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Abstract: Background: The high prevalence of suspected early-onset neonatal sepsis among preterm
infants leads to immediate antibiotic administration upon admission. Notably, most blood cultures
for suspected early-onset neonatal sepsis do not yield a causative pathogen. This study aimed to
assess polymerase chain reaction (PCR) targeting the variable region V4 of the 16S ribosomal gene
(165 rDNA) and Sanger sequencing for bacterial identification in preterm infants with suspected
early-onset neonatal sepsis. Methods: Therefore, this prospective study was conducted. Preterm in-
fants with suspected early-onset neonatal sepsis were included in this study. The three groups were
formed based on the risk of infection and clinical sepsis. Blood samples were collected upon admis-
sion to the neonatal unit for culture and molecular analysis. PCR amplification and subsequent
Sanger sequencing of the V4 region of the 165 rDNA were performed. Results: Twenty-eight pa-
tients were included in this study. Blood cultures were negative in 100% of the patients. Amplifica-
tion and sequencing of the V4 region identified bacterial genera in 19 patients across distinct groups.
The predominant taxonomically identified genus was Pseudomonas. Conclusions: Amplifying the
16S rDNA variable region through PCR and subsequent Sanger sequencing in preterm neonates
with suspected early-onset neonatal sepsis can enhance the identification of microbial species that
cause infection, especially in negative cultures.

Keywords: early-onset neonatal sepsis; preterm infant; Sanger sequencing; 16S ribosomal DNA
gene; antimicrobial stewardship

1. Introduction

Neonatal sepsis is the primary cause of death and illness among preterm infants [1].
It is categorized as early-onset sepsis if it occurs within the first 72 hours of life and as
late-onset sepsis if it develops 72 hours after birth [2].

In contrast, suspected early-onset neonatal sepsis is a common diagnosis in preterm
infants. The incidence is 166 per 1000 live births; in contrast, the incidence of early-onset
culture-confirmed sepsis is 46 per 1000 live births [3]. It consists of the presence of perina-
tal risk factors for infection in the mother, whether associated with clinical infection in the
first 72 h of life [4], and is the leading cause of antibiotic formulation in preterm infants
[5].

However, approximately 95% of preterm infants treated with antibiotics for sus-
pected early-onset neonatal sepsis have no confirmation of infection by microbiological
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culture [6]. The situation described previously results in the needless administration of
antibiotics to preterm infants, which in turn increases the risk of illness and death [7].

However, discerning the requirement for antibiotics in suspected early-onset neona-
tal sepsis presents several challenges. First, there is no consensus regarding the criteria for
its definition [3]. The perinatal risk factors for infection are not reliable for this purpose
[4]. The clinical manifestations are nonspecific, unreliable, and overlap with those of other
diseases [6]. Neonatal sepsis was confirmed by isolating microorganisms from blood cul-
tures [8]. However, they have low sensitivity and specificity for the following reasons:
presence of bacteremia due to bacteria that do not grow in traditional cultures, use of pre-
vious antibiotics in the mother, low volume of bacteremia in neonates, and prolonged time
to obtain results [9,10] his has increased the use of unnecessary broad-spectrum antibiotics
in preterm infants [2].

Therefore, it is essential to develop diagnostic techniques that enable the precise, im-
partial, and swift identification of bacteria in neonates with suspected early-onset sepsis.
The current biomarkers used to determine whether to initiate antibiotics in this scenario
have limitations and are unsuitable for this purpose [11]. Polymerase chain reaction (PCR)
targeting specific variable regions of 16S rDNA and broad-range sequencing have been
shown to be fast and effective alternatives for identifying bacteria in adult and pediatric
patients [12-14].

The 16S rDNA gene contains both the conserved and variable regions. Analysis of
these variable regions allows for differentiation between bacterial species and, in some
cases, between genera, establishing them as reliable markers in phylogenetic and taxo-
nomic studies. This makes its findings applicable in various research contexts and clini-
cally useful for the reliable identification of pathogens. In addition, extensive 16S rDNA
sequence databases have facilitated the comparison and classification of new sequences
[15,16]. However, studies of neonatal populations with suspected early neonatal sepsis
are limited. In this scenario, PCR of the variable regions of 165 rDNA could be used as a
complementary diagnostic test for bacterial identification in preterm infants with sus-
pected early-onset neonatal sepsis.

This study aimed to identify bacteria in the blood of preterm infants with suspected
early-onset neonatal sepsis by amplification and Sanger sequencing of the V4 region of
the 16S rDNA gene.

2. Materials and Methods

A prospective observational study was conducted on preterm infants (Ballard <37
weeks) with a birth weight <1800 g and suspected early-onset neonatal sepsis who were
admitted to the neonatal intensive care unit of the Hospital Meissen in Bogota between
March 2022 and March 2023. This study was approved by the Ethics Committee of the
Universidad de La Sabana (N°100-21-June-2021) and Hospital Meissen (register-185). In-
formed consent was obtained from parents for newborn admission.

Patients were included immediately upon admission to the neonatal intensive care
unit after stabilization at birth in an adaptation room. Suspected early-onset neonatal sep-
sis was defined as the presence of perinatal risk factors for neonatal and/or clinical infec-
tion within the first 72 h. The criteria for suspected early-onset neonatal sepsis and clinical
sepsis are presented in Table 1.

Table 1. Risk Factors and Criteria for Early Neonatal Infection.

Category Criteria

One or more of the following criteria:
Risk Factors for Infection -Prolonged rupture of ovulation
membranes (PROM) > 18 hours.
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-Chorioamnionitis: fever >38 °C, abdominal
tenderness, and paraclinical evidence of
systemic inflammatory response.
-Preterm birth due to unexplained preterm
labor.

-In cases of multiple gestations, infection in
the other baby.

One or more of the following criteria are
present within the first 72 hours of life:
-Thermal instability: temperature <36 °C
and/or =38 °C.

-Heart rate instability with a tendency to
tachycardia in the last 24 hours: heart
rate >180 bpm.

-Altered consciousness and/or seizure.
-Signs of hemodynamic instability:
hypotension (two standard deviations
below normal for age), capillary filling >3
seconds, cold, mottled, or reticulated skin.
Early Neonatal Infection: Clinical Sepsis  -Signs of respiratory instability: tachypnea

(respiratory rate > 60 bpm), apnea,
increased requirement of inspired fraction

of oxygen (FiO2) and/or increased
requirements for invasive or non-invasive

ventilatory support.
-Gastrointestinal symptoms due to oral
intolerance, abdominal distention.

-Laboratory test results: blood count with
leukocytes > 22,000 and/or < 4000, platelets <
100,000; immature/total ratio > 0.25; C-reac-
tive protein > 10 mg/dL; and procalcitonin >

10 mg/dL.
Proven early-onset sepsis Blood cultures identify a microorganism.

Neonates with perinatal asphyxia, congenital anomalies, suspected (or confirmed)
metabolic disease or inborn error of metabolism, a need for transfusion of blood products
in the adaptation room, and/or before taking samples for study and admission to the ne-
onatal unit referred from another institution, and/or older than two hours of life upon
admission to the neonatal unit, were excluded.

A group of preterm infants with a birth weight of less than 1800 g and without risk
factors for infection immediately after birth was also included as a control.

For data analysis, three groups of patients were formed: Group 1, patients without
suspected early-onset sepsis; Group 2, patients with suspected early neonatal infection
and no clinical signs of early neonatal infection; and Group 3, patients with suspected
early neonatal infection and clinical infection in the first 72 h of life (clinical sepsis). The
primary outcome was the identification of genetic material in the blood by PCR V4 165
rDNA amplification and Sanger sequencing.

2.1. Blood Culture Samples

Two blood culture samples were obtained immediately upon admission to the neo-
natal unit under strict asepsis and antisepsis measures and were analyzed in the hospital’s
microbiology department. For each sample, 1 mL of blood was taken from the newborn
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and injected directly into a bottle of BACT/ALERT® PF PLUS blood culture for aerobes
and another for anaerobes, incubated in the equipment at 37 °C for five days.

2.2. Blood Samples & Clinical Data

During the collection of blood cultures, an additional one (1) mL of blood was col-
lected in an EDTA tube for molecular testing. Initially, the sample was frozen in the neo-
natal unit at -20 °C and then transferred, maintaining the cold chain, to the laboratories
of the University of La Sabana and CES University, where it was kept frozen at -80 °C
until its analysis.

Similarly, clinical variables were prospectively collected from the standard monitor-
ing of vital signs in the neonatal unit and the results of the laboratories in the first 72 h of
life, including blood count, C-reactive protein, procalcitonin, and other clinical tests used
to detect infection in the first 72 h according to medical indication.

2.3. Statistical Analysis

The data are summarized as absolute and relative frequencies for the qualitative var-
iables. On the other hand, the continuous variables were summarized with measures of
central tendency and dispersion according to their distribution. The assumption of nor-
mality was assessed using the Shapiro-Wilk test.

2.4. DNA Extraction

The Wizard® Genomic DNA Purification Kit (Promega, Madison, Wisconsin, USA)
was used to extract and purify complete genomic DNA from 300 uL of blood samples.
The extraction process consists of several steps. This included cell lysis, precipitation of
proteins and other impurities, DNA fixation with isopropanol, washing with 70% ethanol,
and rehydration of the purified DNA. To improve cell lysis, proteinase K (QIAGEN, Hil-
den, Germany) was added to the lysate with an incubation time of 90 min at 56 °C. The
amount and purity of the extracted DNA were evaluated using spectrophotometry. To
evaluate DNA integrity, 1% agarose gel electrophoresis (70 V, 70 min) was performed and
SYBR™ Safe DNA Gel Stain (Thermo Fisher Scientific, Waltham, MA, USA) was used to
visualize the DNA bands.

2.5. Sanger Sequencing

Amplification of the V4 region: The V4 region of the 16S rDNA gene was amplified
using 515F sense primer (5-GTGYCAGCMGCCGCGGTAA-3') and 806R antisense primer
(5'-GGACTACNVGGGTWTCTAA-3'). The thermal profile for PCR consisted of the fol-
lowing: initial denaturation at 94 °C for 5 min, followed by 45 cycles of denaturation at 94
°C for 30 s, alignment at 50 °C for 60 s, extension at 72 °C for 5 min, and a final extension
at 72 °C for 10 min [17].

Sequencing and analysis: All samples with positive PCR amplicons were sequenced
using Sanger sequencing [18]. The obtained sequences were aligned and edited to obtain
a consensus sequence using the SeqMan Pro software (DNASTAR, Inc., Madison, WI,
USA). Taxonomic classification using the lowest common ancestor (LCM) method was
performed using SILVA [19]. Additionally, a search was conducted using the BLASTn bi-
oinformatics tool in the NCBI [20] database for the assignment of species or genera, select-
ing those with the highest percentage of identity and coverage.

3. Results

A total of 28 blood samples were analyzed: 6, 12, and 10 patients in Groups 1 and 2,
and 10 in Group 3. The clinical characteristics of the patients are shown in Table 2, and a
detailed description of each patient is provided in Supplementary Materials Tabel S1. Us-
ing PCR amplification, 19 (67.8%) blood samples were positive for 165 rDNA (n=5 in
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Group 1, n =8 in Group 2, and n =5 in Group 3). Blood cultures were negative in 100% of
the patients.

In Groups 2 and 3, 100% of the mothers and infants received antibiotics during labor
and in the first week of life. The median duration of neonatal antibiotic therapy was longer
in Group 3 than in Group 2 (7 days [IQR 4.9] vs. 5 days [IOR 2]). The most prescribed
antibiotics were ampicillin, gentamicin, piperacillin/tazobactam, cefepime, and linezolid.
One patient in Group 3 died on the second day of life due to sepsis, and Pseudomonas
mendocina was detected in his blood by molecular testing.

Table 2. Clinical characteristics of patients.

Groupln=6 Group 2n=12 Group3n=10
Antenatal steroids—n (%)
Yes 5(83.3) 9 (75) 8 (80.0)
No 1(16.7) 3 (25) 2 (20.0)
Birth—n (%)
Caesarean section 6 (100) 10 (83,33) 9 (90.0)
Vaginal 0 (0) 2 (16.67) 1 (10.0)
Gestational age-weeks (Ballard)
median (IQR1) 31(1.5) 30.5 (2.5) 29 (3.8)
Sex—n (%)
Male 2 (33.3) 8 (66.67) 8 (80.0)
Female 4 (66.7) 4 (33.33) 2 (20.0)
Birth weight (g)
median (IQR) 1440 (411.25) 1220 (327.5) 1120 (686.3)
Leukocyte count (mg/dL)
median (IQR) 8990 (2325) 10215 (6948) 7215 (8370)
Absolute neutrophils (mg/dL)
median (IQR) 5902.5 (2143.25) 6117 (5352) 5286 (4932,8)
Platelet count (mg/dL)
median (IQR) 207,500 (38.500) 224,500 (109.500) 194,000 (64750)
CRP (mg/dL)
median (IQR) 0.7 (0.56) 0.4 (0.225) 0.4 (0,0
Antibiotic duration (days) 0 502) 7 (49)

median (IQR)

IQR: Interquartile Range

3.1. DNA Extraction

The spectrophotometry calculation of the DNA concentration had a median purity
of 140.3 ng/uL (IQR 145.3) and measuring the absorbance ratio 260/280 nm yielded a me-
dian of 1.84 (IQR 0.084). Integrity was evaluated by performing electrophoresis on a 1%
agarose gel, which allowed the observation of medium-high intensity bands without
traces of degradation.

3.2. Sanger Sequencing

Amplicons of approximately 430 bp were generated. Figure 1 shows the PCR results
for the 28 neonates. Using SeqMan Pro-11 software (DNASTAR, Madison, WI, USA), the
806R and 515F sequences of each sample were aligned to edit the chromatograms and
generate a consensus sequence for identity analyses. After trimming the extremes and be-
fore proceeding with manual correction, sequences with overlapping peaks were inter-
preted as “detected mixed sequences” or ambiguous bases, which were corrected by
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observing and comparing the peaks, where the competing peak was acceptable when the
peak height was greater than the peak of the complementary sequence.

@A) Group 1 Group 2
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Figure 1. (A) Agarose gel showing PCR results to assess amplification of the V4 region of 16S rDNA.
The lanes of the PCR gel are marked with the number (1-28) of the case to which the amplification
corresponds in each group. (B) Agarose gel with results for positive control (bacterial genomic DNA)
and negative control (mixture of PCR reagents without the presence of DNA) in duplicate.

The predominant taxonomic identification in the three groups using BLAST (Basic
Local Alignment Search Tool) and SILVA (https://www.arb-silva.de, accessed on 8 Sep-
tember 2023) belonged to the genus Pseudomonas, with identity percentages between
90.2% and 100% (Table 3). Using the BLAST algorithm, eight samples were described as
non-cultured bacteria, indicating that this group had not been cultured because of scant
information or knowledge about these bacteria. Nine were from the genus Pseudomonas,
one was classified as Gammaproteobacteria, and one was a noncultivable organism within
the genus Lachnospiraceae. Using the SILVA database, two sequences were not classified,
13 were within the genus Pseudomonas, three were Lachnospiraceae, and one was within
the class Clostridia.

Table 3. Taxonomic classification results.

BLAST SILVA
G ID Patient LCA* T
Toup atien Description/Accessions Identity (%) ¢ axonomy Identity (%)
SILVA
Uncultured Lachnospiraceae bacte- .
2 rium/KX460604.1 95.83 Clostridia 9491
G . 3 Uncultured bacterium/FJ162329.1 90.73 Lachnospiraceae 89.15
roup 4 Pseudomonas stutzeri/ON514627.1 98.16 Pseudomonas 98.62
5 Uncultured bacterium/MK494335.1 80.91 Lachnospiraceae 81.99
6 Uncultured bacterium/MF005955.1 86.88 Unclassified 68.13
9 Uncultured bacterium/KC541299.1 90.20 Pseudomonas 95.45
Pseudomonas mendo-
11 cina/MN276034.1 97.21 Pseudomonas 97.77
12 Uncultured bacterium/LC683652.1 85.37 Unclassified 75
Group 2 13 Gamma proteobacterium/GQ466449.1 96.95 Pseudomonas 97.57
P 14 Uncultured bacterium/MH312886.1 96.83 Pseudomonas 94.3
15 Pseudomonas sp./OR394601.1 99.33 Pseudomonas 100
16 Pseudomonas sp./MN736123.1 98.38 Pseudomonas 98.92
18 Pseudomonas in- 95.37 Pseudomonas 93.47

doloxydans/MT435025.1
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Group 3

19
22
23
24

25
26

Uncultured bacterium/AM404477.2 94.97 Lachnospiraceae 84.98
Pseudomonas mendo-
cina/MN866768.1 96.14 Pseudomonas 93.96
Uncultured bacterium/KC164827.1 94.24 Pseudomonas 85.34
Pseudomonas in-
doloxydans/MT435025.1 92.74 Pseudomonas 96.09
Pseudomonas putida/]QQ830029.1 100 Pseudomonas 98.83
Pseudomonas sp./CP059139.1 92.83 Pseudomonas 77.08

* LCA: Least common ancestor

4. Discussion

Identification of bacteria in the blood with PCR amplification of the variable region
V4 of the 16s rDNA gene and Sanger sequencing was performed in preterm neonates with
suspected early-onset neonatal sepsis. Blood cultures were negative in all patients,
whereas bacteria were identified by PCR V4 16S rDNA in 67.8% of the samples. Interest-
ingly, bacteria were identified in all the patient groups. All analyses were performed un-
der strict asepsis and antisepsis measures to avoid contamination and false positives in
PCR results.

Previous studies have shown the usefulness of 165 rDNA PCR-based tests for effec-
tive and rapid identification of bacteria during a diagnostic approach to neonatal sepsis
[12]. Garcia-Gudifio [21] compared the identification of bacteria by blood culture with
PCR of the V3 region of 16S rDNA and denaturing gradient gel electrophoresis (DGGE)
in neonates with neonatal sepsis. They observed identification ratios of 40% and 87% be-
tween cultures and molecular testing, respectively. However, unlike this study, they failed
to separate cases of early- and late-onset sepsis as well as preterm and full-term infants.
Likewise, Reier-Nilsen [22], in preterm neonates with suspected infection in the first week
of life, compared blood culture with broad-range PCR 165 rDNA, indicating that the latter
enhances both sensitivity and specificity in diagnosing confirmed bacterial sepsis. Simi-
larly, other investigations using 16S rDNA PCR targeting specific regions of bacteria re-
lated to neonatal sepsis (Streptococcus agalactiae, Escherichia coli, and L. monocytogenes)
have shown better diagnostic performance, especially in culture-negative cases [23,24].
However, research in adults with sepsis using PCR of variable regions of the 165 rDNA
and Sanger sequencing has reported the effectiveness of identifying bacteria in patients
who have received previous antibiotic treatments and with negative cultures, thus im-
proving stewardship strategies for antibiotic use [25]. The data obtained in this study were
consistent with this information. However, it is important to highlight that this study, un-
like those previously cited, focused on the analysis of preterm infants with suspected
early-onset neonatal sepsis, which was the group that most frequently received antibiotics
in the neonatal unit and experienced greater complications owing to unnecessary antibi-
otic use.

Molecular testing identified bacteria in preterm infants with suspected early-onset
sepsis and negative culture results. PCR of the V4 region of 16S rDNA allows for the
broader detection of bacteria. This information is important for several reasons. First, this
group of patients received most of the antibiotics prescribed in the neonatal unit. Second,
false-negative culture results are frequent because of the presence of uncultivated bacteria
or difficult-to-isolate organisms and a history of antibiotic use in the mother [26]; the test
is especially interesting in the scenario of negative cultures. Third, the test results were
available more quickly than when using cultures. This would make it possible to promptly
decide on the need for antibiotics, thereby reducing unnecessary exposure to antibiotics
and the side effects in this group of patients. However, it is important to recognize that
the primers chosen for the variable regions (V1-V9) have an impact on microorganism
identification. Although there is no consensus on which V region provides the best results,
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combining these two regions is recommended. Additionally, it has limitations in terms of
diversity resolution and taxonomic analysis [27].

Some bacteria identified in this study were uncultivated bacteria or organisms that
were difficult to isolate in traditional cultures. The most frequently identified bacteria
were the Pseudomonas spp. Pseudomonas mendocina is a rare cause of infection in hu-
mans and has been reported in only 16 adult patients [28]; however, it was identified in
the blood of newborns who died during this study. Pseudomonas putida is rarely re-
ported in outbreaks of bacteremia in neonatal units [29]. Conversely, Pseudomonas in-
doloxydans has not been previously reported to infect humans or neonates and may be a
component of the neonatal microbiota [30]. Similarly, although Lachnospiraceae has been
identified by PCR of 16S rDNA in amniotic fluid from mothers with neonates who devel-
oped early-onset neonatal sepsis [31], it has also been identified as a beneficial microor-
ganism, and its integration into the gut microbiome is necessary for proper neurodevel-
opment [32].

Regarding the group of preterm infants with no identified risk factors for infection
and bacterial DNA, the following considerations were made: The patients required pro-
cedures and stabilization in the delivery room, which could have caused transient bacte-
remia. Likewise, the sociodemographic characteristics of the maternal population treated
in the hospital are socially vulnerable from low economic strata, exposed to antibiotic cy-
cles during pregnancy, and carry social risk factors such as malnutrition, which may also
explain the transient bacteremia of vertical acquisition.

Regarding the limitations of this study, several considerations are presented. Alt-
hough, in principle, the identification of bacterial DNA in sterile samples under strict
asepsis and antisepsis measures points toward infection, analyses should be carried out
to clarify whether bacterial identification is the etiological cause of sepsis [33]. A semi-
quantitative analysis of the results based on the cycle threshold (Ct) value was proposed,
assuming etiological significance when Ct values were low, indicating high pathogen
loads [34]. Several statistical approaches have been developed based on the correlation
between the relative abundance of samples and the sequencing depth [35]. However, these
techniques have limitations in Sanger sequencing [36]; therefore, semiquantitative or di-
versity analyses were not performed in this study. However, the sample size only allows
for descriptive and exploratory analyses of the information, thus preventing the perfor-
mance of association tests. This initial study of preterm neonates with suspected infection
was designed as an exploratory study because of the limitations of research in this specific
group of neonates. It is important to recognize the difficulty in recruiting these patients
because of their vulnerability. In the future, this study should be scaled up by increasing
the sample size to enable the reproduction and generalization of the results.

5. Conclusions

In conclusion, PCR V4 16S rDNA allowed the identification of bacteria in the blood
of preterm infants with suspected early-onset sepsis and negative cultures. Continued re-
search on variable region PCR and Sanger sequencing in this group of neonates is recom-
mended, as it is a reliable and low-cost method for bacterial identification in neonates with
sepsis with a shorter outcome time. Research in this field could allow these tests to be
included in neonatal stewardship programs.

Supplementary Materials: The following supporting information can be downloaded from:
https://www.mdpi.com/article/10.3390/tropicalmed9070152/s1, Table S1: clinical description of the
neonates.
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