84) 24 (23.52) 2 (18.18) - 3 (9.67) 10 (32.25) 1 (12.5) - 1 (9.09) 3 (27.27) 

Cefipime 

(30mcg) 
2 (1.96) 19 (18.62) - 4 (36.36) 2 (6.45) 9 (29.03) 

1 (12.5) 

 
4 (50) - 2 (18.18) 

Imepenem 

(10mcg) 
3 (2.94) 2 (1.96) 1 (9.09) - 9 (29.03) 1 (3.22) 2 (25) - 3 (27.27) - 

Tetracycline 

(30mcg) 
- - - - - - - - - - 

Pipracillin+tazobactum 

(100/10mcg) 
47 (46.07) 1 (0.98) 5 (45.45) - 9 (29.03) 8 (25.80) 3 (37.5) 2 (25) 5 (45.45) 2 (18.18) 

Cephotaxim 

(30mcg) 
- 4 (3.92) - - 1 (3.22) - - - - - 

Ofloxacin 

(5mcg) 
- 5 (4.90) 3 (27.27) - 1 (3.22) 5 (16.12) - 2 (25) 1 (9.09) 2 (18.18) 

 

4. DISCUSSION 

Bacteriological profile and also the antimicrobial susceptibility are perpetually evolving. To manage bacteremia cases effectively, we 

have to study the bacteriologic profile of antibiotic sensitivity pattern, which plays a vital role in managing bacterial infectious cases 

effectively. Several studies have been under taken to assess the pathogens involved in causing infections, throughout the globe. We 

got variable results from various centers and different parts of the globe. Socioeconomic, geographic, use of ventilators and 

administration of various antibiotics etc., play a vital role in explaining this distinction. The retrospective study results from our study, 

conducted in a tertiary care hospital depicted the distribution of isolates of pathogens inflicting infection and their sensitivity pattern 

to most typically used oral and parenteral antimicrobial agents. We are aware that about 90% of pediatric UTIs are caused by E. coli, 

and 10–15% is caused by Klebsiella, Enterobacter, Proteus, and Pseudomonas (Brouhard and Travis, 1987; Elder, 2011).  

In our study, Escherichia coli (58.20%) and Klebsiella pneumonia (17.71%) were the most prevalent gram negative bacteria found 

in positive cultures. This was similar to other studies (Badhan et al., 2016; Woo et al., 2019). The most commonly isolated gram 

positive bacteria were Enterococcus faecalis (52.91%). This was in accordance with other study result (Ghadage et al., 2014). Among 

the gram positive organisms, high sensitivity was noted against vancomycin and linezolid and erythromycin and gentamicin showed 

high resistance. An increased ampicillin resistance of 64% and 87% was also reported by other studies (Guha et al., 1978; Karki et al., 

2010). Among the gram negative organisms, high sensitivity was noted against amikacin and high resistance was noted against 

ampicillin. 

On the whole, present study results indicate that among gram negative organisms, amikacin was highly active and among gram 

positive organisms, vancomycin and linezolid were highly active. These results are similar to other study (Nathisuwan et al., 2001). 
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However, we should not expect the same results to be persisted for a long duration. So it is better to constantly monitor and 

evaluate the sensitivity and resistance pattern of isolates in every region, to maintain the rational use of antibiotics. Thus, our study 

results indicated that Escherichia coli is the major aetiological agent and uropathogen in children, which has not changed. But 

antibiotic susceptibility pattern had markedly changed. Drugs which were frequently used in the treatment of UTIs were now 

showing considerable resistance. Various reasons for bacterial resistance include incorrect and inappropriate use of antimicrobials in 

empirical therapies and lack of appropriate infection management strategies. These issues emphasize the need of performing 

susceptibility testing of antibiotics before empirical therapy. Stringent surveillance of bacterial infections and scrutinizing 

susceptibility and resistance of antimicrobial agents must be carried out in all settings, not only in tertiary hospitals (Kousalya et al., 

2010). 

 

5. CONCLUSION 

The current study provides informative evidence on the prevalence of antibiotic sensitivity and resistance patterns in children below 

18 years. Both gram positive and gram negative bacteria were identified in this study. The reasons for increased bacterial resistance 

are inappropriate usage of antibiotics and poor infection control practices. Specific antibiotic utilization strategies like stringent use 

of antibiotics, using combination therapy wherever appropriate and recycling of antibiotics may help to decrease the emergence of 

antibiotic resistance.  Usage of antibiotics should be in accordance with the standard anti-microbial susceptibility testing. This may 

greatly reduce the incidence of infections in children. 
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