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RESUMO 

Introdução: Leucemia linfocítica aguda (LLA) é a neoplasia maligna mais comum 

em crianças, representando 75% de todas as leucemias diagnosticados e sendo 

25% de todas as neoplasias malignas na infância. Existem poucos estudos que 

lidam diretamente com o entendimento do perfil clínico e outras variáveis associadas 

com a colonização por Candida em pacientes oncológicos infanto-juvenis, 

especialmente nos países em desenvolvimento. Objetivo: O objetivo deste estudo 

foi avaliar a colonização e resistência antifúngica de Candida spp. na cavidade bucal 

de pacientes infanto-juvenis com LLA. Material e Métodos: Este foi um estudo 

transversal, controlado, com características observacionais e descritivas. Para 

realizar este estudo, foram formados dois grupos: um grupo LLA com 40 pacientes 

diagnosticados com LLA e um grupo controle, formado por 40 indivíduos saudáveis 

pareados por idade e sexo. Todos esses indivíduos foram avaliados clinicamente e 

submetidos à coleta de saliva com cotonete estéril. A saliva foi semeada em 

CHROMagar CandidaTM, incubada por 48 hs a 37ºC, e as unidades formadoras de 

colônias (UFC) obtidas foram contadas e identificadas presuntivamente. Dados 

variáveis dos participantes foram coletados e armazenados em arquivos individuais. 

As espécies encontradas foram submetidas a teste de susceptibilidade antifúngica 

por ensaio de microdiluição para nistatina e anfotericina B, amplamente utilizadas no 

tratamento de candidose, para estabelecer a sua susceptibilidade/resistência. 

Resultados: Dos 40 pacientes avaliados no grupo LLA, 13 (32,5%) foram positivos 

para Candida e apenas 1 (2,5%) foi positivo no grupo controle (p <0,001). Candida 

albicans foi a espécie mais prevalente (87,5% ). Todos os pacientes que tiveram 10³ 

UFC/ml de quantificação estavam em fase de indução da quimioterapia. Das 

variáveis analisadas, apenas a presença de  mucosite esteve diretamente associada 

com a  Candida (p = 0,017) no grupo LLA. Das 14 cepas de C.albicans, 5 cepas 

(35,7%) eram resistentes à Nistatina e todas as espécies não foram suscetíveis ao 

Anfotericina B. Conclusão: A colonização por Candida foi associada a LLA e  

vinculadas a mucosite sendo as contagens mais elevadas encontradas em fase de 

indução da quimioterapia. C. albicans foi a cepa predominante e a resistência e falta 

de susceptibilidade à Nistatina e Anfotericina B foram observadas. 

Palavras chaves: Candida, Leucemia Linfocítica Aguda, Resistência microbiana, 

Infanto-juvenil. 
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ABSTRACT 

 

Introduction: Acute lymphocytic leukemia (ALL) is the most common malignancy in 

childreen accounting for 75% of all diagnosed leukemias and being 25% of all 

malignancies in childhood. There are few studies that deal directly with the 

understanding of the clinical profile and other variables associated with oral Candida 

colonization in pediatric patients with ALL, especially in developing countries. 

Objective: The aim of this study was to evaluate  antifungal resistance and Candida 

colonization  in oral cavity of  infant juvenile ALL patients. Material and Methods: 

This was a cross sectioned design, controlled, with dual observational and 

descriptive characteristics. To carry out this study, two groups were formed: a ALL 

group with 40 patients diagnosed with ALL and a control group, formed by 40 healthy 

individuals matched by age and gender. All these individuals were clinically 

evaluated and submitted to salivary collection with sterile swab. The saliva was 

seeded onto CHROMagar CandidaTM, incubed for 48hs at 37oC, and the obtained 

colony formation unities (CFU) were counted and presumptively identified. Variable 

data of the participants were collected and stored in individual files. The found 

species was submitted to microdilution for Nystatin and Amphotericin B, widely used 

treating candidosis, to establish their susceptibility/resistance. Results:  Of 40 

patients evaluated in case group, 13 (32.5%) were positive to Candida and only 1 

(2.5%) was positive in control group (p<0.001). Candida albicans was the most 

prevalent strain (87.5%). All patients who had 10³ CFU/mL counts were on induction 

phase of chemotherapy. Of analysed variables, only mucositis was directly 

associated with Candida positiveness (p=0.017) on ALL group. Five out 14 strains of 

C. albicans (35.7%) were resistant to Nystatin and all species were not susceptible to 

Ampothericin B. Conclusion: Candida colonization was associated with ALL 

probably vinculated to mucositis events being the higher counts found on induction 

phase of chemotherapy. C. albicans was the prevalent strain and resistance and lack 

of susceptibility to Nystatin and Amphotericin B was found. 

 

Key words: Candida, Acute Lymphocytic Leukemia, microbial resistance, infant 

juvenile. 
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1. INTRODUÇÃO 

  

 A leucemia é uma neoplasia maligna, que acomete o sangue, tendo origem 

na medula óssea. É caracterizada pela produção excessiva de leucócitos na 

medula que circulam no sangue em sua forma imatura. Sua classificação é feita a 

partir da combinação da linhagem dessas células, linfoide ou mieloide, e evolução 

da doença, aguda ou crônica (COSTA, SILVA, MACEDO, 2011). A etiologia é 

incerta, acredita-se que seja causada por anomalias genéticas resultantes de 

efeitos carcinogênicos (PINHEIRO, 2014). 

 A leucemia linfocítica aguda (LLA) é a neoplasia maligna mais comum em 

pediatria perfazendo 75% de todas as leucemias diagnosticadas e sendo 25% de 

todas as neoplasias malignas na infância (JAVED et al., 2012). A 

imunossupressão relacionada à doença e as terapias instituída predispõem os 

pacientes a infecções bacterianas e fúngicas e reativação de doenças virais 

(ALBERTH et al., 2006). No exame físico nesses pacientes podem ser 

observados sinais gerais de prostração, palidez, alterações nutricionais e até 

mesmo icterícia (GOMES et al., 2005). As manifestações bucais mais comuns em 

cabeça e pescoço de pacientes com LLA incluem queilite, gengivite, herpes 

primária, candidose, periodontite e ulcerações. Alterações dentárias como 

agenesia, microdontia, raízes curtas e defeitos de desenvolvimento do esmalte e 

dentina são comumente observados nesses pacientes, bem como maloclusão e 

DTM. Redução do fluxo salivar predispõe infecções e cáries em portadores de 

LLA (JAVED et al., 2012).  

Um estudo envolvendo análise da saúde oral de pacientes com LLA 

evidenciou que 91,84% apresentavam gengivite, 81,63% cáries, 38,77% 

mucosite, 38,77% periodontite, 16,32% queilite, 18,36% herpes recorrente e 2% 

herpes primária. Outras manifestações orais foram lábios ressecados, mucosa 

pálida, petéquias, equimoses e úlceras induzidas. A prevalência de candidose oral 

foi de 6,12%. Observou-se que LLA de alto risco e má higiene oral são fatores de 

risco para o desenvolvimento de candidose e gengivite (ALBERTH et al., 2006).  

Os protocolos modernos para o tratamento da LLA são constituídos de 

cinco fases: indução/remissão, intensificação/consolidação, reindução, prevenção 

da leucemia no sistema nervoso central e manutenção de remissão (PONCE-

TORRES et al., 2010). O cuidado de suporte melhorado, melhor estratificação de 
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risco e quimioterapia personalizada baseada nas características das células 

leucêmicas e do hospedeiro tem possibilitado a elevação dos níveis de cura da 

LLA na infância para cerca de 90%.  O uso otimizado de agentes antileucêmicos e 

os cuidados de suporte nas práticas clínicas atuais tem elevado as taxas de 

sobrevivência em cinco anos para mais de 85% em países desenvolvidos.  

Embora os protocolos para manejo de LLA pediátrica permaneçam os mesmos 

referentes às classes de drogas para indução de remissão, não há consenso 

sobre qual seria o regime mais adequado. Virtualmente, os resultados em estudo 

mostram resultados expressivos sobre a remissão completa (98% a 99%). No 

entanto, há diferenças e desconhecimento quando se considera a remissão 

molecular ou imunológica (MYOKEN et al., 2003).  

A fase de indução/remissão invariavelmente inclui o uso de 

glicocorticosteróides, vincristina e asparaginase, que são escolhidos por 

possuírem efeitos sinérgicos de atuação por mecanismos distintos (WILEY et al., 

1990; PEDROSA et al., 2002). De forma interessante, alguns estudos recentes 

mostram que a terapia de indução de remissão intensa pode não ser necessária 

em pacientes de risco padrão, os quais recebem terapia de intensificação-

consolidação adequada (PUI et al., 2012; KAWEDIA et al., 2012). A fase de 

intensificação/consolidação é essencial para todos os pacientes com LLA, porém 

não há consenso sobre os melhores regimes empregados e sua duração. A 

intensificação do uso do metotrexato tem bons resultados em pacientes de riscos 

intermediários e altos, mas sua utilidade em pacientes de baixo risco ou risco 

padrão é questionada. A intensificação tardia do uso da asparaginase, vincristina, 

dexametasona, com ou sem antraciclina, mercaptopurina também são 

empregadas nessa fase (MYOKEN et al., 2003). A combinação de doses 

semanais baixas de metotrexato e doses diárias de mercaptopurina, com ou sem 

pulsos de dexametasona e vincristina, constituem o alicerce de todos os regimes 

de continuação para LLA. Adequando as doses de metotrexato e 

mercaptopurinapara os limites de tolerância tem propiciado bons resultados 

(MYOKEN et al., 2003, BHOJWANI et al., 2012). 

 Candidose é muito frequente em pacientes pediátricos com neoplasias, 

principalmente em períodos de imunossupressão grave e neutropenia (PONCE-

TORRES et al., 2010). Em um estudo que lidou com 30 pacientes pediátricos com 

câncer, sendo 16 com LLA, demonstrou que dos 23 (76.7%) pacientes que 
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apresentaram neutropenia moderada para grave desenvolveram colonização 

fúngica oral ou infecção fúngica evidente durante pelo menos uma ocasião do 

estudo. Acrescentando, os fungos foram identificados em 9/23 swabs faringianos, 

6/23 de cultura urinária e 1/23 de cultura sanguínea. Nas amostras iniciais, 

Candida albicans foi a única espécie encontrada (33/33). A medida que ocorreu 

piora no quadro neutropênico houve o surgimento de espécies não albicans 

(Candida kefyr, Candida lusitaniae, Candida sake e Candida tropicalis) em 5 

pacientes, sendo quatro dessas espécies resistentes a azoles, o que pode 

contribuir para o aumento da morbidade nesses pacientes (ALBERTH et al., 

2006). Ilustrando a gravidade dessa situação, uma descrição na literatura reportou 

seis casos de candidemia em pacientes neutropênicos com leucemia, onde havia 

resistência das cepas de C. albicans resistentes a azoles, em que mesmo após 

tratamento com Anfotericina B, 4 evoluíram a óbito (MYOKEN et al., 2003). 

Associadas a neutropenia, possivelmente preditoras para colonização por 

Candida, são as etapas de tratamento quimioterápico que induzem diminuição da 

atividade inflamatória, particularmente febre neutropênica, como na fase de 

indução de remissão (WILEY et al., 1990). 

A mucosite oral caracterizada como uma alteração inflamatória da mucosa 

oral é uma das manifestações orais mais comuns em pacientes portadores de 

leucemia representando a principal causa de dor (LIMA et al., 2010). Segundo 

estudo realizado por Subramaniam et al., 2008, 20,6% dos pacientes são 

acometidos pela inflamação da mucosa. Apenas 3,4% das crianças que não 

estavam em tratamento apresentaram a mucosite. Outro estudo verificou que a 

mucosite seja causada pelo tratamento quimioterápico e que pode ter relação 

com quadros de candidose.  

A xerostomia é outra complicação oral frequente em pacientes em 

tratamento antineoplásico (HESPANHOL et al., 2010), estando muitas vezes 

interligada com a mucosite. A quimioterapia e/ou radioterapia alteram o 

mecanismo qualitativo/quantitativo da saliva, como também, a saliva residual 

torna-se mais viscosa, com diminuição da capacidade de proteção e lubrificação 

(SANTOS et al., 2003; LOPES et al., 1998), o que pode predispor infecções 

fúngicas.  

No intuito de avaliar quadros de mucosite e xerostomia nesses pacientes, o 

Oral Assessment Guide (OAG) foi um protocolo de avaliação criado por Eilers, 
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Berger e Peterson em 1988 com a finalidade de avaliar alterações na mucosa oral 

de pacientes em tratamento antineoplásico. Esse guia avalia 8 itens, de acordo 

com o comprometimento oral, com valores de 1 a 3 atribuídos por item, sendo: 1, 

condições de normalidade; 2, alterações leves a moderadas em relação à 

integridade epitelial ou função; 3, comprometimento severo. O total verificado para 

mucosite varia de 8 a 24. 

O surgimento de outras espécies de leveduras, além da C. albicans e de 

infecções mistas sugere que a epidemiologia das infecções por Candida está 

mudando. Consequentemente, estas infecções podem necessitar de doses mais 

elevadas de tratamentos antifúngicos para seu tratamento. A presença de mais de 

uma espécie de Candida na mucosa oral pode predispor os doentes a candidíase 

recorrente, causada principalmente por espécies resistentes ao tratamento 

antifúngico (THEIN et al., 2009). Durante o tratamento antineoplásico, a 

diversificação das espécies de Candida, bem como a crescente incidência de 

colonização por espécies tais como C. albicans e C. tropicalis são aumentadas. 

Poucos estudos investigaram a eficácia/resistência de agentes antifúngicos em 

pacientes com câncer de cabeça e pescoço irradiados e a resistência a certos 

antifúngicos (PANGHAL et al., 2012).  

A nistatina e anfotericina B são agentes terapêuticos comuns no tratamento 

da candidose orofaringeana (SHU et al., 2001). O crescimento no número de 

isolados clínicos resistentes à terapêutica antifúngica, bem como a necessidade 

de um guia para a seleção e acompanhamento do tratamento levou a uma 

procura por testes de sensibilidade antifúngica (MONTEIL et al., 1997). 

Em virtude da necessidade de se compreender melhor as variáveis e 

fatores associados a colonização de Candida em pacientes com LLA e verificar a 

susceptibilidade das espécies encontradas a antifúngicos, desenvolvemos esse 

estudo procurando avaliar a colonização e resistência antifúngica de Candida spp. 

na cavidade bucal de pacientes infanto-juvenis com leucemia linfocítica aguda 
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ABSTRACT 

 

Introduction: Acute lymphocytic leukemia (ALL) is the most common malignancy 

in childreen accounting for 75% of all diagnosed leukemias and being 25% of all 

malignancies in childhood. There are few studies that deal directly with the 

understanding of the clinical profile and other variables associated with oral 

Candida colonization in pediatric patients with ALL, especially in developing 

countries. Objective: The aim of this study was to evaluate antifungal resistance 

and Candida colonization in oral cavity of infant juvenile ALL patients. Material 

and Methods: This was a cross sectioned design, controlled, with dual 

observational and descriptive characteristics. To carry out this study, two groups 

were formed: a ALL group with 40 patients diagnosed with ALL and a control 

group, formed by 40 healthy individuals matched by age and gender. All these 

individuals were clinically evaluated and submitted to salivary collection with sterile 

swab. The saliva was seeded onto CHROMagar CandidaTM, incubed for 48hs at 

37oC, and the obtained colony formation unities (CFU) were counted and 

presumptively identified. Variable data of the participants were collected and 

stored in individual files. The found species was submitted to microdilution for 

Nystatin and Amphotericin B, widely used treating candidosis, to establish their 

susceptibility/resistance. Results:  Of 40 patients evaluated in case group, 13 

(32.5%) were positive to Candida and only 1 (2.5%) was positive in control group 

(p<0.001). Candida albicans was the most prevalent strain (87.5%). All patients 

who had 10³ CFU/mL counts were on induction phase of chemotherapy. Of 

analysed variables, only mucositis was directly associated with Candida 

positiveness (p=0.017) on ALL group. Five out 14 strains of C. albicans (35.7%) 

were resistant to Nystatin and all species were not susceptible to Ampothericin B. 

Conclusion: Candida colonization was associated with ALL probably vinculated to 

mucositis events being the higher counts found on induction phase of 

chemotherapy. C. albicans was the prevalent strain and resistance and lack of 

susceptibility to Nystatin and Amphotericin B was found. 

 

 

Key words: Candida, Acute Lymphocytic Leukemia, microbial resistance, infant 

juvenile. 
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Introduction 

 

 Acute lymphocytic leukemia (ALL) represents 75% of all diagnosed 

leukemias in oncopedriatic patients and 25% of all malignant illness in chidlhood 

(1, 2). The immunosupression related to disease and myeloablative treatment 

could be associated with bacterial and fungal infections as well as to reactivation 

of viral diseases (3).  The physical examination of these patients could reveal 

paleness, prostation, nutricional alterations and even jaundice as general signs 

and symptoms (4). Some inflammatory manifestations on head and neck of ALL 

patients include cheilitis, gingivitis, periodontal disease, primary herpes, 

ulcerations and candidosis. Other orofacial alterations associated with ALL include 

agenesia, microdontia, short roots, enamel/dentin misdevelopment, malocclusion 

and temporomandibular joint dysfunction (2). High risk ALL and bad oral hygiene 

could be important risk factors to gingivitis and candidosis development (3). 

 Candidosis is a relative common infection in patients with severe 

immunosupression and neutropenia (4). A study about oncopediatric individuals, 

including ALL diagnosis showed that 23 (76.7%) of the children with moderate and 

moderate to severe neutropenia developed oral colonization to Candida or even 

evident fungal infection during at least one moment all over the study. Other 

important finding was the hugeprevalence rate of Candida albicans in the 

beginning of the treatment (33/33), whereas worsening of neutropenia due to 

treatment, was associated with non albicans species (Candida kefyr, Candida 

lusitaniae, Candida sake e Candida tropicalis) occurence in 5 patients, being four 

of them resistant to azoles, which was suggested to contribute to higher morbity of 

these patients (3).  

 The emerging number of other species of Candida and mixed infections 

diagnosis in oncopediatric patients suggested a changing on the epidemiological 

profile on these individuals. Also, the current treatment quite often includes the use 

of higher doses of antifungal drugs. Other consequence could be recurrent 

infections caused by resistant Candida species (5). Even using drugs such as 

nystatin and amphotericin B, it is highly desirable to select and better treatment 

options defined by sensibilty tests (6, 7). 



 

8 
 

 Highlighting the importance to know the profile of Candida colonization in 

ALL pediatric patients and the necessity to determine the species found in the 

infection sites, the purpose of this study was to evaluate  antifungal resistance and 

Candida colonization  in oral cavity of  infant juvenile ALL patients 

 

Material and Methods 

 

Study Design 

     

Study was designed as a cross sectioned study, being controlled, with dual 

observational and descriptive characteristic. This study was approved by Ethical 

Committee for Research at the Health Sciences Center of the Federal University 

of Paraiba, Brazil. 

 

ALL Group 

 

This group was compound by 40 patients, enrolled by censitarian approach during 

2014 and 2015. Ages ranged from 0 to 19 years old and patients were diagnosed 

with ALL, at a reference oncopediatric unit, located in João Pessoa, Paraíba, 

Brazil. The number of patients was inside a sample calculus focusing a finite 

population (IC 12.08, CL of 95%) according to causuistic of reference inside from 

this unit (www.surveysystem.com/sscalc.htm).  The inclusion criteria were 

determined as ALL diagnosis and being submitted to chemotherapic treatment or 

with recent historiy of chemotherapy treatment. The exclusion criteria were 

patients diagnosed with other neoplasic diseases and being over 19 years-old. 

Data about haemogram with differential count, chemotherapy employed, 

antimicrobial drugs administetred, the level of mucositis, xerostomia and 

DMFT/dmft (Decayed/Missing/Filled Teeth) were collected from medical and 

dental records. We considered the last haematological exams performed close to 

the salivary collection date and inside the same week of both procedures. The 

DMFT/dmft was obtained after a clinical examination made by a callibrated 

examiner. The indexes of mucositis and xerostomia were obtained from OAG 

(Oral Assessment Guide), modified by Cheng et al., 2004 (8) and made by 

calibrated examiner being dycotomized in presence/absence. Clinical candidosis 
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was evaluated by calibrate examiner. Of this 40 patients, 19 were in induction 

therapy, 3 in reinduction therapy, 3 in consolidation and 15 in maintenance 

phases. These phases were reclassified in induction 

(induction/reinduction/consolidation) and maintenance phases for statistical 

analysis due to similarities among them. The standard chemotherapeutical 

protocol was BMF (Berlim-Frankfurt-Munique) 2002 following the phases 

previously detailed (9). 

 

Control Group 

 

This group was compound by 40 individuals matched by age and gender 

with ALL group. It was formed by healthy individuals, without systemic alterations 

and other diseases/drugs associated to bacterial/fungal infections or 

hipossalivation. The inclusion criteria were students enrolled on public school, 

without systemic diseases, and under 19 years-old. The exclusion criteria were to 

be over 19 years-old and with any systemic diseases. The DMFT was obtained 

after a clinical examination made by a callibrated examiner. Clinical candidosis 

was evaluated by the same calibrated examiner. 

  

Callbration 

 

Calibration for all these variables was done in the dental office setting, 

where the results for the calibration test were based on the following parameters 

(>0.8 = excellent; 0.6-0.8 = good; 0.4-0.6 = regular; <0.4 = bad). It was considered 

to be a calibrated researcher when obtained a kappa score greater than 0.6. The 

results for Kappa for the calibration of mucositis diagnosis were 0.877 to 1 and 

0.844 evaluator to evaluator 2 (10) 

 

Isolation, Culture and Identification of Candida species 

 

The salivary collection was made with a sterile swab on buccal mucosa and 

tongue. The mean volume collectedwas 0.03 mL. After the collection, the swabs 

were placed onto Stuart medium (Global Transport Medium Swabs, Global Trade 
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Technology, Brazil) and imediatelly seeded into plates with CHROMagar 

CandidaTM (BDTM CHROMAGARTM Candida, France).  

After seeding, plates were incubed at 370C for 48 hrs, to clonies counting 

and Candida species establishment. The mean of CFU/mL were obtained by 

counting of positive growth of Candida. The CFUs were presumptively identified 

according to color and texture patterns. These colonies were stored at -2 °C into 

Sabouraud Dextrose Broth (SDB) (KASVI®, Kasv Imp e Dist de Prod p/ 

Laboratórios Ltda, Curitiba, Brazil) supplemented by glycerol (40% v/v), into 

cryotubes (2 mL).  

 

 PCR identification 

 

       The gold standard for Candida identification was the molecular fingerprinting.  

For this, PureLink TM Genomic DNA extraction kit (Invitrogen, USA) was used to 

extract DNA from samples as briefly described: 

Lysis Buffer preparation 

It was prepared by addition of 1M Tris-HCl to 20 ml of distilled water and the 

pH adjusted to 8.0. After, 0.5 g of sodium dodecylsulfate (SDS), 1.4g NaCl and 

0.73g EDTA buffer were added and completing with 80 ml of water. 

 

Lysis of the organisms (Candida spp.) 

Initial cultivation was conducted in Sabouraud dextrose agar in petri dishes 

at 37 ° C for 48 hours. After, 100mg of yeast cells was picked up with inoculation 

handle aid and transferred to 2.0 mL microtubes and maintained at -20 °C 

overnight. Then,  500 µl of lysis buffer (heated to 37 °C until completely 

translucent) and 5 µLof 2-mercaptoethanol were added to the samples. The tubes 

were vortexed for 4 min, and incubated in dry bath at 65 °C for 1 hour, for 30 

minutes (Heat & Cool Dry Bath Shaker, Loccus Biotechnology). After, 20 µLof 

RNase was added and  mixed by vortexing and incubated at room temperature for 

2 minutes. Another 200 µLof the Lysis Buffer were added and mixed by vortexing; 
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followed by addition of 200 µL of PA 96-100% ethanol to the lysate and mixed by 

vortex for 5 seconds. 

 

DNA Purification 

The added ethanol was 96-100% per 1 and 2. Washing Buffer was mixed 

and stocked at room temperature.  Then samples were removed from the columns 

and placed in sterile colection tubes. Approximately 640 uL of the lysate were 

added to the column, centrifuged at 10,640 rpm for 1 minute at room temperature 

and discarded the fluid tube, placing the column back. 

 

DNA Washing 

500 uL of Buffer 1 was added to wash the column with ethanol, centrifuged 

at 10,640 rpm for 1 minute and discarded the fluid of the tube. Then, 500 uL of 

Wash Buffer 2 were added to the column, centrifuged at maximum speed (15,000 

rpm) for 3 minutes at room temperature and the liquid discarded. 

 

DNA Elution 

The column was removed and placed in another sterile tube. Then, 100 uL 

of elution buffer were added to the column and incubated at room temperature for 

1 minute, centrifuged at maximum speed for 1 minute and stocked at room 

temperature (Tube 1). The column was then placed into another tube (tube 2) and 

the elution step was repeated. Steps 3 and 4 were repeated in the tube 2 the 

column was removed and discarded. Purified DNA was frozen at -20 °C. 

 

PCR reaction 

The amplification reaction was performed with a final volume of 50mL 

containing 100ng of DNA, 1X buffer, 5 mM MgCl2, 1 mM dNTP's, 1μL of each 

primer and 5U Taqplatinum DNA polymerase (Invitrogen, Carlsbad, CA, USA). 
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The conditions for carrying out this PCR were: initial denaturation 95 °C for 5 

minutes, 40 denaturing cycles of 95 °C for 30s, annealing 60°C for 30 seconds, 

extension at 72 °C for 30 s and final extension at 72 °C for 7 minutes, followed by 

cooling to 4 °C.  

Species identification of Candida spp. was determined from the primer 

ACT1-f (TGCTGAACGTATGCAAAAGG) and ACT1-r 

(TGAACAATGGATGGACCAGA) (Exxtend Biotechnology Ltd., Brazil), which is a 

constitutive primer specific for the species Candida albicans and from primer 

HWP1-f (TCTACTGCTCCAGCCACTGA ) and HWP1-r 

(GTGGAATGGAAGCTTCTGGA) (Exxtend Biotechnology Ltd, Brazil), which 

primer is not specific for Candida species (11). PCR assays 186pb generate 

amplification products for C. albicans (ACT1) and not for C. albicans 226pb 

(HWP1). 

The thermocycling consisted of an initial denaturation cycle at 95 °C for 2 

min followed by 40 cycles of denaturation at 95 °C for 15 seconds, primer 

annealing at 58 °C for 30s, and primer extension at 72 °C for 30s. A final primer 

extension at 72 °C for 2 min was performed, followed by cooling to 4 °C. 

 

Electroforesis  

Samples were run on agarose gel prepared with 2% Tris-base buffer + 

Boric acid + EDTA (TBE) diluted in water, adjust pH. The run was carried out for 

50 min at 80W. 

 

Antifungal susceptibility test by microdilution 

 

Inoculum preparation 

 

The samples of each identified species were activated in sterile falcon tubes 

containing 5 mL of SBS and cultivated at 37°C for 48 hours. The concentration of 

Candida employed was 5 x 106 UFC/mL (12).  
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Minimal Inibitory Concentration (MIC) by microdilution 

 

Candida inoculums were diluted to final concentration of 5.0X103 UFC/mL 

and placed into 96 wells microplates (Global Plast®, Monte Alto-SP, Brazil). The 

collums 1, 2, 3 were used to evaluated the action of Amphotericin B (Sigma 

Aldrich®, Saint Louis, USA) (320 µg/mL) (13) and collums 4, 5, and 6 to Nystatin 

(Dilecta, João Pessoa-PB, Brazil) (256 µg/mL) (14). The collums 8 and 9 were 

reserved to sterile and growth control respectively. Amphotericin B was diluted in 

filtered DMSO and Nystatin in destilled water to achieve the initial concentrations. 

In each well, 100 µL of SDB (KASVI®, Kasv Imp e Dist de Prod p/ 

Laboratórios Ltda, Curitiba, Brasil) were placed. In the next step, 100 µL of 

evaluated antifungal drugs were added  to the first well and serially diluted. After 

his process the inoculum was placed in a final concentration of 80 µg/mL for 

Amphotericin B and 64 µg/mL for Nystatin. The microplates were incubated at 

37°C for 48 hours. After t, 50 µL of TCT (Triphenyl Tetrazolium Chloride) dye 

(Sigma-Aldrich®, Saint Louis, USA) were dropped in each well. Then, microplates 

were incubed for 24 hs before reading at through spectrophotometer (Glomax®-

Mult, Promega, Ltda, Brazil's Biotechnology)(15).  The MIC corresponded to the 

lowest drug concentration capable of inihibiting Candida growth. The reference 

values to Nystatin MIC were ≤ 4 µg/mL for sensitive isolates, and ≥ 64 µg/mL for 

resistant isolates (16). For Amphotericin B, susceptibility was found to be < 1 

µg/mL, and resistance > 2 µg/mL (10). C. albicans (ATCC 10221), C. tropicalis 

(ATCC 750), C. glabrata (ATCC 2001) and C. krusei (ATCC 34135) were used as 

reference strains, The results of the MIC obtained from the reference samples was 

MIC <4 mg / mL and> 2 / mL, for Nystatin, and CIM ≤ 2 mg / mL, for Amphotericin 

B. 

 

Statistical Analysis  

 

The statistical analysis was performed using the software SPSS 17.0 

(SPSS, Chicago, IL, EUA), using Chi-Square and Exact Fisher Test. The 

confidence interval was calculated with level of significance of 0.05.  
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Results 

 

General Data of ALL/Control Groups 

 

 The mean age of both groups was 10.11 yrs (ranging to 2 from 19 yers-old). 

The mean age of case group was 8.1 (± 5.11) and control group was 8.2 (±4.58). 

Referring to gender, 34 (42. 5%) were males and 46 (57,5%) females, considering 

both groups. In both groups, none of the individuals presented suggestive lesions 

of oral candidosis. The mean DMFT of groups was 2.04 and dmft was 1.25. The 

matched and other variables evaluated in both groups are placed on Table 1. Of 

40 patients evaluated in ALL group, 13 (32.5%) were positive to Candida, against 

only 1 (2.5%) subject in control group. The positivity to Candida was higher in case 

group compared with control (p<0.001).  

 The descriptive analysis of Candida colonization of groups is detached on 

Table 2. CHROMagar CandidaTM suggested the isolation of 8 strains of being 

C.albicans (61.5%) being one collected from control group, followed by C. glabrata 

in five strains (35.7%), C. krusei in one patient and in one control subject (14.3%) 

and one strain of C. tropicalis (7.1%).  According to data obtained by PCR 

fingerprinting, however, it was determined to be a C. albicans colony detected in 

14 samples (87.5%), while only in 2 (12.5%) samples the Candida isolate was 

identified as being non albicans. Of these positive patients to Candida, 7 (53.8%) 

were in induction/ reinduction/ consolidation therapy and 6 (46.2%) in maintenance 

phase. Eight (61.5%) ALL patients with positive Candida detection were under the 

use of systemic steroids at the moment of sampling. Moreover, 2 (5%) individuals 

were under the use of nystatin and/or amphotericin B to systemic candidosis but 

without any oral signs of infection. All patients who had 10³ CFU/mL counts were 

on the induction phase of chemotherapy.  

 Considering age strata, gender, treatment phase, haematological variables 

and OAG indicators, we only found an association between presence of mucositis 

and positivity to Candida (p=0.017). The results of these associations or lack of 

them were placed on Table 3. The Table 4 describes the results of microdilution 

assay and resistance/susceptibility protocol to the employed antifungal drugs. It 

was found that five out 14 strains of C. albicans (35.7%) were resistant to Nystatin 
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and all species were not susceptible to Ampothericin B. All reference strains 

(ATCC) were susceptible to Nystatin and Amphotericin B at the same 

experimental conditions. 

 

Discussion 

The infant-juvenile cancer, comprising children and adolescents between 0 

and 19 years-old, corresponded to 1% to 3% of malignant tumors in the world (17). 

ALL affects children of all ages, with peak incidence normally happening between 

two and five years old, with a slight predominance of males (18). Subramaniam et 

al., 2008 (19) showed that oral manifestations of ALL were distributedin 37 male 

gender (63.8%) and in 21 females (36.2%). Our study showed slight predilection of 

ALL for female gender although our focus was not a populational survey of the 

disease. In the present study, we could see some variation in age from 2 years to 

19 years of age, with an average of 10.11 years, being the age of 4 years-old 

more prevalent in the case group, in agreement with aprevious survey (18). 

It is extremely important to undergo the dental treatment in children and 

adolescents when necessary, especially in pediatric oncology patients, who should 

have their treatment started as soon as they are subjected to chemotherapy (20). 

A study with 78 hospitalized children noted the prevalence of dental caries, plaque 

index and the presence/absence of soft tissue lesions. The means of the dmft and 

DMFT were 3.91 and 1.21, respectively, plaque index was high and dental 

abscesses were the most common lesions of soft tissues in the oral cavity (21). 

Pels et al (22), intended to evaluate the oral health status in children with ALL 

during treatment. They analyzed 78 children with ALL and 78 healthy children. The 

authors found that oral hygiene of children with ALL was significantly better than 

children in the control group, corroborating our findings with similar good results to 

normative oral conditions. The rates of dmft/DMFT used as reference were the 

epidemiological survey conducted in Brazil, SbBrazil, in 2010. Both groups had 

similar access to dental care without  any considerable sociodemographic 

differences (23). 
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A longitudinal study made by Williams and colleagues (24) found oral 

candidosis in 10% of patients and the presence of the disease was related to the 

low salivary flow caused by cancer chemotherapy and the reduced number of 

neutrophils. Alberth et al. (3) evaluating the presence of microbiological changes in 

oral cavity from children diagnosed with cancer, it was found that in 45 oral 

cultures performed during neutropenic episodes, 38 (84.4%) proved to be positive, 

and fungi species were more frequently isolated. Of the 30 patients, 23 (76.7%) 

developed moderate to severe neutropenia, thus presenting oral fungi. Curiously, 

our study showed a lack of association between Candida colonization and 

hematological parameters. Indirectly, we could infer the value of neutrofils from 

whole values of leukocytes. Other study comparing the eight ALL patients who had 

candidemia with 18 ALL control patients revealed that previous bacteremia, 

prolonged neutropenia, prolonged fever, prolonged administration of antimicrobial 

agents, treatment with multiple antimicrobial agents, and a relatively high 

concentration of Candida organisms in stool were significant risk factors for 

candidemia. However, in a logistic regression analysisonly administration of 

vancomycin and/or imipenem was identified as an independent risk factor for 

candidemia (25). Local factors could be determinant to oral Candida colonization 

and even more important than systemic factors. 

We used CHROMagar Candida to presumptlively identify Candida species. 

Pires et al., in 2015, assessed the compliance of three methods of identification for 

Candida species in the oral cavity, the API 20C AUX, CHROMagar Candida and 

PCR-RAPD (OPE-18). The medium CHROMagar Candida showed significant 

accuracy for species of C. albicans, C. tropicalis, C. dubliniensis and C. krusei 

compared to PCR-RAPD (OPE-18) (26). However, in our study, molecular 

fingerprinting identification was used as gold standard reaveling some different 

results. A study conducted in 2004 by Bujdáková et al. (27), evaluated 19 clinical 

strains of HIV-positive patients using several methods to identify the species as 

well as the 20C AUX API, CHROMagar Candida and the germ tube test, all of 

which complemented by PCR identification.The authors concluded that the use of 

the conventional method showed that determination is markedly influenced by 

personal assessment, suggesting the need to use a combination of different tests 

to obtain correct results. To discriminate between certain species it was 
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recommended to adopt a combination of CHROMagar Candida, followed by germ-

tube test and PCR. Pfaller et al., in 2012 (28), also found that molecular methods 

for the identification of fungi are an important addition to the conventional 

identification of some yeasts including Candida species. 

C. albicans was the most prevalent strain in the ALL group. Sánchez-

Vargas et al. (29) evaluated yeasts isolated from the oral cavity of 111 

immunecompromised patients and found that C. albicans was the most isolated 

species (83.5%) whereas non albicans species (C. glabrata, C. tropicalis, C. 

parapsilosis) were isolated from 16.5% of colonized patients.  

Other interesting result was the higher counting of Candida associated with 

the induction phase of chemotherapy. Probably, induction phase reduces 

inflammatory response, even on salivary level, favoring Candida colonization (30). 

As previously showed, induction phase had more association of oral complications 

(22) but even in maintenance phase. The association between the absence of 

candidosis and mucositis was evident. A study conducted in 2012 by Mendonça et 

al. (31) evaluated the association of HSV-1, Candida and oral microbiota on the 

severity of oral mucositis in children with ALL. The authors observed correlation 

with mucositis and the presence of HSV and Candida. Panghal et al., in 2012 (32) 

also found the association between oral mucositis and fungal infection by C. 

albicans.  

It is important to carry out antifungal susceptibility testing because of the 

resistance of Candida strains to certain drugs. In this study, most of the samples 

showed higher MIC (≥ 64 µg/mL) for nystatin, while amphotericin B showed values 

ranging from 40 µg/mL to 2.5 µg/mL. Wingeter et al., 2007 (33) found that 95% of 

their isolates were inhibited by up to 4 µg/ml for Nystatin and Amphotericin B lower 

than 1 µg/mL for majority of species. However, resistance of Candida species to 

antifungal drugs are a real problem. For example, a study with six out of nine 

children with ALL, fungal infection was progressive despite intravenous 

antimycotic therapy. The high percentage (21%) of death from invasive fungal 

infection among lethal infections in paediatric ALL patients illustrates the relevance 

of fungi in this group of patients (34).  
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In conclusion, Candida colonization was associated with ALL probably by 

vinculated to mucositis events being the higher colony counts found on induction 

phase of chemotherapy. Candida albicans was the prevalent strain and resistance 

to Nystatin and Amphotericin B was found. PCR fingerprinting could be used as 

definitive method to identify Candida species in addition to presumptive 

identification.   
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Table 1. Descriptive analysis of case and control groups according some variables  
(n=80) 

 

VARIABLES  ALL CONTROL P value 
 
 
 

STRATIFIED 
AGE 

 
up to 6 yrs 

 
19 (46,3%) 

 

 
22 (53,7%) 

 
 
 

0.502a 

 
above 6 yrs 

 
21 (53,8%) 

 
18 (46,2%) 

 

 
 

GENDER 

 
male 

 
17 (50%) 

 
17 (50%) 

 
 

1.000 a 

 
female 

 
23 (50%) 

 
23 (50%) 

 
 

 
 
 

DMFT 
(Permanent/Deciduos) 

 

 
under 

reference  

 
34  (58,6%) 

 
24 (41,4%) 

 
 

0.012 a 

 
over 

reference  

 
6 (27,3%) 

 
16 (72,7%) 

 
 

 
 

Candida 
Colonization 

 
negative 

 
27 (67.5%) 

 
39 (32.5%) 

 
 

0.001 b 

 
positive 

 
13 (92.9%) 

 
1 (7.1%) 

 
 

 

a
 Chi- square Pearson Test 

b
 Fisher Exact Test 
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Table 2.  Description of quantification and presumptive species found in 

case and control groups. 

 
Patient Code 

 
Chemotherapy 

Phase 

 
  Quantification 

(UFC/mL) 
 

Species Identification 
 

1 

 
Induction 

 
2.2 x 103 

 
Candida albicans  

 

 
2 

 
Induction 

 
66  

 
non albicans 

 
3 

 
Maintenance 

 
400 

 
Candida albicans 

 
8 

 
Maintenance 

 
33 

 
Candida albicans 

 
12 

 
Maintenance 

 
33 

 
non albicans 

 
19 

 
Induction 

 
233 

 
Candida albicans 

 
21 

 
Maintenance 

 
66 

 
Candida albicans 

 
22 

 
Induction 

 
1.4 x 103 

 
Candida albicans 

 
30 

 
Induction 

 
1.3 x 103 

 
Candida albicans 

 
34 

 
Maintenance 

 
300 

 
Candida albicans 

 

 
36 

 
Maintenance 

 
33 

 
Candida albicans 

 
39 

 
Induction 

 
766 

 
Candida albicans 

 
40 

 
Induction 

 
6.6 x 103 

 
Candida albicans 

 
1* 

 
Control 
Case 

 
33 

 
Candida albicans 
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Table 3. Evaluation of crossing between positiveness condition to Candida 

colonization and some variables on case group (n=40). 

VARIABLE  POSITIVE NEGATIVE P 

 
STRATIFIED 

AGE 

 
up to 6 yrs 

 
8 (42.1%) 

 
11 (57.9%) 

 
 

0.217a 

 
above 6 yrs 

 
5(23.8%)  

 
16(76.2%) 

 
 

GENDER 

 
Male 

 
7 (41.2%) 

 
10 (58.8%) 

 
 

0.314a  
Female 

 
6 (26.1%) 

 
17 (73.9%) 

 
 
 

ERYTHROCYTES 

 
under reference  

 
12 (35.3%) 

 
22 (64.7%) 

 
 

0.351b 

Normal  
1 (16.7%) 

 
5 (83.3%) 

 

 
 
 

LEUKOCYTES 

 
leukopenia  

 
5 (22.7%) 

 
17 (77.3%) 

 
 
 
 

0.145a 

 
Normal 

 
8(44.4%) 

 
10(55.6%) 

 
 

  
 

 
 
 

NEUTROFILS 

 
under reference 

           
        9 (34.6%) 

 
        17 (65.4%) 

 
 
 

0.491b 
 

Normal 
 
       4 (28.6%) 

   
        10 (71.4%)              

 
 

   

 
 
 

LYMPHOCYTE 

 
lymphocytopenia 

 
9 (39.1%) 

 
14 (60.9%) 

 
 
 
 

0.244a 

 

 

 
Normal 

 
4(23.5%) 

 
13 (76.5%) 

  
 

 
 

 
 
 

PLATELETS 

 
          
thrombocytopenia 

 
5 (35.7%) 

 
9 (64.3%) 

 
 
 
 

0.750a 
 

normal  
 

8 (30,8%) 
 

18 (69.,2%) 

  
 

 
 

 
 

MUCOSITIS 

 
Absence 

 
  2(11.8%) 

 
15(88.2%) 

 
 

0.017b 
Presence  

11 (47,8%) 
 

12 (52.2%) 
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* SB Brazil, 2010 

a
 Chi- square Pearson Test 

b
 Fisher Exact Test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

XEROSTOMIA 

Abscence  
2 (25%) 

 
6 (75%) 

 
 

0.479b 

 
Presence 

 
11 (34.4%) 

 
21 (65,6%) 

 
CHEMOTHERAPY 

 
PHASE 

 
Induction 

 
7 (29.2%) 

 
17 (70,8%) 

 
 

0.581a  
Maintenance 

 
6 (37.5%) 

 
10 (62.5%) 

DMFT 

Dmft 

under reference * 10 (29.4%)  24(70.6%)  

0.293b 
 

over reference * 
3 (50%) 3 (50%) 
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Table 4. MIC values  found on presumptive identified species of Candida. 

 

DRUG 
 

CONCENTRATION 
Candida 
albicans non albicans 

 
 

NYSTATIN 

>64 µg/mL 5 1 

64 µg/mL 4 -- 

32 µg/mL 3 -- 

16 µg/mL 1 1 

8 µg/mL 1 -- 

 
 
 

AMPHOTERICIN 
B 

>80 µg/mL -- -- 

80 µg/mL -- -- 

40 µg/mL 1 -- 

20 µg/mL 7 1 

10 µg/mL 3 -- 

5 µg/mL 1 -- 

2.5 µg/mL 2 1 
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3. CONSIDERAÇÕES GERAIS 

 

Há poucos trabalhos que lidam diretamente com a compreensão do perfil 

clínico epidemiológico da colonização de Candida, em pacientes pediátricos 

com leucemia linfocítica aguda. A candidose é muito frequente em pacientes 

pediátricos com neoplasias principalmente em períodos de imunossupressão 

grave e neutropenia. O paciente pode desenvolver infecção generalizada e em 

casos mais graves, morrer. Por isso, é fundamental compreendermos como se 

dá a colonização e qual é o perfil de susceptibilidade/resistência a Candida 

nesses pacientes. Isso possibilitará haver entendimento das etapas da doença 

e sugestionar tratamentos mais específicos e eficazes. 

 Além disso, torna-se necessário identificar as espécies de Candida que 

colonizam esses pacientes através de testes microbiológicos e outros testes 

complementares, dessa forma pode-se criar um perfil de colonização por 

Candida em pacientes imunossuprimidos e sua resistência/sensibilidade ao 

tratamento. 
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4. CONCLUSÃO 

A colonização por Candida foi associada a LLA e vinculadas a mucosite 

sendo as contagens mais elevadas encontradas em fase de indução da 

quimioterapia. C. albicans foi a cepa predominante e a resistência e falta de 

susceptibilidade à Nistatina e Anfotericina B foram observadas. O PCR deve 

ser o padrão definitivo para a identificação dessas espécies.   
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Anexo B 
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