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Abstract 

Introduction: Infections are among the primary complications 
in pediatric oncology. Continuous monitoring of the microorgan-
isms involved and their susceptibility to antibiotics has become as 
crucial as their rational use in preventing the emergence of re-
sistance. The objective of this study was to utilize these data to es-
tablish an efficient and effective initial empirical management pro-
tocol. 

Methodology: The results of blood cultures taken from febrile 
neutropenic children hospitalized in the Pediatric Department of 
the National Oncology Institute, Solca, Guayaquil, during 2023 
were analyzed. Cultures were taken directly from peripheral blood 
samples, and retrospective cultures were taken from samples from 
a central catheter or an implantable venous chamber. Microorgan-
isms and their susceptibility were identified in the institution's mi-
crobiology department. 

Results: A total of 831 cultures were collected during the study 
period, 146 positive (17.5%). Bacteria were identified in 84 cases 
(57%), and fungi were identified in 62 (43%). Among the bacteria, 
44% were gram-positive, and 56% were gram-negative. The re-
sults were compared with those from previous years. The main mi-
croorganisms isolated were gram-negative bacteria, with Klebsiella 
pneumoniae being the most common. Among the gram-positive bac-
teria, the majority were coagulase-negative staphylococci. The 
main fungus isolated was Candida parapsilosis. No Aspergillus spp. 
were isolated. 

Conclusions: Blood culture sensitivity was 17.5%, with 
Klebsiella being the most common. KPC and ESBL levels de-
creased, but Candida levels persisted. Vancomycin was used in 
specific cases and at the beginning of managing severe sepsis 
caused by an unknown pathogen. 
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Introduction 
Infections are among the main complications in pediatric on-
cology. They are associated mainly with immunosuppression 
states [1, 2] and the need to use invasive devices, such as cen-
tral venous access or implantable venous camera systems [3]. 

The current use of increasingly myeloablative chemother-
apies has led to deep and prolonged neutropenic states and 
the emergence of aggressive microorganisms [4, 5] that are 
resistant to antibiotics. This situation has become a public 
health problem, highlighting the need for continuous moni-
toring of primary germs, their sensitivity, and the rational use 
of drugs [6, 7]. 

The optimal and timely decision regarding empirical 
treatment with antibiotics and antifungals [7, 8] is not always 
simple or straightforward and depends on many variables, es-
pecially those related to each institution's epidemiology. 

The objective of this study was to identify, over 12 months 
(2023), the main microorganisms associated with infections in 
febrile neutropenic pediatric oncology patients at the "Dr. 
Juan Tanca Marengo" National Oncology Institute and their 
sensitivity to establish efficient and effective initial empirical 
management. 

Materials and methods 
Study design 
This study is observational and retrospective. 

Scenery 

The study was conducted from January 2018 to December 
2023 in the Pediatric Department of the Dr. Juan Tanca 
Marengo National Oncology Institute, located in Guayaquil, 
in the province of the Guayas. 

Participants 
Records of patients aged 0--12 years who were diagnosed with 
cancer and admitted for infectious complications associated 
with their immunosuppressive treatment were included. 

Variables 
The variables included the type of bacteria, antibiotic 
sensitivity, and type of fungus. The sensitivity was compared 
from 2008 to 2022. 

Data sources/measurements 

The source was indirect; an electronic form was completed 
using data from the institutional medical records. With 

informed consent from their families, the results of blood 
cultures taken from neutropenic children who developed 
fever were analyzed. Blood cultures were obtained from 
peripheral blood samples, and retrospective cultures were 
collected from central or implantable venous catheters. The 
BACT/ALERT 3D system was utilized for culture analysis 
and identification, employing the VITEK 2 COMPACT 
system, GN cards, AST 403 ANTIBIOGRAM for yeast, and 
an AST-YS08 fungigram. The institution's microbiology 
department carried out the identification. 

Biases 
The application of participant selection criteria helped avoid 
observation and selection bias. The principal investigator 
consistently maintained the data via a guide and records 
approved in the research protocol to prevent potential 
interviewer, information, and recall bias. Two researchers 
independently analyzed each record in duplicate, and the 
variables were entered into the database after verifying their 
concordance. 

Study size 
The sample was probabilistic. In a pediatric population of 
758,290 children aged 1--12 years in the city of Guayaquil, 
the global incidence of cancer was 17.14 per 100,000 children 
[9], translating to 129 potential cases. EPI Info TM (Stat Calc, 
Epi Info, CDC, Atlanta. Version 7.2.6 [October 2023]), with 
an expected frequency of positive cultures of up to 17.0% in 
children and with a confidence limit of 5% and a confidence 
level of 99.99%, the sample size was determined to be 112 
cases for the analysis. 

Quantitative variables 
Descriptive statistics were utilized. The results are presented 
as frequencies and percentages. Scale variables were not 
transformed into categorical variables. 

Statistical analysis 
Qualitative variables are expressed as frequencies and 
percentages. Proportions were compared using the chi-square 
test. Odds ratios were calculated to evaluate the associations 
among variables, considering previously published statistical 
studies [10- 13]. The statistical package utilized was IBM 
Corp., released in 2018: IBM SPSS Statistics for Windows, 
Version 26.0. Armonk, NY: IBM Corp. 
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Results 
Participants 
Among the 831 cultures, 146 positive cultures were analyzed 
(17.6% [95% CI 15.0–20.2%]). Bacteria were identified in 84 
(57%), and fungi were identified in 62 (43%). 

Characteristics of bacterial infections 
Among the bacteria, 47 gram-negative bacteria (56%) were 
identified: 13 Klebsiella pneumoniae, 4 Acinetobacter baumannii, 8 
Burkholderia cepacia, 4 Escherichia coli, 4 Pseudomonas aeruginosa, 2 
Ps. putida, 2 C. freundii, 1 Salmonella, 1 P. vulgaris, 1 C. koseri, 1 C. 
indologentis, 1 Enterobacter aerogenus, 1 Serratia marcescens, 1 Steno-
trophomona maltophilia and 3 A. iwofii. Among these strains, 4 
were carbapenemase-producing strains with a marked pre-
dominance of Klebsiella pneumoniae, and 6 had extended-spec-
trum beta-lactamases (ESBLs) in Klebsiella pneumoniae and Esch-
erichia coli (Table 1). In the remaining 37 cultures, gram-posi-
tive bacteria (44%) were isolated, 4 were E. aureus, and the 
remaining 33 coagulase-negative staphylococci were included: 19 
S. hominis, 5 S. epidermidis, 4 S. hemolyticus, 4 S. saprophyticus, and 
1 S. viridans (Table 2). 

Fungal infections 
Sixty-two fungi were isolated, 61 of which corresponded to 
the genus Candida: 42 C. parapsilosis, 7 C. guilliermondii, 9 C. ru-
gosas, 2 C. albicans, 1 C. ciferii and 1 Cryptococcus laurentis (Table 
3). 

Discussion 
Among the 831 blood cultures obtained in 2023, 146 were 
positive (17.5%). The bacteria included 84 (57%), 47 (32%), 
37 (25%), and 62 (43%) gram-negative bacteria. 

This incidence is related to chemotherapy treatments with 
more myeloablative agents, which lead to more intense and 
lasting neutropenia, increased length of stay, and, conse-
quently, an increase in infections. 

Most gram-positive bacteria are coagulase-negative staph-
ylococci, which are poorly sensitive to oxacillin and clindamy-
cin and 100% sensitive to vancomycin, linezolid, and tigecy-
cline. 

Based on previous studies conducted at ION SOLCA, the 
sensitivity of gram-positive bacteria to vancomycin, linezolid, 
and tigecycline has remained at 100% for more than 15 years. 
The sensitivity to clindamycin (55%) and oxacillin (40%) has 
gradually decreased, whereas the sensitivity to TMS has im-
proved (73%) (Table 4). 

gram-negative bacteria represented 56% of the total bac-
terial isolates, similar to the 1980s [14, 1 5]. 

Compared with the 2022 results, gram-negative bacteria 
are more sensitive to amikacin (70%, previously 78%), tigecy-
cline (89%, previously 94%), and ceftazidime (100%, previ-
ously avibactam), both of which are considered last-line drugs. 
The sensitivity to third- and fourth-generation cephalosporins 
remains the same: cefepime (57%, previously 51%). Car-
bapenems (imipenem and meropenem) (89%, previously 
74%). Piperacillin‒tazobactam was used by 72% (previously 
55%), and ciprofloxacin was used by 72% (previously 65%) of 
the participants; these sensitivities are related to the frequency 
of their use. Ceftazidime maintains a sensitivity of 70% (Table 
5 ). In 2023, 4 KPC strains were isolated (2022/11), and 6 
ESBL strains were isolated (2022/16). 

Table 1. Frequency of gram-negative bacteria types. 
Bacteria Frequency n=47 % % Accumulated 

K. pneumo 13 27.66% 27.66% 
B. Cepacia 8 17.02% 44.68% 
P. Aeruginosa 4 8.51% 53.19% 
A. Baumannii 4 8.51% 61.70% 
E. coli 4 8.51% 70.21% 
A. Iwofii 3 6.38% 76.60% 
C. Freundii 2 4.26% 80.85% 
Ps. Putida 2 4.26% 85.11% 
E. Aerogenes 1 2.13% 87.23% 
S. Maltophilia 1 2.13% 89.36% 
Salmonella 1 2.13% 91.49% 
St. Marcenses 1 2.13% 93.62% 
P. Vulgaris 1 2.13% 95.74% 
C. Koseri 1 2.13% 97.87% 
C. Indologentis 1 2.13% 100.00% 
Sensitivity: Amikacin 70%, CFP 57%, CFZ 70%, CIPRO 72%, IMI 89%, MERO 

89%, PIP.TAZO 72%, TIGA 89%. 
 

Table 2. Frequency of gram-positive bacteria types. 
Bacteria Frequency n=37 % % Accumulated 

E. Hominis 19 51.35% 51.35% 
E. Epidermidis 5 13.51% 64.86% 
E. Aureus 4 10.81% 75.68% 
E. Hemolyticus 4 10.81% 86.49% 
E. Saprophyticus 4 10.81% 97.30% 
E. Viridans 1 2.70% 100.00% 

Sensitivity: VANCO 100%, LINEZOLID 100%, TIGACYCLINE 100%, 
CLINDAMYCIN 55%, TMS 73%, OXACILLIN 40%. 

 

Table 3. Frequency of types of fungi. 
Candida Frequency n=61 % % Accumulated 

Parapsilos 42 68.85% 68.85% 
Rugosa 9 14.75% 83.61% 
William 7 11.48% 95.08% 
Albicans 2 3.28% 98.36% 
Ciferii 1 1.64% 100.00% 
Sensitivity: AMPHOTERICIN 98%, CASPOFUNGIN 98%, FLUCONAZOLE 

100%, VORICONAZOLE 100%. 
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Table 4. Antibiotic sensitivity to gram-positive bacteria 2008-2023. 
¯Antibiotic/Sensitivity® 2008 2009 2010 2011 2013 2014 2018 2019 2021 2022 2023 

Vancomycin 100 100 100 100 100 100 100 100 100 100 100 
Linezolid 100 100 100 100 100 100 100 100 100 100 100 
Ampicillin Sulbactam 58 65 18 64 50 28 - - - - - 
Clindamycin 69 83 59 82 61 41 45 28 67 35 55 
Erythromycin 59 78 39 82 61 48 45 - - 22 - 
Oxacillin 54 65 18 73 50 31 9 17 25 24 40 
Trimethoprim-Sulfa 42 83 63 82 89 62 100 61 83 80 73 
Tigacycline 100 100 100 100 100 100 100 100 100 100 100 

 

Table 5. Antibiotic sensitivity to gram-negative bacteria 2007-2023. 
¯Antibiotic/Sensitivity® 2007 2008 2009 2010 2011 2013 2014 2018 2019 2021 2022 2023 

Amikacin 65 85 87 42 90 87 94 97 80 93 78 70 
Cefezoline 70 75 75 90 84 70 71 67 78 60 60 70 
Cephalexin 50 59 68 58 63 45 55 64 - - - - 
Ciprofloxacin 59 67 70 95 61 65 58 67 78 58 51 57 
Imipenem 91 97 92 95 82 89 99 77 93 85 74 89 
Meropenem 96 98 95 95 86 93 99 87 93 85 74 89 
Tazobactam 74 95 87 100 81 85 80 164 88 73 55 72 

 
Sixty-one Candida species were isolated, including 2 albi-

cans, 42 parapsilosis, 7 guilliermondii, 9 rugosa, 1 ciferii, and 1 Cryp-
tococcus Laurentiis, representing a significant increase in fungal 
infections in the group of children with NF [16] (only 5 in 
2021) or improvement in detection methods, so we consider 
it necessary to improve the antifungal prophylaxis policy with 
fluconazole. No Aspergillus spp. were isolated [17, 18]. 

The sensitivity of Candida infections was 98% to ampho-
tericin, 98% to caspofungin, 100% to fluconazole, and 100% 
to voriconazole. 

Despite frequent antimicrobials, isolated organisms main-
tain acceptable sensitivity to the drugs utilized. The systematic 
management of antibiotics adheres to a predetermined em-
pirical regimen, adjusted based on the isolates, the source of 
infection, the severity of the condition, and the characteristics 
of the host. 

Some germs in successive cultures lose their sensitivity, 
and multiresistance exists in patients with frequent previous 
hospitalizations or those referred from other hospitals. 

The early use of fluconazole for prophylaxis or treatment, 
provided there is no interference with chemotherapy- even 
without detection of the germ- during fever lasting longer 
than 5 days, prolonged neutropenia, and relevant findings in 
imaging studies, could help reduce yeast isolation. Flucona-
zole could be temporarily substituted with low-dose ampho-
tericin (0.3 mg), while monitoring for nephrotoxicity or cas-
pofungin given on alternate days. There have been reports of 
Candida strains developing resistance to amphotericin and 
caspofungin. 

In patients with profound neutropenia, pharyngeal and 
nasal cultures are unproductive and often yield normal flora. 
No methicillin-resistant staphylococci, penicillin-resistant 
pneumococci, or Aspergillus were isolated. However, perianal 
cultures identified multiresistant gram-negative bacteria, 
Klebsiella BLEE and KPC, and Stenotrophomonas maltophilia, 
which colonize germs that could have been responsible for fe-
ver in difficult-to-manage prolonged febrile neutropenia. No 
resistant enterococci were observed, and only one Serratia was 
isolated. 

The sensitivity of blood cultures was 17.5%, indicating 
predominantly gram-negative bacteria, with Klebsiella being 
the most common. The initial empirical treatment regimen in 
2023 utilized cefepime with or without amikacin, transition-
ing to carbapenems as needed, in contrast with the 2022 reg-
imen, which employed piperacillin and tazobactam. The re-
sults indicate a reduction in KPC and ESBL. Theoretically, 
antibiotics that often suppress the resident intestinal flora, par-
ticularly anaerobes, facilitate the overgrowth of C. difficile, 
fungi, and other pathogenic bacteria. 

Candida infection persisted even when fluconazole and 
occasionally caspofungin or amphotericin were used as 
prophylaxis and/or treatment. Vancomycin was used in spe-
cific cases and at the beginning of managing severe sepsis 
caused by an unknown pathogen (Table 4). 

Conclusions 
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Piperacillin-tazobactam susceptibility decreased significantly 
against K. pneumoniae and E. coli, coinciding with the 2022 
cefepime shortage, whereas ceftazidime/avibactam main-
tained good activity against KPC and ESBL. An increase in 
multidrug-resistant Candida auris has been observed in hospi-
talized children since 2021, necessitating improved antifungal 
prophylaxis with fluconazole in the face of Aspergillus re-
sistance. Although overall antifungal susceptibility is high, an-
tibiotic resistance in isolated organisms has increased, requir-
ing adjustment of empirical management according to local 
patterns and patient characteristics. Prolonged stays and prior 
antibiotic use are associated with lower sensitivity and greater 
resistance. Gram-negative bacteria, especially Klebsiella, cause 
febrile neutropenia, and the 2023 antibiotic protocol resulted 
in increased resistance to KPC and ESBL. Discontinuation of 
prophylactic fluconazole and initiation of amphotericin B in-
creased Candida isolates, whereas empirical fluconazole in sep-
sis patients with severe neutropenia was successful in selected 
cases. 
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