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1.INTRODUÇÃO: 

Atualmente, diante de múltiplas modalidades terapêuticas, as crianças com 

câncer apresentam boas chances de sobrevivência, com a cura atingindo taxas 

de aproximadamente 75%. A mortalidade relacionada à doença é importante1, 

e as complicações relacionadas ao tratamento aumentam a morbi-mortalidade 

e interferem diretamente no sucesso do tratamento oncológico(2-5). Infecções e 

febre são condições frequentes em pacientes oncológicos(6-7). A ação citotóxica 

do tratamento quimioterápico, associada a condições próprias da neoplasia, 

levam a queda do número e da funcionalidade dos neutrófilos, tornando tais 

pacientes imunossuprimidos(5,8). 

Quando a contagem de neutrófilos se torna menor de 500 células/mm3 em 

número absoluto, ou menor de 1000 células/mm3 com tendência à queda, 

definimos neutropenia. Na presença de neutropenia, a associação de fatores 

como a presença de cateteres centrais e o comprometimento de mucosa do 

trato gastrointestinal relacionado também diretamente ao tratamento 

quimioterápico, os pacientes oncológicos têm maior predisposição à 

bacteremia e sépsis(9-10). Os episódios febris acontecem em 34% dos episódios 

de neutropenia em pacientes com câncer(10).    

Por se tratar de grave complicação relacionada ao tratamento quimioterápico, a 

neutropenia febril é considerada uma emergência médica(3, 8,11). 

Na neutropenia febril os sinas e sintomas de sepse e infecção podem ser sutis 

no momento da admissão e a identificação do agente em cultura se mantém 

como padrão ouro para confirmação de bacteremia, com consequente 

adequação de antibióticos(12-13). Levantamento brasileiro apontou uma 
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positividade em hemocultura de 41% em pacientes oncológicos pediátricos 

internados por neutropenia(14), porém a análise mais ampla da literatura aponta 

para bacteremia documentada em cerca de 20 a 30% dessa população, sendo 

a febre na maioria das vezes causada por infecções por outros agentes, drogas 

ou doença de base(10,15,16).  Assim, fatores preditores de risco e gravidade se 

tornam importantes para estabelecer decisões clínicas adequadas a esses 

pacientes(15-16).  

Poucas são as publicações que tentam a validação de escores clínicos 

preditores de risco, e uma meta-análise recente apontou que fatores como 

idade, tipo de neoplasia, intensidade da quimioterapia, contagem de neutrófilos, 

contagem de plaquetas e hemoglobina são alguns dos fatores avaliados para 

classificação dessas crianças, porém as diferenças em conceitos, definições e 

mesmo condições geográficas impossibilitam até o momento um instrumento 

universal(17). 

Foi o manejo agressivo da neutropenia febril, estabelecido em manuais e 

recomendações recentes, que promoveu queda significante de mortalidade, 

relatada em alguns trabalhos como mudando de 20% para 3%(18).  Tal manejo 

inclui, entre outras recomendações, a terapia antibiótica de amplo espectro(15), 

incluindo monoterapia com um beta-lactâmico com espectro anti-

pseudomonas, carbapenêmicos ou piperacilina/tazobactan, sendo indicada 

associação de vancomicina em situações específicas como instabilidade 

hemodinâmica, infecção relacionada a cateter, infecção de pele ou partes 

moles e pneumonia(19).  Tais manuais mantém a cultura como padrão ouro para 

confirmação de bacteremia, com consequente adequação de antibióticos 

conforme isolamento e identificação do foco infeccioso quando possível(12-13).  
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Imunossuprimidos, frequentadores constantes dos serviços de saúde, 

submetidos à terapia antibiótica de amplo espectro, susceptíveis às infecções 

rapidamente progressivas e por vezes internação prolongada(5,8) os 

neutropênicos febris possuem fatores de risco para a alteração de sua 

microbiota, com conseqüente colonização por agentes multiresistentes(20,21).  

Além da pele e trato respiratório, o trato gastrointestinal é uma fonte 

importante, sendo tanto sua colonização por agentes resistentes quanto sua 

perda de integridade de mucosa conferida por ação direta de quimioterápicos, 

condições para translocação bacteriana e disseminação sistêmica(10,22). 

Alguns trabalhos apontam a colonização por agente resistente como um 

potencial de risco para infecção, que pode ser 38 vezes maior, quando 

comparado aos não colonizados, sendo que 15 a 50% dos pacientes 

colonizados desenvolverão bacteremia(20-21). Em pacientes 

imunocomprometidos, estima-se que 30% dos colonizados desenvolverão 

bacteremia, nos oncológicos pediátricos essa taxa pode variar de 5% a 50%. 

Destaca-se ainda, que pacientes colonizados, são potencias fontes de 

transmissão intra-hospitalar(23).  

O perfil de microrganismos isolados em pacientes imunocomprometidos vem 

mudando ao longo dos anos(2,5,8).  O predomínio de microrganismos Gram-

negativos na década de 70, foi substituído por Gram-positivos em meados de 

1980, fato relacionado ao uso de profilaxia com fluoroquinolona e dispositivos 

de longa permanência(8).  

Levantamento brasileiro, em crianças neutropênicas febris pós-quimioterapia, 

mostrou 42% de isolamento de Gram-negativos e 48% foram Gram-positivos 
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em hemocultura. Essa distribuição com discreto predomínio de Gram-positivos 

também pode ser vista em crianças oncológicas de uma série chilena onde 

42% eram Gram-negativos e 55% Gram-positivos em 2010, se tornando mais 

acentuada na série de Ronsenblum de 2012, em adultos com câncer, onde 

70% dos agentes isolados eram Gram-positivos(14,18,24). 

Atualmente, as espécies mais comumente isoladas são: Staphylococcus 

coagulase-negativo, Staphylococcus aureus (incluindo cepas resistentes à 

meticilina), Enterococcus spp. (incluindo as cepas resistentes à vancomicina), 

Streptococcus do grupo viridans, Streptococcus pneumoniae e Streptococcus 

pyogenes. Já entre os patógenos Gram-negativos destacam-se: Escherichia 

coli, Klebsiella spp., Enterobacter spp., Pseudomonas aeruginosa, 

Acinetobacter spp., Citrobacter spp., e Stenotrophomonas maltophilia(8).  

O Staphylococcus aureus é uma bactéria sabidamente colonizadora das fossas 

nasais, pele e orofaringe. Uma de suas principais características é a habilidade 

de invadir e provocar doenças em tecidos previamente sadios virtualmente em 

qualquer sitio(25).  

A positividade em hemocultura por S.aureus foi encontrada em cerca de 10% 

dos pacientes oncológicos em séries internacionais, semelhante à taxa 

encontrada em crianças neutropenicas febris em serviço brasileiro(14,18,24). Já a 

taxa de colonização por esse agente pode chegar entre 20 a 50% em crianças 

saudáveis(25), com dados brasileiros recentes registrando taxa de 48% de 

colonização de fossas nasais por S. aureus em crianças atendidas no serviço 

de puericultura(26), enquanto coorte chilena mostrou taxa de 28% em crianças 

oncológicas(27).  
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As cepas resistentes a meticilina (MRSA), inicialmente descritas em 1960, 

foram por anos associadas ao ambiente hospitalar (HA-MRSA), inicialmente 

nos serviços terciários, se alastrando para pequenos centros de saúde. 

Estudos de vigilância relatam taxas de até 80% de MRSA(28). Recentes dados 

brasileiros mostram taxa de colonização por MRSA em crianças com doenças 

não graves de 5,8%(21,29).  

A partir da década de 90, com relatos de MRSA em pacientes sem fatores de 

risco associados para sua aquisição, como o contato direto ou indireto com 

serviço de saúde, mais atenção vem sendo dada aos chamados MRSA 

associados à comunidade (CA-MRSA)(28), com mecanismos de resistência e 

fatores de virulência diferenciados(30- 31).  

Os mecanismos de resistência do S. aureus a oxacilina estão relacionados à 

presença de um gene, mecA, responsável por sintetizar PBP2a (penicillin 

binding protein 2), com baixa afinidade a oxacilina e demais beta-lactâmicos. 

No CA-MRSA esse gene alberga um cassette denominado SCCmec, mais 

comumente dos tipos IV e V, que carregam menos genes de resistência 

quando comparados aos HA-MRSA(30). CA-MRSA SCCmec tipo III e IV vêm 

sendo descritos como produtores de uma exotoxina, denominada Leucocidina 

de Panton-Valentine (LPV). A LPV promove lise leucocitária e apoptose, por 

meio de formação de poros transmembrana e processo inflamatório intenso, 

com consequente necrose  tissular(31-32). Assim, o CA-MRSA é definido 

fenotipicamente do ponto de vista microbiológico, como aquelas cepas 

resistentes a três ou menos classes de antimicrobianos e epidemiologicamente 

como aquelas cepas que ocorrem em indivíduos sem fatores de risco para 
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infecção relacionada à assistência à saúde. Esses novos clones têm se 

disseminado no globo nos últimos anos(29,31,33).  

No Brasil, porém, o CA-MRSA ainda se mantém em pequeno número e, apesar 

da definição, aparece comumente associado ao ambiente hospitalar e a 

Indivíduos com alguma patologia de base(19,31,34).  

A chance de pacientes com internações recorrentes e prolongadas, tais como 

neutropênicos oncológicos, portadores do vírus HIV e pacientes em diálise, 

apresentarem uma das variantes do MRSA em sua flora endógena é muito 

maior do que indivíduos saudáveis(35-39).  

As altas taxas de colonização por MRSA descritas entre HIV positivos e 

nefropatas, têm sido relacionadas a uma disfunção imunológica, própria dessas 

patologias, associada ao grande número de internações ou passagens por 

serviços de saúde e a procedimentos invasivos(36-37). Em pacientes infectados 

pelo HIV, a colonização por MRSA pode chegar a 17%, enquanto a população 

geral dos EUA apresenta taxas entre 0,8%-1,5%(20,36,37). Já a incidência de 

colonização pelo mesmo agente entre os pacientes em diálise crônica chega a 

ser 100 vezes maior do que na população geral(38-39).   

Seguindo a mesma tendência, neutropênicos febris, imunologicamente 

comprometidos e sujeitos a repetidas internações, representam um potencial 

grupo de colonizados por MRSA. Meta-análise estimou em transplantados 

adultos uma taxa de colonização por MRSA de 8,5% previamente ao 

transplante, com 1 em cada 10 pacientes, colonizados pós-transplantes(40).  

Poucos estudos, porém, esclarecem essa prevalência, especialmente em 

crianças (Tab.1)(21,26,27,29,35,42-46).  
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De 2001 a 2006, a prevalência de colonização por MRSA em um estudo 

americano em crianças portadores de doenças oncológicas aumentou de 0,6% 

para 2,9%, já em 2008 uma publicação chilena mostrou uma taxa de 27% de 

positividade nesse perfil de pacientes, dados estes considerados ainda 

subestimados por conta da escassez de estudos e de metodologia diagnóstica, 

que se restringiu às amostras nasais(21,27).  Considerando que em crianças não 

neutropenicas, o estudo de dois sítios de colonização como nasal e oral, já 

mostrou aumento de aproximadamente 4% na taxa de colonização por 

S.aureus(29) e que outros trabalhos apontaram a região perineal como sítio de 

colonização importante em imunossuprimidos, podendo conferir um incremento 

de 28% de positividade no estudo de crianças oncológicas(21), a avaliação de 

três sítios, anal, nasal e oral, nessa população se tornaria dado importante para 

melhor diagnóstico de colonização(29,47). 

Os Enterococcus spp. são bactérias habitantes da microbiota intestinal, que 

causam em geral infecções oportunistas(48).  

Os Enterococcus spp. resistentes à vancomicina (VRE) foram descritos a 

primeira vez na Europa, em 1986, e em 2009 até 25% de todos os 

Enterococcus spp. isolados na América do Norte já apresentavam esse perfil 

de resistência.  

O mecanismo de ação da vancomicina compreende a inibição da síntese de 

parede celular em seu estágio final, ligando-se a precurssores de 

peptideoglicanos. O VRE tem capacidade de alterar esses precurssores, de 

forma a conferir menor afinidade à vancomicina.   
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As espécies patogênicas mais comuns, E. faecalis e E. faecium, apresentam 

em geral resistência intrínseca a beta-lactâmicos e aminoglicosídeos, pois 

expressam fenótipo VanA e VanB, o primeiro relacionado à resistência à 

vancomicina e teicoplamina e o segundo somente à vancomicina, ambos 

contidos em material genético plasmideal, e portanto com alto risco de 

disseminação aos Enterococcus spp. sensíveis(48,49). 

O gene vanA é ativado tanto no contato com a vancomicina quanto com a 

teicoplanina, levando a uma concentração inibitória mínima mais elevada do 

que o gene vanB, que só é ativado na presença de vancomicina, mas não de 

teicoplanina(50).  

Agentes nosocomiais importantes, a prevalência de colonização por VRE pode 

variar de 1 – 52% em pacientes com amplo contato com serviços de saúde, 

levando-se em consideração ainda a variação associada à unidade estuda e a 

faixa etária (Tab. 2)(40,49,51-57).  

Os fatores de risco associado à colonização por VRE incluem fatores 

associados ao hospital como internação na unidade de terapia intensiva, ou 

internação em unidade oncológica, proximidade a paciente sabidamente 

colonizado e internação prolongada, fatores do hospedeiro como neutropenia, 

imunossupressão, insuficiência renal, bem como fatores relacionados ao 

tratamento, como o uso de antibióticos(49,51-58).   
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Uma coorte coreana, analisou mais de 7 mil pacientes adultos, internados em 

unidade de terapia intensiva, encontrando 7% de colonização por VRE(53), 

porém a literatura aponta taxas de 34% quando estudada a colonização em 

adultos oncológicos e até 52% quando analisadas as crianças com câncer(49,56).  

Já com relação aos fatores relacionados ao tratamento, o uso de vancomicina 

endovenosa pode levar a pequenas concentrações deste antibiótico na luz 

intestinal, acaba por exercer pressão seletiva nas bactérias intestinais, 

favorecendo o risco de colonização por agentes resistentes(56). 

A colonização por VRE é fator independente de aumento de risco para 

infecção(55,58). Assim como as taxas de colonização são bastante variáveis nos 

estudos, as taxas de bacteremia, quando avaliadas, também se mostraram 

bastante variáveis (Tab. 2).  Pacientes colonizados pelo VRE apresentam 3.88 

– 21,6 vezes mais chance de apresentar infecção de corrente sanguínea pelo 

mesmo agente o que é relevante em pacientes que apresentam algum grau de 

imunossupressão(39,41,51,52,56) . Ford et al analisou 300 adultos pós transplante 

de medula, e apesar da baixa taxa de evolução de colonização para 

bacteremia, todas as infecções por VRE no período ocorreram em pacientes 

com colonização prévia por VRE(59), já outro estudo que analisou crianças 

oncológicas, a taxa de colonizados que desenvolveram bacteremia por VRE foi 

de 33%(23).  

 

Alguns dos fatores de risco são relacionados ao desenvolvimento de 

bacteremia por VRE: uso de vancomicina em paciente previamente colonizado, 

acesso venoso central de longa permanência, doença de base como diabetes 

mellitus, mudança de leito nas unidades de internação e hospitalização 
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prolongada. Mais ainda a imunossupressão, principalmente associada à 

neutropenia profunda também aumenta a chance de infecção por esse 

agente(23 51 52 56 60).  

 

O isolamento prévio de um agente resistente, ou mesmo a colonização por ele, 

em especial por Staphylococcus aureus resistentes à meticilina ou 

Enterococcus resistente à vancomicina, em um paciente oncológico, deve 

alertar o médico para alteração do esquema antibiótico inicial nos episódios de 

neutropenia febril, considerando-se a associação precoce de vancomicina, 

linezolida ou daptomicina, conforme indicam os principais manuias de manejo 

dessa emergência infecciosa(19).  

Diante disso, os estudos de colonização tornam-se importantes, não só pela 

evidenciada predisposição ao desenvolvimento de infecções invasivas nos 

colonizados, como também a monitorização da colonização e da pressão por 

ela exercida pode servir de estratégia para se instituir medidas de controle de 

infecção(59). Mais ainda, a resistência aos antibióticos vem sendo uma ameaça 

ao sucesso de tratamento das infecções, e a compreensão da colonização 

pode direcionar o tratamento empírico dos neutropênicos febris, visando melhor 

sucesso terapêutico, diminuíndo as chances de um eventual desfecho 

desfavorável(21,22,46).  

 

2.OBJETIVO: 

Avaliar a taxa de colonização por Staphylococcus aureus e 

Enterococcus spp, bem como o perfil de resistência desses agentes, nos 
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pacientes pediátricos, neutropênicos febris, pós-quimioterapia, no serviço de 

Pediatria da Santa Casa de Misericórdia de São Paulo.  

3.MATERIAL E MÉTODO 

Foram avaliados, prospectivamente, pacientes oncológicos internados 

no período de Março de 2014 a Março de 2015 no serviço, com diagnóstico de 

neutropenia febril pós quimioterapia, seguindo os critérios descritos nos itens 

3.2.1 e 3.2.2:.  

3.2.1 CRITÉRIOS DE INCLUSÃO: 

Pacientes oncológicos do departamento de Pediatria da Santa Casa de 

Misericórdia de São Paulo, com diagnóstico de neutropenia febril pós-

quimioterapia na admissão do serviço de emergência. Tal departamento atende 

crianças e adolescentes até os 18 anos incompletos. Em relação à febre e 

neutropenia, foram adotados os critérios de definição descritos no item 3.3. 

3.2.2 CRITÉRIOS DE EXCLUSÃO: 

Pacientes que apresentaram neutropenia secundária a qualquer outra 

condição que não quimioterapia e/ou pacientes que iniciaram quadro de 

neutropenia febril, mesmo que pós-quimioterapia, durante a internação 

hospitalar.  

3.3 DEFINIÇÕES: 

 Febre: episódios cuja temperatura axilar atingiu valores iguais ou 

superiores a 37,8° C, verificada na ocasião da admissão ou 



14 
 

relatada pelo cuidador responsável. Tal valor de temperatura foi 

baseado no protocolo de diagnóstico já estabelecido no serviço.  

 Neutropenia: taxas de neutrófilos totais menores ou iguais a 500 

cel/mm³, ou menores que 1000 cel/mm³ com tendências de 

queda. 

3.4 FLUXO DO ESTUDO: 

Durante a admissão no serviço de emergência, o cuidador responsável 

pelo paciente teve acesso ao termo de consentimento livre esclarecido, bem 

como os pacientes tiveram acesso ao termo de assentimento livre esclarecido 

quando pertinente, ambos previamente avaliados e autorizados pelo Comitê de 

Ética e Pesquisa do serviço.  

Além do protocolo para neutropenia febril pós-quimioterapia próprio do 

serviço, na entrada ou até 48 horas após a admissão, os pacientes foram 

submetidos à coleta de material através de swab anal, nasal e de orofaringe. A 

cada intervalo de sete dias, os pacientes que se mantinham internados foram 

submetidos à nova coleta.  

O paciente foi acompanhado por todo o período de internação com 

coleta de dados conforme questionário anexado. 

3.5 AMOSTRAS BIOLÓGICAS: 

As amostras coletadas foram avaliadas no Laboratório de Microbiologia 

da Faculdade de Ciências Médicas da Santa Casa de São Paulo, e semeadas 

em ágar MacConkey, ágar sangue e ágar manitol (Probac do Brasil®). 
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Todas as cepas foram identificadas por coloração de Gram. Quando 

identificadas como Gram Positivas, foram submetidas às provas de catalase e 

coagulase, além de realização de teste em meio cromogênico específico 

(CHOMAgar MRSA e VREBac  - Probac do Brasil®) .  

O teste de suceptibilidade foi aplicado pelo método de disco-difusão com 

a metodologia e interpretação recomendadas seguindo o Clinical and 

Laboratory Standards Institute (CLSI)(61). As cepas de S. aureus resistentes a 

três ou menos classes de antimicrobianos, foram consideradas 

fenotipicamente, do ponto de vista microbiológico, como Staphylococcus 

aureus resistentes à meticilina associados à comunidade (CA-MRSA) (29,31,33).  
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Abstract 

Febrile neutropenia is one of the most serious treatment-related complications in cancer patients. 

Susceptible to rapidly progressing infections, which result in prolonged hospitalization and use of broad-

spectrum antibiotics, neutropenic patients are subject to colonization by multiresistant agents, which 

enhances the risk of infections. In this study we included samples collected with nasal, oropharyngeal and 

anal swabs from hospitalized children with febrile neutropenia following chemotherapy, between March 

2014 and 2015, aiming to elucidate colonization by S. aureus and Enterococcus spp., as well as their 

resistance profile. S. aureus was found in 22% of the patients and 14% of the events. MRSA colonized 

13.6% of patients. The bacteremia rate was 20% in the patients colonized by this agent and 4.5% of all 

patients studied. Including anal swabs in the screening increased the identification of colonized patients 

by 20%. Enterococcus spp. was found in 27% of patients and 17% of episodes. Isolates resistant to 

vancomycin, accounting for 25% of the total, were not isolated in anal swabs at any time, with the 

oropharyngeal site being a much more important site. The rate of infection by Enterococcus spp. was 

4.5% of all patients and 16% among the colonized patients. Especially in this population, colonization 

studies including more sites can yield a higher chance of positive results. Establishing the colonization 

profile in febrile neutropenic children following chemotherapy may help to institute an empirical 

antibiotic treatment aimed at antibiotic adequacy and lower induction of resistance, thereby decreasing 

the chances of an unfavorable clinical outcome. 

Keywords: Enterococcus; Enterocolitis, Neutropenic; Fever; Pediatrics; Staphylococcus aureus. 
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Introduction 

Currently, given multiple therapeutic modalities, children with cancer stand a good chance of 

survival, with cure rates reaching approximately 75%. The disease-related mortality is important (Phillips 

et al 2012), and complications related to treatment increase morbidity and mortality, directly interfering 

with the success of cancer treatment (Günalp et al 2014; Lakshmaiah et al 2014; Wang et al 2014; Rosa 

and Goldani, 2014). 

Infections and fever are common conditions in cancer patients (Lin et al 2012; Kim et al 2011). 

The cytotoxic action of chemotherapy (Rosa and Goldani, 2014; Morgan et al 2014), associated with 

conditions that are specific to the neoplasm, lead to a decrease in neutrophil number and function, causing 

such patients to become immunosuppressed. 

In the presence of neutropenia, the association of factors such as the presence of central catheters 

and the involvement of the gastrointestinal tract mucosa, also directly related to the chemotherapy, 

oncological patients are more prone to bacteremia and sepsis (Miedema et al. 2011; Barton et al 2015; 

Aslan et al 2012; Delebarre et al 2014). Febrile episodes occur in 34% of neutropenia episodes in cancer 

patients (Barton et al 2015).
 

Thus, febrile neutropenia is considered a medical emergency (Lakshmaiah et al 2014; Morgan et 

al 2014; Villafuerte-Gutierrez et al 2014; Mian et al 2012; Delebarre et al 2014). It was the aggressive 

management of febrile neutropenia, established in recent guidelines, that has promoted a significant 

decrease in mortality, reported in some studies as having changed from 20% to 3% (Rosenblum et al 

2013; Lehrnbecher et al 2012). Such guidelines maintain culturing as the gold standard for the 

confirmation of bacteremia, with the consequent adjustment of antibiotics according to the isolation and 

identification of the source of infection, when possible (Lehrnbecher et al 2012; Jeong et al 2012; Mauro 

et al 2012).
 

Immunosuppressed, frequent users of health services, undergoing broad-spectrum antibiotic 

therapy, susceptible to rapidly progressing infections and sometimes to prolonged hospitalization (Rosa 

and Goldani, 2014; Morgan et al 2014), febrile neutropenic patients have risk factors for changes in their 

microbiome, with the consequent colonization by multiresistant agents (Matar et al 2006; Srinivasan et al 

2010). In addition to the skin and respiratory tract, the gastrointestinal tract is a major source, with both 

its colonization by resistant agents and the loss of its mucosal integrity being caused by the direct action 

of chemotherapy, conditions for bacterial translocation and systemic dissemination (Calatayud et al 2008; 

Barton et al 2015).
 

The colonization by resistant agents enhances the risk for infection, which can be 38 times 

higher than that observed in non-colonized patients (Matar et al 2006; Srinivasan et al 2010). In 

immunocompromised patients, it is estimated that 30% of those who have been colonized will develop 

bacteremia, whereas in pediatric oncological patients, this rate can range from 5% to 50%. Noteworthy is 

also the fact that colonized patients are potential sources of in-hospital transmission (Gesualdo et al 2014; 

Iosifidis et al 2012).
 

The predominance of Gram-negative bacteria isolated from patients with cancer in the 1970s was 

replaced by Gram-positive bacteria in the mid-1980s, a fact related to the use of fluoroquinolone 

prophylaxis and indwelling devices (Günalp et al 2014; Rosa and Goldani, 2014; Morgan et al 2014). A 
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survey on febrile neutropenic children following chemotherapy conducted in our service showed Gram-

negative bacteria in 42% of isolates and Gram-positive bacteria in 48% of blood cultures. This 

distribution with a discrete predominance of Gram-positive bacteria could also be seen in oncological 

children in a Chilean series where 42% were Gram-negative and 55% were Gram-positive in 2010, a fact 

that was observed to be more pronounced in Ronsenblum’s series of 2012 in adults with cancer, where 

70% of the isolated agents were Gram-positive (Rosenblum et al 2013; Yameen et al 2013; Solís et al 

2012).
 

Staphylococcus aureus is a bacterium known to colonize the nasal cavities, skin and oropharynx 

(Boucher et al 2010). Blood cultures tested positive for S. aureus in about 10% of cancer patients in 

international series, similar to the rate found in febrile neutropenic children in the Brazilian health 

services (Yameen et al 2013; Solís et al 2012). The rate of colonization by this agent can reach between 

20-50% in healthy children (Boucher et al 2010), with recent Brazilian data recording a rate as high as 

48% for the colonization of the nasal cavities by S. aureus in children attending the childcare service 

(Braga et al 2014), whereas a Chilean cohort showed a rate of 28% in children with cancer (Dossi et al 

2007).
 

Methicillin-resistant S. aureus (MRSA), first described in 1960, were for years associated with 

hospital settings initially in the tertiary services, having spread to small health centers. Surveillance 

studies report rates of up to 80% of MRSA (Mimica and Berezin, 2006). Recent Brazilian data show an 

MRSA colonization rate of 5.8% in children with non-serious illnesses (Srinivasan et al 2010; Bádue 

Pereira et al 2012).
 

From the 1990s onwards, with MRSA having been reported in patients without risk factors for 

contracting it, such as direct or indirect contact with health services, more attention has been given to the 

so-called community-associated MRSA (CA-MRSA) (Mimica and Berezin, 2006), with different 

resistance mechanisms and virulence factors (Mimica, 2012; Shore et al 2014).
 

In Brazil, however, CA-MRSA still remains restricted to small numbers and, despite its 

definition, it is commonly found to be associated with hospital settings and individuals with some 

underlying pathology (Bádue Pereira et al 2012; Shore et al 2014; Macal et al 2014).
 

The chance of patients with recurrent and prolonged hospitalization, such as neutropenic cancer 

patients, HIV carriers and patients on dialysis, having any of the variants of MRSA in their endogenous 

microbiota is much higher than that of healthy individuals (Huang et al 2013; Ferreira et al 2014; Peters et 

al 2013; Grothe et al 2014; Nguyen et al 2013).
 

The high MRSA colonization rates described among HIV-positive patients or those with kidney 

disease have been related to an immune dysfunction, characteristic of these pathologies, associated with 

the large number of hospital stays or times seeking health care services and with invasive procedures 

(Ferreira et al 2014; Peters et al 2013).
 

Following the same trend, febrile neutropenic patients, immunocompromised and subjected to 

repeated hospital admissions, represent a potential group of patients colonized by MRSA (Milstone et al 

2010). A meta-analysis estimated the rate of colonization by MRSA in transplanted adults to be of 8.5% 

prior to the transplant, with 1 in 10 colonized patients following transplant (Ziakas et al 2014). Few 
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studies, however, clarify this prevalence, especially among children (Short et al 2014; Gesualdo et al 

2014; Popoola et al 2013). (Table 1) 

From 2001 to 2006, the prevalence of MRSA colonization in an American study on children 

with oncological diseases increased from 0.6% to 2.9%, whereas in 2008 a Chilean study (restricted to  

nasal samples (Srinivasan et al 2010; Dossi et al 2007) showed a positive rate of 27% among these 

patients, with these data still considered to be underestimated due to the scarcity of studies and lack of a 

diagnostic methodology. Considering that in non-neutropenic children the study of two colonization sites, 

such as the nasal and oral sites, has already shown an increase of approximately 4% in the rate of 

colonization by S. aureus (Bádue Pereira et al 2012) and that other studies indicated the perineal region as 

an important colonization site in immunosuppressed patients, which might confer a 28% increase in the 

number of positive results in the study of oncological children (Srinivasan et al 2010), the evaluation of 

three sites (namely anal, nasal and oral) in this population would yield important data for a better 

diagnosis of colonization (Bádue Pereira et al 2012; Mimica and Bádue-Pereira, 2014).
 

Enterococcus spp. are bacteria of the intestinal flora, which generally cause opportunistic 

infections (Kara et al 2015). Strains resistant to vancomycin (VRE) were described for the first time in 

Europe in 1986. In 2009, up to 25% of all Enterococcus isolates in North America already exhibited this 

resistance profile. 

Important nosocomial agents, the prevalence of VRE colonization may differ from 1 – 52% in 

patients with an extensive contact with health services; when also taking into account the variation 

associated with the unit and age group studied,  the febrile neutropenic pediatric population is, however, 

poorly studied (Table 2) (Kamboj et al 2010; Kang et al 2013; Jung et al 2014; Weddle et al 2012; Ziakas 

et al 2014; Ford et al 2015b; Zacharioudakis et al 2015; Yameen et al 2013; Loyola et al 2015)
 

Risk factors associated with VRE colonization include hospital-associated factors, such as ICU 

stay or hospitalization at a cancer unit, close proximity to a known colonized patient and prolonged 

hospitalization; host-related factors, such as neutropenia, immunosuppression, kidney failure, as well as 

treatment-related factors,  such as the use of antibiotics (Zaas et al 2002; Kang et al 2013; Jung et al 2014; 

Weddle et al 2012; Ziakas et al 2014; Ford et al 2015b; Zacharioudakis et al 2015; Yameen et al 2013).
 

The colonization by VRE is an independent risk factor for increased infection (Zaas et al 2002; 

Ziakas et al 2014). Just as colonization rates vary considerably across the studies, bacteremia rates – when 

evaluated – also proved to be quite variable (Table 2). Patients colonized by VRE are 3.88 – 21.6 times 

more likely to have a bloodstream infection caused by the same agent, which is relevant in patients with 

some degree of imunossupression (Kamboj et al 2010; Kang et al 2013; Ziakas et al 2014; Zacharioudakis 

et al 2015; Short et al 2014). Ford et al 2015a) 
 
analyzed 300 adults following marrow transplant, and 

despite the low colonization evolution rate for bacteremia, all infections caused by VRE in the period 

occurred in patients previously colonized by VRE, whereas in another study that examined oncological 

children  the rate of colonized patients who developed bacteremia by VRE was 33% (Iosifidis et al 2012).
 

Some of the risk factors are related to the development of bacteremia by VRE: use of 

vancomycin in previously colonized patients, indwelling central venous access, underlying disease such 

as diabetes, change of beds at inpatient units, and prolonged hospitalization. Immunosuppression can be 

an even more important factor, particularly when associated with severe neutropenia, which also increases 
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the chances of infection by this agent (Kamboj et al 2010; Kang et al 2013; Ford et al 2015b; Gedik et al 

2014; Iosifidis et al 2012).
 

The previous isolation of a resistant agent or even colonization by it, especially by 

Staphylococcus aureus resistant to methicillin or Enterococcus resistant to vancomycin, in a cancer 

patient should alert the physician to change the initial antibiotic scheme in episodes of febrile 

neutropenia, considering the early association of vancomycin, linezolid or daptomycin  as indicated by 

the main guidelines for handling this infectious emergency (Freifeld et al 2011).
 

Thus, colonization studies are deemed important not only because they demonstrate the 

predisposition towards developing invasive infections in colonized patients, but also because they show 

how the monitoring of colonization and the pressure exerted thereby can serve as a strategy to institute 

infection control measures (Popoola et al 2013). Furthermore, antibiotic resistance has been a threat to the 

successful treatment of infections, and understanding colonization can direct the empirical treatment 

given to febrile neutropenic patients, aiming to achieve better therapeutic success, thus decreasing the 

chances of an occasional unfavorable outcomes (Srinivasan et al 2010; Calatayud et al 2008; Young et al 

2014).
 

The aim of this study was to elucidate the colonization by S. aureus and Enterococcus spp., as 

well as their resistance profile in febrile neutropenic patients following chemotherapy. 

 

 

Methods 

Oncological children with neutropenic fever secondary to chemotherapy and hospitalized at the 

Pediatric Department between March 2014 and March 2015 were included in the study. By definition, 

fever was adopted as being: axillary temperature equal to or higher than 37.8 °C, recorded at the 

admission time or reported by the responsible caregiver. Neutropenia, in turn, was defined as total 

neutrophil count lower than 500cel/mm³ or lower than 1000cel/mm³ with falling trends. Patients who 

experienced neutropenia secondary to any other condition than chemotherapy side effects and/or patients 

who started presenting with febrile neutropenia, even if that was observed following chemotherapy, 

during hospitalization were excluded from the study. 

The study was approved by the Research Ethics Committee at Irmandade da Santa Casa de 

Misericórdia de São Paulo, and all legal guardians of the children studied had access to explanations of 

the consent form prior to signing it, as well as teenagers had access to and signed the consent term. 

Upon arrival at the service, or within 48 hours after admission, patients underwent sample 

collection through anal, nasal and oropharyngeal swabs. If hospitalization exceeded seven days, the 

patients underwent new collection. 

The samples were plated on blood agar, mannitol agar (Probac do Brazil®) and chromogenic medium 

(CHOMagar MRSA and VREBAC - Probac do Brazil®). The susceptibility test was performed with the 

disk diffusion method by employing the recommended methodology and interpretation guidelines as set 

out by the Clinical and Laboratory Standards Institute (CLSI, 2013). The strains of S. aureus resistant to 

three or fewer classes of antimicrobials were considered phenotypically from a microbiological point of 
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view, as community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA). As all patients 

had history of contact with health services, all isolates were considered health-care associated MRSA 

(HA-MRSA) from an epidemiological point of view (Shore et al 2014; Macal et al 2014). 

 

Results 

We evaluated 35 episodes of febrile neutropenia in 22 different cancer patients. Of the 35 

episodes, 46% corresponded to Acute Lymphoblastic Leukemia (ALL), 6% to Acute Myeloid Leukemia 

(AML), 17% to Lymphomas, and 14% to solid tumors. The patients’ mean age was 7.5 years. 

Among the episodes, 10 had an established source of infection upon admission: mucositis, 

stomatitis, tonsillitis, pharyngitis, and one corresponded to a PICC infection (peripherally inserted central 

catheter). In the remaining 74%, there was no identifiable focus of infection. In all of the episodes, the 

patients received initial antibiotic therapy according to the already established protocol in place with the 

service, which consists of cefepime or piperacillin-tazobactam monotherapy, or in association with 

vancomycin in cases of catheter-related infection, severe mucositis, skin and soft tissue infection or 

hemodynamic instability. 

In 85% of the cases, the episode of febrile neutropenia was preceded by hospitalization in the 

previous month. 

With respect to sample collection, a total of 121 swabs were analyzed: 40 anal swabs, 41 nasal 

swabs, and 40 oropharyngeal swabs. Of the 121 swabs, no agent whatsoever was isolated in 35 of them, 

and among 66, one Gram-positive was isolated, with 100% of patients having had at least 1 site colonized 

by Gram-positive bacteria. Such positive samples were distributed as follows: 15 tested positive for 

Streptococcus viridans, 23 for coagulase-negative Staphylococcus, 10 for Staphylococcus aureus, and 18 

for Enterococcus spp.. 

S. aureus was found in 5 different patients. Thus, the colonization by this agent was positive in 

22% of patients and 14% of episodes. 

In regard to the clinical characteristics of colonized patients, all but one had been admitted to 

hospital in the previous month, and in none of them a source of infection was known at the time of 

admission; the mean hospital length of stay was 12.6 days and 40% of them had more than one episode of 

febrile neutropenia over the duration of the study. Only one of the colonized patients had an indwelling 

catheter, with an operating time of 180 days. None of the patients had an unfavorable clinical outcome. 

Of the two colonized patients who experienced more than one episode of neutropenia over the 

duration of the study, one was already colonized in the first episode, but had negative swabs as early as in 

the beginning of the second episode, which happened within an interval of eight months. The other one, 

in turn, tested negative at the time of the first episode, but had positive anal and oropharyngeal swabs 

when investigated at the time of the second episode, with the episodes having occurred four months apart. 

The samples that tested positive for S. aureus were four anal swabs, four nasal swabs, and two 

oropharyngeal swabs, which corresponded to 10% positivity among anal swabs, 9.7% among nasal 

swabs, and 5% among oral swabs. 
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Only two of the colonized patients presented with the isolated agent in one single site studied, 

namely the nasal site. In the remaining patients, S. aureus was isolated in more than one site as early as 

the time of admission: one tested positive in both the anal and the oropharyngeal swabs; one in the anal 

and nasal swabs; and one in all of the swabs, anal, nasal and oropharyngeal. This patient with an agent 

isolated from three sites underwent recollection after seven days within admission to hospital, with the 

anal swab remaining positive for S.aureus. 

None of the isolates showed resistance to vancomycin, but 80% of them were resistant to 

oxacillin. 

In the patient who had S. aureus isolated from all three sites, the agent showed similar resistance 

profiles in the three samples, all of which were found to be multiresistant. This same patient tested 

positive for the agent upon anal swab recollection on the seventh day of hospitalization, and S. aureus 

isolated from this sample had the same antimicrobial susceptibility profile. 

Similarities in the microbiological profile were also seen in patients with S. aureus in their anal 

and nasal swabs, once again found to be multiresistant. 

Finally, the two isolates from the oropharyngeal and anal swabs from the same patient showed a 

profile characteristic of CA-MRSA, resistant only to penicillin, oxacillin and erythromycin 

The bacteremia rate was 20% in the patients colonized by the same agent, comprising 4.5% of 

the total number of patients studied, among whom one of the five colonized patients had S. aureus 

isolated from blood samples collected upon admission, in accordance with the service’s protocol. The 

nasal site in this patient was colonized and both isolates were methicillin-susceptible S. aureus (MSSA). 

The clinical characteristics of the colonized patients, as well as the sites that tested positive, are 

described in Table 3. Table 4 gathers antimicrobial susceptibility of S. aureus isolated from each site and 

patient. 

Enterococcus spp. corresponded to 27% of Gram-positive isolates and was tested positive in 

15% of the samples. It was found in six different patients. Thus, the colonization by this agent was 

positive in 27% of patients and 17% of episodes. 

With respect to the clinical characteristics of the patients colonized by Enteroccocus spp., over 

half of them had been admitted to hospital in the same month the episode of neutropenia was studied, and 

only one presented with a possible source of infection upon admission, namely mucositis. The mean 

hospital length of stay for colonized patients was 14 days, all of them except one made use of vancomycin 

during hospitalization and required a subsequent anti-fungal association in addition to the initial antibiotic 

scheme due to persistent fever. None of the colonized patients progressed to death during the period of 

time the episodes were followed up. 

The samples that tested positive for Enterococcus spp. were then distributed among six anal 

swabs, four nasal swabs, and eight oropharyngeal swabs, which corresponded to 15% positivity among 

anal swabs, 9.7% among nasal swabs, and 20% among oral swabs. 

In analyzing the positive sites identified in the colonized patients, two patients had isolated 

samples only from anal swabs, one patient had positive oropharyngeal and nasal swabs, one patient had 

positive anal and nasal swabs, and two patients had agents isolated from oropharyngeal, nasal and anal 

swabs. 
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In addition to Enterococcus spp., S. aureus was isolated concurrently in two patients: in the first 

patient, both agents from the oropharyngeal site, whereas in the second patient, both from the anal site. 

The infection rate in colonized patients was 16%. Enteroccocus spp. was isolated in urine culture 

of one of the colonized patients, and it was a vancomycin-susceptible isolate. This same patient was also 

the only one who had an indwelling catheter at the time of inclusion, then with a 180-day operating time, 

and developed severe sepsis, requiring ICU admission and orotracheal intubation. 

The clinical characteristics of patients colonized by Enterococcus spp., as well as the distribution 

of sites that tested positive, are summarized in Table 5. 

Half of the colonized patients underwent recollection after seven days of hospitalization in 

compliance to the study protocol. 

In analyzing the patients who underwent recollection, only one had a positive site at the time of 

the first collection, having progressed to positivity in all three sites on the fourteenth day of 

hospitalization. All patients with positive oropharyngeal swabs at the time of the first evaluation tested 

positive for that site in when they underwent subsequent recollections. Only one patient was excluded 

from the protocol, which occurred after the second recollection. The number of positive samples 

according to the days of hospitalization are showed in Table 6, which demonstrates the persistence of 

positive results for oropharyngeal swabs in all recollected samples. 

Regarding antimicrobial susceptibility, of the 18 samples that tested positive for Enterococcus, 

16 were available for testing. Of these, 75% were susceptible to ampicillin and vancomycin, amounting to 

14% of episodes of febrile neutropenia and 22.7% of patients studied. 

The remaining isolates, 25% of the total, and resistant to vancomycin, all isolated from the same 

patient, whose oropharyngeal swab tested positive at the time of admission, then persisting at two 

recollections. Vancomycin-resistant strains were not isolated from anal swabs at any time, having being 

persistently found in the oral samples and in the nasal samples. The susceptibility results for the isolatesd, 

by site studied, are summarized in Table 7 

 

Discussion 

During one year, we evaluated 35 episodes of febrile neutropenia in 22 patients.  Most of our 

patients (74%) had no apparent source of infection at the time of hospital admission. Günalp et al (2014) 

showed similar results, with 64% of episodes characterized as unexplained fever in a cohort of 200 

patients. The frequency of access and exposure to health services, also reported in the literature as being 

risk factors for colonization by MRSA, were confirmed in our sample, where all patients colonized with 

MRSA had been hospitalized in the same month as or the month before the episode of febrile neutropenia 

was experienced (Milstone et al 2010). 

We have observed that Gram-positive bacteria corresponded to 55% of the positive samples; 

even more interesting was the fact that 100% of patients had at least one of the three analyzed sites 

colonized by a Gram-positive bacterium. 

Other authors had already demonstrated a change in predominance from Gram-negative to 

Gram-positive bacteria, especially with respect to the use of indwelling devices and quinolone 

prophylaxis (Villafuerte-Gutierrez et al, 2014; Günalp et al 2014; Rosa and Goldani, 2014; Morgan et al 
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2014). Our service does not commonly use indwelling catheters neither adopts quinolone prophylaxis. 

Nevertheless, a survey conducted from 2008 to 2013 at our institution, which analyzed oncological 

children, had already indicated Gram-positive bacteria as the agents most frequently isolated in cultures 

of these patients, the same ones seen in a cohort of Chilean oncological children, where Gram-positive 

bacteria were isolated in 55% of blood cultures (Solís et al 2012).
 

Staphylococcus aureus colonized 22% of patients, particularly MRSA, which colonized 13.6% 

of patients and corresponded to 80% of the positive samples by this agent. Our colonization rate by S. 

aureus was lower than that found in a previous study conducted in 2012 at our institution, which had 

found a 64% colonization rate in hospitalized children, with non-serious illnesses and non-oncological; 

however, in this same cohort, MRSA was found in only 6% of patients (Bádue Pereira et al 2012). A 

colonization rate lower than ours was also observed in a Canadian study conducted with more than 200 

non-oncological children, where the colonization rate by MRSA at the time of admission to the 

emergency department was only 0.4% (Pernica et al 2010). Nevertheless, HIV-positive patients were 

reported to have a MRSA colonization rate around 17% (Ferreira et al 2014; Peters et al 2013), similar to 

that found in our patients, which can alert us to the importance of this resistance profile in patients with 

immunosuppression or more serious illnesses (Kara et al 2015).
 

It is also noteworthy that CA-MRSA isolates have been found in hospital setting in two out of 

the ten positive samples, therefore corresponding to 20% of patients colonized with S. aureus. Described 

in the literature as community circulating, related to those patients without direct contact with health care 

services, this finding corroborates national data, which point to a hospital invasion by these strains. 

Mimica et al. reported cystic fibrosis patients colonized with MRSA, with 50% of strains being of the 

SCCmec type IV type, and the same clone colonizing and infecting hospitalized children (Bádue Pereira 

et al 2012; Mimica et al 2011; Mimica et al 2009).
 

Enterococcus spp. colonized 27% of patients, whereas VRE colonized 4.5% of them. Few are 

the studies in children with the same profile as that of our patients, and while our rate was much lower 

than that shown in the Chilean study with oncological children, where VRE colonized 52% of patients 

(Loyola et al 2015). A rate similar to ours (4.7%) was found in a cohort of more than 2,000 oncological 

adults (Matar et al 2006). Also noteworthy is the predominance of vancomycin-susceptible Enterococcus 

spp. isolates colonizing patients that are frequent users of health care services and with a serious 

underlying disease, with these factors having being pointed out in the literature as important risk factors 

for colonization with VRE (Milstone et al 2011; Kara et al 2015).
 

When analyzing the positivity of the investigated sites, anal and oropharyngeal swabs showed a 

higher positivity rate for S. aureus, whereas nasal swabs yielded the higher positivity for Enterococcus 

spp, respectively 25%, 25% and 20%. 

In patients colonized with S. aureus, the oropharyngeal swabs corresponded to 20% of positive 

samples for that agent – such gain in positivity associated with the investigation of the oropharyngeal site 

had already been described by Badue et al (2012), who, in studying children with non-severe illnesses, 

showed a 21% colonization associated with the site oropharyngeal alone. Anal swabs, in turn, 

corresponded to 40% of the positive samples; Srinivasan et al (2010), when analyzing colonization in 

children with cancer, had already pointed out the importance of analyzing this site in this population, 
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demonstrating that 28% of the colonized patients carried the agent only in the perineal region. Thus, in 

our study, by including anal swabs in the colonization analysis, we increased our identification of 

colonized patients by 20%. 

The analysis of other sites such as the axilla, groin, anal region, or oropharynx, has also been 

indicated in the literature as a way to broaden the study of colonization with CA-MRSA (Milstone et al 

2011; Badue et al 2012) showing that the oropharyngeal site was twice as colonized by MRSA than was 

the nasal site for this agent. Our findings corroborate these data, since CA-MRSA isolates have been 

identified only in the anal and oropharyngeal sites. 

In patients colonized by Enterococcus spp., the nasal and oropharyngeal sites accounted for 22% 

and 44% of the positive samples for this agent, respectively. The importance of analyzing other sites in 

pediatric ICU patients was also reported by Yameen et al( 2013), who, when performing nasal and rectal 

swabs, noted that 34% of the samples that tested positive for Enterococcus spp. had been collected from 

the nasal site. Thus, in our study, by including nasal and oropharyngeal swabs in the analysis of 

colonization by Enterococcus spp., we increased our identification of colonized patients by 33%. We also 

highlight the importance of the oropharyngeal site in the detection of VRE, given that all resistant isolates 

were found in oropharyngeal swabs. 

The concurrent colonization by S. aureus and Enterococcus spp., in the multi-site analysis, was 

also evaluated by Young et al (2014) in more than 1,000 adults admitted to the emergency department, 

and was not found. Our study showed the importance of the oropharyngeal and anal sites in this 

evaluation, for 9% of patients presented with colonization by both agents, a finding only seen in the 

oropharyngeal and anal sites. 

The anal and oropharyngeal sites were also important at the recollections made every seven days 

following hospitalization. In the case of S. aureus, a patient colonized by MRSA had the anal site as the 

only persistently positive site at the time of recollection, while the other sites tested negative. Recurrent 

positivity among the colonized patients was reported by Milstone et al (2011)
 
as a risk factor for MRSA 

infection in ICU children, who, after evaluating more than 3,000 American children, found a bacteremia 

rate less than 2%, but more than half of the cases corresponding to recurrently colonized children . Our 

patient did not develop bacteremia caused by the agent during hospitalization, but in the American cohort, 

more than 80% of MRSA infections occurred after discharge from hospital (Milstone et al 2011). 

In those colonized by Enterococcus spp., in turn, the oropharyngeal site persistently tested 

positive in all patients undergoing recollection, as well as the analysis on the fourteenth day of 

hospitalization. Singh et al (2013) analyzed 94 oncological children by describing clearance of 

colonization with Enterococcus spp in half of them at around six weeks, while the other part remained 

colonized for a two year period. We must remember that all our persistently colonized patients used 

vancomycin during hospitalization, another factor that the literature points at as being responsible for a 

more prolonged colonization time in cancer patients (Shenoy et al 2014). 

Our infection rates for the two agents studied were similar, 4.5%. The rate of infection by S. 

aureus in patients colonized by this agent was 20% (1:5), which is high when compared to the Chilean 

study that evaluated 80 children with cancer. Despite the fact that a higher colonized rate was found 

(27%), no episode of bacteremia caused by S. aureus was recorded (Dossi et al 2007). The rate of 
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infection by Enterococcus spp., in turn, was 16% (1:6) in the colonized patients, which can also be 

considered to be high when compared to two other studies with similar population: an American study, 

with a rate of 0.4% in 6 years of follow-up of oncological adults, where only one of the 214 evaluated 

patients developed an urinary tract infection (UTI) by Enterococcus spp. – this patient had been 

previously colonized (Ford et al. 2015), and a Canadian study, with oncological children known to be 

colonized by VRE, in whom the UTI rate by this agent was only 3.9% (5:192) (Singh et al 2013).
 

 

Conclusions 

Our study found limitations related mainly to the small number of patients studied. Still, we 

observed a significant rate of colonization by S. aureus and Enterococcus spp. in febrile pediatric 

neutropenic patients following chemotherapy, especially when evaluating three sites: nasal, 

oropharyngeal and anal. 

Analysis of unusual sites for the agents evaluated in the colonization of these patients also 

proved to be important for the positivity of resistant strains, especially CA-MRSA found in anal swabs, 

and VRE found in oropharyngeal swabs. Furthermore, these sites proved to be persistently colonized. 

The small sample size associated with the non-use of quinolones in antibiotic prophylaxis and 

limited use of indwelling devices in this population at our service should be considered, since we could 

not establish a direct relationship between colonization and risk of infection. Yet, one in every five 

colonized patients presented with infection by the studied agents. 

It is worth remembering that another risk attributed to colonization is transmission, so that all 

knowledge about colonization, including the profile of the agent found, clearance time, and identification 

of risk factors for infection, becomes important for developing strategies for in-hospital control measures. 

Finally, especially in this population, expanding the studies on colonization may help to institute 

an empirical antibiotic treatment aimed at antibiotic adequacy and lower induction of resistance, thereby 

decreasing the chances of adverse clinical outcomes. 
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TABLES 

Table 1. Recent studies that evaluated colonization by S. aureus and ICU bacteremia rates (intensive 

care unit) 

 

Table 2: Studies with different populations that evaluated colonization by Enterococcus spp. 

VRE: Vancomycin-resistant Enterococcus; BMT: Bone marrow transplant; ICU: intensive care unit 

 

Table3: Clinical characteristics, positive sites, and resistance profile of the strains isolated from patients 

colonized by S. aureus 

*oroph = oropharyngeal 

 

Table 4: Antibiogram for S. aureus strains isolated from each site and by patient. 

R – resistant; S – sensitive with regard to the colonization by Enterococcus spp.: 

 

Table 5. Characteristics of patients colonized by Enterococcus spp. 

Vanco-R: vancomycin-res; Vanco-S: sensitive to vancomycin; URC: urine culture  

 

Table 6: Evolution the recollections by site and resistance profile 

VSE: Enterococcus sensitive to vancomycin; VRE: Vancomycin-resistant Enterococcus 

 

Table 7: Antibiograms for the colonizing strains of Enterococcus spp., by site studied 

Orop: oropharyngeal; S: sensitive; R: resistant; NT: not tested 
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Table 1. Recent studies that evaluated colonization by S. aureus and ICU bacteremia rates 

Author Year/local 
Number 

of 
subjects 

Population
/unit 

Age Site 
Colonization 

rate 
Agent 

Bacteremia 
rate 

 Huang YC 
et al  

2010, CHINA 220 PediatrIcians Adults Nasal 6,80% S.aureus 
Not 

evaluated 

Milstone 
MA et al 

2007 -2010, 
USA 

3140 ICU Children Nasal 0,40% S.aureus 1,80% 

 Gesualdo 
A., et al. 

2010, ITALIA 785 Various units Children Nasal 20% S.aureus 
Not 

evaluated 

 Srinivasan 
A. et al; 

2000-2001 e 
2006-2007, 

USA 

810 em 
2001   925 
em 2007 

Oncology 
units 

Children 
Nasal 
Retal 

0,6% in 2001                      
2,9% in 2007    

S.aureus 56% 

 Bádue 
MA. et al; 

2012, BRAZIL 197 
Various 

units 
Children 

Nasal 
Oroph
aryng

eal 

64% S.aureus 
Not 

evaluated 

 Young EB. 
et al; 

2006-
2007,SINGAP

ORE 
1006 

Emergency 
room 

Adults 

Groin 
Nasal 
Armpi
t Retal 

1,80% 

S.aureus 
e 

Enteroco
ccus sp. 

Not 
evaluated 

Braga 
EDV. et al; 

2011-2012, 
BRAZIL 

500 
Prmirary care 

unit 
Children Nasal 48% S.aureus 

Not 
evaluated 

 Pernica 
JM. et al 

 2008, 
CANADA 

241 
Emergency 

room 
Children 

Nasal 
Retal 

0,40% S.aureus 
Not 

evaluated 

Dossi CM 
et al; 

2010,CHILE  80 
Oncology 

units 
Children Nasal 28,70% S.aureus 0% 

Milstone 
AM et al; 

2007-2008, 
USA 

1210 ICU Children Nasal 6% S.aureus 
Not 

evaluated 

Davis KA 
et al; 

2002, USA 758 ICU Adults Nasal 21% S.aureus 1% 

• ICU: intensive care unit 
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Table 2: Studies with different populations that evaluated colonization by Enterococcus spp 

Author Year/local 

Number 
of 

subjects Population/unit Aage Site 
Colonization 

rate Agent 
Bacteremia 

rate 

Matar J. 
et al, 

2006,USA 2115 
BMT and 

Oncology units 
Adults Rectal 4,70% VRE 29% 

Yameen 
T. et al, 

2010,PAKINSTAN 110 ICU Children 
Nasal 

Perirectal 

nasal 26%                  
perirectal 

50% 
VRE 

Not 
evaluated 

Ford CD. 
et al, 

2006-2012, USA 214 
Oncology and 
hematology 

units 
Adults Faeces 38% VRE 7% 

E. Jung 
et al.  

2008-2010, 
COREA 

7703 ICU Adults Rectal 7,20% VRE 
Not 

evaluated 

 Young 
EB. Et al; 

2006-
2007,SINGAPORE 

1006 
Emergency 

room 
Adults 

Armpit 
Nasal 
Rectal 

1,80% 
S.aureus 
and VRE 

Not 
evaluated 

 Ford CD 
et al;  

 2006-2014, USA 300 BMT Adults Faeces 36% VRE 3% 

Loyola P 
et al 

2012-2013 CHILE 98 Oncology unit Children Rectal 52% VRE 
Not 

evaluated 

 

VRE: Vancomycin-resistant Enterococcus; BMT: Bone marrow transplant; ICU: intensive care 

unit 
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Table3: Clinical characteristics, positive sites, and resistance profile of the strains isolated from 

patients colonized by S. aureus 

Case 
number/ 
age  
in years 

Malignancy Recent 
hospitalizatio

n 

Antibiotic 
prophylaxis 

Positive 
sites 

Strains 
profile 

Long 
permanenc

y device 

Blood 
culture  

S. 
Aureus 

Days of 
hospitalizatio

n 

Number 
of 

episode
s during 

study 

1/10 ALL Yes Yes Nasal MSSA No Negative 7 2 

2 /4 Willms No Yes Nasal MSSA No Positive/ 
MSSA 

8 1 

3/4 Histiocytosis Yes No  Nasal   No  Negative 16 1 

Oroph HA-MRSA 

Anal   

4/15 Ewing Yes No  Anal HA- MRSA Yes Negative 22 1 

Nasal (180 days) 

5 /4 Neuroblastoma Yes No  Anal CA-MRSA No  Negative 10 2 

Oroph 

Oroph: oropharyngeal 
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Table 4: Antibiogram for S. aureus strains isolated from each site and by patient. 

 

Case number 1 2 5 5 4 4 3 3 3 3 

Age (year) 10 4 4 4 15 15 6 6 6 6 

Sítio Nasal Nasal Oropharyngeal Anal Anal Nasal Anal Anal Nasal Oropharyngeal 

Penicilin R R R R R R R R R R 

Oxacilin S S R R R R R R R R 

Cefoxitin S S R R R R R R R R 

Erythromycina S S R I R R R R R R 

Clindamycin S S S S R R R R R R 

SMZ – TMP R S S S R R R R R R 

Vancomycin S S S S S S S S S S 

Chloranphenicol S S S S R R S R R R 

Ciprofloxacin S S S S S S R R R R 

Gentamicin S S S S R R R R R R 

Tetracycline I S S S S S R R S S 

 

R – resistant; S – sensitive 
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Table 5. Characteristics of patients colonized by Enterococcus spp. 

Case 
number/ 

age by 
year 

Malignancy 
Recent 

hospitalization 
Antibiotic 

prophylaxis 
Positive sites 

Strains 
profile 

Long 
permanency 

device 

Positive 
culture 

Vancomycin 
use during 

hospitalization 

3/4  Histiocitose Yes No 
Oropharyngeal 

Nasal Vanco-R No No Yes  

4/15 Ewing Yes No Anal Vanco-S Yes- 180 days 

Yes- URC- 
Enteroco

ccus Yes 

6/13 ALL No No 
Anal Nasal 

Oropharyngeal Vanco-S No No Yes 

7/5 ALL Yes No 
Anal Nasal 

Oropharyngeal Vanco-S No No Yes 

8/4  Ewing No No Anal Vanco-S No No No 

9/6 ALL Yes Yes Anal  Nasal Vanco-S No No Yes 

 

Vanco-R: vancomycin-res; Vanco-S: sensitive to vancomycin; URC: urine culture  

 

Table 6: Evolution the recollections by site and resistance profile 

Case 
number/age 

 by year 

Positive site 
 at entrace 

Positive site after  
7 hospitalization days 

Positive site after  
14 hospitalization days 

Strains  
profile 

3/4  Oropharyngeal 

Oropharyngeal  

Oropharyngeal VRE Nasal 

6/13 Oropharyngeal Anal 

Oropharyngeal  

----- VSE Anal 

7/5 Oropharyngeal 

Oropharyngeal  
Nasal Anal 

Oropharyngeal VSE Nasal 

 

VSE: Enterococcus sensitive to vancomycin; VRE: Vancomycin-resistant Enterococcus 
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Table 7: Antibiograms for the colonizing strains of Enterococcus spp., by site studied 

 

Orop Orop Orop Anal Orop Nasal Orop Anal Anal Orop Anal Orop Nasal Anal Nasal Orop 

Penicilin R R S S S S R S S S S S S S R S 

Ampicilin R R S R S S R S S S S S S S R S 

Vancomycin R R S S S S S S S S S S S S R R 

Teicoplamin NT R NT NT NT NT NT NT NT NT NT NT NT NT NT NT 

Gentamicin S S S NT S S R NT S S NT NT S R S S 

Chloranphenicol S R S I R S S I S S I S S S S S 

Eritromicina R R S R R R I R S S S I I R R S 

Tetracycline R R R R R S S R S R S S I S R S 

Ciprofloxacin R R S S R S S R R S S R R R R S 

Levofloxacin NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT 

Oxacilin R R NT NT NT NT NT NT NT NT NT NT NT NT R NT 

Cefazolin R R NT NT NT NT NT NT NT NT NT NT NT NT R NT 

SMT-TMP R R NT NT NT S NT NT NT NT NT NT NT NT R NT 

Amoxicilin R R NT NT NT NT NT NT NT NT NT NT NT NT R NT 

Ampicilin NT NT S NT NT NT NT NT NT NT NT NT NT NT NT NT 

Clindamycin NT NT S R R I R R NT R S R R R NT NT 

 

Orop: oropharyngeal; S: sensitive; R: resistant; NT: not tested 
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5.CONSIDERAÇÕES FINAIS: 

Avanços nas modalidades terapêuticas possibilitaram um aumento nas 

chances de cura e diminuição da morbi-mortalidade associada às doenças 

oncológicas em crianças. Porém, esse grupo de imunossuprimidos, ainda tem 

na infecção um de seus maiores desafios. 

Há décadas a evidência do aumento de resistência aos antimicrobianos vem 

demostrando nossa dificuldade em manejar o tratamento das infecções, 

resistência essa associada principalmente no uso indiscriminado de 

antibióticos. Os estudos de colonização vêm de encontro a essa necessidade 

de adequação terapêutica, dada a bem estabelecida relação entre colonização 

e risco de infecção. 

Apesar dos fatores de risco atribuídos aos pacientes oncológicos sobre esse 

ponto de vista, essa população ainda é pouco estudada, com os maiores 

trabalhos envolvendo a população oncológica adulta.  

Nosso estudo encontrou algumas limitações, principalmente relacionadas ao 

pequeno número de amostras. Porém observamos que a ampliação da busca 

pela colonização em sítios não habituais, como o trato gastrointestinal na 

análise do S.aureus e vias aéreas superiores na análise de Enterococcus, 

aumentou nossa chance de encontrar o agente colonizante.  Estudo maior 
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possibilitará avaliar se tais sítios colonizados seriam também fatores de risco 

para o desenvolvimento de infecções.  

Mais além, os dados coletados estão sendo ainda analisados quanto ao perfil 

de colonização por Gram-negativos, cujo resultado será publicado futuramente. 

Ao incluirmos, no estudo do perfil de colonização, as crianças neutrôpenicas 

febris pós quimioterapia, podemos aprimorar e adequar nossas possibilidades 

diagnósticas, terapêuticas, identificando fatores de risco e medidas de redução 

de transmissão, contribuindo dessa forma o melhor manejo clínico dessa 

população. 

 

Conclusões 

Na população oncológica pediátrica, neutropenica febril pós-quimioterapia, as 

taxas de colonização por S.aureus e Enterococcus spp foram respectivamente 

22% e 27%. Quanto ao perfil de resistência, a taxa de MRSA foi de 13,6% e a 

de VRE 4,5%. Mais ainda, a análise de sítios não habituais mostrou-se 

importante nessas crianças.  
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7.ANEXOS 
7,1 TERMO DE CONSENTIMENTO LIVRE ESCLARECIDO E TERMO DE ASSENTIMENTO 

 

Consentimento Livre e Esclarecido 

Eu,__________________________________________________________, RG__________________________, 

responsável pelo menor _____________________________________________________________, declaro ter pleno 

conhecimento do que se segue e concordo que meu filho (a) e eu participemos como voluntários na pesquisa: 

“Colonização por bactérias resistentes aos antimicrobianos em crianças com neutropenia febril.”, sendo a responsável 

a Dra Júlia Regazzini Spinardi, médica aperfeiçoanda do Serviço de Infectologia Pediátrica da Santa Casa de São 

Paulo. 

Entendo que o objetivo deste estudo é a detecção bactérias colonizadores dos pacientes em tratamento de câncer. 

Fui devidamente esclarecido que será necessária coleta de swabs da narina, garganta e região perianal para 

realização dos exames laboratoriais a fim de comprovar a presença de bactérias resistentes colonizadoras. 

Estou ciente que a coleta e os exames não colocam em risco a vida de meu filho (a) nem de outras crianças. 

Receberei respostas ou esclarecimentos a quaisquer dúvidas, antes e durante o curso da pesquisa, sobre tudo o que 

foi feito, riscos, benefícios e outros assuntos relacionados com a pesquisa. 

Será mantido o caráter confidencial das informações relacionadas com a privacidade, proteção da minha imagem e do 

meu filho (a), garantindo que não serão utilizadas as informações em prejuízo de pessoas e/ou comunidade. 

Não haverá remuneração financeira de qualquer espécie pela nossa participação neste estudo, e também não será 

cobrado nada pela nossa participação. 

Caso os dados sejam utilizados para publicação médica ou de ensino, não serão utilizados nomes nem dados de 

identificação. 

Estou ciente que como a participação do meu filho (a) é voluntária, poderei a qualquer momento retirar o 

consentimento, sem problema de qualquer ordem ou prejuízo ao seu cuidado. 

Os benefícios que a pesquisa poderá trazer incluem saber quais os agentes mais comuns de colonização nos 

pacientes neutropênicos febris e identificar quais os melhores antibióticos para o tratamento de suas infecções. 

 

Pesquisadora responsável: Dra. Júlia Spinardi 

Telefone de contato: (11) 984565794 

Comite de Ética em Pesquisa em Seres Humanos da Santa Casa SP. FONE: (11) 21767688 

São Paulo, _____ de __________________ de _______ 

 

Assinatura do Responsável Legal 

 

Assinatura do Pesquisador Responsável 
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Termo de Assentimento 

Parte 1 – Informações 

Nome da pesquisa: Colonização por bactérias resistentes aos antimicrobianos em crianças com neutropenia febril. 

Pesquisadora: Dra. Júlia Regazzini Spinardi, CRM 141031 

Comite de Ética em Pesquisa em Seres Humanos da Santa Casa SP. FONE: (11) 21767688 

O meu nome é Júlia e estou fazendo uma pesquisa sobre as bactérias que podemos encontrar nas crianças e 

adolescentes que tem câncer e queda da imunidade. Quero saber quais são as bactérias e qual o melhor tratamento 

para elas. 

Estou convidando você para fazer parte desta pesquisa. Você pode escolher participar ou não. Já expliquei a pesquisa 

para os seus pais e quero saber se você concorda em participar. Se você quiser participar, os seus pais também tem 

que concordar. Se você não quiser participar, não tem nenhum problema. E, mesmo que você concordar em participar 

agora, pode resolver depois que não quer mais participar, a qualquer hora. 

Você pode perguntar e discutir qualquer parte destas informações e da pesquisa com os seus pais ou amigos ou 

qualquer outra pessoa. 

Se você concordar em participar, nós vamos precisar passar um cotonete em seu nariz, no fundo da sua boca e no 

bumbum, para conseguirmos o material. Assim, vamos pesquisar se existe alguma bactéria em você. Além disso, 

vamos poder olhar os resultados dos outros exames que o seu médico pedir, como exames de sangue e de urina, e 

saber como foi esse período em que você ficou internado. 

Não vamos contar para ninguém o seu nome ou os resultados do seus exames, somente para seus pais e seus 

médicos.Você pode resolver desistir de participar a qualquer momento e não haverá nenhum problema quanto a isso. 

Parte 2 – Certificado de assentimento 

Eu li (ou ouvi) as informações acima, tirei todas as minhas dúvidas e sei que posso tirar outras dúvidas em qualquer 

outro momento, assim como posso desistir de participar da pesquisa, sem qualquer problema, a qualquer momento. 

Neste momento, concordo em participar da pesquisa. 

Nome da criança:_______________________________________________________ 

Assinatura:_____________________________________________________ 

Data: _____/_____/_____ 

Eu reconheço que foram oferecidas todas as informações e tiradas todas as dúvidas  da criança. Confirmo que a 

criança optou por fazer parte da pesquisa. 

Nome do responsável:___________________________________________________ 

Assinatura:_____________________________________________________  

Data: _____/_____/_____ 

Eu li para a criança as informações contidas neste termo, e expliquei toda a pesquisa e o procedimento, bem como tirei 

todas as dúvidas que a criança teve. 

Confirmo que a criança optou por fazer parte da pesuisa de livre e espontânea vontade. Uma cópia deste termo foi 

dada ao participante. 

Nome da pesquisadora:__________________________________________________ 

Assinatura:_____________________________________________________  

Data: _____/_____/_____ 
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7,2 QUESTIONÁRIO: 
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7,3 PARECER DO COMITÊ DE ÉTICA EM PESQUISA FCMSCSP 
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7.4 NORMAS DE PUBLICAÇÃO DA REVISTA FOLIA MICROBIOLOGICA 

INSTRUCTIONS  
I. SHORT INSTRUCTIONS  
The way of paper submission is online (www.folia-biologica.org/submission). 
Please remember, use commands of the system for navigation. One author, 
who will serve as a communicating author during the review process has to 
register in the Folia Biologica Online Manuscript Submission and Tracking 
system. This can be done by visiting http://www.folia-
biologica.org/registration/registration.php and following the instructions.  The 
corresponding author needs to log to the Folia Biologica Online Submission and  
Manuscript Tracking System (by clicking on First time user)  (http://www.folia-
biologica.org/registration/validate-user.php) and validate the access: the 
communicating author will get a computer generated e-mail-activation code 
with details how to create a personal password and confirm it. It is wise to make 
the password neither obvious nor too complicated.  Once you have the access 
to the Folia Biologica Online Submission System, prepare your files according 
to the Instructions to Authors and submit them using The System.  The 
manuscript status is labeled as Submitted, Under Review, Revision Required,  
Accepted or Rejected.  In case of problems, do not hesitate to contact the 
Editorial Office of Folia Biologica – folia.biologica@lf.cuni.cz.  Please keep your 
login and password secure. You may use the same access for submitting 
multiple articles. You may change your password and also register for an 
additional article separately.  
Actions necessary for submitting a manuscript:  
1/ Prepare manuscript files.  
a/ Manuscript in Microsoft Word program (containing title page, abstract on the 
separate page, manuscript text, references, figure legends and tables)  
b/ Cover letter with links to corresponding author and special circumstances, 
you wish to communicate to Editors. Please state any conflicts of interests, 
people of institutions you do not wish to be involved in the review process.  
c/ Figures (photographs, line drawings, including graphs) must be submitted as 
digital files, preferably in the .TIF, .JPG, .GIF or .EPS format. (high resolution 
figures assembled as expected in printed form, size up to 8 Mb flatted to one 
layer). These should not be supplied as part of the main document (*.doc); 
instead, they should be delivered as separate files of publication quality (300 dpi 
or better).  
2/ Log on Folia Biologica Online Submission system. Click on New manuscript.  
3/ Fill the manuscript title, add your files using the command Browse, click on 
the square Figures if figures are included. You can attach a message up to 250 
characters to the message window.  
4/ Click on Add manuscript.  
In case of successful submission, the article status should read submitted and  
corresponding author is receiving a computer generated message.  
5/ Communications to authors and manuscript status. The manuscript status is 
visible in the first window.  
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II. ADITIONAL INFORMATION  
ADDITIONAL INSTRUCTIONS TO AUTHORS  
General guidelines.  
The text of full-length papers should generally be restricted to 10 printed pages, 
whereas the length of Short Communications should be no more than 4 printed 
pages: this includes all figures, tables and references. A printed page of the 
Journal contains about 800 words. The papers should also be submitted in the 
electronic format (PC-compatible) using Microsoft Word text processor.  
Format of papers:  
Full-length papers should include the following elements: Title Page; Abstract;  
Introduction (with heading); Materials and Methods; Results; Discussion;  
Acknowledgement; References. The Title Page should carry: page heading 
(running title no more than 60 characters including spaces); title of paper; 
keywords; initials and surname of each author; name, city and country of each 
author’s institution; footnotes: (i) any footnotes regarding funding sources, (ii) 
full name (first name, middle initials, surname) and postal address of the author 
to whom all correspondence (including galley proofs) should be directed 
(Corresponding Author), (iii) alphabetically listed abbreviations. The second 
page  of every manuscript must contain an Abstract, which should be a single 
paragraph not exceeding 250 words. In Abstract do not use standard 
abbreviations.  
Short Communications should follow the same format, except that Results 
and Discussion are combined into one section. Each Short Communication 
must have an abstract.  
A limited number of Review articles is published. Reviews are limited to 10 
printed  pages (exclusive of references) and provide focused insight into fast-
developing areas. Reviews must be based on published articles and may 
address any of scope of molecular and cellular biology journal.  
References should be listed alphabetically at the end of the paper and typed 
doublespaced on separate pages. First and last page numbers must be given. 
Journal names should be abbreviated according to the Chemical Abstract 
Service Source Index.Every reference has to bring out all names of authors, 
abbreviations et al. are not acceptable. References only to Abstracts are 
excluded.  
References in the text should be cited as follows: two authors, Smith and 
Brown (1984) or (Smith and Brown, 1984); three or more authors, Smith et al. 
(1984) or (Smith et al., 1984). Reference to papers by the same author(s) in the 
same year should be distinguished in the text and in the reference list by lower-
case letters, e.g. 1980a, or 1980a,b. All equipment and materials used must be 
identified and specified according to the manufacturer (distributor), including the 
City and State (in the case of USA abbreviated).  
Tables should be typed double-spaced on separate sheets of paper and 
numbered  consecutively with Arabic numerals. Their contents should be self-
explanatory and  include a brief descriptive title. Lower-case letters should be 
used to indicate footnotes.  
Figures (photographs, line drawings, including graphs) must be submitted as 
digital files, preferably in the .TIF, .JPG, .GIF or .EPS format. They should not 
be supplied as part of the main document (*.doc); but instead, they should be 
delivered as separate files. The resolution of 3 colored and gray scale figures 
should be 300dpi minimum at final size and 600 dpi for black and white figures. 
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For black-and-white print, plots containing differently colored columns should 
not be used; patterns are preferred to the grey scale. Letters and numbers 
should be kept uniform and be at least 2 mm high when printed. It is however 
possible to print figures at color version only if part of the costs are covered by 
the author (350 EUR or 500 US $ per one color printed page).  
Abbreviations. The use of abbreviations should be restricted to SI symbols and 
those recommended by the IUPAC-IUB. Abbreviations should be defined in 
brackets on first appearance in the text. Standard units of measurements and 
chemical symbols of elements may be used without definition.  
Galley proofs should be corrected and returned to the Editorial Office within 2 
days to Folia Biologica preferably via e-mail or by fax. Changes, additions or 
deletions should be kept to the minimum.  
Ethical guidelines statement: The submitted manuscript must clearly state 
that all  procedures related to use of human subjects and animals was 
conducted in compliance with ethical guidelines guaranteed by the intuition 
ethical committee.  
Copyright notice and license information: All content published in Folia 
Biologica (Praha) is covered by copyright in accordance with the laws 
adopted by the Czech Republic and the European Union and ethical 
codex. However, all of the content of Folia Biologica (Praha) is freely 
accessible on the Internet for personal use of readers and for research 
and may be printed and  downloaded to personal computers.  
Authors may post their own published articles on their personal or university-
hosted (but not corporate) websites without prior written permission provided 
that appropriate credit is given (i.e., either the copyright lines shown on the top 
of the first page of the PDF version or "Copyright © 1st Faculty of Medicine, 
Charles University, Prague, Czech Republic, [insert journal name, volume 
number, page numbers, and year]" for the HTML version).  
Any part of the content published in Folia Biologica (Praha) may be 
reproduced  only with prior written permission from the publisher.   
Ethical guidelines: All authors of a manuscript must have agreed to its 
submission and are responsible for its content in the initial submission and 
any subsequent versions. The corresponding author is responsible for obtaining 
agreements and for informing the coauthors of the manuscript's status 
throughout the submission, review, and publication process. All authors must 
sign the Declaration of Authors. The authors guarantee that they have the 
authority to publish the work reported in the submitted manuscript and 
that the manuscript, or one with substantially the same content, was not 
published previously, or is not under consideration to be published 
elsewhere. By publishing in Folia Biologica, the authors agree that any 
DNA constructs, DNA sequences, vectors, viruses, bacterial and other 
microbial strains, mutant bacterial, yeast or animal strains, cell lines, 
antibodies, and similar materials newly described in the article are 
available from internationally recognized depositories or will be made 
available (in reasonable quantities, in a timely fashion, and at reasonable 
cost) to members of the scientific community for noncommercial 
purposes. The authors guarantee that they have the authority to comply 
with this policy either directly or by means of material transfer 
agreements through the owner. Use of Human Subjects or Animals in 
Research: The use of human subjects or other animals for research purposes 
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must comply with European (and corresponding USA) laws and guidelines. 
Manuscripts containing information related to human or animal use should 
clearly state that all procedures performed throughout the work on the project 
have complied with ethical guidelines corresponding to relevant laws that 
were implemented 4 by European Union member states and were included 
in institutional ethical policies. In case that institutional ethical guidelines for 
use of human subjects and animals may differ from the ethical guidelines 
implemented by the states of the European Union (e.g. in the case of research 
done in countries that are not part of the EU or the USA), authors are 
responsible for indicating such a situation in the Cover letter and attach the 
copy of the guidelines that were strictly implemented throughout the reported 
work.  
Folia Biologica publishes only research that is in compliance with the 
ethical rules covered by laws regulating human and animal research that 
are covered by laws of the European Union. Copies of guidelines that were 
followed throughout the work on the reported work must be provided to the 
Editor if requested.   
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Abstract: 

Purpose: A neutropenia febril é uma das mais graves complicações 
relacionadas ao tratamento nos pacientes oncológicos, contribuindo para 
aumento da morbi-mortalidade. Susceptíveis a infecções rapidamente 
progressivas, acarretando internação prolongada e uso de antibiótico de largo 
espectro, neutropenicos ficam sujeitos a colonização por agentes 
multirresistentes, o que potencializa o risco de infecções graves. Apesar disso, 
as crianças nessas condições são pouco estudadas desse ponto de vista. 

Methods: Analisado material colhido por swab nasal, orofaríngeo e anal, de 
crianças internadas por neutropenia febril pós quimioterapia, entre março de 
2014 e 2015, através da semeadura em meio seletivo. Determinado ainda perfil 
de resistência por técnica de disco-difusão segundo as recomendações do 
CLSI. 

Results: O S. aureus colonizou 22% dos pacientes e 14% dos episódios 
correspondendo a uma positividade em 10% do swabs anal, 9,7% dos swabs 
nasais e 5% dos swabs orais. Destaque o MRSA, que colonizou 13,6% dos 
pacientes, e as cepas CA-MRSA em ambiente hospitalar, correspondendo a 
20% dos pacientes colonizados e que foram identificadas somente nos sítios 
anal e orofaríngeo. A taxa de bacteremia foi de 20% nos colonizados pelo 
mesmo agente, e 4,5% do total de pacientes estudados, Ao incluirmos swabs 
anais na análise de colonização, aumentamos nossa identificação de pacientes 
colonizados em 20%. O Enterococcus spp. esteve presente em 15% das 
amostras estudadas, sendo esse agente colonizador em 27% dos pacientes e 
17% dos episódios, correspondendo a 15% do swabs anais, 9,7% dos swabs 
nasais e 20% dos swabs orais. As cepas resistentes à vancomicina 
corresponderam a 25% do total, não foram isoladas em swab anal em 
nenhuma ocasião, sendo o sítio orofaríngeo importante para esse achado de 
forma persistente. A taxa de infecção por Enterococcus spp 4,5% entre todos 
os pacientes, e de 16% entre os colonizados. Além de Enterococcus spp., o 
S.aureus foi isolado concomitantemente em 2 pacientes, no primeiro ambos 
agentes em sítio orofaríngeo, e no segundo ambos em sítio anal. 

Conclusion: Os estudos de colonização, com ampliação dos sítios 
investigados, especialmente nessa população, são importantes para 
estratégias de medidas de controle intra-hospitalares e podem auxiliar na 
instituição do tratamento antibiótico empírico, visando adequação antibiótica, 
menor indução de resistência, e consequentemente diminuindo as chances de 
um desfecho clínico desfavorável. 

Key words:colonization  neutropenic  children S.aureus Enterococcus spp 
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