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Abstract:
Introduction: Children receive antibiotics more frequently since children are frequently victims of ailments of
diverse etiology. Growing antimicrobial resistance (AMR) among them necessitates specialized methods for
identifying, treating, and preventing resistant infections. Antimicrobial resistance trends in adults and children
can vary greatly.
Material and Method: The study is a Retrospective observational study. A total of 587 samples were taken
randomly from microbiology laboratory culture and sensitivity during the years 2019, 2020, and 2021 from the
pediatric department. Resistance against antimicrobial drugs was recorded from the data received.
Result: Out of 587 samples included in the study, 248 (42.85%) were infected. The number of samples and
infectivity gradually increased in subsequent years. Blood and urine samples were the most frequently received
samples. 80% of all samples were resistant to ampicillin (AMP) whereas resistance for Vancomycin (VA) was
lowest at 4.4%, followed by Linezolid (LZ) at 6.4%.
Conclusion: Antimicrobial drug resistance is a big hurdle for doctors and health care workers, there should be
judicious use of antimicrobials in pediatric patients
Keywords: Antimicrobial resistance, Pediatric patients, Drug resistance.
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under

the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium,

provided original work is properly credited.

Introduction

Drugs that specifically inhibit the growth of mi-
crobes or kill them are known as antimicrobials.
They can be chemical substances with natural or
synthetic origins. Antimicrobial resistance can re-
sult through the unwarranted use of antimicrobial
medications. It is more difficult to treat infections
brought on by resistant bacteria.

Antibiotic resistance causes increased mortality,
longer hospital stays, and higher medical expenses.
The way antibiotics are prescribed and used
worldwide needs some changes. Antibiotic re-
sistance will continue to pose a serious concern
even if new medications are produced in the ab-
sence of a change in lifestyle [1].

Since children are frequently victims of ailments of
diverse etiology, from the more common urinary
tract infections to the less common meningitis, it is
known that children receive antibiotics more
frequently than any other form of medication.
Children are prone to illness, and growing
antimicrobial resistance (AMR) among them
necessitates specialized methods for identifying,
treating, and preventing resistant infections [2].
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These include challenges with diagnosis and
detecting resistance, a shortage of new antibiotics
or formulations suitable for children, and restricted
access to research and clinical trials [3].
Antimicrobial resistance trends in adults and
children can vary greatly. According to estimates,
newborn sepsis caused by bacteria resistant to first-
line antibiotics causes the highest infant mortality
in India [4].

Therefore, in patients who have an unfavorable
course despite receiving adequate antibiotic
therapy, antibiotic resistance should be considered
[5]. Research efforts in the domain of antibiotic
resistance in pediatric illnesses should be
significantly increased in light of the growing issue
of antibiotic resistance and the significant gaps in
our knowledge in this particular area.

Newer last resort antibiotics are well tolerated in
patients but there are cases of Linezolid resistance6
as well as Vancomycin resistance [7] which can be
dangerous in upcoming time. In this study, we
wanted to analyze the trend of antimicrobial
resistance in western Rajasthan as there were not
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many studies done in western Rajasthan regarding
antimicrobial resistance pattern in the last three
years.

Objectives

o To assess and analyze the antimicrobial sensi-
tivity pattern in pediatric patients during the
years 2019, 2020, and 2021 at our institute.

e To find changes in the resistance pattern of
antimicrobial agents during these three years

Material and Method

Study Location: After taking permission from the
institutional ethics committee study was started.

Sample Size: The sample size was calculated at a
95% confidence interval and 5% relative allowable
error using the formula for the sample size for
estimation of a single sample proportion —

_@ip)* PA-P)

N =3

N = (1.96)% x 84 (100 — 84)
B (4.2)2

N =292

Where, Z;_,/, = Standard normal deviate for 95%
confidence interval (taken as 1.96)

P = Expected proportion of samples with
Ampicillin resistance (taken as 84% as reported by
Erol et al among pediatric patients. Similar
prevalence of ampicillin was reported by Hummers
et al among gynecology patients.)

E = Relative allowable error (taken as 5% of P)
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The sample size was calculated to be 292 subjects
and was increased to around 500 as we excluded
data with incomplete records. Therefore 500
subjects from the pediatric department constituted
our sample size. Our sampling frame included
records of all pediatric patients noted in the
microbiology lab during the years 2019, 2020, and
2021 and it was stratified into 3 groups according
to 2019, 2020, and 2021 year. 500 samples from
the above strata were selected by Simple Random
Sampling

Study design:

Inclusion criteria: Samples received at the
microbiology laboratory for culture sensitivity
testing during the years 2019, 2020, and 2021 from
the pediatric department.

Exclusion criteria: Samples with incomplete
records.

Resistance against antimicrobial drugs was
recorded from data received at the microbiology
laboratory from the years 2019, 2020, and 2021.
Age, sex, patient ID, unit, and type of samples such
as blood, urine, or Cerebrospinal Fluid (CSF) were
recorded, and antimicrobial sensitivity patterns
were assessed.

Result

As the number of samples was too large, we
randomly selected 5% of samples from each year,
2019, 2020, and 2021. The total number of samples
collected and the number of infected samples out of
the total samples are shown in Table 1.

A total of 587 samples were included in the study,
out of which 248 (42.85%) were infected.

Table 1: Number of samples collected

2019 2020 2021
Total 159 176 252
Sterile 99 102 138
Infected 60 74 114

From Table 1, we can see that the number of samples in the microbiology lab increased from 2019 to 2020 and
from 2020 to 2021. Out of the total samples received, infective samples also increased by 39.62%, 42.05%, and
45.24% in 2019, 2020, and 2021, respectively, which shows infectivity is gradually increasing in the study
population. Due to Covid-19, there was a decrease in patient inflow in tertiary care hospital.

Table 2: Type of sample collected. Abbreviations- CSF: Cerebrospinal Fluid, ET tube: Endotracheal

tube, KLLB: Klebs Loeffler bacilli
Samples 2019 2020 2021
Blood 45 62 85
CSF 2 1 1
Urine 7 4 20
Pus 0 1 3
Throat swab 1 0 0
Ear swab 1 0 0
ET tube 1 2 2
Tracheal aspirate 0 0 1
Pleural Fluid 1 1 1
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Stool 1 2 0
KLB staining 0 1 0
Skin scrapping for fungal isolates 1 0 1

We can see in Table 2 that blood and urine samples are the most frequently received samples. Infectivity is
increasing following subsequent years, where it doubled in blood samples and tripled in urine samples in 2021
compared to 2019.

Table 3: Type of microorganisms seen in the samples

Microorganism 2019 2020 2021
CoNS 15 15 0
Gram-positive Bacteria CoNS (mrsa) 3 12 2
S. aureus 9 9 19
S. aureus (mrsa) 4 5 2
S. aureus (mssa) 0 3 25
Enterococcus 5 3 7
S. viridans 0 1 0
Beta hemolytic streptococcus 1 0 0
Other Gpb grown 4 5 7
Gram-negative Bacteria Acenetobactor 3 5 8
E. coli 3 4 19
Klebsiella 5 8 16
Pseudomonas 3 2 7
Citrobacter 0 1 2
Fungus Candida 5 1 0

Abbreviations: CoNS: coagulase-negative staphylococci, MRSA: Methicillin Resistant Staphylococcus
Aureus, S. aureus: Staphylococcus Aureus, MSSA: Methicillin Sensitive Staphylococcus Aureus, S.
viridans: Streptococcus viridans, Gpb: Gram-Positive Bacteria, E. coli: Escherichia coli

We can see in table 3, that coagulase negative all samples, 60 were tested for ampicillin
staphylococci (CoNS) was the most common resistance, and found that 80% of all samples were
microorganism present in all samples of 2019 and resistant to ampicillin (AMP).

2020, whereas S. aureus (MSSA), E. coli, S. aureus

(MRSA) were predominant in 2021.We analysed Resistance for Vancomycin (VA) was lowest at
the data in which common microorganisms were 4.4%, followed by Linezolid (LZ) at 6.4% and
found and studied their resistance patterns. Out of Piperacillin-tazobactam (PIT) at 17.2%.

Table 4: Antimicrobial resistance pattern in Acinetobacter samples, the number in the bracket with the
year represents the number of samples received.

Acinetobacter (Year/ Antibiotic) AT % AMC % CAZ % CPM %
2019 (3) 66.6 100 - 333
2020 (5) 100 - - 20

2021 (8) 66.6 83.3 80 50

S- Sensitive, R- Resistant, I- Intermediate. Abbreviations- AT: Aztreonam, AMC: Amoxicillin and
clavulanic acid, CAZ: Ceftazidime, CPM: Cefepime.

For Acetobacter cases (Table 4), all the samples gradually increased in consecutive cases. Resistance to
Cefepime (CPM) gradually increased from 2020 (20%) to 2021 (50%) samples. Out of 6 samples tested for
Amoxicillin and clavulanic acid (AMC) 5 were resistant in 2021. CoNS were resistant to ampicillin while
sensitive to linezolid and vancomycin.

Table 5: Antimicrobial resistance pattern in E. coli, the number in the bracket with the year represents
the number of samples received

E. coli (Year/ Antibiotic) AT % AMC % CAZ % CPM % CPZ %
2019 (3) 50 100 0 66.6 100
2020 (4) 75 0 100 50 100
2021 (19) 62.5 85.7 76.9 333 80

S- Sensitive, R- Resistant, I-Intermediate. Abbreviations- AT: Aztreonam, AMC: Amoxicillin and
clavulanic acid, CAZ: Ceftazidime, CPM: Cefepime, CPZ: Cefoperazone
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For E. coli, out of all the samples tested for CPM, 50% of cases were resistant in 2019 and 2010, and in 2021,
only 33% of cases were resistant. All the samples in 2019 and 2020 with 80% of cases in 2021 were resistant to
Cefoperazone (CPZ). For Gentamycin, out of three samples, two were analysed for sensitivity to it (100%) in
2019, while out of 19 cases, four samples were analysed in 2021, where 50% of cases were resistant.

Table 6: Antimicrobial resistance pattern in Klebsiellas, the number in the bracket with the year
represents the number of samples received

Klebsiellas (Year/ Antibiotic) | AT % | AMC % | CAZ% | CPM % | CPZ % | MRP | PIT | IPM
% % %
2019 (5) 66.6 50 75 66.6 0 0 -
2020 (8) 87.5 100 37.5 100 0 285 |0
2021 (16) 70 80 71.42 100 0 33 15

S- Sensitive, R- Resistant, I-Intermediate. Abbreviations- AT: Aztreonam, AMC: Amoxicillin and
clavulanic acid, CAZ: Ceftazidime, CPM: Cefepime, CPZ: Cefoperazone, MRP: Meropenem, PIT:
Piperacillin-tazobactam, IPM: Imipenem

For Klebsiella (Table 6), sensitivity to AMC gradually decreased from 50% in 2019 to 20% in 2021. A mixed
pattern was seen for gentamycin. All the samples were sensitive for MRP, while 28.5% of cases were resistant
for PIT in 2020 and 33% were resistant in 2021. Out of all the cases tested for IPM, 100% were sensitive in
2020, while 85% were sensitive in 2021, which shows increasing resistance.

Table 7: Antimicrobial resistance pattern in Staphylococcus aureus (S.aureus), the number in the bracket
with the year represents the number of samples received

S. Aurous (Year/ Antibiotic) AMP % AMC % CZ % LZ % VA %
2019 (9) 100 100 100 0 0
2020 (9) 100 50 62.5 0 33
2021 (19) 100 69.1 76 0 33

S- Sensitive, R- Resistant, I-Intermediate. Abbreviations- AMP: Ampicillin, AMC: Amoxicillin and
clavulanic acid, CZ: Cefazolin, LZ: Linezolid, VA: Vancomycin

For S.aureus, all cases were resistant to AMP,
while 100% of the samples tested were resistant to
AMC in 2019, and 50% of cases were resistant to
AMC in 2020 and 2021. Out of 9 cases in 2020, 8
samples were tested for CZ, of which 37.5% were
sensitive, and out of 19 samples received in 2021,
17 were tested for CZ, of which 23.5% were
sensitive. All the cases were sensitive to linezolid
in three years, while for vancomycin, 33% of
samples were resistant in 2020 and 2021.

Discussion

Antibiotics are medicines that fight bacterial infec-
tions. Antibiotic resistance is becoming an increas-
ingly serious issue. It occurs when bacteria adapt
and become resistant to an antibiotic's effects. Bac-
teria that are resistant might keep expanding and
multiplying. Treatment for resistant infections can
be challenging and perhaps impossible. Each year,
infections brought on by resistance kill millions of
people. The treatment of infections brought on by
resistant microorganisms is more challenging and
frequently involves using higher dosages of antibi-
otics or more risky alternatives. These methods
might also cost more money. In emerging nations
like India, the usage of antibiotics is rising daily. It
is more difficult to treat infections brought on by
resistant bacteria. Antibiotic resistance causes in-
creased mortality, longer hospital stays, and higher
medical expenses. Because antibiotics are frequent-
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ly used to treat infections like UTIs, antibiotic re-
sistance is frequently observed in female patients.
Increased mortality results from an increase in the
proportion of resistant newborns and neonates.

Ampicillin was the most resistant medication in our
investigation. The prevalence and antibiotic re-
sistance patterns for the six most prevalent uro-
pathogens were examined in a study by Erol B et
al., which was a retrospective cross-sectional inves-
tigation of bacteria isolated from children between
2009 and 2014. They discovered that between 2009
and 2014, ampicillin had the 70% highest antimi-
crobial resistance rates in E coli and meropenem
had 0.19% [8]. Another study by Gokge et al. eval-
uated antibiotic resistance trends in children with
UTI between the years 2011 and 2014 and 2001
and 2003. The most common bacteria isolated dur-
ing all study periods was Escherichia coli. Staphy-
lococcus aureus was the most frequently isolated
bacterium in our investigation [9].

Staphylococcus aureus and Klebsiella were found
to be the most often reported Gram-positive and
Gram-negative bacteria, respectively, in a study
conducted by Dharampal D et al in their review,
which was consistent with our data. Common
Gram-negative pathogens have exceptionally high
levels of resistance to ampicillin and gentamicin,
and common Gram-negative blood stream isolates
had similarly high levels of resistance to
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cephalosporins [10]. In a study done by Hummers-
Pradier E et al [11] E. coli resistance levels were
40% for amoxicillin, co-amoxiclav, first-generation
oral cephalosporins, trimethoprim, and co-
trimoxazole. Fluoroquinolone resistance was 9
percent. Nitrofurantoin (2%) and third generation
oral cephalosporins (3%), however, continued to
have modest E. coli resistance rates. Patients who
were complex or older were far more likely to
experience resistance.

In a study by Tan et al [12], they found that E. coli
was the predominant microorganism and that they
had a 72% resistance rate for ampicillin, whereas in
our study though E. coli samples were more
numerous, all the cases were resistant to ampicillin.

Conclusion

Antimicrobial drug resistance is a big hurdle for the
doctors and health care workers, there should be
judicious use of antimicrobials in pediatric patients.
Every hospital should have antibiotic policy.
Prescription auditing should be done on regular
basis.
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