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Abstract

Childhood cancer is a significant global health issue, affecting around 300,000 children annually, with 
survival rates that vary wildly between low-to-middle-income countries and high-income countries. Infections 
represent one of the main causes of morbidity and mortality in this population. Pediatric cancer patients are 
at high risk of severe infections due to the disruption of their impaired immune response, disturbance of the 
mucocutaneous barriers and neutropenia induced by chemotherapy regimens. The most frequent and relevant 
clinical situation from an infectious perspective is Febrile Neutropenia (FN). A recent study in Chile showed that 
rational Antimicrobial (AM) management strategies, such as withdrawing unnecessary AM therapy and adjusting 
treatment based on specific bacterial pathogens, can improve outcomes and reduce AM Resistance (AMR).

Vaccination, such as the pneumococcal conjugate vaccine and seasonal influenza vaccine, also plays a crucial 
role in reducing the need for AMs and preventing AMR. Despite these efforts, gaps remain in managing AM use 
in pediatric patients with cancer, including the need for better diagnostics and stewardship strategies, which will 
be explored in upcoming studies. Tackling AMR in this population is critical for improving health outcomes and 
reducing mortality.
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Childhood cancer and its impact in pediatric health

Childhood cancer is a challenge in global health. It is a major 
cause of mortality for children and adolescents, with approxima-
tely 300,000 new cases globally per year and survival rates that 
vary wildly between low-to-middle-income countries and high-in-
come countries [1]. Despite a lower incidence rate compared to 
adults, childhood cancer is the second leading cause of death in 
children over five worldwide [2]. In Latin America and the Carib-
bean, more than 29,000 children and adolescents below the age 
of 19 are affected by cancer each year, and around 10,000 deaths 
are attributable to this condition [2,3]. In Chile, the reported in-
cidence is 142.3 per million children under the age of 15, with 
a 78.4% survival rate at 5 years post diagnosis [4], comparable 
to survival rates documented in high income countries. This is a 
remarkable achievement, considering that survival rates in Latin 
America can be as low as 20%, with an average survival rate of 55% 
in the region [5]. The improvement in childhood cancer outcome, 
as suggested by literature, is attributable to the implementation 
of national childhood cancer programs, which have established 
standards of care, fostered professional training, and promoted 
rigorous research [6].

In our country, the «Programa Infantil Nacional de Drogas An-
tineoplásicas» (PINDA), was established in 1988. This program has 
standardized the management of pediatric cancer across major 
public institutions, covering more than 80% of treated children 
throughout the country. Moreover, the “Plan nacional de cáncer 
infanto-adolescente 2023-2028” highlights various work areas to 
further enhance both child and adult cancer outcomes in Chile, 
including international collaboration and promotion of robust re-
search [7,8].

Infectious complications in children with cancer

Infections represent one of the main causes of morbidity and 
mortality in this population [9]. Pediatric cancer patients are at 
high risk of severe infections due to the disruption of their im-
paired immune response, disturbance of the mucocutaneous 
barriers and neutropenia induced by chemotherapy regimens 
[10,11]. The most frequent and relevant clinical situation from an 
infectious perspective is Febrile Neutropenia (FN) [12]. Children 
in treatment for cancer have an average of 6 to 8 episodes of FN 
during the usual two years of chemotherapy, requiring in each 
episode hospitalization, prolonged Antimicrobial (AM) therapy, 
laboratory tests, imaging and eventually hospitalization in Criti-
cal Care Units. Episodes of FN usually delay chemotherapy cycles, 
are associated with drug interactions, toxicity and increase in AM 
Resistance (AMR) [13,14]. Notwithstanding the improvements in 
pediatric cancer treatments and diagnosis, a significant propor-
tion of patients are still exposed to broad spectrum AM therapy to 
treat episodes of FN, increasing the use of broad-spectrum AMs 
by up to 47% [15], favoring the selection of resistant strains [16].

The global burden of antimicrobial resistance

The future of life on earth is currently threatened by AMR and 
its risk to human health [17]. AMR was prioritized by the World 
Health Organization (WHO) as one of the top ten global public 
health threats and the UN General Assembly on AMR in 2016 of-
ficially declared the relevance of this problem and encouraged 
countries to work on their individual AMR National Action Plans 

[18].

Only on 2019 there were near to 5 million deaths related to 
AMR and 1.27 million deaths directly attributable to AMR infec-
tions, exceeding deaths attributable to tuberculosis, malaria and 
HIV/AIDS [18].

AMs are a global asset to public health, deeply embedded in 
our capacity to reduce maternal and child mortality, to end ex-
treme poverty and promote shared prosperity, end hunger, heal-
thy lives and well-being as well as, to achieve sustainable and 
inclusive economic growth [18]. In this context, the World Bank 
(WB) has established that AMR poses a threat not only to public 
health but to economic prosperity, recognizing the role of AMs 
in the management of various diseases, as well as their involve-
ment in agricultural and food systems for crop and livestock care, 
estimating that by 2050 uncontrolled AMR could decrease global 
gross domestic product by 3.8% per year and force 28 million 
people into poverty [19].

AMR development is known to be related to use and misuse 
of AM [20]. The positive impact of AM can be threatened by in-
crease of AMR and lack of access to essential therapies in low and 
middle-income countries [21].

Antimicrobial resistance in pediatric population

In recent decades, the pediatric population has become the fo-
cus in battle against AMR. Children are the primary consumers of 
AM [22-24]. In 2019, it was estimated that 20% of deaths caused 
by AMR occurred in children under 5 years old. In Europe, around 
30% of infections are caused by resistant bacteria, increasing in 
low and middle-income countries [22]. Overconsumption of AMs 
is one of the primary causes of AMR in pediatrics, where AM are 
unnecessary prescribed for diagnoses of viral infections, particu-
larly in outpatient setting [25].

The Worldwide AM Resistance and Prescribing in European 
Children described the global use of AM in pediatric patients, 
with a high consumption of empirical broad-spectrum AM treat-
ments. Moreover, the improper use of AMs in this population is 
favored by the lack of studies and dosage definition specifically 
for pediatric patients, where the pharmacokinetics and pharma-
codynamics of AM may be altered, leading bacterial exposure to 
subtherapeutic doses and selecting resistant strains, increasing 
the issue of Multi Drug Resistance (MDR) [23,24].

Antimicrobial resistance in children with cancer

Cancer patients are known to be susceptible to Blood Stream 
Infections (BSI), particularly due to frequent hospital admissions, 
exposure to broad spectrum AMs, effects of chemotherapy on 
mucosal barriers and invasive procedures as well as use of central 
venous catheters [22-24].

In recent years, there has been a rise in AMR rates among chil-
dren with cancer, primarily due to MDR Gram-negative bacilli, 
associated with hospital admission more than 48 hours, recent 
administration of empiric or targeted AMs, severe neutropenia, 
periods of neutropenia longer than 7 days, and ciprofloxacin pro-
phylaxis [26,27]. A single center, retrospective study included 607 
children with cancer and BSI, showed that the most frequently 
identified microorganisms were Escherichia coli (28%) and Kleb-
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siella pneumoniae (12.2%), with a high resistance to piperacillin/
tazobactam, levofloxacin, and meropenem and a low resistance 
to colistin and tigecycline [28]. On a recent report, Castagnola et 
al. described 797 Gram-negative resistant strains from 1031 pa-
tients, out of 1291 BSIs, in a group of pediatric patients under-
going chemotherapy or hematopoietic cell transplantation in 13 
centers worldwide, showing that the presence of resistant strains 
was correlated with a higher risk of Intensive Care Unit admission 
and a higher risk of death [29]. An analysis of AMR in isolates from 
children with cancer in Chile in the period 2016-2021, showed 
that among Gram-negative bacilli, there was 37% resistance to 
cefotaxime, 18% to piperacillin/tazobactam, 8% to amikacin, and 
1.4% to carbapenems [30]. This presents a challenging scenario 
due to the high mortality associated with these difficult-to-treat 
infections and the lack of new AM treatment alternatives to com-
bat infections by MDR microorganisms.

Tacking the gaps in the rational antimicrobial management 
in pediatric patients with cancer. Antimicrobials stewardship in 
children with cancer and episodes of fever and neutropenia: The 
experience of a middle-income country

In recent years, our group conducted a prospective, multicen-
ter, government sponsored study with the aim to compare effica-
cy and safety of different AM stewardship strategies with current 
standard AM treatments in episodes of FN in children with cancer, 
in 8 hospitals belonging to the PINDA network across the country. 
Our main results were: We validated the efficacy and safety of 
withdrawing AM therapy in children with cancer and FN with a 
demonstrated viral respiratory tract infection. Children who were 
positive for a respiratory virus and negative for a bacterial patho-
gen, were randomized to either maintain or withdraw AM therapy; 
139 children were randomized, 70 to withdraw and 69 to maintain 
AM therapy. The group with the intervention showed shorter AM 
treatment: a median of 5 days (IQR 3-6) versus 3 days (IQR 3-6) 
(p<0.001) and a similar uneventful resolution: 66/70 (94%) versus 
66/69 (96%), RR 1.01; (95% CI 0.93 to 1.09), absolute risk diffe-
rence 0.01; (95% CI, 0.05 to 0.08) [31]; we demonstrated the ef-
ficacy and safety of using narrow AM treatment compared to the 
standard AM treatment in children with cancer and FN episodes 
categorized as fever of unknown origin (FUO); and we demons-
trated the efficacy and safety of using a narrow AM treatment 
compared to the standard AM treatment in children with cancer 
and FN episodes with a demonstrated BSI (Unpublished data).

According to the results of the aforementioned studies, we in-
troduced the following three new indications in the clinical mana-
gement of children with cancer and episodes of FN, treated in the 
PINDA network, as shown in Figure 1: 1) Withholding AM therapy 
in children with episodes of FN and a demonstrated viral respira-
tory tract infection; 2) to adjust AM therapy in children with epi-
sodes of FN and FUO; and 3) to use an specific AM therapy accor-
ding to the microorganism isolated in blood cultures in children 
with episodes of FN and BSI. These strategies will contribute to 
the rational use of AMs in this population.

Another point of view in the rational antimicrobial 
management in pediatric patients with cancer: The use of 
vaccines as antimicrobial enhancers

Vaccines have shown to prevent infections, and thus reduce 
the use of AMs, a known risk factor for developing AMR. A study 

conducted in northern California, after introducing Pneumococcal 
Conjugate Vaccine (PCV), showed the decrease of 35 AM prescrip-
tions for every 100 vaccinated children. In that line, 1.4 million AM 
prescriptions per year can be prevented using PCV in the National 
Immunization Program (NIP) in pediatric population in the US 
[32]. Most resistant Streptococcus pneumoniae strains are contai-
ned in the conjugate vaccines, thus after the introduction of PCV 
in different NIP worldwide, there was a reduction of about 80% 
of penicillin resistant pneumococcal invasive disease in children 
under 2 years of age, together with a reduction in older children 
and adults [32,33]. As described for S. pneumoniae, prevalence 
of invasive disease due to H. influenzae type b has practically di-
sappeared after the introduction of the conjugate vaccine [34].

The role of vaccination in reducing AMR also apply to vaccines 
against different respiratory viruses. Common community-acqui-
red respiratory viruses are major pathogens associated with si-
gnificant morbidity and mortality in immunocompromised popu-
lations, particularly due to the disruption of the cellular immune 
response [34]. Immunocompromised state results in individuals 
being less able to mount sufficient immune responses against 
viral infections, with a higher risk of progression to lower respi-
ratory compromise. Additional complications such as secondary 
bacterial infections also occur more frequently in immunocom-
promised patients [35-37].

In terms of preventing respiratory viral infections, one of the 
most important public-health measures is to emphasize the indi-
cation of seasonal influenza vaccination in children with cancer, 
in order to prevent both influenza itself and related bacterial in-
fections. A Cochrane review on post- influenza vaccine immunity, 
that included 1 RCT and 9 CCTs studies (total number of partici-
pants=770), showed that immune response in children receiving 
chemotherapy was consistently weaker (four-fold rise of 38% to 
65%) compared to children who had completed chemotherapy 
(50% to 86%) and healthy children (53% to 89%) [35]. This leads 
some oncology groups to not prescribe vaccines, which is an er-
roneous practice, because this population, with a higher risk of 
influenza complications, should receive the seasonal inactivated 
influenza vaccine, because although the response is weaker, a 
partial response is better than no response.

Gaps in the rational antimicrobial management in pediatric 
patients with cancer

Despite the efforts to improve the rational AM management in 
children with cancer, we identify some additional gaps that need 
to be addressed (Figure 1):

1.	 The presence of fever at the time of diagnosis of cancer. Is it 
an infection? At least 60% of pediatric patients present fever 
at the time of diagnosis of cancer, with a strong and deregula-
ted inflammatory state and a Th1-polarization profile [38-44]. 
Considering the high frequency of fever at the time of diagno-
sis of cancer, the indication of empirical AM therapy is the rule, 
although the risk for BSIs in this population is less than 5% [43]. 
We identify a great opportunity for implementing a new AM 
stewardship strategy, thus reducing the risk of exposure to 
broad spectrum AM and the development of resistance.

2.	 Episodes of fever and neutropenia categorized as Fever of 
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unknown origin. Is low grade bacteremia a suitable answer? 
New diagnostic techniques, as metagenomic analysis applied 
to children with cancer and episodes of FN at unknown origin, 
in which automated blood cultures fail to recover bacteria due 
to low grade bacteriemia, might be suitable to determine the 
source of infection, thus decreasing the number of episodes of 
FUO, as well as proving base for narrowing AM and/or with-
drawing treatments in children with no evidence of bacterial 
BSI with even more sensitive methods, providing two opportu-
nities: better diagnostics and AM stewardship [45-47].

3.	 Rectal colonization studies as predictor of blood stream infec-
tions in pediatric patients with cancer. Is this an opportunity 
to adjust empirical antimicrobial therapy? Infections by car-
bapenem-resistant Enterobacteriaceae (CRE) has been a major 
public health challenge worldwide due to the widespread use 
of carbapenems and the association with an elevated morta-
lity rate, between 30% and 75% [48]. CRE rectal colonization 
has been identified as an important epidemiological risk factor 
for subsequent CRE infection [49] in adults and children po-
pulation [50]. Most of the available studies are retrospective, 
conducted in a single or two centers, with limitations including 
a small number of cases and inconsistent screening frequency. 
Therefore, this topic remains as a gap in pediatric patients with 
cancer.

Figure 1: Antimicrobial stewardship opportunities and identified 
gaps in pediatric patients with cancer.

Conclusions and perspectives

AMR represents a growing problem worldwide, the associa-
tion between the use of AM and the raise in AMR has been wi-
dely acknowledged. MDR infections reduce therapeutic options 
and are associated with longer hospital stays, as well as higher 
mortality rates and increase in health costs. Children with cancer 
are no exception to this phenomenon. Therefore, to identify all 
the opportunities to implement AM stewardship strategies in this 
population is a priority. According to the described gaps, more 
prospective-multicenter studies are required identifying new op-
portunities of AM stewardship strategies, from the diagnosis of 
cancer through the end of chemotherapy, not only in FN episodes, 
which has been the traditional approach until now.
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