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INTRODUCTION
The term NS refers to an infection involving the bloodstream in 
newborn infants less than 28 days old, which is a major cause 
of morbidity and mortality worldwide in neonates [1]. According 
to the World Health Organisation (WHO), Neonatal infections 
result in over 550,000 neonatal deaths every year [2]. The course 
and severity of NS depend on a variety of factors, including 
the virulence, resistance of the organism, gestational age, birth 
weight, place and type of delivery, breastfeeding, pre-lacteal 
feeding, etc. [3].

In developing countries, Neonatal infection is a critical health 
issue, justifying early diagnosis and appropriate treatment with 
antimicrobials. Delay in the initiation of effective antimicrobial therapy 
can result in serious consequences such as respiratory distress, 
shock, neonatal seizures, meningitis, neurodevelopmental deficits, 
and death [4]. Therefore, it is recommended to start empirical 
antimicrobials without waiting for culture results.

The judicious use of antibiotics can be life-saving; however, broad-
spectrum antimicrobials and prolonged treatment with empiric 
drugs can lead to the development of antimicrobial resistance [5] 

and adverse outcomes such as necrotizing enterocolitis, late-onset 
sepsis, and death [6]. Periodic surveillance of the microbial aetiology 
and antibiotic use patterns in NS will be useful in the rational selection 
of empirical therapy [5].

While a large number of drug utilisation studies are available for adults 
and the geriatric age group [7-9], only a few studies provide information 
on drug use patterns in paediatrics and even fewer in neonates [10,11]. 
It has been shown that the pattern of antimicrobial usage in neonatal 
intensive care is changing, with limited current data available [12].

Hence, the present study was conducted to evaluate the 
antimicrobial drug usage pattern and assess ADRs among patients 
with NS in the NICU of the tertiary care teaching hospital. This 
information can be used to assess the quality of care provided and 
facilitate the rational use of antimicrobials in this population.

MATERIALS AND METHODS
The present prospective observational study was conducted in 
the NICU of the paediatric department at a tertiary care teaching 
hospital, PDU Medical College and Civil Hospital, Rajkot, Gujarat, 
India, from January 2021 to December 2021. The study protocol was 
approved by the Institutional Ethics Committee (IEC) (Approval letter 
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ABSTRACT
Introduction: Neonatal Sepsis (NS) is a major cause of morbidity 
and mortality worldwide, especially in developing countries like 
India. The role of antimicrobials is life-saving in NS. To achieve 
a good prognosis, early diagnosis and appropriate treatment 
are required. Data related to the irrational use of antimicrobials 
in neonates are limited.

Aim: To evaluate the drug usage pattern and Adverse Drug 
Reactions (ADRs) of antimicrobials in NS.

Materials and Methods: A prospective observational study 
was conducted among 350 neonates who were admitted and 
diagnosed with NS from January to December 2021 in the 
Neonatal Intensive Care Unit (NICU) of PDU Medical College and 
Civil Hospital, Rajkot, Gujarat, India. Demographic data such as 
age, sex, birth weight, and clinical data such as type of delivery, 
type of sepsis, culture-sensitivity status, and antimicrobials 
used were recorded. Suspected ADRs were reported in the 
pharmacovigilance database. Categorical data were analysed 
in percentage, whereas some clinical data were analysed with 
mean and median using Microsoft Office Excel-2019.

Results: In the present study, 172 (49.15%) male and 178 
(50.85%) female neonates were almost equally affected. The 
mean gestational age and birth weight were 35 ± 3.6 weeks and 2 
± 0.7 kg, respectively. Early-Onset Neonatal Sepsis (EONS) cases 
were more at 273 (78%) compared to Late-Onset Neonatal Sepsis 
(LONS). Seventeen different antimicrobials were used. The average 
number of antimicrobials used per case was 2.9. The Piperacillin 
Tazobactam was the most commonly used antimicrobial in 173 
cases (49.43%) in early-onset sepsis, while Meropenem was used 
in 40 cases (11.43%) in late-onset sepsis. Coagulase-negative 
Staphylococcus was the most commonly isolated organism in 
15 cases (4.2%), followed by Klebsiella Pneumoniae in 13 cases 
(3.7%). Twelve out of 17 antimicrobials (70.59%) were not included 
in the first list of essential medicines for children of India in 2011. 
Six ADRs were reported in the present study.

Conclusion: In all admitted cases of sepsis, empirical therapy 
was given, but variations from standard recommendations 
were observed in dose and frequency. A periodic survey of 
antimicrobial use patterns in NS will be useful in the rational 
selection of empirical therapy.
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no. PDUMCR/IEC/25/2021). Before collection of the data, informed 
written consent from the patients’ parents/guardians was obtained.

inclusion criteria: Diagnosed cases of NS according to the AIIMS 
protocols in neonatology in 2019 [13] were included, with non-specific 
clinical features such as hypothermia or fever, lethargy, poor perfusion, 
poor feeding, hypotonia, brady/tachycardia, respiratory distress, 
and specific clinical features such as bulging anterior fontanelle and 
seizures indicative of meningitis were included in the study.

Exclusion criteria: Neonates whose parents/guardians were 
not willing to provide written consent were excluded. Neonates 
admitted to the NICU for less than 1 day due to death or Leave 
Against Medical Advice (LAMA) were also excluded.

Sample size: The sample size was calculated using the formula 
Z^2pq/d^2. The prevalence of sepsis in neonates is 35.34% [14], 
so with a Z score at a 95% confidence interval of 1.96 and a margin 
of error of 5%, 350 cases of neonates with NS were analysed during 
the study period.

Study Procedure
The patients’ parents/guardians were provided with a patient 
information sheet to understand the study procedures. The 
flowchart in [Table/Fig-1] shows the data collection and enrollment 
process of 350 cases after excluding LAMA or death cases within 
one day of admission. During the study, the investigator visited the 
NICU daily for data collection. No interventions were conducted by 
the investigator as part of the study; only the treatment given to 
NS cases in the NICU, prescribed by the pediatrician based on the 
diagnosis and their choice, was recorded.

[Table/Fig-1]: Flow chart of data collection.

The demographic data regarding age, gender, and birth weight 
distribution, clinical data regarding gestational age, type and place 
of delivery, immunisation status, type of sepsis, C-Reactive Protein 
(CRP positive if the value is >10 mg/L, as it is a non-specific marker of 
inflammation and an important investigation to determine the length 
of AMA use in culture-negative NS) [15], culture-sensitivity status, and 
therapeutic data regarding the name of antimicrobials used, the number 
of antimicrobials used per case, dose, duration, and frequency were 
collected from the patients’ case files and treatment charts. Data on 
suspected ADRs were collected and reported to the ADR monitoring 
center. Causality, preventability, severity, and probability assessment 
of ADRs were conducted according to the WHO causality assessment 
scale [16], Modified Schumock and Thornton Preventability scale 
[17], Modified Hartwig’s severity assessment scale [18], and Naranjo 
ADR probability score [19], respectively.

All antimicrobials (AMA) used for sepsis in this set-up were 
compared with the WHO Essential Medicine List (EMLc)-2021 [20], 
Essential Medicine list by the Government of Gujarat-2021 [21], and 
the National list of essential medicine for children issued in 2011 
[22]. Additionally, the drug dosages given in the present study were 
compared to the recommended doses by the Indian Academy of 
Paediatrics (IAP) Standard Treatment Guidelines (STG) [23].

Variable n (%) (Total N=350)

Gender

Male 172 (49.15%)

Female 178 (50.85%)

Place of delivery

Institutional 329 (94.00%)

Domiciliary 21 (06.00%)

Type of delivery

Normal vaginal 248 (70.85%)

Caesarean section 102 (29.15%)

Birth weight

Mean±SD=2.0±0.7 kg

Low birth weight (LBW) 242 (69.15%)

Normal birth weight 108 (30.85%)

Gestational age

Mean±SD=35±3.6 weeks

Term

Preterm 197 (56.27%)

Full term 153 (43.73%)

Type of sepsis

Early onset neonatal sepsis (EONS) 273 (78.00%)

Late Onset Neonatal Sepsis (LONS) 77 (22.00%)

Others

Immunised 344 (98.28%)

C-Reactive Protein positive (CRP) 203 (58.00%)

[Table/Fig-2]: Baseline demographic data and patient’s characterstics.
Data presented in number, percentage and mean±SD (N=350)
CRP positive if CRP is >10 mg/L

STATISTICAL ANALYSIS
The recorded data were analysed using descriptive statistics such 
as percentages, means, medians with standard deviation, and 
interquartile range in Microsoft Office Excel 2019.

RESULTS
In the present study, the mean gestational age and birth weight 
were 35±3.6 weeks and 2±0.7 kg, respectively. There were 273 
cases (78%) of Early Onset Neonatal Sepsis (EONS), which were 
higher than the 77 cases (22%) of Late Onset Neonatal Sepsis 
(LONS) [Table/Fig-2]. Empirical antimicrobial therapy was initiated 
in all cases of NICU admissions. Seventeen different antimicrobial 
agents were used, with 221 neonates (63.14%) started on two 
Antimicrobial Agents (AMA). 115 cases (32.85%) were receiving 3-5 
AMAs, and 14 cases (4%) were receiving 6-8 AMAs. All AMAs were 
administered intravenously.

The commonly used regimens for empirical therapy were Piperacillin-
Tazobactam Fixed Dose Combination (FDC) + Amikacin and 
Meropenem + Amikacin. Piperacillin-Tazobactam combination was 
used in EONS, while Meropenem combination was used in LONS 
as the most common empirical agent [Table/Fig-3].

Only 48 blood cultures (13.71%) were positive, with Coagulase-
negative staphylococcus being the most common isolated 
organism in 15 cases (4.2%). In EONS, the most common isolated 
organism was Klebsiella Pneumoniae in 13 cases (3.7%), while in 
LONS, Coagulase-negative staphylococcus was the most common 
in seven cases (2%) [Table/Fig-4].

Out of the 17 AMAs used for sepsis in the present setup, 12 are 
included in the WHO EMLc-2021, 13 in the EML by the Government 
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Meropenem, Piperacillin-Tazobactam, and Vancomycin were given 
as once-daily doses in 3 (0.85%), 1 (0.28%), and 3 (0.85%) cases, 
respectively. Six Adverse Drug Reactions (ADRs) were reported, and 
according to the WHO causality assessment scale, all were probably 
related to the suspected antimicrobial agents. According to the 
Naranjo ADR probability score, all ADRs were considered probable. 
According to the Modified Schumock and Thornton Preventability 
scale, all reported ADRs were definitely preventable as the treatment 
of ADRs is known. According to the modified Hartwig’s severity scale, 
two were mild, three were moderate, and one was severe, which was 
an anaphylactic reaction due to vancomycin [Table/Fig-6].

DISCUSSION
A total of 350 neonates were included for evaluation. A comparison 
of demographic and clinical data from the present study with similar 
studies is shown in [Table/Fig-7]. In the present study, neonates with 
Low Birth Weight (LBW) were more associated with sepsis. This 
observation is similar to studies by Behera N and Behera J [24] 
and Subash KR and Shanmugapriyan S [4], as LBW is one of the 
predisposing factors for Neonatal Sepsis (NS) [15]. Preterm babies 
were more affected by sepsis than term babies, a finding that is 
consistent with studies conducted in Maharashtra, Tamil Nadu, 
Odisha, and West Bengal [4,5,24,25]. This finding may be attributed 
to the lower immunity in preterm babies.

The incidence of Early Onset Neonatal Sepsis (EONS) cases was 
higher (78%) than Late Onset Neonatal Sepsis (LONS), which is 
similar to the findings of Behera N and Behera J [24]. LONS can 
either be a healthcare-associated infection or community-acquired. 
In the present study, 13.71% of blood cultures had isolated 
organisms, whereas in the study by Behera N and Behera J, 77% 
of cultures had isolated organisms, which included cerebrospinal 
fluid and pus samples for culture in addition to blood culture [24]. 
Blood culture is considered the gold standard for the diagnosis of 
sepsis and should be performed in all cases of suspected sepsis 
before starting antibiotics. The most common isolated organism 
was Coagulase-negative Staphylococcus, which differs from the 
study by Behera N and Behera J, where Staphylococcus aureus 
was the most commonly isolated organism [Table/Fig-7] [24].

Neonatal Sepsis (NS) is rapidly progressive and has a high mortality 
rate (21%) [26]. Timely administration of the first dose of antibiotics is 
life-saving for a septic infant, and any unintended delay in treatment 
initiation while waiting for investigation results should be avoided.

Empirical therapy should be tailored to the specific unit and 
determined by the prevalent spectrum of etiological agents and their 
antibiotic sensitivity patterns. In the present study, most neonates 
(221 cases, 63.14%) were prescribed at least two Antimicrobial 
Agents (AMA) as Empirical antimicrobial therapy, while in the study 
by Das M et al., the majority of neonates received at least three 
AMAs [5]. Decisions to change regimens were based on clinical 
deterioration or if a different organism was isolated from the blood 
culture than the suspected one.

Piperacillin-Tazobactam was the most commonly prescribed 
antimicrobial in Early Onset Neonatal Sepsis (EONS), which is 
consistent with findings from some similar studies [5,24]. Meropenem 
was the most commonly prescribed antimicrobial in Late Onset 
Neonatal Sepsis (LONS), although Meropenem is a reserved drug for 
empirical therapy [27]. For empirical therapy in LONS, a combination 
of Ampicillin or Cloxacillin with Gentamycin or Amikacin may be used 
[13]. Amikacin or Gentamycin was the preferred choice for empirical 
therapy in both EONS and LONS. Ampicillin was only used in four 

Sr. 
no. Name of antimicrobial

No. of case in 
EONS

No. of case 
in LONS

1 Piperacillin+Tazobactam 173* 26

2 Gentamycin 111 22

3 Amikacin 109* 27†

4 Levofloxacin 95 21

5 Ampicillin+Sulbactam 59 9

6 Meropenem 51 40†

7 Amoxicillin+Clavulonic Acid 51 13

8 Metronidazole 22 16

9 Polymyxin B 13 16

10 Vancomycin 12 16

11 Cefotaxime 11 10

12 Clindamycin 9 4

13 Fluconazole 6 3

14 Linezolid 4 6

15 Ampicillin 4 0

16 Tigecycline 2 2

17 Netilmycin 1 0

[Table/Fig-3]: Antimicrobial used and number of cases.
*Piperacillin-Tazobactam (FDC)+Amikacin were most common AMAs for initiation of 
empirical therapy in EONS; †Meropenem+Amikacin were most common AMAs for 
initiation of empirical therapy in LONS

isolated organism in EONS (n=33)

isolated organism No. of case Percentage

Klebsiella Pneumoniae 13 3.7%

E.coli 8 2.28%

Coagulase negative staphylococcus 8 2.28%

Candida tropicalis 1 0.28%

Acinetobacter 1 0.28%

Staphylococcus Aureus 1 0.28%

MRSA 1 0.28%

isolated organism in LONS (n=15)

isolated organism No. of case Percentage

Coagulase negative staphylococcus 7 2.00%

MRSA 5 1.42%

Streptococcus 1 0.28%

Escherichia coli 1 0.28%

Acinetobacter 1 0.28%

[Table/Fig-4]: Microorganisms isolated from blood culture data 
presented in number and percentage (N=48).

of Gujarat-2021, and only five in the National list of essential medicine 
for children issued in 2011. Drugs not included in the WHO list are 
Levofloxacin, Tigecycline, Netilmycin, Ampicillin, and Ampicillin-
Sulbactam FDC. In the EML of the Gujarat government, Tigecycline, 
Netilmycin, Ampicillin, and Ampicillin-Sulbactam are not included. 
The National list of essential medicine only includes Metronidazole, 
Gentamycin, Amoxicillin-Clavulonic acid, Fluconazole, Ampicillin, 
and misses the rest of the AMAs [Table/Fig-5].

Variations in dose, frequency, and duration were observed. The 
total dose of Amikacin, Metronidazole, Amoxicillin-Clavulanic acid, 
Gentamycin, Piperacillin-Tazobactam, Levofloxacin, and Ampicillin-
Sulbactam were higher compared to the recommended doses by 
the IAP STG [Table/Fig-5].

Amikacin, Gentamycin, and Levofloxacin were administered in divided 
doses in 2 (0.57%), 1 (0.28%), and 36 (10.28%) cases, respectively. 
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Sr 
no.

Name of drug 
(injections only)

ama 
included 

in 8th WhO 
EmLc

ama 
included in 
1st indian 

EmLc

ama included 
in EmL given by 

state government
dose 

(mg/kg)
duration 
(days)

Total dose 
used/day 
(mg/day)

median and 
iQR of total 

dose

Recommended 
dose in mg/day 

by iaP

1 Cefotaxime + - + 50 2-10 110-480 270 (225-360) 100-900

2 Amikacin + - + 15 2-16 10.5-75‡ 30 (10.5-38) 7.5-63

3 Metronidazole + + + 10 2-24 20-144‡ 55.5 (39-75) 12-95

4 Meropenem + - + 40 1-24 25-450 180 (117-242) 30-500

5 Linezolid + - + 10 2-12 24-90 39 (30-60) 20-90

6
Amoxicillin 
+Clavulonic Acid

+ + + 50 1-12 18-540‡ 210 (170-300) 50-420

7 Gentamycin + + + 7.5 1-16 5-32‡ 13.2 (10-18) 2.5-21

8 Tigecycline - - - 1 4-20 2-9 2.8 (2.6-4.35) 2-16

9 Fluconazole + + + 6 2-14 6-24 8 (7.8-17) 3-25.2

10
Piperacillin 
+Tazobactam

+ - + 100 1-14 130-1110‡ 400 (280-520) 100-840

11 Vancomycin + - + 15 1-20 25-165
94.5 

(56.25-123.75)
12-189

12 Levofloxacin - - + 10 1-14 5-84‡ 23 (14-32.25) 5-42

13 Clindamycin + - + 10 2-21 10-81 33 (22-42) 10-90

14 Netilmycin - - - 4 4 4.4 - 4-16.8

15 Ampicillin - + - 50 3-5 70-220 135 (115-160) 25-420

16
Ampicillin 
+Sulbactam

- - - 50 1-14 94-525‡ 174 
(129.75-212.5)

20-420

17 Polymyxin B + - +
25000 
IU/kg

1-24
25000-375000 

IU/day
75000 

(55000-87500)
75000-630000 

IU/day

[Table/Fig-5]: AMA included in essential drug list for paediatrics, dose, duration, total dose/day and recommended dose by IAP.
‡indicates total dose exceed than dose recommended by IAP guidelines for NS
Data of total dose per day is presented in median with interquartile range
EMLc-Essential Medicine List for children, AMA- Antimicrobial agents, IAP-Indian Academy of Pediatrics

Sr. 
No.

adverse drug 
reaction

Suspected 
drug

WhO causality 
assessment 

scale

Naranjo adR 
probability 

score

modified 
Schumock and 
Thornton Pre-

ventability scale

modified 
hartwig’s 
severity 

scale management

1 Hyperbilirubinemia Cefotaxime Probable Score-5 
Definitely 
Preventable

Level-4 
Suspected Drug 
withdrawal and shifted to 
Amoxicillin+Clavulonic acid

2 Diarrhoea
Amoxicillin 
+Clavulonic acid

Probable Score-5 
Definitely 
Preventable

Level- 2 
Suspected drug dose was 
not changed, Treatment of 
dehydration

3 Hyperbilirubinemia Cefotaxime Probable Score-5 
Definitely 
Preventable

Level-4 
Suspected Drug 
withdrawal and shifted to 
Amoxicillin+Clavulonic acid

4 Red men syndrome Vancomycin Probable Score-5 
Definitely 
Preventable

Level-3 

Suspected drug dose was not 
changed, Injection Pheniramine 
0.1 mg/kg stat, slow infusion of 
Vancomycin was administered 
again by using infusion pump

5 Diarrhoea Ampicillin Probable Score-5 
Definitely 
Preventable

Level-2 
Suspected Drug 
withdrawal and shifted to 
Amoxicillin+Clavulonic acid

6
Anaphylactic 
reaction

Vancomycin Probable Score-5 
Definitely 
Preventable

Level-5 

Suspected drug stoppage, 
Injection Pheniramine 
0.1 mg/kg stat, Injection 
Dexamethasone 0.6 mg/kg 
stat and Injection Adrenaline 
0.01 mg/kg 1:1000 strength 
subcutaneously was kept ready 
in case if anaphylactic shock 
occurs 

[Table/Fig-6]: Causality, preventability and severity analysis of reported ADRs and their management (n=6).
WHO causality assessment scale-Certain, Probable, Possible, Unlikely
Naranjo probability score-≥9=definite ADR, 5-8=probable ADR, 1-4=possible ADR, 0=doubtful ADR
Modified Schumock and Thornton Preventability scale-Definitely preventable, Probably preventable, Not preventable
Modified Hartwig’s severity scale- Mild=level 1 & 2, Moderate=Level 3 & 4, Severe= Level 5,6 & 7
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Observations- Present study
Behera N and Behera 

J, [24]
Subash KR and Shan-

mugapriyan S, [4] Tank PJ et al., [6]

Sample size(n) 350 204 250 320

Variables

Gender

Male 172 (49.15%) 150 (73.5%) 42.38% 170 (53.2%)

Female 178 (50.85%) 54 (26.5%) 57.62% 150 (46.8%)

Place of delivery

Institutional 329 (94.00%) 80 (39%) - 307 (96%)

Domiciliary 21 (06.00%) 124 (61%) - 13 (4%)

Type of delivery

Normal vaginal 248 (70.85%) 161 (79%) - 160 (50%)

Caesarean section 102 (29.15%) 33 (16%) - 160 (50%)

Birth weight

Mean±SD 2.00±0.7 kg

Low birth weight (LBW) 242 (69.15%) 128 (63%) >90% 162 (50.62%)

Normal birth weight 108 (30.85%) 76 (37%) - 158 (49.38%)

Gestational age

Mean±SD (weeks) 35±3.6

Term

Preterm 197 (56.27%) 152 (74.5%) 232 (92.85%) 160 (50%)

Full term 153 (43.73%) 52 (25.5%) 18 (7.15%) 160 (50%)

Type of sepsis

Early onset(EONS) 273 (78.00%) 126 (62%) >90% 297 (92.8%)

Late onset (LONS) 77 (22.00%) 78 (38%) 23 (7.2%)

M/C Isolated organism Coagulase negative staphylococcus Staphylococcus aureus Klebsiella Pneumoniae -

Average no. of AMAs/encounter 2.9 2.4 - -

M/C used antimicrobial Piperacillin-Tazobactam Ampicillin+Amikacin Piperacillin-Tazobactam Penicillin+Gentamycin

No. of ADR reported 06 Not reported Not reported Not reported

Immunised 344 (98.28%) - - -

C-reactive protein positive(CRP) 203 (58.00%) - - -

[Table/Fig-7]: Comparison of demographic data, patient’s characteristics and clinical data of present study with similar studies.
CRP positive if CRP is >10 mg/L, M/C=most common, AMA=Antimicrobial agent, ADR=Adverse drug reaction
Data presented in number, percentage and mean±SD (N=350).

cases of EONS, as it no longer covers 70% of hospital-isolated 
organisms [15]. Polymyxin-B was used in 13 cases of EONS and 
16 cases of LONS. Polymyxin-B is used in cases of culture-negative 
septicaemia based on descending order of utilisation [28]. The 
anti-fungal agent Fluconazole was used in six cases of EONS and 
three cases of LONS, following either high C-Reactive Protein (CRP) 
levels, culture-confirmed fungal infection, or in neonates who were 
not responding satisfactorily to AMAs. The actual choice of therapy 
varies across institutions depending on the susceptibility profile of 
prevalent sepsis pathogens. Thus, a single empirical regimen cannot 
be universal; it varies depending on the time and place [15].

In the study by Behera N and Behera J, all antimicrobials used 
were included in the Essential Medicines List (EML) provided by 
the Government of Odisha [24], whereas in this study, 76.47% of 
antimicrobials were included in the EML given by the Government 
of Gujarat [21]. Amikacin, Piperacillin-Tazobactam, and Vancomycin 
are considered essential medicines for Neonatal Sepsis (NS), but 
they are not included in the list of essential medicines for children in 
India-2011 [22] compared to the WHO 8th Essential Medicines List 
for Children-2021 [20].

All babies were treated as full-term babies, with the same mg/kg 
dose regardless of the gestational age of the babies, which could 
adversely affect preterm babies. There was a variation in the total 

dose given per day compared to the recommended dose. It is 
important to determine the optimal dose of the antibiotic for the 
patient and the dosing schedule that maximises the antimicrobial 
effect. The dose of seven Antimicrobial Agents (AMAs) exceeded 
the recommended dose according to the Standard Treatment 
Guidelines (STG) provided by the Indian Academy of Paediatrics 
[23], which could lead to drug toxicity. The frequency of drug 
administration was not appropriate in 46 cases based on the 
killing effect of the drug. Amikacin, Gentamycin, and Levofloxacin 
have concentration-dependent killing, and a single daily dose is 
recommended, while Meropenem, Piperacillin-Tazobactam, and 
Vancomycin have time-dependent killing, so administration in 
divided doses is recommended. This inappropriate dosing may lead 
to treatment failure or drug toxicity. In neonates, a comprehensive 
understanding of factors influencing dosing will enhance accurate 
and effective drug therapy and may help identify the cause of 
treatment failure or therapy-related toxicity [28].

The reported Adverse Drug Reactions (ADRs) were probably 
related to the suspected antimicrobial agents according to the 
WHO causality assessment scale [16] and the Naranjo ADR 
probability score [19]. All ADRs were deemed preventable 
according to the Modified Schumock and Thornton Preventability 
scale [17]. According to the modified Hartwig severity assessment 
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scale, one ADR was classified as severe (anaphylactic reaction) 
[Table/Fig-6] [18].

In this Neonatal Intensive Care Unit (NICU), newborn care is 
conducted properly with aseptic precautions to prevent hospital-
acquired sepsis, although the use of antimicrobials is on the higher 
side [23]. The dose, duration, and frequency of antimicrobials 
should adhere to the STG. They should be dosed according to 
whether the baby is full-term, preterm, or low birth weight to 
prevent unnecessary exposure and toxicity. Blood samples should 
be collected before initiating empirical therapy so that Culture 
and Sensitivity (CS) testing can be performed, and based on 
the CS report, antimicrobial de-escalation can be implemented. 
Such practices can have an impact on preventing resistance and 
rationalising the use of antimicrobials.

Limitation(s)
This is a tertiary care hospital where most cases are referred from 
the periphery. Unfortunately, the history of antimicrobials received 
by patients from outside the institute before admission could not be 
evaluated due to the unavailability of records.

CONCLUSION(S)
Neonates are a vulnerable group due to developing body 
functions. The average antimicrobial use per patient is 2.9 in 
the NICU. The most commonly used antimicrobial agents were 
Piperacillin + Tazobactam in early-onset neonatal sepsis (EONS) 
and Meropenem in late-onset neonatal sepsis (LONS). The doses 
of seven antimicrobial agents exceeded the recommended dose 
according to the Standard Treatment Guidelines (STG) provided 
by the Indian Academy of Paediatrics (IAP). In 46 cases, the 
frequency of antimicrobial agent use was inappropriate based on 
their killing effect, which may lead to drug toxicity. Six adverse 
drug reactions (ADRs) were reported, with one ADR being a 
serious anaphylactic reaction due to Vancomycin. The ADRs were 
detected and managed well. To ensure rational use, antimicrobials 
in neonates must be effective, safe, have the proper spectrum, 
correct dosage, and should be easily available. Similar studies 
conducted at regular intervals can reflect the changing pattern of 
antimicrobial prescribing, helping authorities to plan and ensure 
necessary antimicrobials are available.
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