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ABSTRACT

BACKGROUND: Neonatal sepsis has been a major cause of neonatal mortality and morbidity globally. Late onset sepsis is on the rise
mostly due to better health care services and improved survival of premature neonates. Gram-negative sepsis has emerged as a major pub-
lic health problem constituting significant morbidity and mortality. There is limited data on gram-negative late onset sepsis from the central
part of India, therefore this study was conducted at a tertiary care center from rural part of India.

OBJECTIVES: To determine the clinical profile and outcome among neonates with gram-negative late onset sepsis.

DESIGN: It is a retrospective analysis conducted among neonates with gram-negative late onset sepsis at a tertiary care center from central
India.

METHODS: All neonates below 28 days of age suspected to have late onset sepsis were enrolled in the study. The data for the period of
January 2019 to December 2021 was collected and analyzed using software SPSS version 29. The outcome variables studied were dis-
charge (good outcome) and death (poor outcome).

RESULTS: In the present study, overall prevalence of gram-negative late onset sepsis was 4.8%. Respiratory distress (52.2%), seizure
(18.9%), jaundice (15.6%), and lethargy (15.6%) were common clinical symptoms among neonates with sepsis. The most common organism
isolated was Klebsiella spp. (36.7%) followed by Acinetobacter spp. (31.1%) and E. coli (17.8%). Low gestational age (n=20vs n=7, P=.002)
and low birth weight (n=33 vs n=4, P=.02) were associated with poor outcomes in neonates with gram negative LOS. The overall mortality
rate was found to be 30% among neonates with gram negative sepsis.

CONCLUSION: The prevalence of gram-negative sepsis was found to be 4.8%. Factors associated with poor outcome in gram-negative
sepsis were low birth weight, and prematurity. Klebsiella spp. was found to be a common cause of gram-negative LOS, therefore, the empiric
antibiotic policy must provide coverage against these micro-organisms.
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Author Summary from Central India to determine the clinical, bacterio-

Why was this study done? logical profile and outcome of gram-negative LOS.
e Neonatal sepsis is a significant cause of neonatal mortal- What did the study find?

ity with marked disparities among various regions and

e We studied the data of neonates admitted with late onset

sepsis and had gram-negative bacteria in their blood cul-

neonatal intensive care units across the country.
e Gram-negative bacteria causing late onset neonatal sep-

sis is increasing at an alarming rate, particularly in low
and middle income countries including India.

Growing antimicrobial resistance among these gram-nega-
tive organisms leading to high case fatality rate is alarming.
The exact data for incidence of gram-negative LOS and
the bacteriological profile from neonatal intensive care
units from various parts of India is a major hurdle for
designing and implementing center specific empirical
antibiotic policies, posing a risk of multidrug resistance.

We analyzed the data on gram-negative LOS among
neonates admitted in NICU of a tertiary care center

ture from previous years and summarized the clinical
symptoms and the proportions of late onset sepsis caused
by various gram-negative bacteria.

Gram-negative LOS accounted for 4.8% of neonatal
sepsis in our neonatal intensive care unit. Respiratory
distress was the most common clinical symptom among
neonates with gram-negative late onset sepsis.

The common organisms isolated were Klebsiclla,
Acinetobacter, E. coli, and Pseudomonas. Low birth weight
and lower gestational age were associated with higher
risk of gram-negative LOS with poor outcome.
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e The mortality rate of gram-negative sepsis in the present

study was found to be 30%.
What do these findings mean?

e Gram-negative late onset sepsis is more prevalent than
was previously thought. This is expected to increase in
the future with the advancement in medical facilities and
improved survival of premature neonates. Lack of center
or region specific empirical antibiotic recommendations
are likely to result in increased morbidity and mortality
among neonates with gram-negative LOS.

e It is necessary to have data for the incidence of neonatal
sepsis and the knowledge of common causative organ-
isms for late onset sepsis for strengthening preventive
strategies for better outcomes.

Introduction

Neonatal sepsis is a clinical syndrome of bacteremia character-
ized by systemic signs and symptoms of infection during the
first month of life. Neonatal Sepsis has been a challenge for the
health care system across the world as it contributes signifi-
cantly to the neonatal morbidity and mortality. Late onset sepsis
(LOS) presents after 72hours of life and is caused by nosoco-
mial or community acquired contamination after delivery.!
With the improvement in survival of premature and low birth
weight neonates, incidence of late onset sepsis has been on the
rise lately. Improper hand washing and medical equipment are
significant sources of infection in neonatal intensive care units.?
LOS have been reported to aftect 30% to 40% very low birth
weight babies, and approximately 15% of late preterm babies.?

In recent times, LOS caused by gram-negative bacilli has
been a major cause of concern not only because of the more
severe infection and the higher mortality but also the increas-
ing incidence. The gram-negative LOS has shown to prolong
the hospital stay and has been associated with poor neurodevel-
opmental outcome.* Emergence of antimicrobial resistance
poses a greater challenge in the management of neonates with
gram-negative sepsis. Various studies have focused on very low
birth weight and preterm neonates ignoring the term and late
preterm neonates.

The epidemiological data for neonatal sepsis shows varied
bacterial profiles in different regions from time to time. The
data for the exact incidence of gram-negative LOS and micro-
biological profile is limited especially from the central part of
India.>7 Region and center specific data on neonatal sepsis is
needed for prevention and better management of gram-nega-
tive late onset sepsis. The knowledge of microbiological profile
will help in designing appropriate empirical antimicrobial poli-
cies, therefore, ultimately reducing the risk of antimicrobial
resistance. There is limited literature specifically on gram-nega-
tive LOS from India, hence, the present study was conducted to
determine the prevalence, clinical, and microbiological profile of

gram-negative late onset sepsis at a neonatal intensive care unit
of a tertiary care center from central part of India.

Materials and Methods
Study design, period, and setting

This retrospective study was conducted at a level III neonatal
intensive care unit of a tertiary care center from central India.
In this study, data was collected for a period of 3 years from 01
January 2019 to 31 December 2021.

Study population

All neonates aged 3 to 28days with clinical features of late
onset sepsis at the time of admission or developed during their
hospital stay were enrolled in the study. All neonates with
blood culture showing growth of gram-negative organisms
were included in the study. Whereas those with sterile blood
cultures or cultures with growth of gram-positive or polymi-
crobial organisms were excluded from the study. All neonates
with congenital anomalies or chromosomal anomalies were
also excluded from the study. Total 90 neonates with late onset
sepsis showing growth of gram-negative micro-organisms on
blood culture were included in the study.

Data collection

Data was collected retrospectively from the Hospital
Information System (HIS) for the study duration and entered
in the data collection form. The demographic details, clinical
history, laboratory investigations including blood culture, and
outcome variables were collected in the data collection form.
The good outcome means discharge of neonate while poor
outcome means death of neonate.

Operational definitions

Late onset neonatal sepsis. It is defined as infection occurring

after 72 hours of life.8

Gram negative sepsis. Neonates with a positive blood culture
showing growth of gram-negative bacilli. In the study, gram-
negative bacilli refer to the following species: Escherichia coli,
Klebsiella spp., Enterobacter spp., Acinetobacter spp., Pseudomonas
Spp., Serratia spp., Citrobacter koseri, Proteus, and Stenotropho-
monas spp.’

Data analysis

Data collected in the data collection forms were entered in MS
excel sheet and exported to SPSS version 29 for analysis. The
categorical and nominal data were expressed as frequency and
percentage. Chi-square test was used for analysis and P-value
<.05 was considered significant.
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Results

Total admissions in the neonatal intensive care unit during the
study period were 1875. All these neonates were evaluated for
sepsis with blood culture, and out of these, 90 neonates had
gram-negative late onset sepsis. Out of 90 neonates, 56 (62.2%)
were males and 34 (37.8%) were females. There were an equal
number of term and preterm neonates in the study. There were
55 (61.1%) small for gestational age neonates, and 35 (38.9%)
appropriate for gestational age.

Among 90 neonates, 39 (43.4%) had low birth weight, 30
(33.3%) had very low birth weight, and 6 (6.7%) had extremely
low birth weight. In the current study, 48 (53.3%) were born
vaginally and 42 (46.7%) were born by cesarean section. There
were 60 (66.7%) inborn neonates and 30 (33.3%) outborn neo-
nates. The vast majority (58.9%) of mothers were primiparous.
The basic characteristics of study neonates are shown in Table 1.

In this study, the prevalence of gram-negative late onset
neonatal sepsis among neonates admitted to the neonatal
intensive care unit of a tertiary care center was found to be
4.8%. Regarding the clinical characteristics of neonates with
late onset sepsis, 47 (52.2%) had respiratory distress, 17 (18.9%)
had seizures, 14 (15.6%) had jaundice and lethargy each, 12
(13.3%) had apnea, and 11 (12.2%) had abdominal distension
(Table 2).

Among 90 neonates with gram-negative LOS, the predomi-
nant organisms identified were Klebsiella (36.7%) and Acinetobacter
(31.1%). The details of organisms isolated are shown in Table 3.
In the present study, out of 90 neonates, 63 (70%) were discharged
successfully, and 27 (30%) died (Figure 1).

In this study, the low gestational age was associated with
higher mortality rate (P=.002). Similarly, high mortality was
associated with low birth weight (P=.02). Furthermore, neo-
nates showing growth of Citrobacter koseri (1/1) and Klebsiella
spp. (12/21) were found to have a higher risk of mortality
(Table 4).

Discussion

The overall prevalence of gram-negative late onset sepsis
among neonates admitted in NICU was found to be 4.8% in
the present study. This finding is in line with a previous study
from Taiwan conducted by Tsai et al'® (5.8%). A study done by
Chaudhari et al” reported an incidence of 2.8% for gram-neg-
ative late onset sepsis. The difference could be attributed to the
duration of the study and the selection criteria.

Gram-negative LOS was more among neonates with low ges-
tational age. Previous studies by Chaudhari et al” from India and
Jatsho et al'! from Bhutan found similar results. The current
study also found that the neonates with lower birth weight, espe-
cially low birth weight and very low birth weight were at higher
risk of developing gram-negative LOS. This finding is in accord-
ance with the previously conducted studies.? This could be
because premature and low birth weight neonates require NICU

Table 1. Characteristics of neonates with gram-negative late onset

sepsis (n=90).

CHARACTERISTICS CATEGORIES
Gender Male

Female
Gestational age Term

Preterm
Classification based  Small for GA
on GA

Appropriate for GA
Birth weight Extremely Low birth

weight

Very Low birth
weight

Low birth weight

Normal weight

Type of admission Inborn
Outborn
Mode of delivery Vaginal

Cesarean section
Parity Primiparous
Multiparous
Grand-multiparous
History of abortion Yes

No

Table 2. Clinical characteristics of neonates with gram-negative LOS.

CLINICAL FREQUENCY
CHARACTERISTICS (N)
Respiratory distress 47
Seizures 17
Jaundice 14
Lethargy 14
Apnea 12
Abdominal 11
distension

Refusal to feed 10
Vomiting 9
Pallor 9
Diarrhea 3
Sclerema 3

FREQUENCY (%)
56 (62.2)
34 (37.8)
45 (50)
45 (50)
55 (61.1)
35 (38.9)
6 (6.6)

30 (33.4)

39 (43.4)
15 (16.6)
60 (66.7)
30 (33.3)
48 (53.3)
42 (46.7)
53 (58.9)
35 (38.9)
2(2.2)
15 (16.7)

75 (83.3)

PROPORTION
(%)

52.2
18.9
15.6
15.6
13.3
12.2

111

10
5.6
3.3
3.3
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Table 3. Details of organisms isolated from neonates with gram- 70 63
negative LOS. 60
(%]
ORGANISM ISOLATED FREQUENCY PERCENTAGE E 50
=
Klebsiella spp. 33 36.7 g 40
=z 30 27
. w
Acinetobacter spp. 28 31.1 o
% 20
E. coli 16 17.8 10 -
Pseudomonas spp. 8 8.9 0 -
Enterobacter spp. 3 3.3 Dishcarge  Death
Sphingomonas spp. 1 11 OUTCOME
Figure 1. Outcomes among neonates with gram-negative LOS.
Citrobacter koseri 1 1.1

Table 4. Analysis of various characteristics associated with the outcome in gram-negative LOS.

OUTCOMES

CHARACTERISTICS DISCHARGE

Gender Male 39 17 .92
Female 24 10

Gestational age Preterm 25 20 .002
Full term 38 7

Birth weight ELBW 2 5 .02
VLBW 18 1
LBW 32 7
Normal 11 4

Type of admission Inborn 42 18 ~05
Outborn 21 9

Mode of delivery Vaginal 31 17 .23
Cesarean section 32 10

Parity Primiparous 38 15 .78
Multiparous 24 11
Grand-multiparous 1 1

Abortion Yes 11 4 .75
No 52 23

Organism isolated Klebsiella spp. 21 12
Acinetobacter spp. 20 8
E. coli 11 5
Pseudomonas spp. 7 1
Enterobacter spp. 3 0
Sphingomonas spp. 1 0

Citrobacter koseri 0 1
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care and invasive procedures like surfactant administration, vas- Consent for publication
cular access, parenteral nutrition, and ventilation. Not applicable.
In contrast to the previous studies, this study reported that
respiratory distress, seizures, jaundice, and lethargy were com- Author contributions
mon clinical symptoms among neonates with gram-negative Akangksha Pataskar: Formal analysis; Methodology;

sepsis. This could be due to the fact that the study by Tsai et al'
had most of the extremely low birth weight and very low birth
weight neonates as the study population. Other previous stud-
ies included neonates with late onset sepsis caused by gram-
positive and gram-negative organisms.315

Most common isolated organism in the study was the Klebsiella
spp. This finding is in accordance with those of the previously
published studies which reported Klebsiella spp. as the most com-
mon isolated organism from neonates with gram-negative LOS.
Contrary to the mortality rate of 15% reported in previous studies,
the mortality rate in the present study was observed to be 30%.10:12
This could be because these studies were from upper-middle and
high income countries. Data on mortality rate in neonates with
gram-negative late onset sepsis from lower-and middle-income
countries like India is unknown due to lack of dedicated studies on
gram-negative LOS.>7 Data from various Indian studies
reported an overall mortality rate of 30% to 40% for late onset
sepsis including gram-positive and gram-negative organisms.

Limitations and Strengths

The study’s strength was that it was conducted in a level I1I neo-
natal intensive care unit of a tertiary care center from central India.
This study included only a gram-negative late onset sepsis cohort,
which other studies lack. The study is limited by its retrospective
nature. Since the study was based on hospital record review, some
factors may have been ignored. The study did not consider the
antibiotic sensitivity pattern among isolated organisms.

Conclusion and Recommendation

In this study, the prevalence of gram-negative sepsis was 4.8%.
Factors associated with poor outcome in gram-negative sepsis
were lower birth weight, and prematurity. Klebsiella sepsis was a
common cause of gram-negative LOS, therefore, the empiric
antibiotic policy must provide coverage against these organisms.
This study also warrants the need for emphasizing importance
of preventive strategies such as hand hygiene practices and tar-
geted empiric antibiotic policies to reduce the morbidity and
mortality due to gram-negative late onset sepsis.

Declarations

Ethics approval and consent to participate

The study was carried out after obtaining ethical clearance from
the Institutional Ethics Committee (IEC MGIMS, Sevagram)
vide letter no. PED/133/2022. Only clinical records were col-
lected and confidentiality of information was ensured.
Furthermore, no personally identifiable information about the
study participants was obtained. The waiver of consent was
obtained as per the ICMR-guidelines as it is a retrospective study.

Resources; Writing — original draft. Anuragsingh Chandel:
Conceptualization; Formal analysis; Methodology; Writing —
original draft; Writing — review & editing. Varsha Chauhan:
Methodology; Supervision; Writing — review & editing.
Manish Jain: Conceptualization; Writing — review & editing.

Acknowledgements
Authors express their gratitude to ICMR- Short term student-
ship (STS) program under which this study was conducted.

Funding
The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Competing interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Awvailability of data and materials
The data used for analysis are available from the corresponding
author on reasonable request.

ORCIDiD
Anuragsingh Chandel
0249

https://orcid.org/0000-0001-5839-

REFERENCES

1. Shane AL, Sinchez PJ, Stoll BJ. Neonatal sepsis. Lancet. 2017;390:1770-1780.

2. Dong Y, Speer CP. Late-onset neonatal sepsis: recent developments. Arch Dis
Child Fetal Neonatal Ed. 2015;100:F257-F263.

3. Auriti C, Ronchetti MP, Pezzotti P, et al. Determinants of nosocomial infection
in 6 neonatal intensive care units: an Italian Multicenter Prospective Cohort
Study. Infect Control Hosp Epidemiol. 2010;31:926-933.

4. Herbozo C, Julca I, Flores F, Hernandez R, Zegarra J. Incidence and microbio-
logical characteristics of neonatal late onset sepsis in a neonatal intensive care
unit in Peru. Inz ] Infect Dis. 2021;108:171-175.

5. MeharV, Yadav D, Somani P, Bhatambare G, Mulye S, Singh K. Neonatal sepsis
in a tertiary care center in central India: microbiological profile, antimicrobial
sensitivity pattern and outcome. J Neonatal Perinat Med. 2013;6:165-172.

6. Pathak DG, Chauhan DA, Nair DS. Clinical profile of neonatal sepsis with ref-
erence to antibiotic resistance. Int J Med Sci Clin Invent. 2018;5:3460-3464.

7. Chaudhari K, Shah B, Gosai D. Study of etiology, risk factors, clinical features
and outcome in blood culture proven late onset septicemia. Int J Sci Res.
2015;4:119-121.

8. Investigators of the Delhi Neonatal Infection Study (DeNIS) collaboration.
Characterisation and antimicrobial resistance of sepsis pathogens in neonates
born in tertiary care centres in Delhi, India: a cohort study. Lancet Glob Health.
201654:¢752-¢760.

9. Nordberg V, Iversen A, Tidell A, Ininbergs K, Giske CG, Navér L. A decade of
neonatal sepsis caused by gram-negative bacilli-a retrospective matched cohort
study. Eur ] Clin Microbiol Infect Dis. 2021;40:1803-1813.

10.  Tsai MH, Wu IH, Lee CW, et al. Neonatal gram-negative bacillary late-onset
sepsis: a case-control-control study on a prospectively collected database of 5,233
admissions. Am [ Infect Control. 2016;44:146-153.

11.  Jatsho J, Nishizawa Y, Pelzom D, Sharma R. Clinical and bacteriological profile
of neonatal sepsis: a prospective hospital-based study. Int | Pediatr.
2020;2020:1835945-1835949.


https://orcid.org/0000-0001-5839-0249
https://orcid.org/0000-0001-5839-0249

Clinical Medicine Insights: Pediatrics

12.

13.

14.

15.

Jiang S, Yang C, Yang C, et al. Epidemiology and microbiology of late-onset sep-
sis among preterm infants in China, 2015-2018: a cohort study. Inz J Infect Dis.
2020;96:1-9.

Raha BK, Baki MA, Begum T, Nahar N, Jahan N, Begum M. Clinical, bacterio-
logical profile & outcome of neonatal sepsis in a Tertiary Care Hospital. Med
Today. 2014;26:18-21.

P R, BK P. Clinico-bacteriological profile of neonatal sepsis. In | Contemp Pedi-
atr. 2019;6:796.

Pal K, Samanta AK, Singh R. A comparative study of early onset versus late

16.

17.

onsest neonatal sepsis with special reference to bacteriological, demographic and
clinical profile. Int ] Cur Res Rev. 2014;06:7-13.

Oo NAT, Edwards JK, Pyakurel P, et al. Neonatal sepsis, antibiotic suscepti-
bility pattern, and treatment outcomes among neonates treated in two tertiary
care hospitals of Yangon, Myanmar from 2017 to 2019. Trop Med Infect Dis.
2021;6:62.

Pavan Kumar D, Mohan J, Rakesh P, Prasad J, Joseph L. Bacteriological profile
of neonatal sepsis in a secondary care hospital in rural Tamil Nadu, Southern
India. J Fam Med Prim Care. 2017;6:735.



