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Abstract
Healthcare associated infections are the potential cause of morbidity and mortality amongst paediatric 
population. Widespread antimicrobial use amongst paediatric population leads to the antimicrobial 
resistance. Bloodstream infections amongst the paediatric population are the leading cause of death. The 
objective of the study was to determine the general trend of antimicrobial susceptibility pattern in the 
paediatric and neonatal age group in the ICU setting. Retrospective analysis was done of all the patients 
of paediatric and neonatal age group who were admitted in ICU including patients on ventilators, and 
whose blood samples were sent to the lab for culture and sensitivity testing. The sample profile from 
PICU and NICU shows the total numbers of 3056 samples (including blood, ET secretion, pus, urine, 
pleural fluid, etc.) were received in the laboratory from paediatric and Neonatal ICU during the study 
period. Total blood samples received from PICU and NICU were 1310 (sample size). Out of these, blood 
samples received from PICU were 618 (33.76%), of which 173 (28%) were positive, whereas, 692 (56.52%) 
blood samples were received from NICU, of which 242 (35%) were positive. The blood samples showed 
that in PICU, CONS (20.75%), and Staphylococcus aureus (16.98%) were found in maximum numbers. In 
NICU, Klebsiella pneumoniae were obtained in maximum numbers (30.77%), followed by Acinetobacter 
baumanii (21.98%). CONS (Methicillin resistant) were found 100% susceptible against Linezolid, followed by 
Vancomycin and Clindamycin (83% each). Staphylococcus aureus showed 100% sensitivity for Teicoplanin. 
Klebsiella pneumoniae, were found to be most susceptible to Tigecycline (74.07%) and Colistin (70.37%). 
Acinetobacter in blood of PICU patients showed high level of resistance with only 37.5% sensitivity for 
Colistin and Minocycline each, 12.5% sensitivity for Amikacin. To our conclusion, Linezolid was found to be 
the best Antimicrobial agent against MRCONS, whereas, Linezolid, Teicoplanin, Tetracyclines were found 
to have good efficacy against Staphylococcus aureus. The best antimicrobial agents against Klebsiella 
pneumoniae and E. coli were Colistin and Tigecycline.
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INTRODUCTION

 Health care associated infections are 
emerging as a global threat in hospital settings, 
especially in intensive care units. The incidence 
of these infections in paediatric and neonatal ICU 
ranges from 6 to 12% and 10 to 25% respectively.1 
The common cause of morbidity and mortality in 
neonates is sepsis, the predisposing factors for 
which are premature birth, low birth weight and 
prolonged hospital stay. Besides these factors, 
the widespread use of antimicrobials adds to 
the burden, which leads to early colonization of 
the virulent strains resulting in increased rate of 
morbidity and mortality amongst neonates.2 As 
Antimicrobial resistance is on the rise worldwide, it 
is gradually sneaking up into paediatric population 
because of injudicious use of antibiotics.3

 One of the major health issue in low-
middle income countries including India is 
Neonatal death, which shares the major burden 
of infant and under-5 mortality.4 Approximately 
one million deaths occurring a year in the neonatal 

period (0-28 days) are caused by infection. These 
account for over 25% of global neonatal deaths 
and 99% of these deaths occur in developing 
countries.5 Bloodstream infections remains the 
leading cause of death with mortality rate of 12.7% 
in paediatric population.6

 Because of developing antibiotic 
resistance, the antibiotics commonly used for 
treatment are not so effective. The spectrum 
hospital acquired infections of paediatrics patients 
is quite different from the adult patients.7

 It is advisable to the clinical microbiologists 
and clinicians to keep track on the susceptibility 
pattern for the better management of patients. 
Therefore, the present study was planned to know 
the burden and antimicrobial susceptibility pattern 
of multidrug-resistant organisms in blood stream 
infections amongst the paediatric patients in PICU.

MATERIALS AND METHODS

 This is retrospective study from January 
2023 to December 2023 done in the Department 
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of Microbiology at a tertiary care hospital, in 
North India. Data was collected from Laboratory 
information system. Ethical clearance was taken 
from institutional ethical clearance committee 
under Ref. No. SGRR/IEC/02/24.
 This paper aims to determine the general 
trend of antimicrobial susceptibility pattern in 
the paediatric and neonatal age group in the ICU 
setting of our hospital. All the patients of paediatric 
and neonatal age group who were admitted in 
ICU including patients on ventilators, and whose 
blood samples were sent to the lab for culture and 
sensitivity testing were included in the study. Total 
blood samples received from PICU and NICU were 
1310. The samples other than blood and samples 
from wards and ICUs other than PICU (Paediatric 
ICU) and NICU (Neonatal ICU) were excluded from 
the study. 
 1-2 ml of paired blood samples were 
collected in BACTEC BD (Becton, Dickinson and 
company) blood culture vials from the patients 
in ICU and sent to the microbiology lab for 
the culture and sensitivity testing. Once in the 
clinical microbiology laboratory, were directly 
incubated aerobically at 35 ± 1°C into the BACTEC 
fluorescent series instrument. The blood culture 
bottles which beeped positive were subjected to 
preliminary microscopic examination of Gram-
stain. Subcultures were also performed from 

these bottles on blood and MacConkey agar 
plates at 48 hrs and 72 hrs which were incubated 
aerobically at 37°C overnight. The plates were 
kept incubated in BACT/ALERT upto day 5, before 
reporting it negative (In case there was no beep). 
Antibiotic susceptibility testing of bacterial isolates 
was performed using Vitek 2 compact automated 
machine, the results of which were interpreted 
as per Clinical and Laboratory Standards Institute 
guidelines. American Type Culture Collection 
control strains were used to ensure the quality of 
each procedure.

RESULTS

 Total blood samples received from PICU 
and NICU were 1310. Out of these, blood samples 
received from PICU were 618 (33.76%), of which 
173 (28%) were positive, whereas, 692 (56.52%) 
blood samples were received from NICU, of which 
242 (35%) were positive (Table).
 The bacterial profile of blood samples 
shows that in PICU, CONS (20.75%) and 

Table. Culture positive blood samples from PICU & 
NICU (%)

PICU (n = 618) 173 (28%)
NICU (n = 692) 242 (35%)

Figure 1. Bacterial profile in blood samples (PICU & NICU)     
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Staphylococcus aureus (16.98%) were found 
in maximum numbers, followed by E. coli, 
Acinetobacter and Pseudomonas aeruginosa 
(15.09% each), whereas, in NICU, Klebsiella 
pneumoniae were obtained in maximum numbers 
(30.77%), followed by Acinetobacter baumannii 
(21.98%). CONS (10.99%) and Staphylococcus 
aureus (1.10%) were found in low numbers in NICU 
(Figure 1).

Antimicrobial profile of blood samples from PICU
 Escherichia coli have shown very good 
sensitivity for Ciprofloxacin, Tigecycline with 

100% sensitivity each, Gentamicin, Colistin, 
Amikacin, Imipenem and Meropenem (87.5% 
sensitivity each). Acinetobacter in blood of PICU 
patients showed high level of resistance with only 
37.5% sensitivity for Colistin and Minocycline 
each, 12.5% sensitivity for Amikacin. All other 
antibiotics were resistant against Acinetobacter. 
Pseudomonas aeruginosa showed maximum 
susceptibility against Meropenem (66.6%), 
followed by Ciprofloxacin (44.4%), Ceftazidime, 
Amikacin, Imipenem (33.3%) and Only 22.2% 
against Pip-Taz (Figure 2).

Figure 2. Antimicrobial susceptibility profile of predominant Gram-negative bacteria in blood (PICU)

Figure 3. Antimicrobial susceptibility profile of Staphylococcus aureus in blood (PICU)
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 Staphylococcus aureus have 100% 
sensitivity for Teicoplanin. Rifampicin, Linezolid 
and Tetracycline group of antibiotics were found to 
have good sensitivity (75%) against Staphylococcus 
aureus (Figure 3).
 Methicillin-resistant CONS were found in 
large numbers (66%) amongst all the Coagulase 
negative Staphylococcus aureus isolated from 
blood samples. Figure 4 shows the susceptibility 
pattern of methicillin-resistant CONS isolated from 
blood samples. It was found 100% susceptible 
against Linezolid, followed by Vancomycin and 
Clindamycin (83% each).

Antimicrobial profile of blood samples from NICU
 As shown in Figure 5, the predominant 
bacteria isolated in the cultures from NICU, 
Klebsiella pneumoniae, were found to be most 
susceptible to Tigecycline (74.07%) and Colistin 
(70.37%). All other antimicrobial agents showed 
very low susceptible rates against Klebsiella 
pneumoniae.
 Antimicrobial susceptibility for E. coli 
showed the similar pattern with high susceptibility 
against Colistin and Tigecycline (85.7%), and 
all other antimicrobial agents showed very 

Figure 5. Antimicrobial susceptibility profile of Gram-negative bacteria in Blood (NICU)

Figure 4. Antimicrobial susceptibility profile of MR-CONS (PICU)
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low susceptibility rates. Whereas, in case of 
Pseudomonas aeruginosa, maximum susceptibility 
was seen against aminoglycosides, Amikacin and 
Gentamicin (62.5% each).
 Acinetobacter spp. Shows maximum 
susceptibil ity against Colistin (80%) and 
Minocycline (60%).

DISCUSSION

 Nosocomial infections in the paediatric 
age group constitute a major health problem 
as they are associated with high morbidity and 
mortality. This is one of the reasons of increased 
health care costs and burden on the patients as 
well as health care workers.8 Multidrug-resistant 
organisms require more expensive therapies, thus 
treatment cost is correspondingly increased.9 The 
prevalence of infections by MDR organisms vary 
across the world. 
 In this study, it is seen that 33.76% of 
the total samples were blood sample, out of 
which 28% were positive blood cultures, whereas, 
35% of the samples were positive blood cultures 
from NICU. This higher rate of positivity of blood 
cultures from NICU may be due to the more 
number of samples received from NICU.
 The bacterial profile of PICU is different 
from that of NICU. In PICU, it is seen that CONS and 
Staphylococcus aureus were isolated in maximum 
numbers (20.75% and 16.98%) respectively. Singh 
et al. also observed CONS as emerging primary 
pathogen amongst gram positive bacteria in blood 
stream infections.10 A study done in a tertiary 
care centre, Punjab, India, also reported very 
high amount, i.e. 38.7% of CONS from Paediatric 
department.11 Similarly, a study from Brazil also 
reported that around 25% to 57% of BSI were 
caused by CONS.12 Besides CONS, Staphylococcus 
aureus also remains the major cause of Blood 
stream infections in the hospital settings. In this 
study, Staphylococcus aureus were isolated in high 
amount (16.98%). Similar results were achieved 
by Tak et al., in their study done in Indian Trauma 
centre, where they achieved 53% Staphylococcus 
aureus from Blood samples followed by CONS 
(47%).13 A Chinese study also reported the higher 
amount of Gram-positive bacteria as compared 
to Gram-negative bacteria in ICUs.14 Followed 
by CONS and Staphylococcus aureus, which 

comprised of major culprit amongst PICU patients, 
Klebsiella pneumoniae, Pseudomonas aeruginosa 
and Acinetobacter species were found 15.09% 
each. The rates were comparable to the study 
Singhi et al., where the majorly was Klebsiella 
pneumoniae and Acinetobacter species were 
isaolated but Pseudomonas aeruginosa were 
found only in 3%.15

 Whereas, in NICU, Gram-negative 
Bacteria (GNB) predominated with Klebsiella 
pneumoniae in maximum numbers (30.77%), 
followed by Acinetobacter baumannii (21.98%). 
The results of NICU were similar to that of the 
study done by Putra et al., where they received 
66.01% of GNB from blood samples, showing 
GNB as the predominant cause of bloodstream 
infection in ICU. Whereas, in contrary to our study, 
the predominant isolate in a study conducted by 
Putra et al., was Burkholderia cepacia.16 Similar 
to our study, Singhi et al., and Maham et al. also 
reported Klebsiella pneumoniae as predominant 
gram-negative bacteria causing blood stream 
infections.17 
 Silago et al. reported the predominant 
bacterium as Acinetobacter species in PICU.18 

This difference may be due to the distinct social, 
economic, and environmental factors in these 
regions.
 The predominant gram-positive bacteria 
which was responsible for bacteremia in PICU 
was Coagulase-negative Staphylococcus aureus 
(CONS) with the rate of 20.75%. Amongst these, 
around 50% of the strains were contaminant as the 
differential time to positivity is >120 mins in them. 
The remaining 50% were found to be significant. 
The reason of MR CONS may be due to the 
prolonged stay of the patients in ICU settings and 
exposure to numerous antibiotics. In this study, 
MR CONS were 100% susceptible to Linezolid, 
followed by Vancomycin and Clindamycin with 
83% each. Whereas, study done in Indonesia by 
Putra et al., susceptibility rates for Staphylococcus 
haemolyticus were reported in blood, in which it 
has shown similar pattern of 94% susceptibility 
against Vancomycin, 96% susceptibility against 
Linezolid, and a slightly lower susceptibility for 
Clindamycin (38%).16

 In our study, 62.5% of Staphylococcus 
aureus bacteremia were due to methicillin-
resistant Staphylococcus aureus (MRSA). These 
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rates were comparable to the study conducted 
by Tak et al. and Wyllie et al. who reported 59% 
and 50% bacteremia by MRSA strain respectively.19 
Contrary to this, the rates of MRSA were seen  
zero % in a study done by Duan et al.14 This 
difference may be due to different infection 
cleaning practices. 
 Staphylococcus aureus isolated in blood 
samples were 100% susceptible for Teicoplanin, 
followed by Tetracycline and Linezolid (75%) 
and susceptibility to Vancomycin, Gentamicin, 
Clindamycin and Erythromycin was 50% each in 
our study. Whereas, in a study conducted by Tak 
et al. and Wyllie et al. Staphylococcal isolates were 
100% susceptible to Vancomycin, Teicoplanin and 
Linezolid.19 The reason of reduced susceptibility 
in our study may be due to prolonged use of the 
antimicrobials during the immunocompromised 
state of patients in ICU stay.
 From the samples received from 
PICU, Escherichia coli, Acinetobacter spp. and 
Pseudomonas species were predominantly 
isolated amongst Gram-negative bacteria. The 
susceptibility pattern of Escherichia coli were found 
good against Fluoroquinolones and Tigecycline 
with 100% susceptibility, followed by Colistin, 
Aminoglycosides and Carbapenems (87.5%). In 
contrast to our study, only 0.7% of E. coli were 
found in a study done by Rezk et al., which were 
non-MDR.20

 Acinetobacter  species was found  
100% resistant to majority of the antibiotics, 
except Minocycline, Colistin and Amikacin 
which showed very low level of susceptibility. 
Similar pattern was seen in a study done by 
Rezk et al. in Egypt, in which all Acinetobacter 
species were resistant to ampicillin/sulbactam, 
cefoxitin, ceftazidime, cefpodoxime, cefotaxime, 
ceftriaxone, imipenem, meropenem, amikacin, 
gentamicin, tobramicin, ciprofloxacin, levofloxacin, 
and norfloxacin. But low level of sensitivity was 
seen against Tetracycline and Doxycycline. The 
susceptibility for Pseudomonas aeruginosa in 
our study was maximum for Meropenem and 
minimum for Piperacillin-tazobactam. In a study by 
Rezk et al., Meropenem was 100% resistant, may 
be due to injudicious use of higher antimicrobials 
in their set up, whereas susceptibility for Pip-taz 
was 30%, which was almost similar to our study.20 

A similar observation has been reported in a 

Palestinian study which reported that meropenam 
and amikacin were the most effective antibiotics 
against Pseudomonas aeruginosa.21 In another 
study in Pakistan, nearly two-third Pseudomonas 
aeruginosa were resistant to ceftazidime, 
imipenam, aztreonam and ofloxacin; while the 
majority of isolates demonstrated resistance 
to four or more antibiotics.22 This multidrug 
resistance indicates that even a combination of 
antibiotics may be ineffective in settings where 
Pseudomonas is a major cause of nosocomial 
infection.
 In NICU, predominant bacteria were 
Klebsiella pneumoniae  and Acinetobacter 
baumannii. In our study, >70% of Klebsiella 
pneumoniae  were susceptible to Colistin 
and Tigecycline. Whereas, susceptibility to 
carbapenems, cephalosporins and other 
antimicrobials were very low. This is  in 
contrast to the study done by Duan et al., 
where the susceptibility to carbapenems and 
other antimicrobials were high. K. pneumoniae 
is a common cause of healthcare-acquired 
infections, and one of the key pathogens in BSIs.23 
Increased use of carbapenems has contributed 
significantly to the emergence of carbapenem-
resistant K. pneumoniae (CRKP) strains.24,25 
Acinetobacter baumannii was the second most 
predominant bacteria isolated from NICU settings. 
It showed good sensitivity for Minocycline and 
colistin. Whereas, all other antimicrobials like 
aminoglycosides, cephalosporins, carbapenems, 
fluoroquinolones, etc. showed very high resistance 
against Acinetobacter baumannii. The reason may 
be due to the prolonged ICU stay of the patients 
and injudicious use of antimicrobial. Susceptibility 
for Minocycline was moderate and was very low 
against all other antimicrobials in a study done by 
Duan et al. Similarly, the low level of susceptibility 
against Minocycline was seen in a study done 
by Rezk. et al. Multidrug-resistant bacteria such 
as carbapenem resistant Enterobacteriaceae 
(CRE) and carbapenem resistant Acinetobacter 
baumannii (CRAB) have been increasing constantly 
in recent years.

Summary
  Increasing emergence of MDR organisms 
represents a global threat to the patients admitted 
in ICU, especially in paediatric age group. The 
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prevalence of Staphylococcus aureus and CONS 
were high in PICU, whereas, in NICU, Klebsiella 
pneumoniae and Acinetobacter baumannii were 
predominantly seen. Methicillin-resistant CONS 
were found in 66% isolates of CONS in blood 
samples. 50% of these were found significant. 
These were found to be highly susceptible for 
Linezolid, Vancomycin and Clindamycin. 
 Staphylococcus aureus showed good 
sensitivity against Teicoplanin, Linezolid, Rifampin 
and suscepibility tetracyclines. Whereas, it showed 
moderate susceptibility against Vancomycin.
 In NICU, the predominant bacteria 
were Klebsiella pneumoniae and Acinetobacter 
baumannii.
 Majority of Klebsiella pneumoniae 
was susceptible to Colistin and Tigecycline. 
Whereas, they showed moderate susceptibility 
and resistance to other antimicrobials. This 
showed the MDR pattern of this organism. 
 Acinetobacter baumannii was the second 
most predominant bacteria isolated from NICU 
settings. It showed good sensitivity for Minocycline 
and colistin. Whereas, all other antimicrobials like 
aminoglycosides, cephalosporins, carbapenems, 
fluoroquinolones, etc. showed very high resistance 
against Acinetobacter baumannii.
 T h e  d i s t r i b u t i o n  o f  p r e v a l e n t 
microorganisms and their antibiotic susceptibility 
revealed a high divergence among BSIs in PICU 
& NICU from a tertiary care hospital. Therefore, 
different antibiotic therapies for various wards 
and distinct age groups are recommended, for 
strengthening the infection prevention and control 
strategies for preventing the emergence and 
spread of highly antibiotic-resistant bacteria.

CONCLUSION

 Gram-positive bacteria were predominant 
as compared to Gram-negative bacteria in PICU 
settings. CONS were predominantly isolated. 
Majority of them were Methicillin resistant CONS. 
Linezolid was found to be the best Antimicrobial 
agent against MRCONS.
 In NICU, Gram-negative bacteria were 
more common. Klebsiella pneumoniae were the 
predominant bacteria. The best antimicrobial 
agents against Klebsiella pneumoniae were Colistin 
and Tigecycline.

 The other predominant microorganism 
in NICU was Acinetobacter baumannii. It showed 
good sensitivity for Colistin and Minocycline.
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