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SUMMARY

Objectives: To determine morbidity, mortality, and risk
factors of severe disease requiring invasive mechanical
ventilation (IMV) in neonates with pneumonia in rural
Vietnam.

Methods: A retrospective study was conducted and in-
cluded all neonates (<28 days) admitted with pneumo-
nia between January and December 2024. Demograph-
ics, clinical features, and laboratory results were extract-
ed from standardized patient charts. Univariable and
multivariable logistic regression were used to identify
independent risk factors for IMV.

Results: Of 1,034 admissions, 612 (59.2%) met pneumo-
nia criteria; mortality rate was 0.2%. Median age at ad-
mission was 17 days (IQR 12-23), and 61.6 % were boys.
Preterm birth and low birth weight occurred in 4.6% and
6.4% of cases, respectively. Tachypnoea (96.1%), wheeze
(93.0%), and signs of respiratory distress (37.7%) were

B INTRODUCTION

N eonatal pneumonia (NP), a type of lower res-
piratory tract infection that occurs within the
first 28 days of life, is a major cause of neonatal
morbidity and mortality, particularly in low- and
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predominant. Abnormal neutrophil counts were ob-
served in 30.2%, and 5.2% had C-reactive protein
(CRP) 210 mg/L. Independent risk factors for IMV
were younger age (adjusted odds ratio [aOR] 0.88 per
day; 95% CI 0.85-0.92), neurological symptoms (aOR
24.0; 95% CI 4.07-141.67), and CRP >10 mg/L (aOR
3.23; 95% CI 1.22-8.52).

Conclusions: Pneumonia remains a major cause of neo-
natal morbidity in rural Vietnam, though mortality is
low. Younger age, neurological compromise, and ele-
vated CRP identify neonates at greatest risk for requir-
ing IMV. Incorporating these factors into admission
triage may streamline escalation of care and optimize
resource allocation in neonatal units.

Keywords: neonatal pneumonia, invasive mechanical
ventilation, risk factors, Vietnam.

middle-income countries (LMICs) [1, 2]. It is typi-
cally classified into early-onset and late-onset
forms. Early-onset NP, often acquired intrapartum
and associated with Gram-negative bacteria such
as Escherichia coli, is significantly more frequent
than late-onset NP, which is usually linked to no-
socomial infections and often involves Gram-pos-
itive organisms and multidrug-resistant patho-
gens [3, 4]. Clinical features are often nonspecific
and may overlap with neonatal sepsis, thereby
making timely diagnosis difficult in settings where
advanced diagnostics are not readily available [5].
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Globally, neonatal infections including pneumo-
nia, sepsis, and meningitis are among the top
causes of neonatal death, contributing to nearly 1
million of the 2.3 million deaths in the first 28 days
of life in 2022, with the majority occurring in the
first week [6]. NP alone is estimated to be respon-
sible for 750,000 to 1.2 million neonatal deaths an-
nually, accounting for approximately 10% of all
child mortality [4]. The burden is disproportion-
ately high in resource-constrained regions such as
sub-Saharan Africa and South and Southeast Asia,
where access to skilled care, early diagnosis, and
appropriate treatment remains limited [6].
Compared with older children (2 months to 5
years), neonates with pneumonia face a signifi-
cantly higher risk of death due to their immature
immune systems, subtle and atypical clinical pres-
entations, and frequent comorbidities such as pre-
maturity and low birth weight [7]. Additionally,
while pneumonia in older children can often be
diagnosed and managed with a combination of
clinical signs and chest radiographs, these tools
are frequently unavailable or unreliable for neo-
nates in low-resource settings [4, 8].

Numerous studies have addressed the challenges
of NPin LMICs [3, 4,7, 9]. In Vietnam, despite stud-
ies have reported alarming levels of antibiotic re-
sistance and healthcare-associated infections
among hospitalized neonates, yet population-based
evidence on NP in rural communities remains
scarce [10-12].

Despite these valuable contributions, significant
gaps in knowledge persist. Few studies have sys-
tematically examined the incidence, clinical out-
comes, and contextual determinants of neonatal
pneumonia in rural Southeast Asia. Moreover,
current literature often focuses on urban hospital
settings or tertiary Neonatal Intensive Care Units
(NICUs), thereby leaving the epidemiological pro-
file of NP in rural areas poorly characterized. This
is particularly concerning given that rural popula-
tions in Vietnam often face limited access to qual-
ified health professionals, microbiological testing,
and Neonatal Intensive Care (NIC) [2, 11, 13]. In
these settings, pneumonia may go undiagnosed or
be inadequately treated, leading to avoidable
deaths.

Therefore, this study aims to estimate the morbid-
ity and mortality attributable to neonatal pneumo-
nia in rural areas of Vietnam. We also aim to iden-
tify the risk factors of severe disease requiring In-

vasive Mechanical Ventilation (IMV). The findings
will contribute to a better understanding of dis-
ease burden in underserved regions and inform
strategies to improve early recognition, appropri-
ate treatment, and referral mechanisms in re-
source-limited settings.

B PATIENTS AND METHODS

Study design and location

This retrospective cross-sectional study was con-
ducted among neonates hospitalized between Jan-
uary and December 2024 at the Thai Binh Pediatric
Hospital, Thai Binh Province, Vietnam.

Thai Binh is a province located in the Red River
Delta region, with an area of approximately 1,600
square kilometers and a population of around two
million. The province consists of one city, which
serves as the administrative, economic, and polit-
ical center, and seven district-level administrative
areas.

Thai Binh Pediatric Hospital is a specialized hos-
pital responsible for providing healthcare services
to children under 16 years of age across Thai Binh
province and surrounding regions. It is classified
as a first-class hospital and serves as the high-
est-level pediatric referral facility within the prov-
ince. With nearly 20 departments and more than
600 inpatient beds, the hospital provides treatment
for approximately 2,000 inpatients and 10,000 out-
patient visits each month.

For critically ill children whose conditions exceed
the hospital’s treatment capacity, referrals are
made to the central pediatric facility, the Vietnam
National Children’s Hospital in Hanoi, located ap-
proximately 120 kilometers away.

Studied population

As all neonates requiring inpatient treatment in
Thai Binh province are admitted to Thai Binh
Pediatric Hospital, we conducted a study based on
the entire eligible population. All neonates under
28 days of age at the time of hospital admission
who were diagnosed with pneumonia were in-
cluded in the study. Pneumonia was mainly diag-
nosed based on clinical symptoms with rapid
breathing, grunting, or chest wall retractions with
fine, moist rales (crackles) and/or wheezing or
rhonchi in one or both lungs in pulmonary auscul-
tation. Chest X-ray is used for diagnosis in cases
with atypical clinical manifestations [14]. A sam-
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ple size calculation was not applicable to this
study.

Data collection and definitions

Demographics, epidemiologic, clinical features,
laboratory findings, treatment and outcomes of
patients were collected by clinical doctors using a
standardized questionnaire.

Preterm delivery is defined as childbirth occurring
before 37 completed weeks of gestation [15]. Low
birth weight is defined by the World Health Or-
ganization as a birth weight of less than 2,500
grams, regardless of gestational age [16].

An abnormal WBC count in neonates is defined as
a total leukocyte count <6,000/mm?3 (leukopenia) or
>21,000/mm? (leukocytosis). Abnormal neutrophil
counts in neonates are based on absolute neutro-
phil count <1,500/mm? (neutropenia) or >5,400/
mm? (neutrophilia) [17].

Statistical analysis

All statistical analyses were conducted using Stata
version 16.0 (StataCorp, College Station, TX, USA).
Descriptive statistics were used to summarize
baseline characteristics of the study population.
Continuous variables were compared between ne-
onates who required IMV and those who did not
using two-sample t-tests. Categorical variables
were compared using chi-square or Fisher’s exact
tests, as appropriate.

To identify potential risk factors of IMV, univariate
logistic regression analyses were performed for
each independent variable. Candidate factors
were selected based on clinical plausibility and
data availability. These included neonatal age at
admission (in days), sex, gestational age (term vs.
preterm), low birth weight, maternal age group,
maternal history of infections during pregnancy
(including urinary tract infection and preeclamp-
sia), history of gastrointestinal, cardiac, or neuro-
logical conditions, mode of delivery, elevated
C-reactive protein level (CRP >10 mg/L), abnor-
mal neutrophil counts, and perinatal complica-
tions such as prolonged rupture of membranes or
suspected early-onset sepsis.

Missing data were assessed for all variables before
analysis. Variables with more than 5% missing val-
ues were excluded from the multivariable model.
Complete-case analysis was performed. Candi-
date predictors were first screened by univariable
logistic regression, and those with a p-value less

than 0.20 were considered for inclusion in the mul-
tivariable logistic regression model. A backward
stepwise selection procedure was employed to
construct the final model, retaining variables with
a p-value less than 0.05. The strength of associa-
tions was quantified using adjusted odds ratios
(ORs) and 95% confidence intervals (ClIs).

B RESULTS

Characteristics of population

Over a one-year period, the study included 612
patients with pneumonia out of 1034 hospitalized
neonates, hence the prevalence of neonatal pneu-
monia was 59.2%. The median age at admission
was 17 days (IQR: 12-23) and 61.6% were male.
Preterm delivery occurred in 4.6% of cases, and
6.4% of infants had low birth weight. Most deliv-
eries were by cesarean section (53.6%), and the
majority of mothers were aged 20-34 years (85.5%).
Maternal genital infections and family members
with acute infections were reported in 15.5% and
16.0% of cases, respectively (Table 1).

Table 1 - Characteristics of patients (N=612).

Characteristics n %
Age (days)
Median 17
Q1-Q3 12t0 23
Min-max 0-28
Male gender 377 61.6
Preterm delivery 28 4.6
Low birth weight 39 6.4
Delivery methods 0.0
Vaginal delivery 265 43.3
Intervention 19 3.1
Cesarean section 328 53.6
Maternal age (years) 0.0
20-34 523 85.5
<20 22 3.6
>34 67 10.9
Mother with fever during labor 9 L3
Mother with urinary tract infection 5 0.8
Mother with genital infection 95 15.5
Family members with acute infection 98 16.0
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Table 2 - Clinical and laboratory findings (N=612).

Characteristics n %
Tachypnea 588 96.1
Apneic episodes 5 0.8
Grunting 10 1.6
Signs of respiratory distress 231 37.7
Wheezing 569 93.0
Gastrointestinal symptoms 12 2.0
Cardiovascular symptoms 43 7.0
Neurological symptoms 9 15
White blood cells
Normal 586 95.8
Abnormal 26 42
Neutrophil
Normal 427 69.8
Abnormal 185 30.2
C-reactive protein (mg/L)
<10 580 94.8
>10 32 5.2
Chest Xray
Bilateral pulmonary opacities 588 96.1
Patchy 237 38.7
Asymmetric perihilar densities 54 8.8
Pleural effusions 2 0.3
Culture
Hemoculture (N=126)
Negative 118 93.6
Staphylococcus aureus 3 2.4
Klebsiella Pneumoniae 2 1.6
Escherichia coli 1 0.8
Streptococcus agalactiae 2 1.6
Catheter (N=22)
Negative 19 86.4
Coagulase negative Staphylococci 3 13.6
Nasopharyngeal aspirate (N=537)
Negative 504 93.9
Staphylococcus aureus 17 3.2
Pseudomonas aeruginosa 3 0.5
Escherichia coli 11 2.0
Moraxella catarrhalis 1 0.2
Huaemophilus influenzae 1 0.2
Endotracheal aspirate (N=46)
Negative 44 95.6
Pseudomonas aeruginosa 1 22
Candida parapsilosis 1 22

Clinical and laboratory findings

The most common presenting symptom was
tachypnea (96.1%), followed by wheezing (93.0%)
and signs of respiratory distress (37.7%). Labora-
tory findings revealed that 30.2% of patients had
abnormal neutrophil counts, while 5.2% had ele-
vated CRP levels (>10 mg/L) (Table 2).
Microbiological cultures were performed on sam-
ples from hemoculture (N=126), catheter (N=22),
nasopharyngeal aspirate (N=537), and endotra-
cheal aspirate (N=46). Among the hemocultures,
118 samples (93.6%) were negative. The most com-
monly identified organisms were Staphylococcus
aureus (2.4%), Klebsiella pneumoniae (1.6%), Strepto-
coccus agalactiae (1.6%), and Escherichia coli (0.8%).
Of the catheter cultures, 19 samples (86.4%)
showed no growth. Coagulase-negative Staphylo-
cocci were isolated in 3 cases (13.6%). Regarding
nasopharyngeal aspirates, 504 samples (93.9%)
were culture negative. Positive cultures included
Staphylococcus aureus in 17 cases (3.2%), Escherichia
coli in 11 cases (2.0%), Pseudomonas aeruginosa in 3
cases (0.5%), Moraxella catarrhalis in 1 case (0.2%),
and Haemophilus influenzae in 1 case (0.2%). Among
the endotracheal aspirates, 44 samples (95.6%)
were negative. Pseudomonas aeruginosa and Can-
dida parapsilosis were each identified in 1 sample
(2.2%) (Table 2).

Treatment and outcomes

Regarding treatment modalities, 9.2% of patients
required invasive mechanical ventilation (IMV),
and 3.1% received non-invasive ventilation. Antibi-
otics were administered in all patients, with 94.4%
of patients receiving beta-lactams and cephalospor-
ins as empirical therapy. The median duration of
antibiotic therapy was 11 days (IQR: 9-15), and the
median hospital stay was 12 days (IQR: 10-15). The
majority of patients were discharged (95.4%), with
only one death (0.2%) recorded (Table 3).

Risk factors of invasive mechanical ventilation

In the univariable analysis, younger age at admis-
sion (OR: 0.87; 95% CI: 0.84-0.91; p<0.0001), pre-
term delivery (OR: 2.92;95% CI: 1.13-7.52; p=0.03),
abnormal neutrophil count (OR: 2.16; 95% CI:
1.24-3.77; p=0.007), CRP 210 mg/L (OR: 3.69; 95%
CI: 1.57-8.67; p=0.003), cardiovascular symptoms
(OR: 3.44; 95% CI: 1.60-7.43; p=0.002), and neuro-
logical symptoms (OR: 39.57; 95% CI: 8.00-195.68;
p<0.0001) were significantly associated with in-
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Table 3 - Treatment and outcomes of patients (N=612).

Variables n %
Nasal cannula oxygen therapy 3 05
Oxygen therapy via face mask 230 37.6
Continuous positive airway pressure 143 23.4
Non-invasive mechanical ventilation 19 3.1
Invasive mechanical ventilation 56 9.2

Antibiotic intake

Beta-lactam 578 94.4
Cephalosporin 578 94.4
Nitroimidazole 6 1.0
Carbapenem 30 49
Glycopeptide 13 2.1
Fluoroquinolone 4 0.7
Duration of antibiotic (days)
Median 11
Q1-Q3 9-15
Min-max 1-48
Length of stay (days)
Median 12
Q1-Q3 10-15
Min-max 1-66
Outcome
Discharge 584 95.4
Discharge against medical advice 9 15
Death 1 0.2
Transfer to national hospital 18 2.9

Table 4 - Risk factors of IMV (univariable analysis) (N=612).

creased odds of requiring IMV (Table 4). In the
multivariable logistic regression model, three var-
iables remained independently associated with
IMV: age at admission (aOR: 0.88; 95% CI: 0.85—
0.92; p<0.0001), presence of neurological symp-
toms (aOR: 24.00; 95% CI: 4.07-141.67; p<0.0001),
and CRP 210 mg/L (aOR: 3.23; 95% CI: 1.22-8.52;
p=0.02) (Table 5).

B DISCUSSION

In our study, neonatal pneumonia accounted for
59.2% of all causes of hospitalization among neo-
nates. Even though the mortality rate was low, this
condition underscores its significant burden in the
early postnatal period. The median age at admis-
sion was 17 days, suggesting that infections pre-
dominantly occurred in the late neonatal period.
This finding is consistent with prior studies from
low — and middle-income countries (LMICs),
where the risk of infection remains high beyond
the immediate perinatal window due to a combi-
nation of factors such as limited access to perinatal
care, delayed diagnosis, suboptimal hygiene prac-
tices, and a high prevalence of community-ac-
quired and healthcare-associated infections [18,
19]. These data together indicate that late-onset
neonatal pneumonia remains predominant causes
of critical illness and hospitalization in neonates
across diverse LMIC settings.

Invasive mechanical Invasive mechanical o
ventilation=Non ventilation=Yes .
[95%CI] p-value
N=556 % N=56 %
Age at admission (days) 17.7 £ 6.6 10.8 +8.8 0.87 [0.84 — 0.91] <0.0001
Male gender
No 216 38.8 19 33.9
1.24[0.69 —2.21] 0.47
Yes 340 61.2 37 66.1
Preterm delivery
No 534 96.0 50 89.3
2.92[1.13-7.52] 0.03
Yes 22 4.0 6 10.7
Low weight birth
No 523 94.1 50 89.3
1.90 [0.76 — 4.76] 0.17
Yes 33 5.9 6 10.7
Methods of delivery
Vaginal delivery 241 43.4 24 42.9
Intervention 18 32 1 1.8 0.56 [0.07 — 4.36] 0.58
Cesarean section 297 53.4 3l 55.3 1.05 [0.60 — 1.83] 0.87

Continue >>>
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Invasive mechanical

Invasive mechanical

g g OR
ventilation=Non ventilation=Yes -
[95%CI] p-value
N=556 % N=56 %
Maternal age (years)
20-34 474 85.3 49 87.5
<20 19 3.4 5.4 1.53 [0.44 - 5.34] 0.51
>34 63 113 7.1 0.61[0.21 -1.76] 0.36
Premature rupture of membranes
No 543 97.7 55 98.2
0.76 [0.10 - 5.92] 0.79
Yes 13 2.3 1 1.8
Mother with fever at delivery
No 549 98.7 54 96.4
2.90 [0.59 — 14.33] 0.19
Yes 7 13 2 3.6
Mother with urinary infection
No 551 99.1 56 100 ot erarsibiis oot erarsibiasis
ot applicable ot applicable
Yes 5 0.9 0 0 PP PP
Mother with genital infection
No 471 84.7 46 82.1
1.20 [0.59 —2.48] 0.61
Yes 85 15,3 10 17.9
Mother with preeclampsia
No 552 99.3 56 100
Not applicable Not applicable
Yes 4 0.7 0 0
Family member with acute infection
No 468 84.2 46 82.1
1.16 [0.56 — 2.38] 0.69
Yes 88 15.8 10 17.9
Gastrointestinal symptoms
No 547 98.4 58 94.6
3.44[0.90 - 13.10] 0.07
Yes 9 1.6 3 5.4
Cardiovascular symptoms
No 523 94.1 46 82.1
3.44 [1.60 - 7.43] 0.002
Yes 33 5.9 10 17.9
Neurological symptoms
No 554 99.6 49 87.5
39.57 [8.00 — 195.68] <0.0001
Yes 20 0.4 7 12.5
White blood cells
Normal 535 96.2 51 91.1
2.50 [0.90 - 6.90] 0.08
Abnormal 21 3.8 5 8.9
Neutrophil
Normal 397 714 30 53.6
2.16 [1.24 -3.77] 0.007
Abnormal 159 28.6 26 46.4
C-reactive protein (mg/L)
<10 532 95.7 48 85.7
3.69 [1.57 - 8.67] 0.003
>10 24 43 8 14.3

2 convulsions (n=1), hypotonia (n=1). *: irritability (n=2), hypotonia (n=1), and lethargy (n=5).
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Table 5 - Risk factors of IMV (multivariable analysis) (N=612).

Predictors Adjusted OR 95%CI p-value
Ageeladinttaion 0.88 0.85-0.92 | <0.0001
(days)

e e ) 24.00 4.07-141.67 | <0.0001
symptoms
CRP 10 mg/L 3.23 1.22-8.52 0.02

The high prevalence of pneumonia in the late ne-
onatal period, typically occurring after 7 days of
age, may reflect increased exposure to environ-
mental pathogens, delayed health-seeking behav-
ior, and limited access to preventive interventions
such as maternal vaccination or neonatal prophy-
laxis including COVID-19, pertussis, influenza,
and respiratory syncytial virus. [7, 20-22]. These
factors are recognized as contributors to late-onset
neonatal infections. In LMIC, structural challenges
exacerbate these risks because of inadequate
equipment and limited resources for effective in-
fection prevention and control. This reinforces our
findings and underscore the urgent need for com-
prehensive infection prevention strategies. In ad-
dition to community-focused measures such as
enhanced maternal immunization and education
hospital-based improvements are critical. Ensur-
ing reliable infrastructure, enforcing strict hygiene
protocols, and implementing ventilator care bun-
dles are proven and essential interventions for re-
ducing late-onset neonatal pneumonia in LMIC
contexts.

The clinical outcomes in our cohort were notably
favorable, with a discharge rate of 95.4% and an
exceptionally low mortality rate of 0.2%. This sur-
vival rate is significantly higher than what has
been reported in comparable LMIC settings. In a
study from central Vietnam, the case fatality rate
among hospitalized neonates was 8.6% overall
and alarmingly higher (59%) among very low
birthweight infants (<1,500 g) [23]. A study con-
ducted among Vietnamese neonates with Staphy-
lococcus aureus pneumonia showed the mortality
rate of 13% [11]. Another study evaluating the
cause-specific morbidity and mortality, and refer-
ral patterns of all neonates admitted to a tertiary
referral hospital in the northern provinces of Viet-
nam highlighted a case fatality ratio of 14%. Infec-
tion, cardiovascular and respiratory disorders
were the most frequent cause of mortality [2].

Several factors likely contributed to these favora-
ble outcomes. Early detection with prompt identi-
fication and treatment of pneumonia are critical;
delayed diagnosis is a known risk factor for mor-
tality in LMIC neonatal populations [20]. Access to
respiratory support including availability of IMV
may have prevented fatal respiratory decompen-
sation. Other studies have demonstrated a strong
link between inadequate ventilatory support and
poor outcomes [24].

In our study, nearly all neonates received be-
ta-lactam and cephalosporin antibiotics, and 95.4
% were successfully discharged, suggesting that
most infections responded to standard empirical
therapy targeting extracellular bacterial patho-
gens. This favorable clinical response indicates
that intracellular organisms such as Mycoplasma
pneumoniae or Chlamydia trachomatis, which are not
covered by beta-lactams, were likely rare or clini-
cally insignificant in our cohort. Although atypical
pathogens are recognized causes of pneumonia in
older infants and children, their role in neonatal
pneumonia is considerably less frequent. Previous
studies have shown that M. pneumoniae and C. tra-
chomatis infections typically occur after the first
month of life and are uncommon in early neonatal
periods, likely due to limited exposure opportuni-
ties and passive maternal immunity [25-28].
Approximately 9.2% of patients in our cohort re-
quired invasive mechanical ventilation (IMV),
with an additional 3.1% managed with non-inva-
sive modalities thereby illustrating a substantial
demand for advanced respiratory support. The
inverse relationship between admission age and
IMV need likely highlights the underdeveloped
respiratory and immune systems of younger neo-
nates. Similar patterns were demonstrated in stud-
ies of premature infants, where lower gestational
age and birth weight were major risk factors of
requiring ventilatory support [7, 20].

The strong association between central nervous
system involvement and IMV underscores the se-
verity of systemic illness. Prior studies in neonatal
sepsis and pneumonia have similarly identified
seizures and depressed consciousness as risk fac-
tors of respiratory failure requiring ventilation [29,
30]. For instance, severe respiratory distress ac-
companied by altered mental status was a key risk
factor for intubation in neonatal sepsis cohorts.
The wide confidence interval suggests a high de-
gree of uncertainty in the magnitude of the associ-
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ation. This imprecision is likely attributable to the
small number of neonates with neurological disor-
ders in the sample (only 9 cases, of which 7 re-
quired IMV), which may have resulted in unstable
estimates due to sparse data. Despite the wide
range, the lower bound of the confidence interval
remained significantly above 1.0, reinforcing the
conclusion that neurological disorders were
strongly associated with increased risk for IMV.
CRP, a marker of systemic inflammation, has con-
sistently been linked with severe neonatal infec-
tions [31]. A previous study on neonatal ventila-
tor-associated pneumonia showed that CRP as
one of inflammatory markers was significantly
higher in infants who developed VAP after 72
hours of ventilation [32]. Additionally, in preterm
infants, increased CRP independently correlated
with higher rates of mechanical ventilation [33].
These findings align with our results, reinforcing
CRP’s prognostic value in predicting respiratory
compromise.

The universal use of antibiotics observed in this
study highlights the clinical challenge of distin-
guishing neonatal pneumonia from sepsis and
other respiratory conditions in low-resource set-
tings. While empirical broad-spectrum therapy is
often justified due to high mortality risk and lim-
ited diagnostic capacity, such widespread use rais-
es important antibiotic stewardship concerns.
Overuse of beta-lactams and cephalosporins may
contribute to the growing burden of antimicrobial
resistance in neonatal pathogens, which has been
increasingly reported in Vietnam and other LMICs
[34, 35]. Strengthening stewardship interventions
such as guideline-based empirical therapy, early
de-escalation once bacterial infection is excluded,
and enhanced diagnostic capacity including CRP
or procalcitonin testing could optimize antibiotic
use without compromising neonatal outcomes. In-
tegration of these principles into neonatal pneu-
monia management may reduce antimicrobial re-
sistance risk while maintaining the high survival
rates observed in this cohort.

This study has several limitations. It was con-
ducted at a single tertiary hospital, which may
limit the generalizability of findings to other
healthcare settings, particularly primary care or
rural hospitals. The diagnosis of pneumonia was
based on clinical and radiological criteria with-
out microbiological confirmation in all cases, and
virological testing was not available, which may

have led to misclassification between bacterial
and viral etiologies. In addition, the absence of
data on long-term outcomes, such as neurodevel-
opmental status or readmission rates, restricts
our understanding of the broader impact of se-
vere pneumonia and respiratory failure in neo-
nates. Moreover, data on maternal vaccination
status (e.g., influenza, pertussis, or COVID-19)
were unavailable, limiting our ability to evaluate
its potential protective effects on neonatal pneu-
monia. In addition, although the multivariable
model identified important risk factors of IMV,
the relatively small number of events (n=56) lim-
its the statistical power and may result in overfit-
ting. Lastly, breastfeeding is a widely recognized
protective factor against pneumonia and other
infectious diseases in the neonatal period, espe-
cially in low- and middle-income countries, as
emphasized by UNICEF and WHO [36, 37].
However, in our study, data on feeding practices
were not available due to the retrospective nature
of the study. Furthermore, our cohort included
only infants with a median age of 17 days (IQOR
12-23), most of whom were likely still in the early
postnatal period and were predominantly breast-
fed. Therefore, it was not possible to assess the
independent association between not being
breastfed and the need for invasive mechanical
ventilation. However, based on previous evi-
dence, we advocate adequate maternal and new-
born care, including the promotion of exclusive
breastfeeding, to reduce the burden of serious
neonatal infections [38-40].

B CONCLUSIONS

NP remains a major cause of hospitalization, with
a substantial proportion of infants requiring res-
piratory support. The need for IMV was inde-
pendently associated with younger age at admis-
sion, presence of neurological symptoms, and ele-
vated CRP levels. Despite the high burden of dis-
ease, the outcomes were favorable, with low mor-
tality and high discharge rates. These findings
highlight the importance of early risk identifica-
tion and could inform triage and management
protocols in neonatal units. Future studies are
needed to validate the predictive model in broader
populations and to explore interventions that op-
timize antibiotic use and reduce the need for inva-
sive ventilation.
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