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Abstract

Introduction: The increasing prevalence of Gram-negative bloodstream infections in pediatric patients poses significant treatment challenges,
particularly from multi-drug resistant (MDR) strains. Despite advances in medical care, mortality from bloodstream infections remains a
concern. Our study aims to understand pediatric patients' demographics, clinical conditions, and microorganisms causing Gram-negative
infections, as well as identify factors affecting treatment outcomes and mortality.

Methodology: A retrospective, observational study of Gram-negative bacteremia, including all patients < 18 years of age, hospitalized during
2022, with documented bacteremia caused by Enterobacteriaceae or non-fermentative bacteria.

Results: In total 123 blood cultures from 102 patients were included study. The median age of patients was 22 months, with 85.3% having an
underlying medical condition. Common strains were Klebsiella pneumoniae, Escherichia coli, and Pseudomonas aeruginosa, with 73.2%
hospital-acquired infections. Among the isolated species, 28.5% were multidrug-resistant (MDR). The mortality rate was 10.5%. Mortality
among patients with antibiotic-resistant isolates was 17.1%. Patients with sepsis had a markedly elevated mortality rate. Additionally, mortality
was increased among patients reliant on mechanical ventilation and those with urinary catheters. Furthermore, central venous catheterization
was found to be an independent predictor for sepsis (odds ratio: 2.463, 95% confidence interval: 1.095-5.53), while the presence of a urinary
catheter was identified as an independent predictor of mortality (odds ratio: 5.681, 95% confidence interval: 1.142-28.249).

Conclusions: The study findings highlight a critical need for strategies to reduce MDR Gram-negative infections in children, emphasizing the

importance of timely removal of invasive devices and rational antibiotic use to improve patient outcomes.
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Introduction

Bloodstream infections (BSls), also known as
bacteremia, are critical medical conditions causing
sepsis, septic shock, or death [1]. Mortality is affected
by multiple factors such as causative pathogens, early
diagnosis, and effective treatment. Mortality associated
with pediatric bloodstream infections remains a
concern, although advanced medical care [2].

The incidence of Gram-negative organisms causing
BSI has increased over the years. In developing
countries, Sajedi Moghaddam et al. (2024) conducted a
study in an Iranian referral hospital, which revealed that
54% of pediatric bloodstream infections were caused by
Gram-negative bacteria. The most commonly isolated
organisms were Pseudomonas spp. (17.6%) and

Klebsiella pneumoniae [3]. Similarly, Trehan et al
(2014) studied invasive bacterial infections in a
pediatric oncology unit in India and found that Gram-
negative organisms accounted for 56% of the cases,
with Escherichia coli and Klebsiella pneumoniae being
the most frequent pathogens [4]. In contrast, in
developed countries, Folgori et al. (2014) reported that
26% of bloodstream infections in a European tertiary
pediatric hospital were caused by Gram-negative
bacteria [5]. Moreover, Armenian et al. (2005) found
that in a pediatric intensive care unit in the U.S., Gram-
positive and Gram-negative organisms accounted for
72.7% and 22.7% of total isolates, respectively [6].
These findings highlight that in developing countries,
Gram-negative infections tend to be more prevalent and
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are often associated with significant morbidity and
mortality. In developed countries, although Gram-
positive bacteria are more commonly isolated, Gram-
negative pathogens continue to pose a serious threat in
pediatric bloodstream infections.

Gram-negative bacteria may exhibit multidrug
resistance [7,8]. Multi-drug resistance is a growing
issue in pediatric patients, leading to increased
morbidity, mortality, and prolonged hospitalization
[9,10]. Aizawa et al. (2019) conducted a study in
children’s hospitals in Japan from 2010 to 2017, which
showed that 24.5% of Gram-negative bloodstream
infections (BSIs) were caused by multidrug-resistant
organisms [11]. Similarly, Ivady et al. (2016) found that
31% of Gram-negative isolates in pediatric bloodstream
infections exhibited multidrug resistance [12].
Enterobacteriaceae especially Klebsiella pneumoniae,
Escherichia coli, Enterobacter spp., and non-lactose
fermenting bacteria such as Pseudomonas aeruginosa
or Acinetobacter spp. have been identified as major
causes of multi-drug resistant Gram-negative
bloodstream bacterial infections [13-15]. Resistant
Gram-negative bacterial pathogens cause severe
infections, especially in high-risk patients hospitalized
in pediatric intensive care units, hematology-oncology
clinics, and transplantation centers. Additionally, the
extensive use of invasive medical devices,
immunosuppressive  therapies, and  frequent
hospitalization facilitate the acquisition of infections.
The limited choice of effective treatment options makes
them a significant treatment and infection control
challenge [16-18].

Studies evaluating the risk factors increasing
mortality and effective treatment options in resistant
Gram-negative infections in children are limited.

Figure 1. Study flow chart.
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Previous studies have mostly focussed on the adult
population. Some studies are limited to specific age
groups or specific pathogens in pediatric patients [19-
21]. Few studies have been conducted on the clinical
outcomes of Gram-negative bloodstream infections in
pediatric patients [20,22,23]. Pediatric patients,
especially those with underlying medical conditions,
immunodeficiency, malignancy, or intensive care
requirements, are at high risk for Gram-negative
bloodstream infections [24]. To improve clinical
outcomes in pediatric patients with Gram-negative
infections, we must close the current knowledge gap
and prioritize pediatric-centered research. The primary
aim of our study was to evaluate the demographic and
clinical characteristics of patients, the causative
organisms, and resistance patterns in Gram-negative
BSIs in children. The other aims of our study include
determining the factors affecting clinical outcomes and
mortality.

Methodology
Setting and patients

In this retrospective study, pediatric patients aged
0-18 years with Gram-negative bacteria growth in
blood cultures were investigated in a tertiary hospital
over a one-year period. We included cultures with
growth  Enterobacteriaceae or non-fermentative
bacteria in the analysis. Cultures with growth of
Neisseria meningitidis, Moraxella spp., Brucella spp.,
and Salmonella enterica were excluded as these
pathogens were outside the scope of the study.
Additionally, cultures showing the growth of the same
pathogen from the same patient within one month were
excluded to avoid duplication. The diagram of the study
is shown in Figure 1.

Data collections

Age, gender, department of hospitalization,
underlying diseases, duration of hospital stay, history of
parenteral or oral antibiotic use, 30-day history of
corticosteroid or chemotherapeutic drug use,
immunodeficiency status (primary, secondary),
surgical operations, administration of hemodialysis, use
of a mechanic ventilator and central venous catheter
were recorded. In addition, the peripheral leukocyte
count, platelet count, and C-reactive protein (CRP)
levels that were assessed on the day when the positive
blood culture was obtained and CRP at the end of
treatment were recorded. The clinical presentations of
the patients and sepsis development were noted.
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Definitions

Bacteremia is the presence of bacteria in the blood
as evidenced by a positive blood culture. Sepsis was
defined by the International Pediatric Sepsis Consensus
Conference sepsis guideline in 2005 [25]. Infections
that occurred 48 hours after hospital admission to
hospital were considered hospital-acquired infections
[26].

A polymicrobial BSI is defined as the growth of
multiple microorganisms in a blood culture, except
coagulase-negative staphylococci, Corynebacterium
spp., and Propionibacterium spp. 1f one of these latter
three microorganisms is detected in a blood culture
alongside Gram-negative bacilli, it is considered to be a
result of skin contamination rather than a polymicrobial
BSI.

The definition of antibiotic-resistant strains is
classified as multidrug-resistant (MDR), extensively
drug-resistant, or pan-drug-resistant as defined by
Magiorakos et al. [27]. We grouped extensively drug-
resistant bacteria and pan-drug-resistant bacteria as
MBDR to simplify the analysis.

Microbiologic Methods

Blood culture specimens were inoculated into a
blood culture bottle (Bact/Alert RF Plus Biomerieux,
France). They were incubated at 35 °C in
BACT/ALERT Blood Culture System cabinets for 5
days. Clinical isolates were identified by VITEK MS
PRIME (Biomeriux, France).

Susceptibility to antimicrobial agents was
determined by the standard disc diffusion method.
Antimicrobial susceptibility tests were confirmed by
determination of minimal inhibitory concentrations
(MICs) by microdilution method. Antibiotic
susceptibility results were performed and interpreted
according to the guidelines of the European Committee
on Antimicrobial Susceptibility Testing (EUCAST).

Statistical Analysis

Demographic and descriptive continuous variables
with normal distribution are reported as mean (standard
deviation, SD), whereas non-normally distributed data
are presented as median values (interquartile range,
IQR). Categorical variables are expressed as
percentages. The chi-square test was used to compare
categorical variables. Median or mean values between
the two groups were compared using the Mann-
Whitney U test whether Student’s t-test depended on
the sample distribution. A p value of < 0.05 were
considered statistically significant. The possible factors
found in the univariate analysis were entered into a
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logistic regression analysis The odds ratio and
confidence intervals were calculated to assess
independent predictors of sepsis and mortality in the
multivariate analysis. The data of the patients were
analyzed with IBM SPSS Statistics 26.0.

Ethics statement

A written informed consent form was obtained from
the parents of the cases. The ethics committee approval
was obtained from the Marmara University Faculty of
Medicine Research Ethics Committee on June 5, 2023,
with the approval number 09.2023.620.

Results
Patients and settings

Gram-negative growth was detected in 264 cultures
obtained from 119 patients between 1 January and 31
December 2022. Finally, 123 BSI episodes taken 102
patients were analyzed. We excluded 17 cultures with
the growth of Neisseria meningitis, Moraxella spp,
Brucella spp, and Salmonella enterica. 124 cultures
were removed due to the growth of the same pathogen
in the same patient within one month. The median age
of patients was 22 months (interquartile range: 6-74
months). Seventy-eight of 123 BSI cases were taken
from females (63.4%). Most children (105 of 123 cases;
85.3%) had at least one underlying illness; the most
common were solid tumor (n = 19, 15.4%), primary
immune deficiency (n =13, 10.5%), cerebral palsy (n =
12, 9.8%), acute lymphoblastic leukemia (n =9, 7.3%)
respectively. There was primary immunodeficiency in

Table 1. Demographic and clinical characteristics of patients.
Demographic features n (%), (n = 123)

Female 78 (63.4)
Male 45 (36.6)
Median Age (months) 22 (IQR:6-74)
Age group

0-12 months 46 (37.4)
13-60 months 39(31.7)

> 60 months 38 (30.9)
Clinical features

Pediatric ward 60 (48.8)

Pediatric intensive care unit 43 (35)

Hematology oncology 20 (16.3)

No Yes
Antibiotherapy 16 (13) 107 (87)
Chemotherapy 94 (76.4) 29 (23.6)
Hemodialysis 118 (95.9) 54)
Mechanical ventilation 86 (69.9) 37 (30.1)
Central venous catheter 45 (36.6) 78 (63.4)
Operation 85 (69.1) 38 (30.9)
Clinical outcome
Sepsis 51 (41.5)
Bacteremia 72 (58.5)
Death 13 (10.6)
Discharge 22 (17.9)
Still hospitalized 88 (71.5)

IQR: Interquartile range.
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13 (10.6%), secondary immunodeficiency in 28
(22.8%) cases. Eighty-two (66.7%) of the cases were
not immunocompromised. The clinical and
demographic characteristics of the patients are shown
in Table 1.

Thirty-three cases (26.8) of the BSIs were
community-acquired, and 90 (73.2%) were hospital-
acquired (HA) infections. Gram-negative growth was
detected on average 13 days after hospitalization (IQP
2-55 days). In 39 (31.7%) of BSlIs, the infection was
catheter-associated bloodstream infection.

Causative microorganisms, antimicrobial resistance,
and risk factors for multidrug resistance

In this study, 123 cultures, with 18 polymicrobial
and 105 monomicrobial BSIs, were analyzed. The
microorganism groups isolated are shown in Figure 1.
The most frequently isolated relevant Gram-negative
microorganisms were K. pneumoniae (18.7%), E. coli
(15.4%), and P. aeruginosa (11.4%). The causative
organisms in Gram-negative culture growth are shown
in Supplementary Table 1.

Antibiotic resistance patterns of microorganisms
are presented in Table 2. In all groups, ceftriaxone
resistance was 25%. K. pneumonia in the
Enterobacteriaceae had the highest resistance to
ceftriaxone and ceftazidime. Carbapenem resistance
was highest in the P. aeruginosa (28,5%). Carbapenem
resistance was 5.7% in Enterobacteriaceae and 5.3% in
Acinetobacter spp. respectively. Among community-
acquired Enterobacteriaceae (n: 19) infections, no
strains were found to be carbapenem-resistant.
However, carbapenem resistance was observed in 20%
(n: 1/5) of community-acquired Pseudomonas spp.
isolates and 12.5% (n: 1/8) of Acinetobacter spp.
isolates, respectively. The rate of MDR isolates among
all isolates was 35 (28.5%). A difference was detected
between the groups. FEnterobacteriaceae had the
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highest frequency 33 (94.3%) (p < 0.001) compared to
other groups.

The MDR rate was higher among patients
hospitalized in the intensive care unit compared to
patients admitted to non-PICU departments (p =0.019).
While there is no statistical significance, the MDR
group exhibited higher rates of antibiotic exposure,
secondary immunodeficiency, chronic diseases,
mechanical ventilator dependency, and chemotherapy
exposure compared to the non-MDR group.
Furthermore, the median leukocyte count was lower in
the MDR group compared to the non-MDR group (p =
0.034). Similarly, the mean polymorphonuclear cell
count was lower in the MDR group compared to the
non-MDR group (p = 0.043) (Table 3).

Thirty-eight patients (30.9%) underwent surgery
within the last 30 days. The most common procedures
were  tumor  resection in  nine  patients,
ventriculoperitoneal shunt placement in six patients,
and port catheter placement in five patients. Among
these patients, 12 (34.3%) developed multidrug-
resistant (MDR) Gram-negative infections. No
significant association was found between undergoing
surgery and the development of MDR Gram-negative
infections.

Clinical Outcome Data and Risk Factors

Fifty-one patients (41.4%) had a clinical
presentation of sepsis. Among those who developed
sepsis, female gender was more common [n: 38 (74%);
p = 0.032]. The rate of having a chronic disease was
higher in patients with sepsis (90%) compared to those
without sepsis (81.9%) but was not statistically
significant (p = 0.217). The rate of mechanical
ventilator dependency, presence of a urinary catheter,
chemotherapy, steroid exposure, intensive care unit
requirement, and surgery were higher in patients with

Table 2. In vitro resistance of Gram-negative pathogens to frequently used antimicrobial agents (expressed in absolute numbers; percentages

is brackets).
Antimicrobial agent

All pathogens (n:123)
Enterobacteriaceae (n :70)
Klebsiella spp (n:28)

AMX-C CXM CTX

Escherichia coli (n:19) 13 (68.4) 14(73.6) 9(47.3) 9(47.3)
Enterobacter spp (n:11) 10 (90.9) NA 1(9) 2 (18.1)
Serratia spp (n:11) 9(81.8) NA 0 0
Proteus mirabilis (n:1) NA NA NA NA
Non-enterobacteriaceae (n:53) NA NA NA NA
Pseudomonas spp (n:19) NA NA NA 0
Pseudomonas aeruginosa (n:14) NA NA NA 1(7.1)
Acinetobacter spp (n:19) NA NA NA 3 (15.7)
Stenotrophomonas maltophilia (n:15) NA NA NA 0

CFD
47 (382) 33(26.8) 25(20.3) 30 (24.4) 24 (19.5)
47 (67.1) 33 (47.1) 25(35.7) 26 (37.1) 24(342) 4(5.7)
15 (53.5) 19(67.8) 15(53.5) 15(53.5) 12(42.8) 3 (10.7)

CFP  MEM PIP-T GEN  AMI CIP  TRI-S
9(73) 23(18.7) 15(12.2) 8(6.5) 22(17.9) 28 (22.8)
22(31.4) 13(18.5) 6(8.5) 20(28.5) 25(35.7)
10(35.7) 5(17.8) 4(142) 6(21.4) 9(32.1)
11(57.8) 1(52) 10(52.6) 8(42.1) 2(10.5) 14(73.6) 15(78.9)
1(9) 0 2(18.1) 0 0 0 0
0 0 0 0 0 0 0
NA NA NA NA NA NA  1(100)
NA  5(94) 1(1.8) 2@3.7) 237 237 3(56)
0 421)  1(52) 0 0 1(52) NA
0 4285 1(7.1) 0 0 1(7.1)  NA
NA  1(52) NA  2(105) 2(10.5) 1(52) 2(10.5)
NA NA NA NA NA NA  1(6.6)

AMI: Amikacin; AMX-C: Amoxicillin—clavulanic acid; CFD: Ceftazidime; CFP: Cefepime; CIP: Ciprofloxacin; CTX: Cefriaxone; CXM: Cefuroxime (axetil
or sodium); GEN: Gentamicin; MEM: Meropenem; TRI-S: Trimethoprim—sulfamethoxazole; PIP-T: Piperacillin—tazobactam; NA: not available.
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sepsis than in patients without sepsis, but not
statistically significant (Table 3).

The median platelet count was lower in patients
with sepsis than in those without sepsis (p <0.001). The
median CRP value was higher in patients with sepsis
than in those without sepsis (p = 0.008). In addition, the
median CRP value at the end of treatment was higher in
patients with sepsis than in patients without sepsis (p <
0.001) (Table 3).

The 30-day mortality rate was 10.5% (n: 13). The
cause of death was sepsis in 92% (n: 12) of cases.
Female gender was more common at 98.2% (n: 12) in
patients with exitus (p = 0.03). The median age of
patients who died was higher than those who survived
(p = 0.042). In six patients, culture sterilization was not
achieved. E. coli growth was detected in five, K.
pneumonia in three, P. aeruginosa in two, Serratia
marcenses in two, and Stenotrophomonas maltophilia
in one of the exitus patients. The one-year mortality rate
was 22.7% (n: 28). The cause was sepsis in 67.8% (n:
19).

The rate of exitus was higher in patients with sepsis
than without sepsis (19.6% vs 4.2%; p = 0.008). The
exitus rate was higher in the group with MDR growth
(17.1%) compared to the group without MDR growth
(8%) (p = 0.135), but this result was not statistically
significant. In patients who died the rate of presence of
urinary catheters (69.2%) was higher than in survivors
(28.2%) (p = 0.005). The rate of mechanical ventilator
dependence was higher in patients who died than in
survivors (61.5% vs 26.4%; p = 0.021). Despite lacking
statistical significance, patients who did not survive

Table 3. Risk factors for clinical outcome and multi-drug resistance.

+
PN MDRON®)
Female 23 (65.7) 55 (62.5) 0.738
Male 12 (34.3) 33 (37.5)
Age (months) 23(9.5-93) 17.5 (6-73.2) 0.567
Enterobacteriaceae 33 (94.3) 37 (42) <0.001
Pseudomonas spp 1(2.9) 18 (20.5)
Acinetobacter spp 1(2.9) 18 (20.5)
Stenotrophomonas maltophilia 0 15(17)
With CVC 24 (68.6) 54 (61.4) 0.454
With urinary catheter 14 (40) 26 (29.5) 0.264
Connected to MV 12 (34.3) 25 (28.4) 0.521
Sepsis 14 (40) 37 (42) 0.835
ICU 14 (40) 29 (33) 0.46
Exitus 6(17.1) 7(8) 0.135
Day of hgspitalisation when the culture 13 (1-48) 13.5 (2.2-59.7) 056
was obtained
Day of culture negative 2 (1-2.5) 2 (1-2.5) 0.7
Leucocyte count (WBC) 10/ < 4000 86103045)%‘;0' 10015702(2556)00' 0.034

Polymorphonuclear (PMN) cell count

4100 (0-8300) 5150 (2500-11725)  0.043

10%/uL < 500
75000 (16000- 154000 (74250-
3
Platelet count 10%/pL 332000) 372250 0.073
C- reactive protein (CRP) mg/L 11199(25%5_ 74 (37-147.5) 0.185
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showed a higher incidence of central venous catheter
use, chemotherapy, and steroid exposure compared to
those who survived.

The median leukocyte count was lower in the
patients were died than survivors but it was not
statistically significant (p = 0.225). Similarly, the
median platelet count was lower in patients were died
than survivors (p < 0.001). The median CRP value was
higher in patients were died than in survivors (p <
0.001). Furthermore, the median CRP value at the end
of treatment was higher in patients with exitus than in
patients with survivors (p < 0.001) (Table 3).

When compared according to the duration to obtain
sterile culture, it was observed that sterile culture was
obtained longer in patients with a central venous
catheter, urinary catheter, and non-survivors (p values:
0.026, 0.020, and 0.021 respectively). No significant
data were found in other variables.

For predicting sepsis, a multivariate logistic
regression model, which was based on demographic
features, age, gender, antibiotherapy, chemotherapy,
mechanic ventilation, and central venous -catheter,
revealed that central venous catheter was independent
predictors of sepsis with an odds ratio of 2.463 (95%
CI: 1.095-5.53). Factors affecting the mortality rate
were analyzed by multivariant logistic regression model
and revealed that urinary catheter was an independent
factor in mortality rate with an odds ratio of 5.681(95%
CI: 1.142-28.249).

The treatment regimens and mean duration of
treatment according to the results of strain and
antimicrobial susceptibility of the patients are shown in

Sepsis (+) Sepsis (-) P Exitus Survival P
38 (74) 40 (55) 0.032 12 (92.8) 66 (60) 0.03
13 (25) 32 (44) 1(7.7) 44 (40)

23 (7-73) 20 (6-85.8)  0.560  35(13.5-174.5)  18.5(6-73)  0.042
35 (68) 35 (48) 0.105 10 (76.9) 60 (54.5) 0319
6(11.8) 13 (18.1) 2(15.4) 17 (15.5)

4(7.8) 15 (20.8) 0 (0) 19 (17.3)

6 (11.8) 9 (12.5) 1(7.7) 14 (12.7)

39 (76.5) 39 (54.2) 0.011 11 (84.6) 67 (60.9) 0.13

20 (39.2) 20 (27.8) 0.182 9 (69.2) 31(282)  0.005
17 (33.3) 20 (27.8) 0.508 8(61.5) 29 (26.4) 0.021

23 (45.1) 20 (27.8) 0.047 5(11.6) 38 (88.4) 0.767
10 (19.6) 3(42) 0.008

22 (2-62) 11(2-38.7)  0.101 53 (5-80.5) 12.5 (2-46.5)  0.174
2(1-3) 2(1-2) 0.67 2(1-2.75) 2(1-225 0946

8400 (2600- 10200 (5600- 9600 (5600-
14000) 15550) 0.34 1900 (200-13050) 15775) 0.0068

5000 (900- 5400 (2475- 5300 (2300-

11900) £775) 0.992 1500 (0-11650) 9000) 0.225
207000 163500
980208)75)2020(;00' (79500-  <0.001 160?;]0%305)00' (69000- < 0.001
392750) 336000)

127.5 (57-

1505 08(245-1375) 0008  211(154:344) 68 (37-139)  <0.001

CVC: Central venous catheter, MV: mechanical ventilator, ICU:Intensive care unit.
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Table 4. The treatment regimens of the patients who did
not survive are shown in Supplementary Table 2. Exitus
was not observed in meropenem/aminoglycoside,
meropenem/colistin,  ertapenem/meropenem/colistin
combination therapies, or ceftazidime avibactam
treatment regimens.

Discussion

Our study, in which we collected data for 12-
months in our tertiary referral hospital, represents one
of the very few cohort studies in which Gram-negative
growths in pediatric patients have been analyzed. The
study included children from all age groups and several
departments with different specialties including
neonatal and pediatric intensive care, pediatric surgical
intensive care, hematology—oncology, and stem cell
transplantation. The main foci of our study were
etiologic agents of pediatric GNB-BSI and factors that
influence multidrug resistance and outcome.

In our study, the predominant isolates were K.
pneumoniae, E. coli, and P. aeruginosa. The frequency
of causative organisms varies according to the age,
ward, and underlying disease of the patients. When
studies conducted in pediatric and adult populations are
examined, E. coli and Klebsiella spp are the most
common organisms of Gram-negative infections in all
groups [28-33].

In this current study, the MDR rate was found to be
28.5% (n: 35) among all isolates. This rate was lower
compared to adult studies [34,35]. In the literature,
while many studies focus on specific patient groups or
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pathogens, there's a lack of research providing MDR
rates in broad pediatric populations. Studies like Ivady
et al. and Folgori et al. reported higher MDR rates
(33.6% and 39% respectively) compared to our findings
[5,12]. However, a Japanese study reported a similar
rate to ours (24.5%) [36]. The variation in rates may
arise from differing MDR definitions and how
resistance is categorized. Additionally, factors like
location, antimicrobial use, infection control practices,
and patient demographics can influence MDR rates
across settings.

In our study, Enterobacteriaceae had the highest
frequency compared to other groups. The strains with
the highest MDR rate were K. pneumonia and E. coli.
This finding is consistent with previous studies [12]. A
likely explanation for the predominance of
Enterobacteriaceae in our study cohort is the presence
of predisposing factors that may indicate their increased
passage through the intestinal barrier within our study
population. Factors such as antibiotic use,
immunosuppression, prolonged hospitalization, and
severe underlying illnesses, which are prevalent among
our patients may be potential enhancers of the
translocation of Enterobacteriaceae across the
intestinal mucosa. Additionally, in our study,
carbapenem resistance was found in hospital-acquired
Enterobacteriaceae, while community-acquired strains
showed no resistance. These findings align with prior
research on carbapenem-resistant Enterobacteriaceae
(CRE) infections [37]. Our results emphasize the

Table 4. The treatment regimens and mean duration of treatment according to the results of strain and antimicrobial susceptibility of the
patients are shown; patient number (mean duration of treatment in brackets).

SAM +

SAM GEN CTX CFD CFP PIP-T MEM
A. baumannii - 1(14) - - - - 2 (14)
A. haemolyticus - - - - - - 1(10)
A. lwoffii 1(7) - - 1(7) - - 2(5)
A. pittii - - - - - - 1(14)
A. radioresistens - - 1(7) - - - -
A. ursingii - - - - - - 1(14)
E. aerogenes - - - - - - 2 (10)
E. cloacae complex - - - 1(10) - - 3(13)
E. hormaechei - - - - - - 1(14)
E. coli - - 2(5) - 1(7) 1) 15(@13)
K. oxytoca - - 2(8) - - - 2(12)
K. pneumoniae - - 2(6) 1(10) 1(10) - 10 (10)
Proteus mirabilis - - - - - - -
P. aeruginosa - - - - - - 7 (13)
P. oryzihabitans 1(8) - - - - - -
P. putida - - - - - - 1(20)
P. stutzeri - - - - - - -
S. liquefaciens - - - - - - 1 (20)
S. marcescens - - 1(10) - 114 1(7) 609

S. maltophilia - -

ETP + CIPRO

MEM MEM MEM CFD- CFD- CTX-

MEM CIP +TRI-

+GEN + AMI + COL AVI AMI GEN

+ COL S
1(14) 1(13) 1(57) - - - - - -

- 235 1(15 - - ; - - .
- - 114 - - - - - -

- 106 - - - - - .

S 24 109 - - ; - . _

- 1{7) - -
1(14) 2(15) 1(14) 1(15 1(10) - 412 - -

- 4(-10) 2(-13) - - - - 1{8) -
-1an - . . . . y

. 1(_14) 1(_14) . . y . . .

. 1 {7) . .

2(_14) 12{10) 1(-13) - -

AMI: Amikacin; CFD: Ceftazidime; CFD-AVI: Ceftazidime-avibactam; CIP: Ciprofloxacin; CTX: Cefriaxone; COL: Colistin; ETP: Ertapenem; CFP: Cefepime;
GEN: Gentamicin; MEM: Meropenem; PIP-T: Piperacillin—tazobactam; SAM:Ampicillin-sulbactam; TRI-S: Trimethoprim—sulfamethoxazole.
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necessity of proper antibiotic strategies and infection
control measures in hospitalized patients.

In our study, the mortality rate was higher in
patients with MDR organisms (17.1%) than in non-
MDR cases (8%), but it was not statistically significant
(p = 0.135). In line with our study, Tsai ef al. revealed
11% to 29% case fatality depending on non- MDR or
MDR infections [28]. The literature shows that
mortality is higher in the MDR group compared to the
non-MDR group highlighting the significance of MDR
growths on mortality in pediatric patients [28,34]. Our
findings reveal that a comprehensive approach is
needed to reduce the spread of resistant microorganisms
in children. This approach includes promoting
antibiotic stewardship, implementing infection control
measures such as rigorous hand hygiene and isolation
protocols for infected patients, conducting regular
surveillance for resistant strains, raising awareness
about antibiotic resistance, and investing in the
development of new treatments. These collective
efforts aim for early intervention and the reduction of
mortality rates in children.

In our cohort study, the rate of hospital-associated
bloodstream infection was found to be 73.1%. This rate
was higher than the rates reported in the literature by
Levy et al. (47%) and Al Hasan et al. (60%) [22,23].
This high rate may be explained by the prevalence of
chronic diseases among our patients and the high
number of patients requiring intensive care. Most
children in this cohort (n: 105, 85.3%) had underlying
medical conditions predisposing to Gram-negative BSI,
which is consistent with the results of previous reports
such as those by Folgori et al. (84.9%) and Ivady et al.
(92.5%) [5,12].

In our study, fifty-one patients (41.4%) had a
clinical presentation of sepsis. The presence of a central
venous catheter (CVC) was found to be an independent
risk factor for sepsis. The extended duration time of
CVCs creates an environment conducive to microbial
colonization [38]. Gram-negative bacteria developing
in biofilms on catheter surfaces increase the risk of
bloodstream  infection  during catheter-related
procedures [39,40]. The presence of CVCs amplifies
the clinical implications of Gram-negative bacteremia,
making patients more susceptible to severe sepsis
[41,42]. This finding of our study underscores the
significance of timely catheter removal when deemed
unnecessary, to prevent long-term exposure to Gram-
negative pathogens.

The mortality rate was 10.5%, sepsis-related
mortality was 9.7% in our study, Mortality rate ranged
between 11% and 17% in previous studies [5,22].

J Infect Dev Ctries 2025; 19(2):238-247.

Sepsis was identified as an independent risk factor for
mortality in the current study, consistent with findings
in the literature [ 12]. In our cohort, mortality was higher
among patients reliant on mechanical ventilation and
those with urinary catheterization. Previous studies
have similarly revealed that increase in mechanical
ventilator use in non-survivors [41]. Moreover,
indwelling urinary catheters have been implicated as
potential sites for bacteremia due to their role in
bacterial proliferation. Existing literature suggests that
urinary catheters can lead to health care-associated
infections (HCAIs) with catheterized patients
exhibiting a high incidence of sepsis [42].

Our study revealed that sterile cultures were
achieved later in patients with central venous catheters,
urinary catheters, and non-survivors. These catheters
pose a risk of bloodstream pathogen transmission and
subsequent bacteremia [38-40]. Our study's findings
underscore the necessity of removing invasive devices
when they are no longer medically necessary.

Our study has several important limitations. First,
the retrospective design introduces inherent constraints
on data collection and accuracy, as it relies on
previously  recorded information rather than
prospectively gathered data. This may have resulted in
variability in data completeness and quality.

Second, this study was conducted at a single
medical center, which limits the generalizability of our
findings to broader patient populations or other
healthcare settings. The practices and resources specific
to our institution may not reflect those in other regions,
thereby limiting the applicability of our results.

Third, blood cultures were obtained at irregular
intervals due to the retrospective nature of the study.
This inconsistency may have introduced variation in the
detection of bloodstream infections (BSIs) and the
assessment of their causative organisms. Unfortunately,
this information was not readily available in many
patient records, further limiting our ability to draw
conclusions in this area.

Lastly, incomplete data availability for some
patients adds another layer of complexity. Missing
information on critical variables such as treatment
details, microbiological findings, and clinical outcomes
may have affected our analysis and interpretation of the
results. This could potentially lead to bias or
imprecision in estimating the true association between
bloodstream infections, MDR pathogens, and patient
outcomes

244



Yilmaz et al. — Pediatric Gram-negative Bloodstream Infections

Conclusions

MDR pathogens caused one-quarter of Gram-
negative BSI cases, posing a significant threat to
children with underlying diseases due to limited
treatment options and higher mortality rates. Strategies
such as rational antibiotic use and timely removal of
invasive devices are crucial for reducing MDR
infections. Our study helps fill the gap in research on
pediatric risk factors and outcomes, contributing to the
development of effective interventions.
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Annex — Supplementary items

Supplementary Table 1. Causative organisms in gram-negative culture growth.

Organism

Klebsiella pneumoniae
Escherichia coli
Stenotrophomonas maltophilia
Pseudomonas aeruginosa
Serratia marcescens
Acinetobacter Iwolffii
Enterobacter cloacae complex
Acinetobacter baumannii
Klebsiella oxytoca
Enterobacter aerogenes
Acinetobacter pittii
Acinetobacter ursingii
Pseudomonas oryzihabitans
Acinetobacter haemolyticus
Pseudomonas stutzeri
Acinetobacter radioresistens
Enterobacter hormaechei
Serratia liquefaciens
Pseudomonas putida
Proteus mirabilis

N (%)
23 (18.7)
19 (15.4)
15 (12.2)
14 (11.4)
10 (8.1)
7(5.7)
7(5.7)
6(4.9)
5@4.1)
3(24)
2(1.6)
2(1.6)
2(1.6)
1(0.8)
2(1.6)
1(0.8)
1(0.8)
1(0.8)
1(0.8)
1(0.8)
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Supplementary Table 2. Treatment regimens and mean treatment duration of non-survivors are shown; number of patients (mean or median

treatment duration).
CTX

E. coli -
K. pneumoniae -
P. aeruginosa -
S. marcescens -
S. maltophilia -

AMI: Amikacin; CFD: Ceftazidime; CIP: Ciprofloxacin ; COL: Colistin; CTX: Cefriaxone ; CFP

CFP

MEM

5(10)
3(13)

2 (IQR:1-4)
2(10)

MEM +
GEN

: Cefepime ;

Ertapenem; TRI-S: Trimethoprim—sulfamethoxazole; PIP-T: Piperacillin—tazobactam. IQR: Interquartile rate.

MEM +  MEM + 1\%}?11\)/1: CIP + TRI-
AMI COL COL S

- - : 103)
GEN: Gentamicin; MEM: Meropenem; ETP:
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