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[bookmark: _bookmark39]INTRODUCTION

Oncological therapy has advanced significantly in recent years through improvements in chemotherapy and radiotherapy, along with the expansion of immunotherapy and the integration of targeted therapies. These substantial developments have led to more effective personalisation of treatment, allowing therapeutic strategies to be adapted to the genetic and biological profile of each patient [1-3].
However, the success of cancer therapies is overshadowed by their side effects, such as immunosuppression in these patients. They often suffer from severe neutropenia, which makes them vulnerable to infectious pathogens, leading to severe, difficult-to-manage and sometimes life-threatening infections [4–6]. 
In this context, antibiotic therapy plays a crucial role and must be initiated promptly and effectively to prevent the spread of infection. The decision on the optimal time to start antibiotic treatment, as well as the selection of an appropriate antimicrobial regimen, must be guided by the clinical and biological parameters of each individual patient.
Recent studies highlight the importance of early administration of broad-spectrum antibiotics in patients with febrile neutropenia, as well as the need for careful monitoring to prevent the development of antimicrobial resistance in patients with documented sepsis [7]. In addition, prophylactic administration of antibiotics can help reduce the risk of infectious complications and improve the prognosis of cancer patients [6,8].

OBJECTIVES

General objective 
The study aims to explore the multidimensional aspects of episodes of febrile neutropenia and bacterial sepsis in children diagnosed with oncological diseases, with the aim of highlighting the clinical and biological characteristics, risk factors and response to antibiotic therapy, in order to improve therapeutic and prevention strategies. 

Specific objectives 
1. To analyse the demographic and clinical distribution of the patients included in the study (age, sex, background, ethnicity) in correlation with the type of febrile episode and its severity. 
2. To identify the influence of personal pathological history and hereditary factors on susceptibility to bacterial infections. 
3. To describe the distribution and frequency of the types of oncological conditions present in the study group and how they influence the risk of infection and the dynamics of neutropenia. 
4. To investigate the relationship between the patient's nutritional status (assessed by BMI) and the incidence of infectious episodes in the context of chemotherapy-induced immunosuppression. 
5. To compare the dynamics of haematological parameters and inflammatory markers (CRP, procalcitonin, fibrinogen) between the time of infection and remission, depending on the type of episode and the treatment administered. 
6. To analyse the effectiveness of the antibiotic therapy administered, both in terms of duration and drug combination. 
7. Interpret the results of the antibiograms obtained in order to identify the bacterial sensitivity and resistance profile and adjust the initial empirical therapy. 
8. Identify the most frequently isolated pathogens and group them according to different criteria (Gram positive/negative, aerobic/anaerobic). 
9. Investigate the influence of transfusion products (MER, MET, PPC) on the duration of infection and the time from transfusion to the onset of infection, highlighting the differences depending on the product administered.  
10. Characterise the evolution of infections over time, identifying cases with recurrence or transition between febrile neutropenia and sepsis and highlighting the importance of continuous monitoring for early intervention.

RESEARCH MATERIALS AND METHODS

This research is a retrospective study conducted between 2018 and 2022 in the Haematology-Oncology Department of the Maria Sklodowska Curie Children's Emergency Hospital in Bucharest. It included 150 cases of sepsis and febrile neutropenia in 94 patients diagnosed with oncological and haematological conditions. 
The data were obtained from the hospital's electronic database, based on a request approved by the ethics committee and without violating ethical considerations (Ethics Committee opinion registered under number 34272/25.07.2024) [9-11]. 
The cases were divided into two groups, depending on the fever status and blood culture results of the selected patients, as follows:
 Group G1: cases with febrile patients, but with negative blood culture results (febrile neutropenia) [9-12] – 100 cases 
Group G2: cases with febrile patients and positive blood culture results, where the aetiological agent could be established (sepsis) [9-11,13] – 50 cases 
The following were excluded from the study: 
· cases in which blood cultures were performed to establish a differential diagnosis between a haematological and an infectious condition;  
· situations in which the patient had a fever, blood cultures were performed during the feverish episode, but the aetiological factor was of a different nature (viral);  
· cases in which the patient presented with fever, blood cultures were performed during the feverish episode, but the infectious focus could be located at another level. 
The following were included in the study:  
· cases in which the patient had previously received a neutrophil-stimulating factor but subsequently developed fever that resolved with antibiotic administration. [14,15]  
· cases that meet the following definition of febrile neutropenia. Febrile neutropenia is one of the most common and dangerous complications of cancer treatment in children, classically defined by the onset of fever (≥38.3°C on a single measurement or ≥38.0°C maintained for at least one hour) in the context of an absolute neutrophil count (NEU) below 500/mm³ or rapidly falling below this threshold within the next 48 hours. This definition reflects the major risk of severe infections in the presence of profound neutropenia, according to international guidelines [9,10,16–18].
Data were collected and analysed using Microsoft Excel 2021 and IBM SPSS 26.0. The normality of quantitative values was assessed using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Fisher's exact test and Pearson's Chi-Square test were used to compare dichotomous qualitative values between the two groups. The T-test for independent samples was used to compare mean values, and the Mann-Whitney U test was used to compare median values. The study groups were formed according to the calculated sample size, with a statistical power of 80% (alpha = 0.05) [9,10,11].

RESULTS

DEMOGRAPHIC PARAMETERS 
Analysis of cases by age at infection 
Paediatric pathology covers a fairly long period of human life (from 0 to 18 years), which is why grouping by age intervals is unanimously accepted in medical practice and makes the analysis much more efficiently [19-21].

Table V. – Distribution of the cohort by age group [9,10]

	Parameters
	Group 1 (n=100)
	Group 2 (n=50)
	p-value

	


Age groups
	Under 1 year
	9 (9%)
	2 (4%)
	


0,01

	
	1-4
	28 (28%)
	28 (56%)
	

	
	5-8 years
	14 (14%)
	7 (14%)
	

	
	9-13
	28 (28%)
	8 (16%)
	

	
	Over 14 years
	21 (21%)
	5 (10%)
	



In terms of average age at infection, in group G1, the average age is 8.23 years, quite close to group G2, where the average age at infection is 5.25 years.

Table VI - Comparative distribution of the two groups based on the average age at infection [9,10]
	Parameters
	Group 1 (n=100)
	Group 2 (n=50)
	p value

	Average age at infection
	8.23 (± 2.6)
	5.25 (± 1.2)
	0,001



Analysis of cases according to socio-demographic criteria
With regard to anthropological factors, we took into account three parameters: gender, age and ethnicity.

Table VII - Distribution of the two groups studied according to gender, background and ethnicity [9,10]
	Parameters
	Group 1 (n=100)
	Group 2 (n=50)
	p

	Gender
	Male
	65 (65%)
	28 (56%)
	0,28

	
	Female
	35 (35%)
	22 (44%)
	

	Medium
	Rural
	51 (51%)
	23 (46%)
	0,56

	
	Urban
	49 (49%)
	27 (54%)
	

	Ethnicity
	Roman
	87 (87%)
	45 (90%)
	0,9

	
	Other
	13 (13%)
	5 (10%)
	





Distribution of cases by year
Taking into account the period analysed (2018-2022), the number of cases in G1 and G2 varied as shown in the table below.

Table VIII - Table showing the annual distribution, in numbers and percentages, of the population analysed
	YEAR
	G1(n=100)
	G2(n=50)
	Total

	2018
	44 (86,3%)
	7 (13,7%)
	51 (100%)

	2019
	11 (64,7%)
	6 (35,3%)
	17 (100%)

	2020
	16 (53,3%)
	14 (46,7%)
	30 (100%)

	2021
	12 (52,2%)
	11 (47,8%)
	23 (100%)

	2022
	17 (58,6%)
	12 (41,4%)
	29 (100%)

	TOTAL
	100 (66.7%)
	50 (41,4%)
	150 (100%)


 Analysis of cases based on malignant hereditary antecedents
Genetic factors play a very important role in the evolution and development of oncological conditions [22], which is why knowledge of hereditary and collateral history (AHC) is extremely important in these patients. We only took into account malignant AHC in the two groups studied.

Table IX - Table showing the distribution of malignant hereditary antecedents in the two groups analysed
	Parameters
	Group 1 (n=100)
	Group 2 (n=50)
	p value

	Malignant AHC
	Absent
	91 (91%)
	44 (88%)
	0,53

	
	Present
	9 (9%)
	6 (12%)
	



It can be seen that only 9% of cases in G1 and 12% of cases in G2 have a history of malignant disease. With regard to the absence of malignant history, the values are quite different (91 cases in G1 and only 44 cases in G2), but the percentage analysis shows similar values (91% in G1 and 88% in G2).






Analysis of cases based on the integrity of anatomical barriers
By anatomical barriers, we mean the integrity of all integuments and mucous membranes that come into contact with the outside world. Their protective role is essential, and their integrity is crucial for them to perform this role [23].
Oncological therapy can cause many disorders at this level, and the skin and mucous membranes thus become a gateway for infectious agents.

Table X - Table showing the frequency of damage to the integrity of anatomical barriers in the population of the two groups studied.
	Parameters
	Group 1 (n=100)
	Group 2 (n=50)
	p value

	Anatomical barrier integrity
	Yes
	7 (7%)
	3 (6%)
	0,81

	
	No
	93 (93%)
	47 (94%)
	



In the comparative analysis of the two groups, it can be seen that most patients suffered from conditions or underwent procedures that caused damage to anatomical barriers. In group G1, 93 cases (93%) presented solutions of continuity-   s in the skin and mucous membranes, and in group G2, 47 cases, representing 94% of the total group.

Transfusions
The administration of blood and blood products can be an important factor in the transmission of infectious diseases. The risk of transmission of viral diseases (e.g. HIV, hepatitis) is well known, but the possibility of transmission of bacterial infections should not be overlooked [24].
Increased safety in the collection, preparation and transfusion process has led to a significant reduction in the number of cases where transfusions are possible causes of infection.
At the same time, it is essential to monitor the number of transfusions a patient receives.
It can thus be seen that, in our study, the group of cases with febrile neutropenia required a higher average number of transfusions than the group of cases in which the pathogen could be identified [25].


Table XI - Table showing the average number of transfusions administered in each of the two groups
	Parameters
	Group 1 (n=100)
	Group 2 (n=50)
	p value

	Average number of transfusions
	2.44 (±1.01)
	1.61 (±0.8)
	0,03


No. of transfusions
3
2.5
2
1.5
1
0
0
G 1
G2

Figure 7. – Graph showing the average number of transfusions administered to each group.

Nutritional status 
It is well known that obesity or malnutrition are important factors influencing human well-being [26]. At the same time, nutritional status is closely correlated with the immune status of patients [27].
Various measurement scales are used to assess the nutritional status of any individual. The most commonly used is the body mass index (BMI). In practice, there are different ways of calculating BMI. In this study, we used the unanimously accepted variant, whereby: BMI = body weight (kg)/height (m)(2)
In the context of oncological conditions, we considered that this calculation formula can be applied to the entire population, with relevant results. At the same time, the parameters used in the above formula play an essential role in oncological therapy, being used to determine chemotherapy doses [28].




Table XII - Table showing the distribution of the average BMI value in the two groups

	
	Group
	Number
	Average
Average
	Standard
Standard
	Std.   Error
Mean
	P value

	BMI
	1
	100
	17,57
	4,88
	0,49
	0,77

	2
	50
	17,32
	5,34
	0,75
	



As can be seen, the BMI values of the two groups are extremely close (G1: 17,57 and G2: 17,32). The average values thus obtained classify the cases in both groups as underweight ( ).
Analysis of cases based on personal medical history 
An essential determinant in the evolution of a disease is the presence of pre-existing pathological conditions, commonly referred to as personal medical history (PMH). These underlying health conditions establish the biological and physiological context in which the current oncological condition develops, significantly influencing its evolution and prognosis. In addition, PPH serves as a key predictor of potential complications that must be considered when formulating an appropriate therapeutic strategy [29].
Table XIII - Table showing the distribution of personal pathological antecedents in the two groups studied [9]
	APP history
	Group 1
(n=100)
	Group 2
(n=50)
	Value
p

	Cardiac
	2 (2%)
	0 (0%)
	0,54

	Metabolic
	2 (2%)
	0 (0%)
	0,54

	Respiratory
	13 (13%)
	4 (8%)
	0,42

	ENT
	11 (11%)
	3 (6%)
	0,38

	Infectious
	11 (11%)
	12 (24%)
	0,03

	Digestive
	10 (10%)
	2 (4%)
	0,33

	Oncological
	2 (2%)
	1 (2%)
	1

	Gynecological
	0 (0%)
	1 (2%)
	0,33

	Renal
	2 (2%)
	1 (2%)
	1

	Neurological
	4 (4%)
	1 (2%)
	0,66

	Allergological
	2 (2%)
	1 (2%)
	1

	Psychiatric
	1 (1%)
	1 (2%)
	0,61

	Surgical
	17 (17%)
	16 (32%)
	0,03

	Malignant
	9 (9%)
	6 (12%)
	0,53

	History of radiotherapy
	2 (2%)
	3 (6%)
	0,18


Malignant hereditary history
In the entire medical field, the patient's history is extremely important. Both personal pathological history and hereditary history (AHC) play an essential role in the onset and evolution of diseases. Genetic studies have identified a number of genes involved in the onset of haematological and oncological diseases, known as oncogenes.
Their expression among predecessors is a predictor for patients.


Table XIV - Table showing the distribution of hereditary malignant antecedents in mong the two groups studied (G1 and G2)
	Parameters
	Group 1 (n=100)
	Group 2 (n=50)
	p value

	Malignant AHC
	Absent
	91 (91%)
	44 (88%)
	0,53

	
	Present
	9 (9%)
	6 (12%)
	



An analysis of the presence of malignant AHC shows that, among cases of febrile neutropenia, 91% had no history of cancer, and among cases of sepsis, 88% were in the same situation.
Distribution of cases by oncological diagnoses
Oncological pathology is characterised by a very wide range of diagnoses. From haematological disorders to tumour pathology, the entire population analysed was extremely heterogeneous [30].
The statistical distribution across the two groups G1 and G2 among the cases studied is as follows:

Table XV - Table showing the distribution of oncological diagnoses among the population studied [10,11]
	TOM
	Tumours
SN
	Tumours
Tumours
	Lymphomas
	Leukaemias
	Hepatoblastomas
	Diseases
Histiocytic
	Others
	Total

	

Group
	
1
	No. of cases
	31
	8
	9
	18
	20
	4
	5
	5
	100

	
	
	Percentage
	31,0%
	8,0%
	9.0%
	18.0%
	20,0%
	4,0%
	5,0%
	5,0%
	100,0%

	
	2
	No. of cases
	11
	10
	5
	6
	14
	1
	0
	3
	50

	
	
	Percentage
	22,0%
	20,0%
	10,0%
	12,0%
	28,0%
	2,0%
	0,0%
	6,0%
	100,0%

	Total
	
	No. of cases
	42
	18
	14
	24
	34
	5
	5
	8
	150

	Percentage
	28,0%
	12,0%
	9,3%
	16,0%
	22,7%
	3,3%
	3,3%
	5,4%
	100,0%





Transition of cases by group
Cancer patients may experience multiple infectious episodes, which requires a reporting method based on the number of infections (cases) rather than the number of individual patients. This method provides a more detailed representation of infectious problems in the study population and takes into account repeated infections in immunocompromised individuals [31].
Several factors, such as the severity of neutropenia, the type and duration of chemotherapy, and the implementation of prophylactic antimicrobial strategies, influence the infection rate in cancer patients [32]. The evolution of bacterial resistance also complicates the management of infections, requiring constant re-evaluation of antibiotic management protocols [33].
Given these complexities, a dynamic approach to monitoring and analysing infection trends is essential to improving patient outcomes. This includes real-time surveillance of infection incidence, early identification of emerging resistance patterns, and integration of precision medicine strategies to appropriately tailor antimicrobial therapies [34–36].
Thus, each patient in the study cohort could present, at some point during the study period, either an episode of febrile neutropenia or an episode of sepsis with an identified pathogen, or both.
Based on this finding, we analysed how many patients in the study group had transitions from one situation to another. At the same time, we also took into account the dynamics of this change.
Six situations were identified:
· patients with a single presentation in the study group who had either febrile neutropenia or sepsis, but did not repeat during the study period.
· patients who had multiple febrile episodes during the study period and were classified as febrile neutropenia each time
· patients who had multiple febrile episodes during the study period and were classified as sepsis each time
· neutropenia transition – infection, being patients who had several febrile episodes during the study, the first being febrile neutropenia, and the next being with positive blood cultures
· infection-neutropenia transition, being those patients who initially presented an episode of sepsis with an identified bacterial agent, and in the next episode of fever, blood cultures were negative
· mixed transition, being those patients who over time presented both episodes of febrile neutropenia followed by sepsis and episodes of sepsis followed by episodes of febrile neutropenia.
Table XVII - Table showing the transition of cases from febrile neutropenia to infection and vice versa
	Single presentation
	54

	Neutropenia only
	16

	Infection only
	6

	Transition neutropenia - infection
	8

	Transition infection - neutropenia
	9

	Mixed transition
	1



Analysing this aspect, the following can be observed:
· the majority of patients, 54 in number, presented only febrile neutropenia or only sepsis
· recurrence of febrile neutropenia was observed in 16 patients.
· recurrence of infections with identified germs was observed in 6 patients
· the transition from febrile neutropenia to infection was observed in 8 patients
· transition from infection to febrile neutropenia was observed in 9 patients
· it is worth noting a single case of mixed transition which, over time, presented several episodes of both febrile neutropenia and positive cultures.
In order to better understand the clinical evolution of patients with confirmed sepsis, we performed a separate analysis within the G2 group, which included cases with positive blood cultures. We considered this distinction appropriate, as only in this subgroup is there microbiological confirmation that allows accurate tracking of transitions between episodes of sepsis and neutropenia. The analysis looked at how patients presented clinically: either with a single episode, with recurrences, or with transitions from one form to another. The distribution of these developments is shown in the table below:



Table XVIII - Distribution of clinical evolution types in group G2 (n = 50) [11]
· 
	Type of clinical presentation in G2 (sepsis)
	Number of patients
	Percentage

	Single presentation
	2
	52%

	Recurrences only sepsis
	6
	12%

	Transition from neutropenia to sepsis
	8
	16%

	Transition from sepsis to neutropenia
	9
	18%

	Multiple transitions (at least 3 different episodes)
	1
	2%


As shown in the distribution presented, 52% of cases in G2 had a single episode of sepsis, while the rest had either recurrences (12%) or transitions between clinical forms. The transition from neutropenia to sepsis was observed in 16% of cases, and the reverse transition, from sepsis to neutropenia, in 18% of cases. In a single case (2%), multiple successive episodes with repeated alternations were recorded. These data reflect variability in the course of this subgroup [11].

Analysis of haematological parameters
Essential in any diagnostic approach, the complete blood count provides us with basic information about the patient's condition and immune status. At the same time, through its parameters, serial blood counts can play a role in prognosis and monitoring the evolution of a case.
The interrelationships between the elements of the complete blood count can cover a wide range of information such as: immune status, infection status, clues about the aetiology of the infection, the evolution of any disease, especially malignant ones.
In order to monitor the evolution of oncology patients with febrile neutropenia or bacterial infection, I chose to monitor dynamically (at infection – the onset of fever and at normalisation – the moment of remission fever/cessation of antibiotic therapy or normalisation of control cultures, where applicable) the following haematological parameters[9,10,37,38]: haemoglobin (HB), leukocytes (LEU), lymphocytes (LIMF), neutrophils (NEU).
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Figure 14 – Comparative graph showing the average values of the main haematological parameters analysed in the two groups 
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Figure 16 – Graphical distribution of the values of the main haematological parameters analysed and their difference between infection and control within group G2 

Analysis of inflammatory markers 
Inflammatory markers are proteins whose levels are highly dependent on the presence of infections in the body, especially bacterial infections [39]. In general, there are several inflammatory markers, but in clinical practice there are three routine inflammatory markers: 
· C-reactive protein (CRP) 
· procalcitonin 
· fibrinogen
Table XXII - Table with the average values of C-reactive protein at infection and control in the two analysed groups G1 and G2
	Parameters
	Group 1 (n=100)
	Group 2 (n=50)
	Value p

	CRP infection (mg/dL)
	44.43 (±5.10)
	48.61 (± 6.19)
	0,67

	CRP control (mg/dL)
	17.71 (± 2.62)
	11.89 (± 2.84)
	0,32



Significant differences can be observed in both groups between the mean CRP values at infection and control.
For some of the patients included in the study, CRP values were available both at the time of infection diagnosis and during the post-treatment follow-up period.
The results are summarised in the following table.

Table XXIII Comparison of CRP values in the subset of patients with data available at infection and at control [9]

	Parameter
	Infection
	Control
	p-value

	CRP (mg/L)
	17.40 ±4.91
	5.64 ± 0.89
	p < 0.001



Table XXIII shows a significant decrease in CRP values between the time of infection and the time of clinical control in a subset of patients for whom complete data were available. The use of paired sample analysis (t-test for dependent samples) allowed the identification of relevant intra-individual changes that would not have been evident in a simple cross-sectional analysis. The decrease from
17.40 ± 4.91 mg/L to 5.64 ± 0.89 mg/L (p < 0.001) suggests that CRP may function not only as a marker of infection, but also as a dynamic indicator of therapeutic response and clinical remission in the context of febrile neutropenia and sepsis in paediatric oncology patients. These results support the potential of CRP to be used in monitoring the progression of infection and may contribute to optimising clinical decisions regarding the duration of antimicrobial treatment. 
A biomarker with high bacterial specificity, procalcitonin (PCT), helps to identify and treat sepsis quickly. This calcitonin precursor peptide is synthesized by thyroid C cells under normal physiological conditions. Proinflammatory cytokines, such as IL-6 and TNF-α, influence PCT synthesis in systemic bacterial infections. This occurs in certain tissues, particularly the intestines and lungs [40].
Fibrinogen is a coagulation factor and also a marker of bacterial infection [41]. It should be noted that the two markers were investigated in a randomly selected subgroup of the general population and, in very few cases, were performed at the same time. For this reason, we consider that a comparative analysis is not appropriate in the present study.




Table XXIV - Table with the average values at infection and control of the two inflammatory markers (fibrinogen and procalcitonin) in the studied population (G1 and G2) [9]
	Parameters
	At infection
	At control
	Value p

	Fibrinogen (mg/dL)
	288 (± 22.02)
	214.15 (± 20.82)
	0,11

	Procalcitonin (ng/mL)
	21.2 (± 4.64)
	0.89 (± 0.45)
	0,001


Comparative analysis of the biological response to infection according to the type of cancer diagnosis
Significant differences were identified between inflammatory and haematological parameter values at the time of infection, depending on the type of cancer diagnosis. Patients with immunoproliferative disorders, such as lymphomas and leukaemias, had higher average levels of leukocytes, CRP and neutrophils, suggesting a more intense systemic inflammatory response in the context of infection. These variations were statistically significant (p < 0.001), indicating the existence of distinct clinical-biological profiles between haematological and solid tumours. The data are summarised in Table XXV [10].
Table XXV - Comparison of mean values of leukocytes, CRP and neutrophils at infection, according to oncological diagnosis [10]
	Oncological diagnoses
oncological
	Average leukocytes at
infection
	Average CRP at
infection
	Average neutrophils at
infection

	TOM
	8.72 (±1.19)
	38.19 (±3.19)
	6.11 (±1.06)

	CNS tumours
	9.11 (±2.32)
	44.82 (±5.19)
	7.45 (±1.89)

	Kidney tumours
	9.45 (±1.65)
	41.19 (±6.21)
	6.38 (±1.19)

	Lymphomas
	10.82 (±1.73)
	51.12 (±5.41)
	7.69 (±1.55)

	Leukaemia
	11.45 (±2.09)
	46.19 (±6.12)
	8.12 (±2.01)

	Hepatoblastomas
	7.19 (±1.09)
	33.17 (±1.91)
	5.49 (±0.85)

	Histiocytic diseases
	7.24 (±0.93)
	34.18 (±1.89)
	5.83 (±1.01)

	Others
	8.28 (±1.79)
	40.19 (±5.17)
	6.02 (±1.86)

	p-value
	0,001
	0,001
	0,001


Comparative analysis based on transfused blood products
Maintaining homeostasis is a priority for the body and key to its proper functioning. To achieve this, all of its elements must be in constant balance. Blood is an essential contributor to maintaining the internal environment. Together with the haematopoietic organs, it maintains the physiological proportions between the formed elements [42].
When the body cannot quickly and efficiently make the haematological changes it needs, blood transfusions become useful. There are three main categories of transfusable products designed to compensate for deficiencies [43]. These are:
· red blood cell mass (RBC)
· fresh frozen plasma (FFP)
· platelet mass (PM)
We considered two elements to be essential in terms of transfusion and bacterial infections:
· the number of transfusions (translated as the median number of transfusions) of each product
· the number of days between transfusion and infection (expressed as the median transfusion interval)

Table XXVI - Table showing the distribution of the median number of blood product administrations (MER, FFP, PTT) and the median interval between transfusion and infection (in days)

	Parameters
	Group 1 (n=100)
	Group 2 (n=50)
	p-value

	Median number of transfusions MER
	2.5 (1 - 4)
	1.5 (1 - 3)
	0,02

	Median interval between transfusion and infection
	8 (2 - 15)
	15 (7.25 - 31)
	0,001

	Median number of PPC transfusions
	2.5 (1 - 3)
	2 (1 - 3)
	0,15

	Median interval between transfusion and infection
	14 (2 - 20)
	10 (2.5 - 17.25)
	0,2

	Median number of MET transfusions
	2.6 (1 - 4)
	1.8 (1 - 4)
	0,04

	Median interval between transfusion and infection
	8 (2 - 15)
	13 (2.5 - 20)
	0,03


Analysis of the number of transfusions and the time to infection
As previously established, blood quality is essential for the body's anti-infectious defence. Thus, we examined the impact of blood product administration on the duration of infection/febrile neutropenia in both groups analysed (G1 and G2).

Table XXVII - Table showing the median time to infection (in days), type of preparation administered and median number of transfusions, and the association between the two
two.

	Parameters
	MER
(n=47)
	PPC (n=9)
	MET
(n=39)
	Value
P

	Median time to infection
	7 (2 - 13)
	14.5 (7.25
- 30)
	7 (3 - 13)
	0,03

	Median number of transfusions
	2 (1 - 3)
	1.5 (1 - 3)
	2 (1 - 3)
	0,87

	Association between time to infection and
median number of transfusions
	r=-0.13,
p=0.35
	r=	-0.59,
p=0.12
	r= -0.06,
p=0.06
	N/A
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Figure 20 – Graph of median neutrophil values at infection, by groups of oncological conditions analysed [10]
It can be seen that the lowest neutrophil values at infection are found in lymphomas, closely followed by leukaemias and hepatoblastomas.
At the opposite end of the spectrum are renal tumours and other types of malignant diseases, while the highest neutrophil counts are found in histiocytic diseases.
     
Distribution of blood cultures   according to   the type   of bacterial metabolism   (aerobic/anaerobic).
Identifying the pathogen in any type of infection is a priority. Once the culture is positive, the metabolic type of the identified microorganism becomes relevant. In general, these microorganisms are classified into two well-known categories: aerobic and anaerobic bacteria [44].
In our study, the G2 population showed positive cultures. Thus, the distribution of germs according to metabolic criteria is as follows:

Table XXX - Table showing the distribution of the type of bacteria analysed according to metabolic criteria [11]
	Germ type
	Number of cases

	Aerobic
	26 (52%)

	Anaerobic
	24 (48%)

	Total
	50 (100%)

	
	




Gram type



40%

60%
Negative
positive

Figure 21 – Graphical distribution of the frequency of germs encountered based on Gram staining criteria (Positive/Negative) [11]



Frequency of bacterial agents
After the onset of fever, identifying the etiological agent is the main objective of medical treatment. The faster the identification, the more prompt the therapeutic intervention. At the same time, identifying the pathogen is also the first step in establishing an effective and targeted therapy.
Most of the time, however, the pathogen remains unidentified. In situations where blood cultures are positive, we are talking about a bacterial infection with an identified germ (sepsis).
The distribution of the cases studied according to the identified bacterial agent is as follows
as follows:
Table XXXII - Table showing the pathological agents identified following blood cultures and their frequency among the study population [11]
	Etiological agent
	Frequency (n=50)

	Staphylococcus epidermidis
	15

	Staphylococcus aureus
	10

	Acinetobacter baumanii
	4

	Acinetobacter Lwoffii
	3

	Escherichia coli
	3

	Klebsiella oxytoca
	2

	Pantoea agglomerans
	1

	Bacillus cereus
	1

	Enterobacter aerogenes
	1

	Enterobacter agglomerans
	1

	Enterobacter Cloacae
	1

	Enterobacter hormaechei
	1

	Pseudomonas aeruginosa
	1

	Pseudomonas fluorescens
	1

	Serratia marcescens
	1

	Staphylococcus hominis
	1

	Staphylococcus warneri
	1

	Streptococcus mitis /oralis
	1

	Streptococcus pneumoniae
	1


Performing an antibiogram is the next essential step after the pathogenic agent has been identified. This test provides a targeted interpretation, specifically assessing the ability of an identified microorganism to be resistant or sensitive to a particular antibiotic. Consequently, it provides accurate, specific and validated information for each case, which is essential for optimising antimicrobial treatment [45]. In our study, all cases in G2 benefited from antibiograms. It should be noted that the testing was performed with different batteries, therefore not all identified germs were tested for the same antibiotics. For this reason, we did not analyse comparatively the number of situations in which an antibiotic fell into the category of those to which the identified pathogen was sensitive or resistant. 

Table XXXIII - Table showing antibiotics tested in blood cultures, the number of cases in which the pathogen was sensitive or resistant, and the percentage of sensitivity reported in cases where the bacterium was tested for it [11]
	Antibiotic
	Sensitive
	Resistant
	Percentage of sensitivity
%

	Ceftriaxone
	2
	0
	100

	Daptomycin
	23
	0
	100

	Linezolid
	26
	0
	100

	Meropenem
	21
	0
	100

	Mupirocin
	5
	0
	100

	Netilmicin
	1
	0
	100

	Synercid
	9
	0
	100

	Tigecillin
	12
	0
	100

	Vancomycin
	27
	0
	100

	Piperacillin + Tazobactam
	14
	0
	100

	Rifampicin
	25
	1
	96.15

	Teicoplanin
	24
	1
	96.00

	Gentamicin
	43
	3
	93.48

	Moxifloxacin
	24
	2
	92.31

	Penicillin
	24
	2
	92.31

	Ciprofloxacin
	40
	4
	90.91

	Amikacin
	19
	2
	90.48

	Piperacillin
	17
	2
	89.47

	Levofloxacin
	39
	5
	88.64

	Cefepime
	18
	3
	85.71

	Mezocilin
	7
	2
	77.78

	Cefotaxime
	6
	2
	75

	Fusidic acid
	19
	7
	73.08

	Clindamycin
	20
	8
	71.43

	Ceftazidime
	14
	6
	70

	Cefuroxime
	7
	3
	70

	Tobramycin
	32
	14
	69.57

	Cefalotin
	2
	1
	66.67

	Clarithromycin
	2
	1
	66.67

	Azithromycin
	5
	3
	62.50

	Tetracycline
	14
	10
	58.33

	Erythromycin
	15
	13
	53.57

	Cefoxitin
	7
	8
	46.67

	Imipenem
	3
	4
	42.86

	Cefazolin
	4
	7
	36.36

	Amoxicillin	+	Acid
Clavulanic
	11
	23
	32.35

	Oxacillin
	8
	19
	29.63

	Ampicillin
	2
	29
	6.45

	Benzylpenicillin
	0
	4
	0

	Cefaclor
	0
	1
	0

	Chloramphenicol
	0
	1
	0

	Colistin
	0
	1
	0
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Figure 22 – Graph showing the frequency of antibiotic combinations used among the study population
It can be seen that 59% of the cases of infection in the study required the administration of a single antibiotic, 30% required two associated antibiotics, 8% required a combination of 3 antibiotics, 2% required 4 antibiotics and only 1% required 5 antibiotics in combination.




















First-line antibiotics
These are the first to be introduced into the treatment regimen, some of them being the only antibiotics administered.
Their distribution in terms of frequency of use in patients in the current study is as follows:
Table XXXVI - Table showing the most commonly administered antibiotics
intent

	Elective first-line antibiotics

	Piperacillin/tazobactam
	61

	Ceftazidime
	44

	Meronem
	27

	Ceftriaxone
	10

	Vancomycin
	2

	Cefuroxime
	2

	Cefepime
	1

	Gentamicin
	1

	Imipenem/cilastatin
	1

	
Trimethoprim/Sulfamethoxazole
	
1





It can be seen that piperacillin/tazobactam ranked first in terms of antibiotic therapy choice in 61 cases, followed by ceftazidime in 44 cases, metonem, ceftriaxone, and in last place, being used as first-line treatment in only one case each, were cefepime, gentamicin, imipenem/cilastatin and trimethoprim/sulfamethoxazole, respectively.

Second-line antibiotics
Due to persistent fever or as a result of positive cultures and antibiograms, one or more of the following antibiotics were added in 61 cases:

Table XXXVII - Table showing the most commonly administered second-line antibiotics

	Second-line antibiotic

	Amikacin
	22

	Vancomycin
	11

	Meronem
	9

	Ciprofloxacin
	4

	Targocid
	3

	Tazocin
	3

	Ceftazidime
	3

	Gentamicin
	2

	Ampicillin
	1

	Metronidazole
	1

	Levofloxacin
	1

	Teicoplanin
	1



The most commonly associated antibiotic was amikacin, used in 22 cases, in addition to the first-line antibiotic, followed by vancomycin, used in 11 cases. At the opposite end of the spectrum are antibiotics such as ampicillin, metronidazole, levofloxacin and teicoplanin, which were each used only once in combination with other antibiotics.
Antibiotic combinations
The infectious status of cancer patients is a major risk to their survival. Chemotherapy severely affects the immune system. All the body's lines of defence are affected, making the patient extremely vulnerable to all pathogens. The destruction of the balance of the most important defence barriers (skin and blood) creates extreme vulnerability. This can even lead to repeated episodes of sepsis, with different or identical pathogens.
In this context, it is important that antibiotic treatment is prompt and as effective as possible. Effectiveness in this case depends on the sensitivity of the microorganism to the antibiotics used. Although science has evolved considerably, shortening the time it takes to identify a pathogen remains a widespread goal.

Pharmacology helps in finding first-line antibiotics. Through specialised research, each antibiotic has been assigned a specific spectrum of action. This allows for the initiation of so-called empirical antibiotic therapy until the results of the culture and antibiogram are obtained.
Based on the idea of first-line antibiotics, we have grouped the cases into two broad categories:
· without antibiotic combination therapy: cases in which first-line antibiotic therapy was effective and did not require changing or adding other antibiotics to the empirically initiated regimen
· combination or change of antibiotics: cases that required the addition or change of the initial antibiotic based on the antibiogram or clinical evolution.
Given the fairly wide distribution of pathogens identified in the present study, we chose to group them according to two criteria that are unanimously accepted in the literature:
· gram positive/negative
· aerobic/anaerobic

Gram positive/negative
The statistical distribution of cases of association or change of antibiotic therapy based on Gram-positive/Gram-negative criteria is as follows:
Table XXXIX - Table showing distribution according to Gram staining (negative/positive) and frequency of change in antibiotic therapy administered
	
	Negative
	Positive
	P value

	No association
	10(52,6%)
	9 (47.4%)
	0,15

	With association or change
	10 (32.3%)
	21 (67.7%)
	


In the case of Gram-negative bacteria, 52.6% required a single antibiotic and only 32.3% required combination or change of antibiotic therapy.
In the case of Gram-positive bacteria, 47.4% of them had a favourable outcome with the first antibiotic introduced, but 67.7% of them required antibiotic combination or change.
It should be noted that single, first-line antibiotic therapy proved to be more effective in cases of Gram-negative infections, while at the opposite end of the spectrum, Gram-positive bacteria

required more frequent combinations or changes in the antibiotic regimen.
Type of metabolism (aerobic/anaerobic)
The statistical distribution of cases of association or change of antibiotic therapy based on the type of metabolism (aerobic/anaerobic) is as follows:

Table XL - Table showing the relationship between the type of germ (aerobic/anaerobic) and the frequency of changes in the antibiotic therapy administered
	
	Aerobic
	Anaerobic
	P value

	No association
	10(52,6%)
	9 (47.4%)
	0,94

	With association or change
	16(51,6%)
	15 (48.4%)
	


First-line antibiotic therapy proved effective in 52.6% of cases of aerobic infections, and 51.6% of these infections required combination or change of the initial antibiotic regimen.
First-line antibiotic therapy proved effective in 47.4% of cases of anaerobic infections, and 48.4% of these infections required combination or change of the initial antibiotic regimen.
DISCUSSION

In recent decades, advances in paediatric oncology treatments have led to a significant increase in survival rates, exceeding 80% in many medical centres. However, infections remain a major cause of morbidity and mortality among these patients due to immunosuppression induced by antineoplastic therapies [46]. In this context, antibiotic therapy plays a crucial role in the management of infections, and the timing of its administration can significantly influence the patient's prognosis. 
Studies have shown that prompt initiation of empirical antibiotic therapy in paediatric oncology patients with fever and neutropenia significantly reduces the risk of severe complications and mortality [47]. For example, a study by Smith et al. (2018) demonstrated that a delay in administering antibiotics of more than one hour after the onset of fever was associated with increased mortality [48]. 
These data underscore the importance of implementing clinical protocols to ensure rapid recognition of signs of infection and immediate initiation of appropriate antimicrobial therapy . Beyond the timing of initiation, the selection of the antibiotic regimen is crucial. The use of broad-spectrum antibiotics is common in the empirical treatment of infections in neutropenic patients. However, prolonged use can lead to antimicrobial resistance and imbalances in the gut microbiota [49]. Therefore, periodic reassessment of antibiotic therapy based on microbiological culture results and the patient's clinical evolution is essential, with de-escalation of therapy when possible [50]. 
The results obtained in this study highlight the significant impact of bacterial infections in paediatric oncology patients in the context of chemotherapy-induced immunosuppression. 
According to the literature, there are situations in which, following the administration of granulocyte colony-stimulating factors or other therapeutic interventions, the absolute number of neutrophils may return to normal limits [51,52], without this normalisation reflecting a complete recovery of neutrophil function [51,53]. 
In this study, first- and second-line antibiotic regimens were presented in detail in subgroup G2, consisting of patients with microbiologically documented sepsis, for whom the analysis could be performed in relation to the aetiological context of the infectious episodes. Although information on the treatment administered was also available for patients in G1, the lack of a definite etiological diagnosis did not allow for a comparable structuring of the data. This approach reflects clinical practice in which treatment can be subsequently adjusted based on the identification of the pathogen [45].
Another important aspect highlighted in this study is the variability of the pathogen spectrum identified in patients with bacterial infections. While certain Gram-negative bacteria, such as Escherichia coli and Pseudomonas aeruginosa, were dominant in most cases, there was also a considerable incidence of infections with Gram-positive bacteria, such as Staphylococcus aureus and Enterococcus spp. 
These results are consistent with those reported by Freifeld et al. (2011), who emphasised the need for an individualised approach to antimicrobial therapy selection [52]. 
Furthermore, monitoring inflammatory biomarkers, such as C-reactive protein (CRP) and procalcitonin (PCT), has proven to be particularly useful in stratifying patients at high risk of severe infections. Elevated levels of these biomarker s have been correlated with unfavourable outcomes, confirming the data available in the literature [53,54]. The role of CRP was also highlighted in our study.[9] With regard to the antibiogram, the results of our study showed an alarming increase in antimicrobial resistance, particularly in certain strains of Klebsiella pneumoniae and Acinetobacter baumannii. These findings are worrying and highlight the need for epidemiological surveillance strategies and the judicious use of antibiotics to limit the phenomenon of bacterial resistance [55,56].

CONCLUSIONS
The results of this study confirm the importance of rapid and effective intervention in the treatment of infections in paediatric cancer patients. The use of inflammatory biomarkers to guide therapy and the implementation of evidence-based treatment protocols can significantly improve the prognosis of these patients. However, continuous monitoring of bacterial resistance is essential for adjusting therapeutic approaches to current epidemiological circumstances.
The originality of the paper lies in the operationalisation of an extended, risk-based definition in which febrile episodes with a comparable clinical profile are classified and treated uniformly, without conditioning the decision on an isolated numerical threshold. The rationale is clinical: infection is, in itself, a major factor of severity, and overestimating seemingly reassuring values may underestimate the risk. The proposed approach is in line with recent trends in the literature (Lehrnbecher; Castagnola) and supports the adaptation of criteria to the patient's actual context [57,58]. This option does not change the standard definition, but clarifies the triage and decision-making process. 
An innovative aspect of the research is the evaluation of haematological parameters at two points in time: at the onset of the infectious episode and after completion of antibiotic therapy. Unlike studies such as those by Hakim or Alexander, which focus on the initial moment of infection [59,60], the present study allows the observation of the clinical-biological trajectory in dynamics. 
An important contribution is the inclusion in the analysis of variables that are rarely examined in correlation: nutritional status, transfusion history, associated non-oncological conditions, and alteration of anatomical barriers. This integration differentiates the study from approaches limited to the pathogen or type of cancer [61].
The study proposes a series of practical guidelines adapted to the reality of the Romanian h cal system, which can support the updating of clinical protocols and the development of national strategies in this field. The conclusions are in line with recent international guidelines, as well as with the National Guidelines developed by the Oncology Institute in Cluj-Napoca, a document that marks an important step in the standardisation of practices in Romanian paediatric oncology [62].
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  Figura. 15  –   Distribuția grafică a valorilor principalilor parametrii  hematologici   analizați   și   diferența   lor   la   infectare   și   control,   în   cadrul  grupului G1   
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