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ABSTRACT

Introduction. Health care-associated bloodstream infections represent a major public health concern, significantly im-
pacting morbidity, mortality, and the overall cost of pediatric medical care.

Materials and methods. A literature review was conducted based on systematic searches in PubMed, SCOPUS, and Web
of Science, following PRISMA guidelines.

Results. The incidence of healthcare-associated bloodstream infections ranges from 2 to 25 cases per 1,000 central venous
catheter days, with higher rates reported in pediatric and neonatal intensive care units, where patients are frequently
exposed to risk factors such as central venous catheter use, mechanical ventilation, and immunosuppression. Pediatric
patients with health care-associated bloodstream infections experience significantly longer hospital stays compared to
those without infection (25 vs. 7 days, P < 0.0001). In pediatric intensive care units, the average length of hospital stay due
to these infections varies between 11.40 and 21.10 days, while in neonatal intensive care units, it ranges from 4 to 27.80
days. Mortality associated with these infections among children varies between 15% and 50%, depending on the severity
of infection and underlying comorbidities. Additionally, health care-associated bloodstream infections lead to increased
use of medical resources and generate substantial additional costs for the healthcare system-costs that are, in fact, largely
preventable.

Conclusions. Evidence-based strategies, such as strict hand hygiene and standardized protocols for medical device use,
can significantly reduce the incidence of these infections.
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Key messages

What is not yet known on the issue addressed in the submit-
ted manuscript

Despite substantial progress in infection control, there is still limit-
ed and heterogeneous evidence regarding the true burden, epide-
miological patterns, and modifiable risk factors of healthcare-asso-
ciated bloodstream infections (HA-BSIs) in pediatric populations,
particularly across different healthcare settings. Data on age-spe-
cific vulnerabilities, device-related risks, and the effectiveness of
bundled prevention strategies in children remain inconsistent and
underreported, especially in low- and middle-income countries.
The research hypothesis

[ hypothesize that inadequate management of invasive medical
devices, younger patient age, and the presence of underlying co-
morbidities are independent risk factors for healthcare-associated
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bloodstream infections in children, and that the application of pediatric-specific, evidence-based infection prevention meas-

ures leads to a significant reduction in infection incidence.

The novelty added by manuscript to the already published scientific literature

This manuscript provides an integrated and up-to-date synthesis of epidemiological data, risk factors, and prevention strat-
egies specific to healthcare-associated bloodstream infections in children. It highlights age-adapted and device-focused pre-
vention approaches, emphasizing pediatric-specific vulnerabilities that are insufficiently addressed in existing literature. Ad-
ditionally, the study contributes a structured framework for translating evidence-based prevention strategies into routine
pediatric clinical practice, with relevance across diverse healthcare settings.

Introduction

Healthcare-associated bloodstream infections (HA-BSIs)
are among the most severe complications of modern medi-
cal care, particularly in pediatric patients. They significantly
contribute to increased morbidity, mortality, prolonged hos-
pitalization, and higher treatment costs [1-3]. Bloodstream
infections, including central line-associated bloodstream
infections (CLABSIs), represent the most frequent type of
healthcare-associated infections (HAIs) in neonates ad-
mitted to neonatal intensive care units (NICUs) [4, 5], with
considerable variation depending on region and the de-
velopment level of the healthcare system [6]. According to
ECDC data, 6.4% of patients admitted to intensive care units
(ICUs) develop BSIs if hospitalization exceeds two days [7].

A review of the literature estimated between 575,000
and 677,000 episodes of BSIs annually in North America
(536,000-628,000 in the U.S. and 40,000-49,000 in Cana-
da), associated with 79,000-94,000 deaths (72,000-85,000
in the U.S. and 7,000-9,000 in Canada), and more than 1.2
million BSI episodes and 157,000 deaths per year occurring
in Europe. BSIs have a major global impact on morbidity
and mortality and are ranked among the top seven causes of
death worldwide [8]. In the United States, the annual mortal-
ity rate associated with BSIs is estimated at 23.5-27.5 deaths
per 100,000 population - surpassing the number of deaths
caused by any other infectious disease, including influenza
and pneumonia combined (16.2 deaths per 100,000) [8]. In
Europe, BSIs are the second leading cause of disability and
premature death and are also associated with the highest
number of preventable deaths among HAls [9]. The costs as-
sociated with BSIs vary widely, with estimates ranging from
$960 million to $18.2 billion annually [10].

These infections are often caused by the use of central
and peripheral venous catheters, which allow direct access
for pathogenic microorganisms into the bloodstream [11,
12]. According to data from the literature, approximately
36.7% of BSI cases are attributed to vascular catheter use,
of which 28.4% are associated with central venous cathe-
ters and 8.3% with peripheral ones. Additionally, 32.4% of
cases occur secondary to other preexisting infections [13].
The incidence of catheter-associated infections varies con-
siderably, ranging from 1.6 to 44.6 CLABSIs per 1,000 cath-
eter-days in adult and pediatric ICUs, and from 2.6 to 60.0
CLABSIs per 1,000 catheter-days in NICUs [14].

This study aims to provide a systematic review of the lit-
erature regarding the incidence, causative pathogens, risk

factors, and effective strategies to reduce healthcare-associ-
ated bloodstream infections in children, in order to improve
prevention and management practices in pediatric health-
care settings.

Materials and methods

To conduct this literature review study, an advanced
search was performed in the electronic databases PubMed,
SCOPUS, and Web of Science using the following keywords:
“bloodstream infections,” “antimicrobial resistance,” “pediat-
ric patients,” “healthcare-associated infections,” “mortality,”
“length of hospital stay,” and “costs”, in combination with the
Boolean operators AND,” “OR,” and “NOT” The search yield-
ed a total of 957 publications - 549 from PubMed, 284 from
SCOPUS, and 124 from Web of Science. Of these, 23.72% (n
= 227) were duplicates.

The remaining articles were screened following the
PRISMA guidelines [15]. In the initial screening phase, 730
publications were reviewed, of which 75.2% (n = 549) did
not meet the study objective. A total of 181 scientific papers
were assessed for eligibility based on the following inclu-
sion criteria:

= Articles published between 2010 and 2024.

= Language of publication: English and/or Romanian.

= (Open-access publications.

= Types of articles: literature reviews, research arti-

cles, and meta-analyses.

The following were excluded from the review: articles
published in Russian, French, Polish, Chinese, Turkish,
Spanish, and Italian; publications dated between 1980 and
2009; editorial letters and article corrections; and restrict-
ed-access papers (Figure 1).

A total of 67 publications were selected for the final
study. The analysis of the national epidemiological situa-
tion was carried out based on data collected from Statisti-
cal Form No. 2, “Report on selected infectious and parasitic
diseases registered in the Republic of Moldova” for the year
2023, as provided by the National Agency for Public Health.

Results

The literature review highlighted the main epidemio-
logical characteristics of the epidemic process caused by
healthcare-associated bloodstream infections in pediatric
patients. Epidemiological data were extracted from 67 sci-
entific articles that met the inclusion criteria established for
this study. In the Republic of Moldova, HA-BSIs and, more
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broadly, healthcare-associated infections in children remain
an underexplored topic. Therefore, we aimed to identify the
key epidemiological features, risk factors, and strategies
for the prevention and control of HA-BSIs in the pediatric
population, based on internationally published scientific
evidence.

In 2012, the International Nosocomial Infection Con-
trol Consortium (INICC) reported device-associated infec-
tion rates in 16 PICUs in low- and middle-income countries
(LMICs), revealing significantly higher values compared
to high-income countries. According to INICC data, the in-
cidence of ventilator-associated pneumonia (VAP) was 6
infections per 1,000 device-days, CLABSIs had a rate of 8.1
infections per 1,000 device-days, and catheter-associated
urinary tract infections (CAUTIs) were reported at 4.1 in-
fections per 1,000 device-days [12]. In contrast, PICUs in the
United States reported significantly lower rates: 0.7 for VAP,
1.0 for CLABSI, and 3.5 for CAUTI. These marked differences
reflect the challenges that LMIC healthcare systems face in
terms of infection prevention and control. Furthermore, the
actual burden of these infections in LMICs is likely under-
estimated, considering that 75% of the PICUs included in
the INICC report were located in private hospitals, where
practices and resources may differ significantly from those
in the public sector [13].

Another study conducted in a developing country found
that 56.5% of HAIs occurred in children under 1 year of age,
and the incidence density of BSIs in children was 18.1 per
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1,000 central venous catheter (CVC) days. Of all identified
HAls, 60.49% were BSIs, and most of them (38 out of 49)
were associated with the use of venous catheters. Moreover,
bloodstream infections were significantly more common in
children with CVCs than in those without (20% vs. 4.7%, p
< 0.05) [5].

According to a study conducted in Brazil as part of the
SCOPE project, out of a total of 342 bloodstream infection
episodes, 50.2% occurred in children under one year of age.
Nearly half of the patients (45.3%) were admitted to pediat-
ric or neonatal intensive care units, while 21.0% were treat-
ed in general pediatric units. Additionally, 66.4% of patients
had central venous catheters, 23.1% had peripheral venous
catheters, and 2.6% had arterial catheters, highlighting the
high prevalence of device-associated infections [16].

Similar results were reported in a study by the European
Centre for Disease Prevention and Control (ECDC), which
identified 770 cases of HAIs, of which 45% were blood-
stream infections. Although most BSIs were reported in
infants under 12 months of age, the percentages remained
significant across other age groups as well [17].

In another study analyzing children admitted to PICUs,
bloodstream infections accounted for 45.4% of all health-
care-associated infections (HAIs), followed by respiratory
tract infections (RTIs) at 27.8% and urinary tract infections
(UTIs) at 15.8%. Among the 244 BSI cases analyzed, 79.9%
were associated with central venous catheter (CVC) use,
most of which were diagnosed in patients who had the cath-
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eter in place for more than 48 hours [18]. High BSI rates
were also reported in a study conducted in Morocco, where
these infections represented 44% of HAI cases, followed by
nosocomial pneumonia (30%) and surgical site infections
and UTIs (each at 7%) [19].

An important aspect regarding the incidence of BSIs is
the significant disparity between high-income countries
(HICs) and low- and middle-income countries (LMICs).
A study conducted in PICUs in LMICs highlighted a signif-
icantly higher incidence of HAls, with CLABSI, VAP, and
CAUTI rates all markedly higher compared to HICs: 12.2 vs.
7.0 per 1,000 central line-days; 9.0 vs. 5.4 per 1,000 venti-
lator-days; and 5.9 vs. 3.7 per 1,000 urinary catheter-days,
respectively [20].

Research conducted by Saeghi et al. identified 404 ep-
isodes of bacteremia in 272 pediatric patients, of which
82.4% were healthcare-associated, with an incidence rate
of 11.1 per 1,000 hospitalizations. Community-onset bacte-
remia accounted for 17.6% of cases. Almost two-thirds of
the patients (85.6%) were under 5 years of age, with 34.4%
being infants aged 1 month to 1 year. Underlying comor-
bidities were identified in 90.6% of patients, the most com-
mon being prematurity (26.2%), hematologic malignancies
(22.3%), intestinal pathologies (17.6%), and metabolic/
genetic syndromes (11.6%). A central venous catheter was
present in 45.0% of the BSI cases, and in 7.7% of cases, the
source of infection was unidentified [21].

BSIs also predominated in a study conducted at Besat
Hospital in western Iran, being the most common infection
form in both investigated age groups: 37.38% in children
aged 0-4 years and 34.75% in those aged 5-14 years. Es-
cherichia coli was more frequently isolated in girls (25.84%
in the 0-4 age group and 24.53% in the 5-14 age group),
while Staphylococcus aureus was more common in boys
(33.6% in the 0-4 age group and 29.55% in the 5-14 age
group) [22].

Despite the significant variation in BSI pathogens among
children across different countries, age groups, and clinical
settings [23], Gram-positive microorganisms continue to
play a dominant role in the onset of healthcare-associated
BSIs. One recent study reported that Gram-positive bac-
teria were responsible for 57.0% of infections, Gram-neg-
ative organisms for 40.2%, and Candida species for 2.8%.
The most frequently isolated microorganisms were Staph-
ylococcus aureus (26.0%), Escherichia coli (13.0%), coagu-
lase-negative staphylococci (8.3%), and Enterococcus spp.
Among S. aureus strains, 26.0% were oxacillin-resistant;
however, susceptibility to ceftaroline was nearly universal
at 99.8%. Among Gram-negative bacteria, Enterobacteriace-
ae and Pseudomonas aeruginosa together accounted for
over 85% of isolates, all of which were susceptible to cef-
tazidime-avibactam [24].

Consistent with the above, another study reported that
Gram-positive organisms accounted for 56% of all identi-
fied isolates, while Gram-negative organisms accounted for
44%. The most common Gram-positive bacteria were Staph-
ylococcus aureus (78%), followed by coagulase-negative
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staphylococci (CoNS) (12%), Enterococcus faecalis (6%),
and Streptococcus pneumoniae (4%). In the European HAI
surveillance network, the study by Garcia and data collected
from PICUs in France also confirmed the predominance of
coagulase-negative staphylococci as the primary etiological
agents of bacteremia [25, 26].

Even higher rates of Gram-positive microorganisms
were observed in a U.S.-based study, where they account-
ed for 70.6% of pathogens isolated in healthcare-associat-
ed BSIs in children, compared to 29.4% for Gram-negative
bacteria. The most frequently identified pathogen was co-
agulase-negative Staphylococcus (CoNS), isolated in 47.1%
of cases, followed by Escherichia coli (8.3%), Staphylococcus
aureus (7.0%), Streptococcus pneumoniae (5.9%), Klebsiel-
la spp. (5.6%), and Enterococcus spp. (4.4%). A study ana-
lyzing isolation trends between 2015 and 2018 reported a
significant decrease in the frequency of CoNS and Serratia
marcescens (p < 0.05), alongside a significant increase in the
prevalence of E. coli, S. aureus, S. pneumoniae, Enterococcus
faecalis, and Enterococcus faecium (p < 0.05) [24].

Nevertheless, it is important to note that over the past
decade, there has been a significant increase in the number
of Gram-negative microorganisms isolated from children
with healthcare-associated infections, a trend increasingly
reported in international studies [20, 22, 27-30]. One study
confirmed the predominance of Gram-negative bacteria in
the etiology of HA-BSIs, highlighting a pattern increasing-
ly emphasized in the literature: 60% of infections were
caused by Gram-negative pathogens, compared to 33% by
Gram-positive bacteria and 7% by fungal pathogens. Kleb-
siella pneumoniae (17%), Staphylococcus aureus (14%), and
Escherichia coli (9.11%) were the most frequently detected
pathogens. The crude mortality rate among children with
BSIs was 20% (176/864); multivariate analysis identified
HIV infection, fungal and Gram-negative sepsis, and the
presence of HAls as significant predictors of mortality [31].

Evidence of the growing dominance of Gram-negative
bacteria in the etiological landscape of pediatric HA-BSIs
was also reported in a study where, out of 573 isolated
strains, 55% were Gram-negative bacteria, 32% Gram-pos-
itive bacteria, and 13% fungi. The most frequently isolated
species included Enterobacteriaceae (30.9%), Pseudomonas
aeruginosa (19.2%), and Staphylococcus aureus (11.0%)
[18]. Similar findings on the spectrum of microorganisms
isolated from children with HA-BSIs were reported in the
United Kingdom [32], Italy [33], Brazil [16], and the Unit-
ed States, particularly among neonates with very low birth
weight (<1500 g) [34].

Despite this global trend, some studies from LMICs
found that fungi were the predominant etiological agents of
pediatric BSIs. For instance, Candida spp. was the most com-
monly isolated pathogen (41%) among children with BSIs,
followed by coagulase-negative Staphylococcus (17%) [5].
In line with these findings, fungemia was the most common
in studies from Turkey [27] and Vietnam [28].

Alarmingly, infections caused by multidrug-resistant
(MDR) Gram-negative bacteria have expanded significantly
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in recent years, becoming a major global public health con-
cern [24, 29]. This trend is further compounded by the high
rate of antimicrobial resistance (AMR), which was signifi-
cantly higher in hospital-acquired infections (70%) com-
pared to community-acquired infections (25%; p < 0.0001).
Factors associated with AMR included nosocomial infec-
tion, age under one year, HIV infection, and sepsis caused by
Gram-negative bacteria [31].

The link between Gram-negative bacilli-caused BSIs and
AMR was underscored by a recent U.S. study analyzing 721
E. coli isolates (including 393 associated with BSIs), which
reported high rates of non-susceptibility to commonly used
empirical antibiotics such as: ampicillin (66.8%) and gen-
tamicin (16.8%), and the presence of extended-spectrum
beta-lactamases (ESBLs) in 20% of isolates [30]. In anoth-
er study conducted in Italy and Brazil, 44% of isolates were
MDR; among 175 Enterobacteriaceae isolates, 45% were ES-
BL-positive. Carbapenem resistance was observed in 2% of
Enterobacteriaceae, 42% of P. aeruginosa, and 60% of Acine-
tobacter baumannii. Among Gram-positive bacteria, 56% of S.
aureus strains were methicillin-resistant; however, no vanco-
mycin-resistant Enterococcus spp. were detected. Additional-
ly, of 76 coagulase-negative Staphylococcus (CoNS) isolates,
47 (62%) were classified as multidrug-resistant [18].

According to another study conducted in LMICs, Kleb-
siella spp. was the most common pathogen isolated from ne-
onates with MDR neonatal sepsis [35]. In contrast, Escher-
ichia coli and methicillin-sensitive Staphylococcus aureus
were the most frequently isolated pathogens in children
with BSIs in a multicenter US. study [36].

Antimicrobial susceptibility data were also reported in
a study from a pediatric hospital in Srinagar. Gram-positive
bacteria remained fully susceptible to vancomycin, linezolid,
daptomycin, teicoplanin, and tigecycline, with no resistance
observed. However, a high rate of methicillin resistance was
noted, affecting 72% of S. aureus isolates and 50% of CoNS
species. Among Gram-negative bacteria, colistin was the
only antibiotic uniformly effective across all isolates. In con-
trast, high levels of resistance were observed for ampicil-
lin, ceftriaxone, ciprofloxacin, and piperacillin-tazobactam,
highlighting the growing challenges in treating infections
caused by these organisms [37].

The analysis of pathogen distribution by age revealed
marked differences across pediatric age groups. Bloodstream
infections caused by Gram-positive bacteria predominated in
neonates, accounting for 69.0% of all isolates. The most com-
mon pathogens in this group were coagulase-negative Staph-
ylococcus (48.0%), Escherichia coli (11.2%), and Klebsiella
pneumoniae (8.3%). CoNS was present in all age groups but
showed a decreasing frequency with increasing age, while
Staphylococcus aureus showed an upward trend. Streptococ-
cus pneumoniae and Viridans group streptococci were more
frequently isolated in children aged 3-5 years (14.3% and
3.7%, respectively), whereas beta-hemolytic streptococci
were more prevalent in neonates (4.2%). Enterococcus fae-
cium and E. faecalis had the highest frequency in neonates
(6.1% each), with a progressive decline in older age groups.
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Among Gram-negative bacteria, E. coli and K. pneumoniae iso-
lates showed a significant decrease between the 0-28 days
and 13 months-2 years age groups, followed by a notable
increase in children over 9 years. Salmonella spp. infections
peaked in the 13 months-2 years group (3.1%) [24].

Regarding the significant risk factors for acquiring
healthcare-associated infections, including BSIs, the follow-
ing were identified in the reviewed studies: recent hospital-
ization (8/19, 42.1% vs. 17/132, 12.9%; p < 0.001), pres-
ence of comorbidities (17/19, 89.5% vs. 72/132, 54.5%; p
< 0.004) [38], admission to the PICU (OR 2.0), malnutrition
(OR 1.6), HIV infection (OR 1.7), “fatal” McCabe score (OR
2.0), comorbid conditions (OR 1.6), use of implanted medi-
cal devices (OR 1.9), blood transfusions (OR 2.5), and trans-
fer from another healthcare facility (OR 1.4) [39].

Specifically, multivariate analysis showed that BSIs
caused by extended-spectrum beta-lactamase-producing
Enterobacteriaceae (ESBL-E) were independently associated
with the following risk factors: neonatal period (OR = 11.4),
sickle cell anemia (OR = 3.1), malnutrition (OR = 2.0), and
mechanical ventilation (OR = 3.5) [40]. Additionally, neutro-
penia was consistently identified as a significant risk factor
for infections with multidrug-resistant (MDR) Gram-nega-
tive bacteria in several studies [41-43]. The use of tunneled
central venous catheters such as Broviac and Hickman was
also associated with a higher risk of CLABSI compared to fully
implantable devices such as Port-a-Cath [44]. A study from
Qatar reported BSI densities of 3.98 per 1,000 catheter-days
for Port-a-Cath and 5.13 for Hickman catheters [45].

The insertion site of the central venous catheter also
plays a key role in the development of BSIs. A study con-
ducted in adults demonstrated a significantly higher risk
of bacteremia with femoral catheters (24.5%; 100 out of
407) compared to those placed in the internal jugular vein
(10.4%; 36 out of 346), with a relative risk of 2.36. More-
over, the average time to infection onset was shorter for
femoral catheters (20.11 + 6.91 days) compared to internal
jugular catheters (25.97 + 6.56 days) [46].

Among children with hemato-oncological conditions,
significant risk factors for the development of BSIs included
corticosteroid treatment (50.3% vs. 68.4%; p = 0.02), anti-
biotic therapy (62.7% vs. 77.2%; p = 0.05), chemotherapy
(67.3% vs. 84.2%; p = 0.01) in the 30 days preceding BSI
onset, neutropenia (21.6% vs. 54.4%; p < 0.001), and mu-
cositis (12.4% vs. 29.8%; p < 0.001) [47]. On the other hand,
in children with solid tumors, surgical interventions (7.2%
vs. 0%; p = 0.03), bed immobilization (41.8% vs. 15.8%;
p < 0.001), and mechanical ventilation (12.4% vs. 1.8%; p
= 0.01) in the 72 hours preceding the onset of bacteremia
were identified as significant risk factors [48].

Bloodstream infections represent a severe and frequent
complication among children who develop HA-BSIs, with
mortality rates increasing significantly in immunocom-
promised patients [49]. A multicenter study conducted in
New York, which included 4,500 children, found that the
probability of death was nearly six times higher in patients
with BSIs compared to those without (95% CI: 3.02-16.00;
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p < 0.05) [50]. Clinical outcomes were unfavorable, with
a crude mortality rate of 41.3% and a mean PICU length
of stay of 15 days [51]. Recent studies have reported that
mortality rates associated with BSIs range from 21 to 32
deaths per 100,000 population [51, 52], while the one-
month post-diagnosis mortality is estimated at 17%-28%
for HA-BSIs and 10%-19% for community-acquired BSIs
[53, 54]. Higher mortality rates of 40%-50% were observed
in studies involving pediatric patients with BSIs admitted
to intensive care units [55]. For instance, 45.4% of pediat-
ric patients with BSIs caused by Enterobacteriaceae died,
with significantly higher mortality in infections caused by
ESBL-positive strains (54.8%) compared to ESBL-negative
strains (15.4%) (p < 0.001). Univariate analysis showed that
fatal outcomes were more frequent in neonates and young-
er children, while multivariate analysis identified ESBL pro-
duction as an independent risk factor for mortality (OR =
2.9; 95% Cl: 1.8-7.3; p = 0.001) [40]. The average length of
stay (LOS) for patients with BSIs caused by ESBL-positive
strains was 22.5 days (95% CI: 18.5-26 days), compared to
12.6 days (95% CI: 9.5-15.8 days) for those with ESBL-neg-
ative strains (p < 0.0001) [40]. Children with BSIs and res-
piratory tract infections (RTIs) had 4.0- and 2.9-fold higher
mortality risk, respectively, compared to children with oth-
er types of HAIs [18]. A retrospective cohort study in the
USA showed that patients with BSIs had a significantly high-
er crude mortality rate than those without (5% vs. 0.34%j;
p <0.001) [56].

In pediatric oncology patients, early (7-day) and late
(30-day) mortality rates were 3.8% and 13.8%, respective-
ly. These rates were similar between patients with solid tu-
mors (ST) and those with hematologic malignancies (HM).
However, PICU care was significantly more frequent in chil-
dren with ST than in those with HM (23.5% vs. 10.5%; p
= 0.05), while the duration of hospitalization after a BSI
episode was significantly longer in children with HM com-
pared to those with ST (median 19 vs. 13 days; p = 0.02)
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[47]. Unit-stratified outcomes showed a greater impact of
HA-BSIs in pediatric intensive care units (PICUs), with a
mean attributable LOS of 16.4 days, compared to neonatal
ICUs (NICUs), where the mean was 11.4 days. In PICUs, the
attributable LOS ranged from 11.4 to 21.1 days, while in
NICUs, it varied from 4 to 27.8 days [2]. This trend was also
reflected in cumulative mortality rates, which were higher
in PICUs (0.13) compared to NICUs (0.08). Furthermore,
both the average LOS and mortality rate were significantly
higher in patients who developed HAIs, with an LOS of 25
days versus 7 days in patients without HAls (p < 0.0001)
and a mortality rate of 50% versus 27.8% (p < 0.005) [57].

The relationship between total cost and independent
variables in PICU patients showed that the median cost was
highest for children under two months of age, at €6,903.30.
Additionally, there was a significant difference between
the median cost of patients with bloodstream infections
(€37,356.68) and those with pneumonia (€34,912.96).
Costs increased proportionally with the number of HAls
diagnosed; the cost difference between patients with one
infection and those with three or four reached €38,202.57.
Multivariate analysis revealed that patients with blood-
stream infections (p < 0.001) incurred significantly higher
costs compared to those without HAIs. The average direct
healthcare cost for patients with HA-BSIs ranged between
$1,642.16 and $160,804 (in 2019). Moreover, direct costs
were estimated at $371,887, which included 2,275 addi-
tional hospital days, 2,365 days of antimicrobial therapy,
and 3,575 additional laboratory investigations [39].

In Greece, the average LOS and cost attributable to CLAB-
SI in the pediatric and neonatal population were 21 days
and €13,727, respectively (Table 1). The high incidence of
CLABSI reported in the literature (4.41 infections per 1,000
central line-days) further emphasizes the need for preven-
tive measures. This incidence varies by ICU type, reaching
6.02 in NICUs, 6.09 in PICUs, and 2.78 in Hematology-On-
cology units [58].

Table 1. Length of hospital stay and costs of bloodstream infections in children in Greece (58)

Variable CLABSI (n = 94) Non - CLABSI (n = 94) Difference 95% IC
LOS, Overall days! 57.1 36.6 21 7.3-34.8
By unit
PICU 52.1 33.2 19.1 5.7-32.6
NICU 75 47.8 27.8 8.7-46.9
Hematology-Oncology 69.8 44.5 24.8 6.8-42.9
Unit
Bone marrow transplantation unit 34 21.7 12.4 4.1-20.8
Cost, Overall € 31.302 17.788 13.727 5.758-21.677
By unit
PICU 29.282 16.951 13.159 4.642-21.677
NICU 36.582 20.788 16.275 6.194-26.357
Hematology-Oncology Unit 38.503 21.881 16.442 5.646-27.238
Bone marrow transplantation unit 21.166 12.028 9.272 3.661-14.883

Note: CI, Confidence interval; LOS, Length of hospital stay after study enrollment.

ILOS and cost are adjusted for age, gender, hospital, hospitalization unit, LOS prior to study enrollment, CVC outcomes after study enrollment and for propensity
score. Propensity score variables include catheter placement, presence of stomy the last 48 h prior to study enrollment, presence of neutropenia and transfusion
of blood products the last 14 days prior to study enrollment, LOS in ICU and length of catheter stay prior to study enrollment. €- Euro, the monetary unit and

official currency of the European Union.

109



Marga .

Although the incidence of this group of infections is
high among pediatric patients, existing evidence in the sci-
entific literature shows that bloodstream infections (BSIs)
can be prevented. For example, in one study, during the
control period, the rate of central line-associated blood-
stream infections (CLABSI) was 7.4. After implementing
preventive measures, during the intervention period,
this rate significantly decreased to 4.78. In the follow-up
period, the downward trend was maintained, reaching 2
[59]. A similar reduction in the incidence of bloodstream
infections was observed in another study conducted in a
pediatric intensive care unit. During the reference period,
the infection rate was 88 per 1000 admissions, and after
prevention measures were implemented, it decreased to
41 per 1000 admissions. Most of these infections were as-
sociated with the use of central venous catheters (CVCs),
and the catheter-related infection rate decreased from
25.2 per 1000 CVC-days to 9.3 per 1000 CVC-days (p <
0.05). These results emphasize the importance of applying
effective protocols to reduce CLABSI and improve patient
outcomes [60].

A remarkable example of success was recorded in the ne-
onatal services at Nationwide Children’s Hospital, where the
CLABSI rate was reduced from 6.0 to 1.43 per 1000 cathe-
ter-days in less than two years and then maintained at 0.68
for over five years [61]. Another study conducted in China
showed a significant decrease in CLABSI incidence during
the COVID-19 pandemic compared to the pre-pandemic pe-
riod, from 9.4 to 2.2 per 1000 catheter days (P < 0.001) [62].
This downward trend was correlated with several factors, the
main ones being improved infection prevention and control
measures, with the implementation of stricter hygiene pro-
tocols and the use of personal protective equipment; reduced
hospital admissions and invasive procedures; closer moni-
toring of patients with central venous catheters; and limiting
access of visitors and auxiliary staff [62].

According to data from the Republic of Moldova, in 2023,
163 cases of healthcare-associated infections (HAIs) were
reported in children aged 0 to 17 years. Among these, the
following were recorded: surgical site infections - 32 cases
(19.6%), infections following therapeutic injections, infu-
sions, or transfusions - 21 cases (12.9%), nosocomial pneu-
monia due to mechanical ventilation - 106 cases (65%), and
urinary tract infections following medical interventions - 4
cases (2.5%). These represented approximately 7.5% of the
total reported infections (Figure 2).

Data regarding the structure of morbidity due to health-
care-associated infections in newborns in the Republic of
Moldova differ from those identified in children aged 0-17
years (Figure 3). Additionally, the number of HAI cases was
higher in newborns, emphasizing the biological fragility of
this group and the increased exposure to infectious risks
from the very first days of life.

Until now, no comprehensive study has been conduct-
ed addressing the issue of healthcare-associated infections
(HAISs) in children in the Republic of Moldova [6]. However,
it is noteworthy that a component of this topic was inves-
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Fig. 2 Structure of morbidity due to healthcare-associated
infections in children aged 0-17 years, in the Republic of
Moldova, 2023.

Note: Data are presented as percentages of the total number of reported
healthcare-associated infection cases in children aged 0-17 years (n = 163).
The figure was developed based on data collected through Statistical Form
No. 2, “Report on Certain Infectious and Parasitic Diseases Registered in the
Republic of Moldova” for the year 2023, as officially reported by the National
Agency for Public Health. Percentages may not sum to 100% due to rounding.
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= Neonatal bacterial sepsis
Neonatal septic-purulent infections

= Pneumonia

= Surgical site infection
Infections following injections, infusions and transfusions

Fig. 3 Structure of morbidity due to healthcare-associated
infections in newborns, Republic of Moldova, 2023

Note: Data are presented as percentages of the total number of reported
healthcare-associated infection cases in newborns (n = 209). The figure was
developed based on data collected through Statistical Form No. 2, “Report
on Certain Infectious and Parasitic Diseases Registered in the Republic of
Moldova” for the year 2023, as officially reported by the National Agency for
Public Health. Percentages may not sum to 100% due to rounding.

tigated within the framework of the “First National Point
Prevalence Survey of Healthcare-Associated Infections and
Antimicrobial Use in Hospitals of the Republic of Moldova,”
which highlighted that septicemia accounts for 1.2% of all
HAlIs identified among both adults and children [63].

Discussion

Healthcare-associated bloodstream infections represent
a major concern in pediatric care globally, significantly im-
pacting morbidity, mortality, and healthcare system costs.
Despite sustained efforts in prevention and control, inci-
dence rates remain high, underscoring the need for the de-
velopment and implementation of more effective strategies
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tailored to the pediatric population. Published data on pedi-
atric HA-BSI vary considerably depending on the country,
the profile of healthcare facilities, and the year of publica-
tion [12, 18, 20].

Epidemiological studies report a high incidence of HA-
BSI ranging between 2 and 25 cases per 1,000 central ve-
nous catheter days, with higher rates observed in pediatric
and neonatal intensive care units [2, 12, 16-18]. Although
bloodstream infections represent one of the predominant
forms of healthcare-associated infections, the greatest
burden is borne by newborns and children under one year
of age, accounting for over 50% of all healthcare-associat-
ed infections identified in these vulnerable groups. Addi-
tionally, children with solid tumors and hematologic-onco-
logic conditions exhibit increased susceptibility to HA-BSI
due to severe immunosuppression induced by chemother-
apy, radiotherapy, and immunosuppressive treatments. In
these patients, the risk of infection is further amplified by
the frequent and prolonged use of central venous cathe-
ters [47].

Another critical aspect of the impact of HA-BSI is the
prolongation of hospital stays. Studies show that pediat-
ric patients who develop bloodstream infections require
longer hospitalizations, averaging approximately 25 days,
compared to only 7 days among children without these
infections, directly leading to increased treatment costs
and prolonged exposure to nosocomial pathogens [2]. Fur-
thermore, each episode of bloodstream infection can add
between 10 and 21 additional days to the length of stay,
increasing the risk of complications and the need for addi-
tional medical resources [2]. It has also been observed that
bloodstream infections caused by ESBL-positive strains
are associated with a significantly longer average hospital
stay compared to those caused by non-ESBL strains [18,
34, 40].

The economic impact of healthcare-associated blood-
stream infections is considerable, generating both direct
and indirect costs that place significant pressure on health-
care systems. Hospital expenses are significantly higher in
patients who develop bloodstream infections compared to
those who do not, varying according to the number, severi-
ty, and complexity of infections. Total costs can range from
1,642.16 USD to 160,804 USD per patient [39, 58].

Direct costs are mainly related to prolonged hospital
stays, the use of broad-spectrum antibiotics, the need for
intensive supportive therapies, as well as the necessity for
additional laboratory investigations. Beyond direct costs,
there is also a significant economic impact on patients’ fam-
ilies, reflected in economic losses caused by parents’ ab-
sence from work during the child’s hospitalization [64-66].
Mortality associated with these infections ranges between
15% and 50%, depending on case severity, patient comor-
bidities, and the type of microorganisms involved. Severe
cases, especially in intensive care units and among children
with hematologic-oncologic conditions, have higher mortal-
ity, with antibiotic-resistant and fungal strains posing addi-
tional risk factors [47].
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Among the main pathogens involved in healthcare-asso-
ciated bloodstream infections are Gram-positive bacteria,
especially Staphylococcus spp., including coagulase-nega-
tive staphylococci, followed by Gram-negative bacteria such
as Klebsiella spp., Acinetobacter spp., and Escherichia coli,
which in the last decade have played an increasingly sig-
nificant role in the etiology of HA-BSI [16, 24-26, 30]. Fur-
thermore, there is a notable spread of fungal infections, par-
ticularly those caused by Candida spp., which continue to
increase and can reach incidences of 20-30 cases per 1,000
catheter-days, with mortality rates ranging from 12% to
41%. Fungal infections are often associated with prolonged
use of central venous catheters and antimicrobial treat-
ments, which can disrupt the normal microbial flora and fa-
vor fungal proliferation. Increased risk of Candida infections
is also associated with factors such as immunosuppression,
parenteral nutrition, diabetes, and prolonged hospitaliza-
tion [5, 31, 32].

Early diagnosis and prompt initiation of treatment are
essential in managing HA-BSI, especially since empirical
treatment is often started before blood culture results
are available due to the urgent need to control infection
[24]. However, a significant challenge in treatment is the
growing presence of resistant microorganisms such as me-
thicillin-resistant Staphylococcus aureus (MRSA), extend-
ed-spectrum beta-lactamase-producing Enterobacteriace-
ae (ESBL-E), and vancomycin-resistant enterococci, which
further complicate therapies [24, 33, 34]. Additionally, a
major difficulty in managing HA-BSI is diagnosis, as in ap-
proximately 30.9% of cases, the source of infection cannot
be identified, either due to inconclusive clinical evaluation
(20.8%) or lack of complete medical data (10.1%) [21]. In
this context, the rising antimicrobial resistance - especial-
ly to beta-lactams and carbapenems - necessitates adopt-
ing more precise and personalized therapeutic strategies
to limit complications and improve prognosis in pediatric
patients [33-35].

Among the main risk factors involved in the develop-
ment of HA-BSI identified in the analyzed studies are young
age, admission to intensive care units, recent hospitaliza-
tion, use of invasive medical devices, interhospital trans-
fer, malnutrition, presence of comorbidities, HIV infection,
and blood transfusion [21,38-40]. Specific factors such as
the neonatal period, sickle cell anemia, mechanical ventila-
tion, and neutropenia have been independently associated
with an increased risk of acquiring bloodstream infections
caused by extended-spectrum beta-lactamase-producing
bacteria [18, 27, 40].

Studies show that strict implementation of prevention
and control measures can significantly reduce the incidence
of nosocomial infections, thereby helping to decrease the
costs associated with patient care [61, 67]. For example, it
has been estimated that reducing central line-associated
bloodstream infections in neonatal units can generate sav-
ings of approximately 348,000 USD per year by decreasing
hospitalization duration by 84 days [67]. Additionally, it
has been found that femoral catheter insertion represents a
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higher risk for acquiring HA-BSI and requires more careful
management. The use of femoral catheters should be lim-
ited to strictly necessary situations, and patients must be
closely monitored to prevent complications [46].

Conclusions

Healthcare-associated bloodstream infections remain a
major public health issue among pediatric patients, with a
significant impact on morbidity, mortality, length of hospi-
tal stay, and costs. Despite the high prevalence of these in-
fections, successful examples from various studies suggest
that bloodstream infections can be prevented. Thus, the im-
plementation of effective strategies - such as strict adher-
ence to hygiene measures, judicious use of invasive medical
devices, rational antibiotic use, and continuous case mon-
itoring - can significantly contribute to reducing the inci-
dence of healthcare-associated bloodstream infections. In
this context, epidemiological surveillance and the adoption
of evidence-based protocols are crucial for improving the
quality of medical care and reducing the impact of these in-
fections on the pediatric population.
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