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Clinical characteristics and outcomes of invasive pneumococcal
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ABSTRACT

Objective: Invasive pneumococcal disease (IPD) is a rare but serious cause of neonatal sepsis associated with significant morbidity and
mortality. Despite widespread pneumococcal conjugate vaccine (PCV) use in infants, neonates remain vulnerable due to lack of direct
vaccination and potential vertical or horizontal transmission. This study aimed to characterize the clinical, laboratory, and microbiological
features of neonatal IPD and to evaluate associated outcomes in this high-risk population.

Material and Methods: We conducted a retrospective cross-sectional study of neonates (0-30 days old) diagnosed with IPD between
September 2019 and April 2025. Diagnosis was confirmed by isolation of Streptococcus pneumoniae from sterile body fluids or PCR
detection. Demographic, clinical, microbiological, and outcome data were analyzed.

Results: Among 68 IPD cases, 12 neonates with pneumococcal bacteremia were identified; no meningitis or focal infections were
observed. The cohort had equal sex distribution, mean gestational age of 35+3.8 weeks, and 33.3% had comorbidities. Early-onset
sepsis (<72 hours) accounted for 25% of cases, with the remainder presenting as late-onset sepsis (>72 hours). One neonate had
concurrent SARS-CoV-2 infection. All patients survived; one preterm infant developed neurological sequelae attributable to pre-existing
conditions. Antibiotic susceptibility testing showed reduced sensitivity to penicillin (20%) and ceftriaxone (16.7 %), while vancomycin and
linezolid remained highly effective.

Conclusion: Neonatal invasive pneumococcal bacteremia, although uncommon, continues to pose clinical challenges, particularly due to
evolving antimicrobial resistance. Our findings emphasize the importance of vigilant clinical monitoring and tailored antimicrobial therapy in
this vulnerable population. Continued surveillance and prospective studies are warranted to assess the impact of maternal and early infant
vaccination strategies on neonatal IPD prevention.
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INTRODUCTION

Streptococcus pneumoniae is a Gram-positive diplococcus

deaths in this age group, a decrease from 541.000 deaths
in 2008 prior to the widespread implementation of conjugate
vaccines in low-income countries (1). Although pneumococcal

and the etiologic agent of invasive pneumococcal diseases
(IPD), which include bacteremia, sepsis, and meningitis.
Globally, IPD continues to pose a substantial health burden,
particularly in children under five years of age, and remains
associated with considerable morbidity and mortality despite
the availability of effective vaccines. In 2015, pneumococcal
infections were estimated to cause approximately 335.000

conjugate vaccines (PCVs) have reduced the incidence of
severe infections and antibiotic resistance, the emergence of
non-vaccine serotypes continues to pose challenges (2). In
Turkiye, PCV13 was introduced into the national immunization
program in April 2011 and has been administered in a 2+1
schedule (at 2, 4, and 12 months) since 2019 (3). The indirect
protection conferred by pneumococcal conjugate vaccine

© 2025 Author(s). Published by Ankara Bilkent City Hospital, Children’s Hospital. This is an open-access article distributed under the Creative Commons Attribution License (CC BY), which
permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.

Correspondence Address:

Biisra Demirci
e-mail: bozuyukbusra@gmail.com

Received : 20.08.2025
Accepted : 01.12.2025
DOI: 10.12956/TJPD.2025.1217



(PCV) to neonates and infants too young to receive PCV—
mediated through herd immunity— has been well documented
in the literature. Studies report a 40% to 83% reduction in IPD
incidence in this age group, along with an overall declining
trend in IPD rates (4,5).

While S. pneumoniae infections are rare in neonates, they
are associated with considerable mortality and morbidity
(6). Transmission may occur via the birth canal, intrauterine
spread, or horizontal contact with caregivers (7). Despite herd
immunity achieved through childhood vaccination, neonates
remain vulnerable to IPD via vertical or horizontal transmission.
Pneumococcus accounts for 1-11.5% of neonatal sepsis
cases, with reported mortality rates ranging from 14.3% to
60%, often manifesting as sepsis or early-onset pneumonia
(8-10). Although neonatal cases are often described as early-
onset sepsis, findings from the largest published series indicate
that only 6.8% of cases developed symptoms within the first
48 hours, while the majority presented after the first week of life
(6-8). These data highlight the variable timing of disease onset
and underscore the importance of clinical vigilance throughout
the neonatal period.

Given the limited recent data on neonatal pneumococcal
infections, this study aimed to characterize the clinical and
microbiological features of invasive pneumococcal disease in
this unvaccinated population.

MATERIALS and METHODS

This retrospective cross-sectional study evaluated a total of 68
invasive pneumococcal disease (IPD) cases identified in children
aged 0-18 years between September 1, 2019, and April 1,
2025. Among these, 12 neonates (postnatal age 0-30 days)
with culture-confirmed Streptococcus pneumoniae bacteremia
were included as the study sample. Data were obtained from
the hospital information system. For each case, demographic
characteristics (gender, age, date and type of specimen), risk
factors, clinical and laboratory findings, antibiotic susceptibility,
and outcomes were recorded.

IPD was confirmed by isolating Streptococcus pneumoniae
from sterile body fluids (blood, cerebrospinal fluid, synovial/
bone, pleural, or middle ear fluid) or by detecting pneumococcal
DNA via polymerase chain reaction (PCR) in blood or
cerebrospinal fluid samples. All microbiological procedures
followed standardized protocols.

Neonatal sepsis was classified according to the timing of
symptom onset. Early-onset neonatal sepsis (EONS) was
defined as the occurrence of clinical manifestations within the
first 72 hours after birth, most frequently resulting from vertical
transmission of pathogens from the maternal genital tract during
labor or delivery (11). Late-onset neonatal sepsis (LONS) was
defined as symptom onset beyond 72 hours of life, generally
associated with horizontal acquisition of pathogens from the
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postnatal environment, including community or healthcare-
associated sources (12).

Gram-stained preparations were assessed under 100x
magnification for polymorphonuclear leukocytes and Gram-
positive diplococci using a BioMérieux device (France). Clinical
samples were inoculated onto appropriate culture media and
incubated using the WASPLab® system (Copan, ltaly), with
conditions tailored to the sample type. Blood samples were
processed in BACT/ALERT bottles (bioMérieux, France) and
incubated for 120 hours in the BACT/ALERT 3D system.
Positive signals prompted Gram staining and subcultures,
which were incubated for 24-48 hours. Suspicious colonies—
alpha-hemolytic, small, gray, mucoid, or button-like with central
depression—were identified using MALDI-TOF MS (VITEK®
MS, bioMérieux, France). Colonies were transferred to metal
slides, overlaid with 1 yL of a-cyano-4-hydroxycinnamic acid
matrix solution, air-dried for ~15 minutes, and analyzed.

Antibiotic susceptibility testing was performed using the
VITEK® 2 Compact system (bioMérieux, France), and results
were interpreted according to EUCAST guidelines. Bacterial
inocula were adjusted to 0.5 McFarland standard. A 280 pL
aliquot was added to sterile saline (0.45%) in transparent tubes,
vortexed, and loaded with AST-STO3 cards into the system.
Minimum inhibitory concentrations (MICs) were determined
automatically for each antimicrobial agent. As all cases in our
cohort represented bacteremia without meningitis, EUCAST
non-meningitis breakpoints were applied. Results are presented
as susceptible (S), intermediate (I), or resistant (R), expressed
as n/N (%), to enhance clarity and minimize misinterpretation in
the context of a small sample size.

Statistical analysis

Descriptive statistical analyses were conducted using IBM
SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA).
Categorical variables, including sex, prematurity, comorbidities,
clinical presentation, and antimicrobial susceptibility patterns,
were summarized as frequencies and percentages. Continuous
variables, such as gestational age and postnatal age at
diagnosis, were assessed for normality and presented as
means with standard deviations. Owing to the small sample
size and the rarity of neonatal IPD, no inferential statistical
analyses or group comparisons were performed. Antibiotic
susceptibility rates were calculated based on the proportion of
isolates meeting EUCAST-defined sensitivity thresholds. This
approach ensured an accurate and transparent representation
of clinical and microbiological characteristics within the neonatal
IPD cohort.

RESULTS

Among the 68 patients aged 0-18 years who were diagnosed
and followed with IPD during the study period, 12 were identified
in the neonatal period. In these 12 neonates, Streptococcus
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Table I: Clinical characteristics of neonates with invasive|

pneumococcal disease (n = 12)*

Prematurity 5(41.7)
Comorbid conditions 4 (33.3)
Nutrition
Exclusive breastfeeding 6 (50.0)
Breast milk + formula 6 (50.0)
Respiratory and circulatory support
Mechanical ventilation 3 (25.0)
Non-invasive ventilation 4 (33.3)
Inotropic support 1(8.3)

*n(%), Prematurity is defined as gestational age <37 weeks. Comorbid
conditions include congenital anomalies and other significant underlying
diseases

Table ll: Laboratory characteristics of neonates with

Invasive pneumococcal disease (n = 12)

White Blood Cell count* 11.717+2.446

Absolute Neutrophil Count™ 4.996+1.861
Absolute Lymphocyte Count* 4.434+1.822
Hemoglobin * 12.3+1.9
Platelet count* 373.333+143.281
C-reactive Proteint 6.5 (0-46)
Sodium* 138.8+3.6
Potassium* 5.4+1.0
Aspartate Aminotransferase* 36+30
Alanine Aminotransferase* 19+11.5

** mean + SD, *: Medlian (range)

pneumoniae was isolated exclusively from blood cultures;
no growth was detected in cerebrospinal fluid or other sterile
body sites, and multiplex PCR panels for sepsis or meningitis/
encephalitis were negative in all cases. A detailed overview of
demographic features, clinical presentations, comorbidities,
and timing of sepsis onset for all neonates is provided in Table I.

Of the 12 included patients, 6 were female and 6 were male.
The mean gestational age was 35+3.8 weeks; 5 were born
preterm (gestational ages: 36+6, 32+6, 28+5, 32, 30+1, 33+4
weeks). All infants were delivered via cesarean section.

Four patients (33.3%) had underlying comorbidities, including
meningomyelocele, tracheoesophageal fistula, gastroschisis,
and liver abscess; one of these patients was also small for
gestational age (SGA) due to intrauterine growth restriction.

Admission diagnoses were early-onset sepsis in 4 cases
(83.3%), late-onset sepsis in 4 (33.3%), and respiratory distress
in 4 (33.3%). Based on timing of blood culture positivity, 4
patients had early-onset bacteremia (<3 days of life), while 8
had late-onset bacteremia (>3 days). Laboratory parameters,
including complete blood count and inflammatory markers at
admission, are summarized in Table II.

One patient was born to a COVID-19 positive mother. The
infant, delivered at 39+1 weeks via cesarean section, presented
with fever on postnatal day 4. The infant’s nasopharyngeal PCR
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was also positive for SARS-CoV-2. S. pneumoniae was isolated
from the initial blood culture, and empiric ampicillin-gentamicin
was escalated to vancomycin. The infant completed 10 days
of antibiotics and was discharged without sequelae. No other
patients had viral coinfections or positive PCR panel results.

One neonate, born at 30 weeks of gestation following preterm
premature rupture of membranes (PPROM) and fetal distress,
developed IPD manifesting as isolated bacteremia on postnatal
day 30. The patient had pre-existing comorbidities, including
respiratory distress syndrome, grade 4 intraventricular
hemorrhage, posthemorrhagic hydrocephalus, and hepatic
hematoma, and subsequently required ventriculoperitoneal
(VP) shunt placement. The long-term neurological sequelae
observed in this case were attributable to the underlying
conditions rather than pneumococcal infection; all other
patients recovered without complications.

Antibiotic susceptibility rates for S. pneumoniae isolates were
as follows: penicillin 20%, ampicilin 16.7%, clindamycin
18.2%, erythromycin 16.7%, ceftriaxone 16.7%, levofloxacin
75%, moxifloxacin 80%, linezolid 100%, tetracycline 9.1%,
vancomycin 91.7%, and trimethoprim-sulfamethoxazole 100%.

DISCUSSION

In this 5.5-year retrospective analysis, 12 neonates with invasive
pneumococcal disease were identified, all presenting with
Streptococcus pneumoniae bacteremia. No cases of meningitis
or other focal infections were detected, as cerebrospinal fluid
cultures and multiplex PCR panels were uniformly negative. The
cohort had equal sex distribution and a mean gestational age
of 35 + 3.8 weeks, with nearly half born preterm; all infants
were delivered by cesarean section. One-third had notable
comorbidities, including congenital anomalies or intrauterine
growth restriction. Clinical presentations were evenly divided
among early-onset sepsis, late-onset sepsis, and respiratory
distress. Only one infant experienced long-term neurological
sequelae, attributed to severe pre-existing conditions rather
than pneumococcal infection. All remaining neonates recovered
without complications. Overall, IPD in this cohort manifested
exclusively as isolated bacteremia, with favorable outcomes
following timely management.

Streptococcus pneumoniae is a rare but well-recognized cause
of neonatal sepsis, associated with considerable morbidity
and mortality (7). Most published data consist of case reports
or small series. The largest to date, by Hoffmann et al. (8),
included 29 neonatal IPD cases and reported a mortality rate
of 14.3%, with most cases presenting as late-onset sepsis. In
contrast, Malhotra et al.(7), and Gomez et al.(13) found earlier
presentations in 69% and 100% of their small case series,
respectively, though sample sizes were limited to five and four
cases. Gomez et al. (13), also reported a mortality rate of 50%,
while a more recent study reported 39%, with the highest rates



in meningitis cases (14). In our series of 12 neonates with
confirmed pneumococcal bacteremia, 25% presented with
early-onset sepsis, whereas the majority (75%) were diagnosed
with late-onset sepsis. No deaths occurred. The favorable
outcomes observed in our cohort could be attributed to
advanced supportive care practices, such as early recognition
of sepsis, optimized antimicrobial use, and intensive neonatal
monitoring. Furthermore, our study represents a post-vaccine
era cohort, which may explain lower mortality compared to
earlier reports. Notably, no cases of pneumococcal meningitis
were observed, a condition historically linked with higher fatality
(13,15).

Infants can become colonized with S. pneumoniae soon after
birth, and the prevalence of colonization tends to rise as they
get older. Colonization rates of approximately 0.3%, 7%, 4%,
and 10% have been observed at 0, 4, 8, and 12 months of age,
respectively (16). Although S. pneumoniae is an uncommon
cause of neonatal sepsis, infections due to this pathogen
have been described as having a more severe clinical course.
Interestingly, some studies have reported that S. pneumoniae
was identified more frequently than Group B Streptococcus
(15%) in cases of early-onset sepsis. This suggests that S.
pneumoniae may represent a more significant pathogen in early
neonatal sepsis than previously appreciated (17). In our study,
four patients presented with early-onset and four with late-
onset neonatal sepsis. Although national data on the incidence
of neonatal IPD in Turkiye are limited, the rate appears to be
markedly reduced following widespread implementation of
pneumococcal conjugate vaccines. Consistent with this, only
a small number of neonatal IPD cases were identified over a
5.5-year period at our institution, one of the largest pediatric
centers in the country, underscoring the rarity of this condition
in the current post-vaccination era.

Maternal factors are thought to play a critical role in the
pathogenesis of neonatal IPD, particularly in early-onset disease.
Several reports have suggested that vertical transmission
during labor or colonization of the maternal genital tract may
contribute to infection in neonates (18,19). Other potential risk
factors include maternal chorioamnionitis, premature rupture of
membranes, and preterm delivery, all of which may facilitate
perinatal acquisition of S. pneumoniae (20). Despite the
biological plausibility of these associations, robust data remain
limited, as maternal screening for pneumococcal carriage is
not routinely performed in most settings. In our study, detailed
obstetric histories and maternal colonization status could not
be retrieved due to the retrospective design and incomplete
clinical documentation. This gap highlights the importance of
prospective surveillance incorporating maternal data to better
delineate risk factors for neonatal IPD and inform preventive
strategies.

Increasing antimicrobial non-susceptibility among Streptococcus
pneumoniae isolates has been documented in recent regional
reports and mirrors the low penicillin and ceftriaxone susceptibilities
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observed in our cohort. A recent Turkish surveillance analysis
reported a significant rise in penicillin non-susceptibility from
1.9% (2017-2019) to 20.3% (2020-2022), with appreciable
ceftriaxone non-susceptibility noted in  some periods,
underscoring an emerging local trend toward reduced
B-lactam susceptibility (21). A two-decade analysis of invasive
pneumococcal isolates from Turkiye similarly documented
increasing non-susceptibility to penicillin and macrolides over
time, suggesting that these trends are not isolated to a single
center. More recent multicenter surveillance in neighboring
regions and broader analyses report variable but notable rates
of reduced susceptibility to penicillins and third-generation
cephalosporins, reinforcing the need for ongoing regional
monitoring to guide empiric therapy (22). Compared with these
regional data, our finding of low penicillin (20%) and ceftriaxone
(16.7%) sensitivity likely reflects local epidemiology and the
impact of serotype replacement and antimicrobial selection
pressure in the post-PCV era. These observations support
empiric coverage that includes agents active against resistant
pneumococci (e.g., vancomycin), particularly in severe neonatal
infections or where initial therapy fails, while underlining the
imperative for routine, up-to-date susceptibility surveillance
and incorporation of serotype data in future studies to better
correlate resistance patterns with vaccine-driven serotype
shifts.

Over the years, the introduction of PCVs with broader serotype
coverage has led to a marked decline in the incidence of IPD in
children. Studies have consistently demonstrated this reduction
across vaccine-included serotypes (23,24). Following the
implementation of PCV7, a significant decrease was observed
in the covered serotypes, which subsequently created the need
for vaccines with expanded serotype coverage. In our country,
PCV13 is currently in use as the latest formulation. However,
due to the retrospective design of our study, we were unable to
capture temporal trends in serotype distribution. Nevertheless,
we believe that the low number of positive cases observed in
our cohort likely reflects the impact of widespread vaccination.
Furthermore, the low case count, absence of mortality, and
the presence of sequelae only in an infant with significant pre-
existing comorbidities suggest that the favorable outcomes
observed in our cohort may, in part, reflect the impact of high
pneumococcal vaccine coverage on reducing disease severity
in the neonatal population.

Historically, neonatal IPD case series have contributed
significantly to understanding disease progression. However,
older reports may not reflect current trends due to improvements
in healthcare and neonatal outcomes. To our knowledge, recent
large-scale analyses focusing on post-vaccine era neonatal IPD
remain scarce. We believe our study offers updated insights
into this rare but serious condition.

Infant immunization at two months contributes to herd immunity,
indirectly protecting neonates (25). Maternal vaccination could
offer additional protection via transplacental antibodies, though
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itis not currently recommended in pregnancy (26). To strengthen
prevention strategies, prospective studies should evaluate the
safety and efficacy of maternal pneumococcal vaccination,
particularly in high-risk populations such as preterm infants
or those with underlying comorbidities. Enhanced perinatal
screening and surveillance programs, including monitoring of
maternal colonization, may further guide targeted interventions.
In addition, integration of pneumococcal vaccination into
broader maternal immunization platforms—such as those
for pertussis and influenza—could improve uptake and
provide dual maternal-infant benefits. From a health systems
perspective, reinforcing vaccine outreach, ensuring equitable
access, and maintaining robust antimicrobial stewardship are
essential complementary measures to reduce the burden of
neonatal IPD.

Limitations:

This study has several limitations. The small sample size and
the absence of a non-pneumococcal control group restrict
the generalizability of the findings. The retrospective design
also limited access to complete obstetric histories, which may
have provided additional insights. Furthermore, incidence
rates and pneumococcal serotype data were not analyzed,
precluding a broader epidemiological interpretation of the
results. Although our study provides valuable clinical insights,
the lack of pneumococcal serotype data limits the ability to
assess serotype-specific epidemiology and clinical outcomes.
This is particularly relevant in the post-vaccine era, as shifts
in circulating serotypes may influence both disease severity
and antimicrobial susceptibility patterns. Future studies
incorporating serotyping are warranted to better characterize
the evolving epidemiology of neonatal invasive pneumococcal
disease and to guide targeted prevention strategies.

CONCLUSION

Despite widespread infant immunization, pneumococcal
infections continue to pose a clinically significant risk in
neonates. The presence of unvaccinated and vulnerable
populations underscores the importance of strengthening
vaccine outreach and ensuring equitable access to neonatal
intensive care. Although current vaccines have reduced
the overall disease burden, the emergence of non-vaccine
serotypes highlights the need for continued epidemiological
surveillance and microbiological monitoring. From a clinical
perspective, neonates presenting with sepsis should be
considered at risk for Streptococcus pneumoniae, particularly
when unresponsive to standard first-line regimens. In such
scenarios, empiric coverage with agents active against
resistant strains, including a glycopeptide when meningitis is
suspected or devices such as ventricular shunts are present,
should be considered until susceptibility results are available.
De-escalation to the narrowest effective antibiotic and
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adherence to evidence-based treatment durations (10-14
days for bacteremia, up to 21 days for meningitis or focal
infection) are recommended. Future research should adopt
a multicenter design incorporating systematic serotyping
and comprehensive incidence estimation to better define
the epidemiology of neonatal IPD. Such studies would allow
correlation of circulating serotypes with antimicrobial resistance
patterns, evaluate vaccine impact across diverse populations,
and inform evidence-based strategies for prevention, empiric
therapy, and maternal-infant vaccination programs.
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