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ABSTRACT

Neonatal sepsis (NS) causes mortality in the neonatal intensive care unit (NICU) due to infections by group B
Streptococcus (GBS), emerging pathogens and antimicrobial resistance (AMR) strains. This study was undertaken to
isolate and identify GBS and other bacteria from cases of neonatal sepsis in a NICU, Ahmedabad, Gujarat. Skin swab
samples were collected from neonatal sepsis cases and inoculated in LIM broth. Growth was observed in all the LIM
broth tubes inoculated with the sample. Six (6) beta-hemolytic and four (4) non-hemolytic bacteria were isolated on
Blood agar plate, and pure cultures were obtained on LB agar plates. These isolates were identified using the Vitek2
system, and 16S rRNA sequencing method. Two (2) isolates, namely NSNHS5L and NSNH3S, were identified as
Klebsiella pneumoniae (96%) and Staphylococcus haemolyticus (97%), respectively, by the VITEK2 rapid
identification system. Antimicrobial susceptibility testing revealed that K. pneumoniae was resistant to
aminoglycosides, beta-lactams, and polypeptide antibiotics (Card: AST-N405), except fosfomycin and
trimethoprim/sulfamethoxazole; whereas S. haemolyticus was sensitive to most antibiotics, except benzylpenicillin,
ciprofloxacin, erythromycin, levofloxacin, gentamicin, and oxacillin (Card: AST-P628). Two (2) isolates, namely,
GXDRC 03 (NSHO1) and GXDRC 04 (NSHO05), were identified as Kocuria arsenatis (99.75%) and Staphylococcus
epidermidis (99.59%) based on 16S rRNA sequence homology study. The 16S rRNA sequences have been deposited
in GenBank accession nos. PX533098 and PX5331127, respectively. This is the first report on 16S rRNA phylogeny-
based identification of bacterial isolates, and isolation of K. arsenatis from neonatal sepsis sample(s) in Gujarat, India.
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INTRODUCTION

Sepsis is a life-threatening condition in which the body’s
high immune system response causes organ dysfunction.'
It is a clinical syndrome characterized as infectious
diseases affected by bacteria, fungi and viral infection with
or without bacteremia developed in new-born babies
within 30 days of life after birth.? Neonatal sepsis (NS) is
a “clinical syndrome” caused due to the presence of
bacteremia during the first 3 months of life or preterm

birth. NS is a one of the most important causes of child
mortality globally.>* Most death in low-income and
middle-income countries is due to poor hygiene during
neonatal period, and infection by multidrug-resistance
pathogens.> NS infection is rare about 1-50 cases/1000 live
births.5’

New born especially having very low birth weight
(VLBW) <1500 g and preterm infants are admitted in
neonatal intensive care unit (NICU). GBS remains the
primary causes of neonatal sepsis since the 1970s. On the
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basis of age and timing of infection neonatal sepsis can be
divided into two subtypes — Early-onset neonatal sepsis
(EONYS) and late-onset neonatal sepsis (LONS). EONS is
defined as signs and symptoms of sepsis usually appear
within 72 h of life (3 days) after birth, but most neonates
(61% to 95%) become ill within the first 24 hours.

Group B streptococcus (GBS) or Streptococcus
agalactiae, and Escherichia coli cause EONS representing
38% and 23% cases, respectively. Other bacteria
associated with EONS are Streptococcus viridians,
Enterococcus spp., Staphylococcus aureus, Pseudomonas
aeruginosa and other gram-negative bacilli.*

LONS is defined as GBS infection in infants 3 months of
age or older. In most cases of LONS, GBS disease occur
in premature infants and very low birth weights. LONS is
caused by bacteria/pathogen growing in external
environment of home or hospital. Common signs and
symptoms of neonatal sepsis are nonspecific, both onset
shows similar types of clinical manifestations. The early
symptoms of sepsis can be lethargy feeling, poor feeding,
or irritability. Other symptoms include fever or
hypothermia, diarrthea, vomiting, poor cry, shock,
bleeding, poor weight gain, blank look, seizures, excessive
crying, etc. Neonatal bacterial infections of the new-born
include septicemia, meningitis, pneumonia, and arthritis.®’

Sepsis etiological framework is affected by many factors
like quality of life, cultural values, antibiotic therapy, etc.
In a study on 6215 infants admitted to National Institute of
Child Health and Human Development (NICHD),
Neonatal Research Network (NRN) centers, 70% of late-
onset infections were caused by gram-positive organisms,
with coagulase-negative staphylococci about 48% of the
infections.!? The most common pathogen causing NS are
beta-hemolytic streptococcal species. The other gram-
negative bacteria causing sepsis include Escherichia col,
Citrobacter spp., Proteus spp., Klebsiella pneumoniae,
Enterobacter spp., Haemophilus influenzae, Acinetobacter
spp., and  Pseudomonas  aeruginosa.!  Listeria
monocytogenes causes invasive disease in the new-born,
spontaneous abortions or stillbirth if acquired during
pregnancy. Candida albicans infection has also been
reported in such cases.!?

The diagnosis of GBS and other infections is established
by isolation of the organisms from culture of blood, CSF,
CRP, body fluid, and surface of skin. Blood cultures
continue to be the diagnostic gold standard as a diagnostic
test used to detect the presence of pathogenic
microorganisms in body fluids (blood, urine, cerebrospinal
fluid) from neonatal sepsis. Identification of a specific
pathogen gives several benefits, particularly the ideal
antibiotic choice and treatment duration.

In case of GBS detection swab sample is collected and
inoculated into the selective Todd-Hewitt broth (LIM
broth) and incubated at 37°C in incubator for 18-24 hours.
The enriched broth is streaked on a blood agar plate. GBS

are gram-positive cocci, beta-hemolytic, and catalase
negative.'® Bacteria isolated from sepsis samples can be
identified by Vitek2 system, GC-MS, FAME, 16S rRNA
sequencing and amplification of target nucleic acid
sequence by polymerase chain reaction (PCR). GBS can
also be detected by PCR by amplification of ctb, scB and
atr genes. '

The aim of our research work was to detect and identify
GBS and other bacteria from neonatal sepsis samples
collected from a local NICU in Ahmedabad, India.

CASE SERIES

A total of six (6) skin swab samples from neonates (745
days) with sepsis were collected from a NICU,
Ahmedabad, Gujarat, India, as given in Table 1. Written
informed consent of the parents was obtained in all cases.

Table 1: Details of swab samples from neonates.

Wei
1 8 0.70
2 7 2.1
3 7 1.8
4 7 33
5 45 1.6
6 37 1.1

The swab sticks from the sepsis area (skin) were inoculated
into a selective enrichment culture medium, namely, LIM
broth (Todd-Hewitt broth), primarily to isolate GBS.!® All
tubes were incubated at 37°C for 18-24 hours. After the
enrichment culture step, growth from the broth were
streaked onto Blood agar (BA) plates and incubated at
37°C for 24-48 hours. The plates were observed for
colonies with a clear zone of hemolysis (beta-hemolysis).
Bacterial colonies (beta-hemolytic and non-hemolytic)
selected from BA plates were streaked onto Luria Bertani
(LB) agar plates to obtain pure cultures. These pure
cultures were further studied wusing the routine
microbiological methods.

Identification and AMR characteristics of two isolates
were carried out using the VITEK?2 rapid identification
system version 9.02 at Supratech Micropath Laboratory,
Ahmedabad. Two beta-hemolytic isolates were identified
by 16S rRNA gene sequencing and phylogenetic analysis.
The quantity and quality of the gDNA were determined by
the Epoch microplate spectrometric method and agarose
gel electrophoresis, respectively.

The polymerase chain reaction (PCR) products were
purified using ExoSAP-ITTM PCR. The products were
analysed by cycle sequencing using 27F and 1392 primers
on the ABI3500 Genetic Analyzer (Sanger Sequencer).
The 16S rRNA sequence contigs were analysed for similar
sequences using the BLASTN program. MEGAI1I
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software was used to construct the phylogenetic tree by the
Neighbour-joining method.'®

Growth was observed in all six LIM broth tubes inoculated
with the sample after 24 hours of incubation. Turbidity was
absent in the control uninoculated tube. GBS was not
detected in any of the samples. However, ten isolates were
obtained, out of which six (6) were beta-hemolytic and
four (4) non-hemolytic. Most of the isolates were catalase-
negative, except NSH4S and NSNHI1L.

Two (2) isolates, NSH5L and NSH3S, were identified as
Klebsiella  pneumoniae (96%) and Staphylococcus
haemolyticus (97%), respectively. K. pneumoniae was

resistant to aminoglycoside, beta-lactam, and polypeptide
antibiotics (Card: AST-N405), except fosfomycin and
trimethoprim/sulfamethoxazole. S. haemolyticus was
sensitive to most of the antibiotics, except
benzylpenicillin, ciprofloxacin, erythromycin,
levofloxacin, gentamicin, and oxacillin (Card: AST-P628)
(Tables 2-5).

Two (2) isolates, namely NSHO1 and NSHS5A were
identified as Kocuria arsenatis  (99.75%) and
Staphylococcus  epidermidis  (99.59%), respectively
(Figures 1 and 2. The 16S rRNA sequences have been
submitted in GenBank with accession nos. PX533098 and
PX533112, respectively.

Table 2: Biochemical tests* result of Klebsiella pneumoniae.

Characteristics Biochemical tests

2 APPA - 21 BXYL + 42 SUCT 4
3 ADO + 22 BAlap - 43 NAGA -
4 PyrA 4 23 ProA + 44 AGAL A
5 IARL - 26 LIP - 45 PHOS +
7 dCEL + 27 PLE + 46 GlyA ¥
9 BGAL + 29 TyrA + 47 ODC -
10 H2S - 31 URE - 48 LDC +
11 BNAG + 32 dSOR + 53 IHISA -
12 AGLTp - 33 SAC i 56 CMT -
13 dGLU + 34 dTAG - 57 BGUR -
14 GGT 4 35 dTRE + 58 O129R 4
15 OFF + 36 CIT + 59 GGAA -
17 BGLU 4 37 MNT 4 61 IMLTa -
18 dMAL + 39 5KG - 62 ELLM -
19 dMAN +* 40 ILATk + 64 ILATa -
20 dMNE + 41 AGLU -

*Full forms for the abbreviations as per the Vitek2 GN Card manual

100_E NR 114674.1:49-1225 Kocuria varians strain ATCC 15306 16S ribosomal RNA partial sequence
7 NR 029297.1:87-1263 Kocuria varians strain G33 16S ribosomal RNA partial sequence
—— NR 117299.1:60-1236 Kocuria salsicia strain 104 16S ribosomal RNA partial sequence
— NR 025723.1:88-1265 Kocuria marina strain KMM 3905 16S ribosomal RNA partial sequence
75 _E NR 116744.1:96-1271 Kocuria atrinae strain P30 16S ribosomal RNA partial sequence

84 NR 116266.1:95-1270 Kocuria gwangalliensis strain SJ2 16S ribosomal RNA partial sequence
NR 179862.1:50-1226 Kocuria tytonicola strain 489 16S ribosomal RNA partial sequence
NR 171491.1:57-1233 Kocuria tytonis strain 442 16S ribosomal RNA partial sequence
a5 502100970 Kocuria arsenatis strain GXDRC_03

SFE NR 148610.1:70-1246 Kocuria arsenatis strain CM1E1 16S ribosomal RNA partial sequence

75 NR 026452.1:78-1254 Kocuria rhizophila strain TA68 16S ribosomal RNA partial sequence

Figure 1: Phylogenetic tree of Kocuria arsenatis GXDRC_03 (GenBank accession: PX533098).

Table 3: Antimicrobial sensitivity of Klebsiella pneumoniae.

Antimicrobial ~ MIC* (ng/ml) . Interpretation ~ Antimicrobial - MIC* (ng/ml) . Interpretation
Amoxicillin/

Clavulanic Acid 232 R Meropenem 216 R
Piperacillin/ >128 R Amikacin 32 R

Continued.
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Antimicrobial MIC* (ug/ml)  Interpretation Antimicrobial MIC* (ug/ml) Interpretation

Tazobactam

Cefuroxime >64 R Gentamicin 8

Cefuroxime Axetil >64 R Ciprofloxacin >4 R

Ceftriaxone >64 R Tigecycline 4 I

Cefoperazone/ .

Sulbactam >64 R Fosfomycin >16 S

Cefepime >32 R Colistin 2 I
Trimethoprim/

Ertapenem =8 R sulfamethoxazole 220 S

Imipenem 8 R

*Minimum inhibitory concentration

Table 4: Biochemical tests* result Staphylococcus haemolyticus.

Characteristics Biochemical test _ _

2 AMY = 25 AGAL = 47 NOVO =
4 PIPLC - 26 PyrA + 50 NC6.5 +
5 dXYL = 27 BGUR = 52 dMAN +
8 ADHI1 + 28 AlaA - 53 dMNE -
9 BGAL - 29 TyrA - 54 MBdG +
11 AGLU - 30 dSOR - 56 PUL -
13 APPA - 31 URE - 57 dRAF -
14 CDEX - 32 POLYB 58 0129R -
15 AspA - 37 dGAL + 59 SAL =
16 BGAR - 38 dRIB + 60 SAC +
17 AMAN - 39 ILATK + 62 dTRE

19 PHOS - 42 LAC + 63 ADH2s  +
20 LeuA = 44 NAG + 64 OPTO +
23 ProA - 45 dMAL +

24 BGURr = 46 BACI 3

*Full forms for the abbreviations as per the Vitek2 GN Card manual (https://www.biomerieux.com)

502100772 Staphylococcus epidermidis strain GXDRC_04

NR 036904.1:90-1302 Staphylococcus epidermidis strain Fussel 16S ribosomal RNA partial sequence

NR 113957.1:88-1300 Staphylococcus epidermidis strain NBRC 100911 16S ribosomal RNA partial sequence
NR 113405.1:108-1320 Staphylococcus saccharolyticus strain JCM 1768 16S ribosomal RNA partial sequence
NR 029158.1:97-1309 Staphylococcus saccharolyticus strain S 1 16S ribosomal RNA partial sequence

NR 027519.1:108-1320 Staphylococcus capitis subsp. urealyticus strain MAW 8436 16S ribosomal RNA partial sequence
NR 119252.1:84-1296 Staphylococcus caprae strain DSM 20608 16S ribosomal RNA partial sequence

NR 024665.1:108-1320 Staphylococcus caprae strain ATCC 35538 16S ribosomal RNA partial sequence

NR 113348.1:88-1300 Staphylococcus capitis strain JCM 2420 16S ribosomal RNA partial sequence

NR 117006.1:35-1247 Staphylococcus capitis strain ATCC 27840 16S ribosomal RNA partial sequence

NR 036775.1:88-1300 Staphylococcus capitis strain LK 499 16S ribosomal RNA partial sequence

Figure 2: Phylogenetic tree of Staphylococcus epidermidis_GXDRC_04 (GenBank accession: PX533112).

Table 5: Antimicrobial sensitivity of Staphylococcus haemolyticus.

* *
Antimicrobial MLIE= VAL Interpretation Antimicrobial M/le;/alue Interpretation
Cefoxitin screen POS 3 Linezolid 4 S
Benzylpenicillin >0.5 R Daptomycin 1 S
Oxacillin >4 R Teicoplanin 2 S
Gentamicin >16 R Vancomycin 1 S

Continued.

International Journal of Contemporary Pediatrics | March 2026 | Vol 13 | Issue 3 Page 494



Upasani VN et al. Int J Contemp Pediatr. 2026 Mar;13(3):491-497

MIC* value

MIC* value

Antimicrobial i) Interpretation
Ciprofloxacin >8 R
Levofloxacin >8 R
Erythromycin >8 R

Inducible

clindamycin NEG** -

resistance

Clindamycin 0.25 S

Antimicrobial etz Interpretation
Tetracycline >1 S

Tigecycline >12 S
Nitrofurantoin

Rifampicin >0.03 S
Trimethoprim/

sulfamethoxazole 10 S

*Minimum inhibitory concentration; ** NEG: Negative for inducible clindamycin resistance. This indicates the organism is susceptible

to clindamycin, and resistance is not triggered by erythromycin.
DISCUSSION

Clinical manifestations of neonatal sepsis can range from
subclinical infection to severe systemic disease that may
include respiratory symptoms (e.g., apnea, tachypnea),
cardiovascular signs (e.g., bradycardia, hypotension),
gastrointestinal issues (e.g., vomiting, abdominal
distention), skin changes (e.g., petechiae, purpura), and
central nervous system symptoms (e.g., lethargy,
irritability). Other signs included are nutritional
intolerance and temperature regulation. The symptoms are
often non-specific, making diagnosis challenging.'
According to the present study, GBS was not detected in
any of the cases. However, Klebsiella pneumoniae,
Staphylococcus ~ haemolyticus, — Kocuria  arsenatis
GXDRC 03, and Staphylococcus epidermidis
GXDRC_04 were isolated and identified from the neonatal
sepsis samples.

K. pneumoniae is a gram-negative, non-motile bacillus
that is typically encapsulated and belongs to the family
Enterobacteriaceae. This organism is widely distributed in
the environment and can be found in soil, water, plants,
and sewage. It is also a part of the microbiome in the
nasopharynx and gastrointestinal (GI) tract of healthy
individuals. As an opportunistic pathogen, it can cause
both  hospital-acquired and  community-acquired
infections. When neonates inhale or swallow infected
amniotic fluid, it can lead to the colonization of pathogenic
K. pneumoniae in their gut, potentially resulting in
intrapartum sepsis. Neonates admitted for longer stays in
the NICU, or those receiving prolonged feeding through
an enteral tube, are particularly prone to such colonization.
Furthermore, molecular typing has revealed that about
50% of K. pneumoniae strains isolated from blood are
identical to those found in the gut, and a possible link
between gut colonization and neonatal sepsis.!” From the
4578 samples, 378 blood cultures tested positive for K.
pneumoniae, S. epidermidis, S. haemolyticus, and other
bacterial species. The study on K. pneumoniae showed the
highest susceptibility to amikacin, imipenem, and
ciprofloxacin and resistance to oxacillin, tetracycline, and
ciprofloxacin.'® K. pneumoniae infections in 166
premature infants and 68 term infants showed that it had a
high prevalence and poor treatment outcomes among
premature infants, along with increased antibiotic
resistance.!® Although the World Health Organisation

(WHO) still recommends ampicillin and gentamicin for
treating neonatal sepsis, K. pneumoniae is quickly
becoming resistant to these antibiotics, particularly in
vulnerable populations and is undoubtedly identified as an
organism that easily develops antibiotic resistance,
harbours multiple plasmids, survives in the environment
and within the human gut, and poses a significant threat in
NICUs in low and middle-income countries (LMICs). The
results of this study showed that K. pneumoniae was
susceptible to fosfomycin and trimethoprim, and resistant
to amoxicillin, piperacillin, cefuroxime, imipenem,
meropenem, amikacin, and gentamicin.

Kocuria is a gram-positive coccus (pairs, short chains,
tetrads, cubical packets of eight, and irregular clusters). It
belongs to the phylum Actinobacteria, class
Actinobacteria, order  Actinomycetales,  sub-order
Micrococcinae and family Micrococcaceae. It has been
reported to be present in the normal flora of the human skin
and oral cavity, and is considered a laboratory
contaminant. It is ignored when isolated from the clinical
specimens, undermining its pathogenic potential. Kocuria
(named as Micrococcus kristinae) was first reported in a
case of urinary tract infection in 1974. Since then, reports
of infection with Kocuria species have increased in the late
twentieth century, and the trend continues, signifying its
pathogenic potential. Infections associated with isolation
of Kocuria spp. include wurinary tract infections,
cholecystitis, catheter-associated bacteremia,
dacryocystitis, canaliculitis, keratitis, native valve
endocarditis,  peritonitis, = descending  necrotizing
mediastinitis, brain abscess, and meningitis.?’ According
to the results of the present study, phylogenetic analysis
based on 16S rRNA gene sequences revealed that the
isolate showed the highest sequence similarity of 99.75%
to Kocuria arsenatis (strain CMI1E1). Although K.
arsenatis usually does not produce beta-hemolysis. To our
knowledge, this is the first report of a beta-hemolytic K.
arsenatis strain from a neonatal sepsis sample.

Coagulase-negative staphylococci (CoNS) are major skin
commensals in humans, and almost 84% of healthy
neonates' skin was colonized in a day.?! LONS
(approximately 50% cases) is commonly caused by CoNS
(S. epidermidis and S. haemolyticus) in neonates with very
low birth weight.?? Recent evidence also links these
bacteria to the pathogenesis of the immunologic skin
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reaction erythema toxicum, frequently observed in healthy
neonates.”* The similarity of the 16S rRNA sequence is
very high, 90% to 99% in Staphylococcus species.?* Blood
culture involving 1221 samples obtained from 1330
neonates with sepsis; 111 (9.1%) showed bacterial growth.
Fifty-one (51) staphylococcal isolates were obtained, out
of which 39 (76.5%) were identified as CoNS species and
12 (23.5%) as S. aureus. CoNS species were identified as
S. epidermidis, S. hominis, S. haemolyticus, and S. warneri
based on the SesC gene PCR and 16S rRNA sequencing.
The frequency of NS caused by CoNS isolates was 35.1%
(n=39/111). These CoNS isolates were resistant to
methicillin and showed 100.0% antibiotic resistance to
cefoxitin, ampicillin, erythromycin, and linezolid.? In our
study, an isolate was identified as S. epidermidis based on
16S rRNA phylogenetic analysis. Recent studies on NS in
Gujarat have shown the presence of K. pneumoniae,
Acinetobacter baumannii, E. coli, S. aureus, P.
aeruginosa, Burkholderia spp., Streptococcus spp., and
other CoNS species in neonatal sepsis.?6-3° A retrospective
study on LONS in neonates at a tertiary care center in
central India showed that Klebsiella and Acinetobacter
spp. were the most commonly isolated organisms.’ S.
aureus, CoNS, E. coli, and K. pneumoniae were isolated
during a study on suspected cases of neonatal sepsis in a
tertiary care hospital in western Uttar Pradesh, India.3! A
study was undertaken on a cohort of 100 neonates (50 pre-
term and 50 term births) at a NICU in Northern India. Out
of the 365 isolates: Gram-positive (n=241), Coagulase
Negative Staphylococcus spp. (CoNS) (n=195) was the
most common, followed by Enterococcus spp. (n=29) and
S. aureus (n=17). Among the rest, 124 were E. coli (n=51),
K. pneumoniae (n=43), and Acinetobacter species (n=25).
P. vulgaris, P. aeruginosa, and C. freundii were also
isolated.??

Thus, the present study provides new information on the
identification of bacterial species causing neonatal sepsis.
It also throws light on the other pathogens/bacteria that are
not envisaged to be present in neonatal sepsis samples, and
can grow in the selective LIM broth. This is the first report
on the isolation of K. arsenatis from neonatal sepsis in
Gujarat, India.

This study is based on enrichment of bacteria from
neonatal sepsis swab samples in LIM broth, a selective
medium for GBS. The limitation is that other
isolates/bacteria present in the sample that are inhibited by
the antibiotics present in the LIM broth cannot be isolated.

CONCLUSION

This study was undertaken to detect the presence of GBS
and other bacteria causing neonatal sepsis in a NICU,
Ahmedabad. GBS was not detected in the six (6) samples
tested. However, K. pneumoniae, S. haemolyticus, K.
arsenatis, and S. epidermidis were isolated from the
samples and presumed to be the most likely causative
agents in neonatal sepsis. The antimicrobial resistance
pattern of K. pneumoniae and S. haemolyticus in this study

could be useful for the control and treatment of sepsis in
neonates. Thus, the study supports other studies that
reported bacteria other than GBS causing bacterial
infections in neonates. Moreover, our findings revealed
that several bacterial species (opportunistic and emerging
pathogens) can grow in LIM broth, a selective medium for
the detection of GBS. GenBank accession nos. PX533098
and PX5331127, have been assigned to Kocuria arsenatis
GXDRC 03 and Staphylococcus epidermidis
GXDRC 04, respectively.
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