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Abstract

Background: Healthcare-associated infections (HAIs) contribute significantly to neonatal morbidity and mortality.

Objectives: This study aimed to evaluate the characteristics of HAIs in neonatal intensive care units (NICUs) affiliated with
Shiraz University of Medical Sciences.

Methods: This retrospective cohort study was conducted from 2021 to 2023 in NICUs affiliated with Shiraz University of
Medical Sciences. All neonates diagnosed with HAIs were enrolled, and data were collected from hospital records. Statistical
analyses were performed using SPSS and R software, including Mann-Whitney U test, Kruskal-Wallis test, and logistic regression.

Results: Among 214 neonates with HAIs, 122 had bloodstream infections (BSIs) and 66 had ventilator-associated pneumonia
(VAP). The mean gestational age was 32.27 + 4.07 weeks, and the mean birth weight was 1949.63 + 924.85 grams. The duration of
central line use and mechanical ventilation was significantly longer in the VAP group compared to the BSI group (P=0.001and P
= 0.03, respectively). Gram-positive bacteria were slightly more common in BSI cases, while gram-negative bacteria
predominated among VAP cases. Logistic regression identified lower birth weight and mechanical ventilation as significant
predictors of mortality.

Conclusions: HAIs remain a major concern among neonates, with mortality significantly associated with lower birth weight,
prolonged mechanical ventilation, and central line use. Understanding the microbiological profile, with Gram-positive
organisms being predominant in BSIs and gram-negative organisms in VAPs, can guide the selection of appropriate empiric
antibiotics and improve outcomes in NICUs.

Keywords: Health Care Associated Infection, Cross Infection, Neonatal Intensive Care Units, Ventilator-Associated Pneumonia,
Sepsis
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1. Background

Healthcare-associated infections (HAIs) are infections
that patients acquire while receiving medical, surgical,
or therapeutic care within a healthcare setting, typically
manifesting at least 48 hours after admission or during
their treatment (1), and are related to increased
morbidity, mortality, and length of hospital admission
(2). The incidence varies from 9 to 50.7% in different
neonatal intensive care units (NICUs) (3-5). Preterm

infants in NICU are particularly vulnerable to HAIs
owing to their compromised immune defenses,
extended use of invasive medical devices during long
hospital stays, and coexisting medical conditions (6).
Bloodstream infections (BSIs) are the most prevalent
HAIs, particularly among patients with central lines (7-
9). Pneumonia, primarily associated with ventilator use,
is the second most common cause of HAIs (10). This
poses a significant challenge, as critically ill neonates
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often require prolonged dependence on mechanical
ventilation. Although the preventability of HAIs has
been well-documented in numerous studies (11, 12), they
remain a leading cause of mortality among neonates (13,
14), underscoring the critical importance of addressing
this issue.

2. Objectives

This study aims to investigate the primary sources
and microorganisms associated with HAIs in NICUs
affiliated with Shiraz University of Medical Sciences, the
referral center for southern Iran. Understanding the
epidemiological characteristics of this significant and
preventable cause of neonatal mortality can aid in
developing guidelines and strategies to reduce
associated morbidity and mortality.

3. Methods

This retrospective cohort study was conducted
between 2021 and 2023 in the NICUs of hospitals
affiliated with Shiraz University of Medical Sciences. It
focused specifically on neonates who developed HAIs
during their hospitalization. This study evaluated the
underlying risk factors, microbial profile, and clinical
outcomes of neonates diagnosed with HAIs. Neonates
admitted to participating NICUs for at least 48 hours
were considered eligible. Those included presented with
clinical signs of infection (such as fever, hypothermia,
respiratory distress, or feeding intolerance), supported
by a positive laboratory finding such as blood culture,
radiographic evidence of pneumonia, or abnormal
cerebrospinal fluid (CSF) findings indicative of
meningitis.

Neonates with incomplete or missing medical
records, those transferred from other hospitals with
unknown histories, or those who received prior
antibiotic treatment for non-HAI infections before NICU
admission were excluded. We used a census sampling
method, enrolling all neonates who met the inclusion
criteria during the study period. For this study, neonatal
HAIs were categorized into the following groups based
on standard definitions by the centers for disease
control and prevention (CDC) criteria: Bloodstream
infection (BSI) is defined as septicemia with symptoms
such as lethargy, fever, hypothermia, apnea,
bradycardia, or hypotonia alongside a positive blood
culture. Blood cultures were obtained using sterile
techniques and processed in the microbiology

laboratory. Organisms were identified using standard
automated biochemical and susceptibility testing
systems, including the BACTEC system. Pneumonia is
diagnosed based on clinical signs (e.g., respiratory
distress, desaturation) and radiographic evidence of
pulmonary infiltration or consolidation. Ventilator-
associated pneumonia (VAP) was diagnosed based on a
combination  of  clinical, radiographic, and
microbiological criteria. Clinical findings included new
or progressive respiratory distress, increased tracheal
secretions, temperature instability, or increased oxygen
requirement after 48 hours of mechanical ventilation.
Radiographic evidence included new or progressive
infiltrates on chest X-ray consistent with pneumonia. In
addition, a positive endotracheal tube (ETT) culture was
used to support the diagnosis. Only patients meeting all
three criteria were classified as having VAP. Urinary tract
infection (UTI) was defined by a single positive urine
culture yielding > 100,000 colony-forming units
(CFU/mL), obtained via sterile suprapubic aspiration or
catheterization, with clinical signs of infection.
Meningitis was diagnosed by analyzing CSF findings
(elevated WBC, abnormal protein/glucose ratio) and/or
positive CSF culture and symptoms of irritability,
seizures, or bulging fontanelle. Cerebrospinal fluid
collection was performed via lumbar puncture under
sterile conditions. Any sample yielding pathogenic
organisms in culture or abnormal
cytological/biochemical profiles was classified as
meningitis. Medical Device-Associated Infections (MDI)
were defined as positive microbial cultures from device
tips (e.g., central venous catheter or chest tube tips) in
the presence of localized or systemic signs of infection.
All cultured pathogens underwent antimicrobial
susceptibility testing to guide therapy decisions (Figure
1).

All data were collected retrospectively by trained
clinical researchers using a detailed data collection
form. The following variables were recorded for each
patient: Demographic data (age at admission, gender,
birth weight), perinatal and medical history (mode of
delivery [vaginal or cesarean section], gestational age,
maternal risk factors [e.g., prolonged rupture of
membranes (PROM), maternal infection]), clinical and
laboratory data (duration of NICU stay, symptoms of
infection, laboratory findings: White blood cell (WBC)
count, platelets, C-reactive protein (CRP)), microbiology
data, including culture sites and organism types (e.g.,
Gram-positive or Gram-negative bacteria, fungal
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infections), and patient outcomes, including discharge
or death. Device and ventilator days were calculated
from the time of initiation of the device until its
removal or the occurrence of infection.

3.1. Statistical Analysis

Data were analyzed using IBM SPSS Statistics, version
24.0 (IBM Corp., Armonk, NY, USA). Additional regression
and diagnostic evaluations were conducted using R
software, version 4.3.0 (R Foundation for Statistical
Computing, Vienna, Austria). Continuous variables were
first assessed for distributional characteristics using
histograms, the Shapiro-Wilk test, and skewness
measures. Variables demonstrating non-normal right-
skewed distributions were summarized using median
and interquartile range (IQR), while normally
distributed variables were reported as mean * standard
deviation (SD). Group comparisons were performed
using the Kruskal-Wallis or Mann-Whitney U test for
non-normally  distributed variables, and the
independent-samples t-test or one-way ANOVA for
normally distributed variables, as appropriate.
Categorical variables were summarized as frequencies
and percentages and compared using the Chi-square or
Fisher's exact test. Variables with potential clinical
relevance (P < 0.2 in univariate analyses or supported by
previous literature) were entered into multivariable
logistic regression models using a forward stepwise
strategy.

Logistic regression models were used to evaluate
factors associated with pneumonia versus bloodstream
infection, gram-negative versus Gram-positive infection,
and mortality. Model assumptions, multicollinearity,
and events-per-variable (EPV) criteria were examined.
For models with low event counts, penalized logistic
regression (Firth’s method) was additionally applied.
Odds ratios (ORs) with 95% confidence intervals (CIs)
were reported. For continuous predictors with small
measurement units (e.g., birth weight in grams), effect
sizes were re-expressed per 100-gram increments to
improve interpretability. Length of hospital stay (LOS)
was analyzed as a continuous outcome. Because LOS
demonstrated a right-skewed distribution (Shapiro-
Wilk P < 0.001), a logarithmic transformation was
applied prior to modeling. Predictors included gender,
birth weight (scaled per 100 g), gestational age, PROM,
type of delivery, pneumonia, mechanical ventilation,
bloodstream infection, and central line use. Model
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assumptions were examined using diagnostic plots and
statistical tests. Mild heteroscedasticity was detected;
therefore, robust regression methods were additionally
applied to verify coefficient stability. Results from linear
models were presented as [ coefficients and converted
to percent change in LOS using the formula: (exp(p) — 1)
x 100. Missing data were <5% for all variables; therefore,
analyses were conducted using complete-case datasets.
AP-value < 0.05 was considered statistically significant.

3.2. Ethical Considerations

The study was reviewed and approved by the Ethics
Committee of Shiraz University of Medical Sciences
(ethics code: IR. SUMS.MED.REC.1399.198).

4.Results

Atotal of 214 neonates were enrolled in the study. The
mean gestational age was 32.27 £ 4.07 weeks (range: 25 -
40 weeks), and the mean birth weight was 1949.63 +
924.85 grams (range: 680 - 4700 grams). There were 89
(41.8%) females and 124 (58.2%) males. The majority of
neonates in each group were born via cesarean section.
The neonates were categorized into three groups based
on their infections: Bloodstream infection (BSI), VAP, and
others (including wurinary tract infection (UTI),
meningitis, etc). Table 1 depicts the demographic and
laboratory data of these patients.

The characteristics of neonates diagnosed with
bloodstream infection (BSI) and VAP are illustrated in
Tables 2 and 3.

Prolonged rupture of membranes Among those with
bloodstream infection (BSI), 29 (23.8%) had a history of
PROM; 7 (24.1%) were positive for Gram-negative
organisms, 20 (68.9%) for Gram-positive organisms, and
2 (6.8%) for Candida. Prolonged rupture of membranes
was significantly more frequent among neonates with
gram-negative infections (P = 0.019). Among those with
VAP, 17 (25.8%) had a history of PROM; 16 (94.1%) with
gram-negative organisms and 1 (5.8%) with a Gram-
positive organism, showing no significant association
between PROM and microorganism distribution (P =
0.86).

Central Line Duration The mean duration of central
line use was 15.61 + 12.15 days in neonates with BSI, 27.49
+ 16.48 days in those with VAP, and 14.8 + 3.5 days in
neonates with other infections. The duration was
significantly longer in the VAP group compared to the
BSI group (mean difference: 11.87 days, SE: 3.22, P=0.001)
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Table 1. Characteristics of neonates with Healthcare-Associated Infections

b

Level Values; n/N
Sex

Female 89/213 (41.8)

Male 124/213 (58.2)
Gestational age (week)

<38 181/214 (84.6)

>38 33[214 (15.4)
Delivery

Vaginal 34/213 (16.0)

Cesarean section 179213 (84.0)
Feeding

Breast milk 144/[213 (67.6)

Formula 69/213 (32.4)
Mechanical ventilation

No 72214 (33.6)

Yes 142/214 (66.4)
PROM

No 167/214 (78.0)

Yes 47[214 (22.0)

Central line

No

Yes
Urine catheter

No

Yes
Age on admission; mean * SD [median (IQR)]
Gestational age; mean + SD [median (IQR)]
Birth weight; mean + SD [median (IQR)]
CRP on admission; mean + SD [median (IQR)]
Second CRP; mean + SD [median (IQR)]
WBC on admission; mean + SD [median (IQR)]
Second WBC; mean + SD [median (IQR)]

118/214 (55.1)
96/214 (44.9)

201/214 (93.9)

13/214 (6.1)
12.7+14.3;7.0 (3.0-20.0)
32.3+4.11;32.0 (29.0-36.0)
1949.6 +924.9;1695.0 (1192.5 - 2850.0)
28.5+47.4;3.5(1.0-33.2)
21.2+£30.2; 8.0 (1.0 -33.0)

1.6 £5.1;11.0 (8.2-14.0)
11.1+5.1;10.1(7.8 -13.0)

Abbreviations: CRP: C-reactive protein; WBC, White blood cell; PROM, prolonged rupture of membranes.

2 One case had incomplete data for sex, delivery type, and feeding status; percentages were calculated based on available

data (n/N).

b Values are presented as (%) unless otherwise indicated.

and the "others" group (mean difference: 12.68 days, SE:
3.2, P = 0.001). There was no significant difference
between the BSI and the "others" groups (mean
difference: 0.8 days, SE: 2.27,P=0.93).

Mechanical Ventilation Duration The mean duration
of mechanical ventilation was 11 + 7.2 days in the BSI
group, 15.6 + 13.81 days in the VAP group, and 5.67 * 1.15
days in the "others" group. Ventilation duration was
significantly longer in the VAP group compared to the
BSI group (mean difference: 4.6 days, SE: 1.83, P = 0.03)
and the "others" group (mean difference: 10.02 days, SE:
1.7, P < 0.001). Additionally, neonates in the BSI group

required significantly more prolonged ventilation than
the "others" group (mean difference: 5.33 days, SE: 1.11, P=
0.001).

Bloodstream infection (BSI) Among the neonates, 122
had positive blood cultures, with the identified
organisms being Acinetobacter in 25 (20.5%),
Staphylococcus epidermidis in 23 (18.8%), methicillin-
resistant coagulase-negative staphylococci (MRCONS) in
21 (17.2%), and other organisms in 38 (31.1%). Of these
neonates, 67 (55.4%) were male and 54 (44.6%) were
female (P = 0.28). A total of 104 (85.2%) were preterm,
while 18 (14.8%) were term (P = 0.9). Most were born via
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Table 2. Characteristics of Neonates Diagnosed with Bloodstream Infection by Microorganism

Microorganism N Mean + SD Median (IQR) P-Value

GA (week) 0362
Gram negative 51 31.9+4.5 30.0(28.0-36.0)
Gram positive 56 32.8+3.9 33.0(30.0-36.0)
Candida 15 33135 34.0(30.0-36.0)

B.W (gram) 0.237°
Gram negative 51 1853.3 £1029.6 1390.0 (1030.0 - 2847.5)
Gram positive 56 1996.5 + 831.4 1700.0 (1276.2 - 2850.0)
Candida 15 2103.7+951.8 1625.0 (1250.0 -3050.0)

Age (day) 0.182
Gram negative 50 15.7+19.9 6.5(3.0-20.0)
Gram positive 56 1.7+13.5 6.5(1.0-20.0)
Candida 15 17.9+14.3 16.0 (8.0 -25.0)

WBC1 (x10 °|L) 0.774
Gram negative 51 1.8+5.4 11.3(7.8-14.6)
Gram positive 56 1.7+4.8 11.4(8.6-14.8)
Candida 15 10.6+4.6 9.6(8.1-13.5)

CRP1(mg]L) 0.o1P
Gram negative 50 437611 5.0(2.0-49.5)
Gram positive 56 20.9£39.6 1.9 (1.0-16.0)
Candida 15 39.5+48.8 26.9 (1.8-48.0)

WBC2 (x10 ?[L) 0.996
Gram negative 48 10.9+5.2 10.6 (7.6 -13.0)
Gram positive 51 103+3.4 9.8(8.0-13.2)
Candida 15 11.3+5.9 11.0 (7.1-12.2)

CRP2 (mg|L) 0.003°
Gram negative 42 25.1+24.6 16.4 (3.2-40.0)
Gram positive 52 13.74£26.0 1.0(1.0-13.2)
Candida 15 1.6+16.3 5.0(1.0-10.5)

Admission duration (day) 0.189
Gram negative 51 18.8+19.5 13.0 (7.0-19.0)
Gram positive 55 15.9+10.3 14.0 (10.0-17.0)
Candida 15 15.9+£3.7 15.0 (15.0-19.0)

Central line duration (day) 0.048"°
Gram negative 51 9.2+13.9 4.0(0.0-14.0)
Gram positive 56 6.0+85 0.0(0.0-10.0)
Candida 15 221438 0.0(0.0-0.0)

Mechanical ventilation duration (day) 0.085
Gram negative 51 7.5+8.9 5.0 (0.0-11.5)
Gram positive 56 48165 0.0(0.0-10.0)
Candida 15 3.7+5.8 0.0(0.0-7.5)

Abbreviations: N, number; GA, gestational age; BW, birth weight; WBC, white blood cell; CRP, C-Reactive protein.

4 P-value from independent sample t-test. Other P-values are from the Kruskal-Wallis test.

b significant P-value is considered less than 0.05.

cesarean section (85.1%) and were predominantly
breastfed (65.3%). A history of PROM was documented in
29 (23.8%). Sixty-four (52.5%) required mechanical
ventilation for respiratory support. Among the neonates
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with BSI, 43 (35.5%) passed away. A central line was
present in 55 (45.1%) of cases (P = 0.03). Those with
Staphylococcus epidermidis had a significantly lower
age at hospital admission (6.22 £10.1 days) compared to
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Table 3. Characteristics of Neonates Diagnosed with Ventilator-Associated Pneumonia by Microorganism

Microorganism N Mean + SD Median (IQR)
GA (week)

Gram negative 53 31.0+3.8 31.0 (28.0-33.0)

Gram positive 7 32.9+4.0 32.0 (31.0-35.5)
B.W (gram)

Gram negative 53 1674.1+748.6 1450.0 (1180.0 -1910.0)

Gram positive 7 2260.0 £1138.0 1905.0 (1480.0 - 2937.5)
Age (day)

Gram negative 53 11.5+10.0 7.0 (5.0-19.0)

Gram positive 7 8.4%8.8 5.0 (4.0-7.5)
WBC1(x10 °|L)

Gram negative 53 113+54 9.4(7.9-14.0)

Gram positive 7 10.0+3.4 1.0 (8.1-12.4)
CRP1(mg|L)

Gram negative 52 26.8+42.5 4.5(1.0-33.5)

Gram positive 7 27.0+53.5 7.0(5.0-11.5)
WBC2 (x10 °[L)

Gram negative 48 1.2£5.9 9.4(73-13.9)

Gram positive 6 14.7+11.9 11.5(8.5-13.7)
CRP2 (mg|L)

Gram negative 40 2224299 12.0(2.0-32.2)

Gram positive 6 303+50.8 5.5(2.8-30.0)
Admission duration (day)

Gram negative 52 28.0+17.7 26.5(11.0-43.0)

Gram positive 7 22.6+17.8 15.0 (12.0 - 26.5)
Central line duration (day)

Gram negative 53 16.2+19.0 10.0 (0.0-29.0)

Gram positive 7 5.7+11.6 0.0(0.0-4.5)
Mechanical ventilation duration (day)

Gram negative 53 17.5+15.1 12.0 (8.0-21.0)

Gram positive 7 14.0+9.8 10.0(8.5-18.0)

Abbreviations: N, number; GA, gestational age; BW, birth weight; WBC, white blood cell; CRP, C-Reactive protein.

those with MRCONS (16.76 + 16.1 days) and Candida
infections (17.87 + 14.2 days, P < 0.001). The C-reactive
protein (CRP) level at admission was significantly lower
in those with Staphylococcus epidermidis infections (8.1
1 17.23 mg/[L) compared to MRCONS (37.08 + 52.3 mg|L),
Candida (39.4 + 48.8 mg(L), and Acinetobacter infections
(35.7 £ 57.8 mgL, P < 0.001). The second CRP level
remained significantly higher in those with gram-
negative infections (25.13 + 24.5 mg/L) than in those with
Gram-positive infections (13.66 + 26.03 mg/L) and
Candida infections (11.58 + 16.29 mg/L, P = 0.003).
Neonates with positive Acinetobacter culture had
longer durations of mechanical ventilation (7.27 + 6.24
days) compared to Candida (3.67 + 5.8 days), MRCONS

(5.52 £ 6.1 days), and Staphylococcus epidermidis (2.52 +
4.47 days) (P=0.036).

Ventilator-Associated Pneumonia A total of 66
neonates were diagnosed with VAP based on the
presence of compatible clinical symptoms, radiographic
findings, and a positive endotracheal tube (ETT) culture.
The most frequently identified organism was
Acinetobacter (55.3%), followed by Klebsiella (13.8%), non-
hemolytic streptococcus (10.7%), and others (20%).
Among these neonates, 40 (61.5%) were male and 26
(38.5%) were female (P = 0.9). Most were born preterm
(86.4%) (P = 0.17). The majority were delivered via
cesarean section (78.8%) and predominantly fed breast
milk (77.3%). Prolonged rupture of membranes was
observed in 17 (25.8%). A central line was present in 37

Arch Pediatr Infect Dis. 2026;14(3): e166488
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(56.1%), and 25 (37.9%) neonates died. Sixty-one neonates
had positive throat cultures. The most commonly
isolated organisms were Acinetobacter (50.8%),
Klebsiella (16.3%), non-hemolytic streptococcus (8%), and
others (24.5%). The majority of these neonates were
preterm (90.3%), and 82.3% were born via cesarean
section. Fifty-three (85.5%) were breastfed. Prolonged
rupture of membranes was observed in 14 (22.6%). A
central line was present in 33 (53.2%), and only one (1.6%)
had a urinary catheter. BSI was diagnosed in 9 (14.5%),
and pneumonia was present in 53 (85.5%). A total of 23
(37.1%) of these neonates died.

Mortality Sixty-nine (32.2%) neonates died during the
study. Among these, 65 (94.2%) were preterm, 52 (75.4%)
had central lines, 65 (94.2%) required mechanical
ventilation, and 9 (13%) had urinary catheters. Regarding
infection types, 43 (62.3%) had BSI, 23 (33.3%) had
pneumonia, and 3 (4.3%) had other infections.

Logistic Regression Analysis of Risk Factors for
Hospital-Acquired Infections and Mortality Logistic
regression analysis demonstrated that each additional
day of mechanical ventilation increased the odds of
developing pneumonia compared to bloodstream
infection (BSI) by 1.13 times (P < 0.001; OR: 1.138; 95% CI:
1.078 -1.2). In contrast, each additional day of central line
placement was associated with a 5% reduction in the
odds of pneumonia compared to BSI (P = 0.036; OR: 0.95;
95% CI: 0.92 - 0.99). However, the duration of
hospitalization did not significantly influence the odds
of developing pneumonia versus BSI (P = 0.4). Further
logistic regression analysis showed that gestational age
(P = 0.65), central line placement (P = 0.73), and
mechanical ventilation (P = 0.11) were not significantly
associated with increased odds of infection with gram-
negative versus Gram-positive organisms. Nevertheless,
infection with gram-negative organisms was
significantly associated with higher mortality,
increasing the odds by 3.5 times compared to Gram-
positive organisms (P = 0.028; OR: 3.5; 95% CI: 1.14 - 10.8).
Additionally, BSIs caused by Acinetobacter were
significantly associated with increased mortality
compared to infections caused by methicillin-resistant
coagulase-negative  staphylococci (MRCONS) and
Staphylococcus epidermidis. The odds of mortality were
6.34 times higher in the Acinetobacter group compared
to MRCONS (P = 0.019; OR: 6.24; 95% CI: 1.34 - 29.9), and
5.22 times higher compared to Staphylococcus
epidermidis (P = 0.04; OR: 5.22; 95% C[: 1.01- 26.9).

Arch Pediatr Infect Dis. 2026;14(3): e166488

A multivariable logistic regression model was fitted
to identify predictors of mortality among neonates with
hospital-acquired infections. The model included:
Gestational age (per week), birth weight (reported per
100 grams for clinical interpretability), type of delivery,
history of PROM, bloodstream infection, pneumonia,
mechanical ventilation, and central line use. Given 69
deaths and 9 predictors, the events-per-variable (EPV)
was 7.7, indicating a borderline sample size for
maximum likelihood estimation. Therefore, alongside
the standard logistic regression, a Firth penalized
logistic regression was also performed to reduce small-
sample bias. Both models produced consistent effect
directions. In the penalized model, lower gestational
age (OR = 0.70; 95% CI: 0.54 - 0.86) and mechanical
ventilation (OR = 14.1; 95% CI: 4.7 - 52.3) were strongly
associated with increased mortality. Central line use
showed a borderline association (OR = 2.22; 95% CI: 0.99 -
4.98). Birth weight (per 100 g increase) showed no
significant association after adjusting for other
variables (OR = 1.07; 95% CI: 0.98 - 1.18). Pneumonia was
associated with significantly lower mortality (OR = 0.14;
95% CI: 0.02 - 0.89). Overall, the penalized estimates
closely aligned with the standard logistic regression
results but provided more stable confidence intervals
under the modest EPV.

Linear Regression Analysis of Hospital Stay Duration
The length of hospital stay (LOS) distribution was right-
skewed and was log-transformed for analysis. Central
line use and pneumonia were associated with longer
hospital stays in all models. In the transformed linear
regression model, central line use increased LOS by
about 44% (B = 037, 95% CI 0.16-0.57, P < 0.001), and
pneumonia by 45% (B = 037, 95% CI —0.00 to 0.75, P =
0.041). Other variables, including birth weight,
gestational age, and mechanical ventilation, were not
significant. Results from robust and quantile
regressions were consistent with the ordinary least
squares (OLS) model, confirming the robustness of these
associations.

5. Discussion

Healthcare-associated infections in neonates are a
major concern, given their substantial impact on
neonatal morbidity and mortality. Several risk factors
influence the occurrence of these infections in neonatal
intensive care units (NICUs). In our study, prolonged
mechanical ventilation and the presence of a central
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Microbial distribution by culture site among non-surviving neonates
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Figure 1. Distribution of microorganisms isolated from blood, endotracheal tube (ETT), and throat cultures among neonates who did not survive. Each bar represents the

number of isolates (N) per culture site, categorized as Gram-negative, Gram-positive, or Candida species.

line were associated with an increased risk of mortality,
whereas higher birth weight (per gram increase) and
the absence of pneumonia were linked to reduced
mortality. Regarding predictors of hospital stay
duration, the presence of a central line and pneumonia
were associated with longer stays, while greater
gestational age was linked to shorter hospitalization
periods. Neonates, particularly those who are preterm
or have low birth weight, are highly vulnerable to HAIs
due to their underdeveloped immune systems and the
frequent use of invasive medical devices.

In our study, 57% of HAIs were identified as BSIs.
Bloodstream infections, especially central line-
associated bloodstream infections (CLABSIs), represent
the most common type of HAI in NICUs, accounting for
about 70% of cases (15, 16). Pneumonia, particularly VAP,
is another frequent HAI typically caused by gram-
negative bacteria (17, 18). In our findings, 30.8% of
neonates developed VAP, and 89.3% of infections were
attributed to gram-negative organisms. Perlman et al.
reported that the use of central venous catheters was
associated with a higher risk of bloodstream infection.
Their analysis showed that catheter-related BSIs were
more commonly attributed to Gram-positive organisms
than gram-negative strains (77.1% vs. 61.4%). However, in
their multivariable logistic regression model, neither
ventilator use nor central line presence remained
significant predictors when comparing gram-negative
with gram-positive infections (19).

Gram-negative bacteria are recognized as the
predominant causative agents of VAP in neonates.
Multiple studies have consistently demonstrated that
organisms such as Klebsiella pneumoniae, Escherichia
coli, Pseudomonas aeruginosa, and Acinetobacter
baumannii are the most frequently isolated pathogens
from the aspirates of neonates diagnosed with VAP (20,
21). The elevated incidence of gram-negative bacterial
VAP in neonates is largely attributed to risk factors such
as prolonged mechanical ventilation, low birth weight,
and the use of invasive medical devices (22). Although
gram-positive  bacteria, including Staphylococcus
aureus and coagulase-negative staphylococci, are also
implicated in neonatal VAP, their prevalence is generally
lower compared to gram-negative organisms. Certain
studies have suggested that Gram-positive pathogens
may be more commonly isolated in specific
subpopulations, such as extremely preterm infants (23).
Nevertheless, the overall burden of VAP caused by Gram-
positive bacteria remains less significant than that
attributed to gram-negative organisms (24).

Our analysis demonstrated that gestational age,
central line placement, and mechanical ventilation were
not independently associated with the likelihood of
gram-negative versus Gram-positive infection. This
finding is consistent with previous neonatal studies
indicating that while prematurity and invasive device
use are well-established risk factors for hospital-
acquired infections overall, they do not reliably predict
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the microbial class of the causative pathogen. Large
surveillance studies have reported substantial
variability in pathogen distribution across NICUs,
suggesting that organism patterns are more strongly
influenced by unit-specific factors such as local
microbial ecology, antibiotic utilization, and infection
control practices rather than individual patient
characteristics alone (25). Similarly, studies focusing on
neonatal BSIs have shown that exposure to central
venous catheters and mechanical ventilation increases
infection risk but does not consistently favor gram-
negative over  Gram-positive  organisms  (26).
International surveillance data further support the role
of institutional factors in shaping pathogen profiles
across NICUs (27). Together, these findings underscore
the multifactorial nature of pathogen distribution in
NICUs and highlight the importance of ongoing local
microbiological surveillance to guide empiric
antimicrobial therapy.

In our study, each additional day of central line
placement was associated with a reduced odds of
pneumonia compared with bloodstream infection,
indicating a relative shift in infection risk toward BSI
with increasing central venous catheter exposure. This
finding is consistent with existing evidence
demonstrating that longer central line duration is
robustly associated with an increased risk of CLABSI and
overall nosocomial infections (28, 29), whereas the risk
of pneumonia is primarily driven by the duration and
use of mechanical ventilation (30). Neonates with
prolonged central venous catheter (CVC) use often
overlap with mechanically ventilated patients,
potentially compounding infection risk through
multiple invasive devices; however, available literature
does not support a direct causal relationship between
CVC duration and the development of pneumonia.
Collectively, these findings suggest that device-specific
exposure is the predominant determinant of infection
type in the NICU, underscoring the importance of
targeted prevention strategies tailored to individual
devices rather than assuming uniform risk across
different nosocomial infections.

The mortality rate associated with VAP in neonates
remains notably high, irrespective of the causative
microorganism. In the present study, neonates who
required mechanical ventilation and subsequently
developed VAP demonstrated a 14.1-fold increased risk of
mortality compared to those without VAP. Previous

Arch Pediatr Infect Dis. 2026;14(3): e166488

studies have reported mortality rates for neonatal VAP
ranging from 143% to 50% with no significant
differences observed between infections caused by
gram-negative and Gram-positive organisms (31, 32). A
prospective study of 140 NICU admissions found VAP in
27.2% (38 cases), with in-hospital mortality of 65% in the
VAP group versus 25.5% in non-VAP (P < 0.001, significant
increase) (33). Mir et al. also reported that among 96
ventilated neonates, VAP occurred in 33.3% (32 cases). The
mortality rate was higher in the VAP group compared to
non-VAP infants (28.1% vs. 21.8%), although this difference
did not reach statistical significance (34). Nevertheless,
the emergence of multidrugresistant (MDR) gram-
negative bacteria, particularly Acinetobacter baumannii
and Pseudomonas aeruginosa, has been associated with
poorer clinical outcomes and elevated mortality rates
(35).

This study was conducted in a major neonatal
referral center in southern Iran, which enhances the
representativeness of the data and supports the
generalizability of findings to a broader neonatal
population. Another strength lies in the comprehensive
data collection process and the systematic follow-up of
all culture results, ensuring a reliable assessment of
infection patterns and outcomes. Nonetheless, several
limitations should be acknowledged. First, denominator
data such as total admissions, patient-days, and device-
days were unavailable, preventing the calculation of
incidence density, device utilization ratios, and
standardized infection ratios, thereby limiting
benchmarking across NICUs. Second, although VAP was
defined using combined clinical, radiographic, and
microbiological criteria, the reliance on non-sterile ETT
and throat cultures may have introduced some
misclassification between colonization and true
infection. Third, as a single-center study conducted
within hospitals affiliated with one university, the
findings may not be fully generalizable to other NICUs
with different patient populations, infection control
policies, or antibiotic resistance profiles. Fourth, some
variables had incomplete data, and denominators
varied across tables, which may have slightly influenced
the comparative analyses. Fifth, continuous predictors
such as birth weight were analyzed on a small scale, and
the length of stay distribution may not have met all
statistical ~ assumptions.  Additionally,  detailed
antibiogram data and antimicrobial resistance patterns
were not consistently available and therefore could not
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be analyzed,
insights.

limiting pathogen-specific treatment

Finally, while this study provides valuable insights
into neonatal infections and associated factors, future
multicenter studies incorporating denominator-based
infection metrics and long-term follow-up — such as
neurodevelopmental outcomes — are warranted to
strengthen external validity and clinical applicability.
Incorporation of comprehensive antibiogram and
antimicrobial resistance surveillance is strongly
recommended, particularly in settings such as Iran
where high levels of antimicrobial resistance pose a
significant clinical and public health challenge. Such
data would substantially enhance infection control
strategies and guide empiric and targeted antibiotic
therapy in NICUs.

As a retrospective study, this research is subject to
certain biases. Selection bias may have occurred due to
the inclusion of only cases with complete records,
potentially missing milder infections. Information and
misclassification biases are also possible because of
reliance on medical records and challenges
distinguishing true colonization,
particularly in VAP cases. Additionally, variations in
clinical practice and infection control measures could
have introduced confounding. Despite efforts to reduce
these limitations through standardized definitions and
careful data collection, these potential biases should be
considered when interpreting the results.

infection from

In conclusion, HAIs are a significant cause of
morbidity and mortality in neonates. Since many HAIs
are preventable, it is crucial to understand the
epidemiologic factors associated with these infections
in different NICUs in order to develop effective
guidelines and preventive strategies. Our study
highlights the important role of invasive procedures,
such as central line placement and mechanical
ventilation, in contributing to mortality among affected
neonates. Furthermore, by identifying the prevalent
microorganisms, we can better plan and select
appropriate empiric antibiotic therapies tailored to the
specific microbial patterns observed in each center. In
our study, Gram-positive bacteria were slightly more
common in BSIs, whereas gram-negative bacteria were
clearly predominant among cases of VAP.
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