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Abstract

Background In the pediatric oncology population, oral mucositis as a consequence of chemotherapy is a highly
prevalent complication which strongly affects both the quality of life and treatment possibilities of the patients.
Still, the etiopathological mechanisms carrying to its development are not fully understood, although a possible
role of oral dysbiosis has been previously investigated with unclear conclusions. The aim of this systematic review
was to assess the available evidence on the role of microbiota in the development of oral mucositis.

Methods A systematic literature search was performed following PRISMA guidelines. Three electronic databases
were searched up until April 2023 and a following manual search included the reference lists of the included studies
and reviews. Studies reporting microbiological and clinical data of pediatric patients treated by antineoplastic drugs
were included.

Results Thirteen studies met the inclusion criteria, reporting an average mucositis prevalence of 57,6%. Candida
albicans infections were frequently observed in studies performing microbiological analysis on oral lesions, in contrast
with the low rate detection of the Herpes simplex viruses. Bacterial species such as coagulase-negative Staphylococci
and Streptococcus viridans were detected more frequently on lesion sites. Studies reporting a quantitative analysis

of the general flora did not show comparable results. Risk of bias assessment among studies was generally considered
high or very high.

Conclusions While the specific role of certain microbiological agents, such as Candida albicans, was frequently
reported among studies, data regarding the general dynamics of oral microbiota in the development of oral mucosi-
tis are lacking in the current literature. Thus, more studies are needed to provide the knowledge required in order

to improve protocols for the prevention and treatment of this threatening complication.
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(CNS) tumors, lymphomas, and bone cancers such as
osteosarcoma and Ewing sarcoma [2]. Other cancers
mainly affecting children are Neuroblastoma, Wilms
tumor, rhabdomyosarcoma, and retinoblastoma [3]. The
management of neoplastic pathologies encompass the
use of chemotherapy, radiotherapy, and surgery contin-
gent to the tumor’s type and anatomical site. Most com-
monly used chemotherapeutic agents are: vincristine,
prednisone, L-asparaginase, anthracycline (doxorubicin
or daunorubicin), high dose methotrexate, 6-mercap-
topurine, cyclophosphamide, cytarabine, etoposide and
thioguanine [4—6].

Chemotherapy acts on poorly differentiated or high-
metabolism cells, thus affecting not only cancer cells, but
also normal body cells [7, 8]. Therefore, there are sev-
eral side effects that may be divided into either immedi-
ate or late signs of chronic toxicity [9]. One of the most
common side effects of pediatric cancer treatment, oral
mucositis, can be related to the frequent excretion of
chemotherapeutic drugs through saliva, thereby expos-
ing the oral cavity to their inherent toxicity [10]. Oral
mucositis consists of oral mucosal damage and inflamma-
tion described as a five-phase process: initiation, primary
damage response, signaling and amplification, ulcera-
tion, and healing [11, 12]. The World Health Organiza-
tion (WHO), has introduced a system that grades oral
mucosal lesions, with a 0 to 4 scale, based on clinical
parameters: grade 0, no change; grade 1, soreness/ery-
thema; grade 2, erythema, ulcers, can eat solid diet; grade
3, ulcers, can eat liquid diet only; grade 4, oral alimen-
tation not possible [13, 14]. The incidence rate of oral
mucositis ranges from 52 to 100% when young patients
are submitted to standard chemotherapeutic proto-
cols, however it becomes 100% when they receive highly
dosed chemotherapy [15]. Other studies investigating the
incidence of oral mucositis in young patients receiving
chemotherapy show a range from 40 to 76% of cases [16].

To this day, there are still no guidelines indicating a
standardized prophylaxis or treatment protocol for pedi-
atric patients suffering from oral mucositis. Therefore,
it is at the discretion of the oncologist, pediatrician, and
dentist to determine the most appropriate treatment for
the patient. Oral hygiene is associated with a lower inci-
dence of oral mucositis [15], while cryotherapy and pro-
biotics can reduce oral toxicity [17]. Soft laser treatments
may be indicated in cases of ulcerative and refractory
mucositis [17]. Additionally, the following pharmacologi-
cal treatments could also be used: antioxidants, cytopro-
tective agents, cytokine production inhibitors and natural
agents [18]. Local mouthwashes with 0.2% chlorhexidine
and morphine may even allow better pain control com-
pared to systemic analgesic treatment [19].
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The etiology of oral mucositis is poorly known. A
pathophysiologic process has been hypothesized, consist-
ing of a cascade of biological and immunological events,
causing cell apoptosis and damaging connective tissue,
followed by a series of signaling inflammatory pathways
sparked by the presence of cytotoxic chemicals and
worsened by systemic and local factors [20-22]. Specifi-
cally, systemic factors include chemotherapeutic drugs.
Important variables influencing the severity of mucosal
injury include the type of chemotherapy medicines used,
their dosage, and the schedule of administration [22, 23].
Among the drugs most often associated with mucosi-
tis there are: alkylating agents, anthracyclines, platinum
compounds, antimetabolite agents, antibiotics, vinca
alkaloids and taxanes [18, 24, 25].

Systemic antineoplastic treatments may induce altera-
tions in patients’ oral microbiome, and dysbiosis may be
implicated in the onset of oral mucositis [26]. The anti-
microbial effects of chemotherapy favor the dominance
of gram-negative anaerobes over oral streptococci [27].
Gram-negative bacteria can worsen or accelerate the
development of ulcers by releasing endotoxins called
lipopolysaccharides (LPS), which induce macrophages to
produce inflammatory molecules such as TNF-, IL-6, and
IL-1 [22]. This chain of events can ultimately culminate
in the manifestation of oral mucositis [22]. However, the
specific role of bacterial species in the development of
ulcerative mucositis remains unknown [28].

To the best of authors knowledge, only a few studies
have investigated the role of the oral flora in the devel-
opment of oral mucositis in patients undergoing chem-
otherapy, especially in the pediatric population, and a
scarcity of systematic reviews is noticeable. Given the
clinical importance of the treated topic and the grow-
ing interest and requested knowledge of microbiota-
related conditions, the goal of this systematic review was
to assess the role of oral dysbiosis associated with anti-
neoplastic drugs in the development of oral mucositis in
young oncology patients (< 18 years old).

Materials and methods

Research strategy

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines were used to
develop the protocol for this research. The Patient-Inter-
vention-Comparison-Outcome (PICO) question was
employed to formulate a clear study aim: Patients under
18 years of age, of any gender and ethnicity, at diagnosis
of any type of childhood cancer (P =Patient); oral health
assessment at the time of neoplasm diagnosis before
and during chemotherapy (I=intervention); not consid-
ered (C=Comparison); assessment of quantitative and
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qualitative change in the oral microbiota; evaluation of
oral mucositis’s incidence (O =outcome).

Selection process

A bibliographic search was conducted upon three differ-
ent scientific digital databases, namely MEDLINE, WOS
and SCOPUS. For this research, the following algorithm
was established: (child OR pediatrics OR pediatric OR
infant) AND (neoplasms OR neoplasia OR neoplasias OR
tumor OR malignancy OR malignancies OR cancer) (sto-
matitis OR oromucositis OR oromucositides OR mucosi-
tis) AND (chemotherapy OR antineoplastic treatments).

Eligibility criteria

All original articles, case reports and case series, with
no restrictions regarding year of publication and type
of study meeting the following inclusion criteria were
included:

— studies reporting data regarding patients under 18
years of age with diagnosis of any type of childhood
cancer undergoing chemotherapy as an antineoplas-
tic therapy protocol evaluated from baseline;

— studies reporting clinical and microbiological data
upon the development of oral mucositis as a treat-
ment complication.

Exclusion criteria were defined as follows:

— studies including patients undergoing further thera-
pies, such as radiotherapy;

— studies that did not perform an oral evaluation at
baseline;

— studies including patients with other systemic pathol-
ogies or comorbidities.

Data collection

The team conducted study selection by reviewing the
titles and abstracts obtained by the digital research
and only those that met the eligibility requirements
were evaluated. The remaining articles were then
thoroughly read, and the unselected articles were dis-
carded. Abstracts of reviews obtained by the digital
research, described above, were also examined. From
those included in the first step selection, citations
of articles related to the topic were extracted. The
abstracts of these articles were then subjected to the
same analysis as all the other ones. Article selection
process was always performed independently by two
reviewers, and a third reviewer’s opinion was claimed
if disagreement among the two reviewers occurred.
Data extraction was performed on included articles in
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order to create a database with all the variables acces-
sible on each article that were pertinent to the study.
When available, the following details were taken from
each chosen study: type of study, number of patients,
age range of patients, number of test group, charac-
teristics of test group, number of control group, char-
acteristics of control group, type of antineoplastic
therapy, mucositis diagnosis criteria, mucositis pre-
ventive intervention, mucositis treatment intervention,
timing of clinical evaluation, timing of microbiological
evaluation, type and site of microbiological evaluation,
mucositis prevalence and microbiological evaluation
results.

Risk of bias assessment

A quality assessment of observational epidemiologi-
cal studies was performed independently by two of the
review authors by means of the ROBINS-E—Risk of Bias
In Nonrandomized Studies—of Exposure (Higgins J.
et al,, 2022); the risk was defined as very high, high, gen-
erating some concerns and low. It is based on the analysis
of 7 domains: (D1) risk of bias due to confounding fac-
tors, (D2) risk of bias from exposure measurement, (D3)
risk of bias in selection of study participants (or analyses),
(D4) risk of bias due to postexposure interventions, (D5)
risk of bias due to missing data, (D6) risk of bias from
outcome measurements, and (D7) risk of bias in selection
of reported outcomes. The risk was defined as follows:

(A) “low”: domain 1 (D1) was judged as low risk or with
some concern, and if all other domains were con-
sidered low risk;

(B) “with some concern™ at least one domain was at
some concern but no domain was at high or very
high risk of bias;

(C) “high”: at least one domain was at high risk of bias
but no domain was at very high risk of bias OR if
several domains generated some concern;

(D) “very high”: at least one domain is at very high risk
OR if several domains are at high risk of bias.

Case series were differently analyzed by means of spe-
cific quality assessment tools developed by the National
Institutes of Health (NIH) in 2013.

The quality of each study was rated as “good,” “suf-
ficient,” or “poor” after answering the following 9 ques-
tions: a) was the study question or objective clearly
stated?; b) was the study population clearly and fully
described, including a case definition?; (c) were the cases
consecutive?; (d) were the subjects comparable?; (e) was
the intervention clearly described?; (f) were the outcome
measurements clearly defined, valid, reliable, and imple-
mented consistently across all study participants?; (g)
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was the length of follow-up adequate?; (h) were the sta-
tistical methods well described?; (i) were the results well
described? The possible answers to the questions were:
yes, no, cannot determine/not applicable/not reported.

Case reports were evaluated using the critical appraisal
checklist (JBI critical appraisal checklist, 2017 version)
developed by the Joanna Briggs Institute. The overall
assessment led to “inclusion” or “exclusion” of a study
in the systematic review or even the possible “need to
seek further information” to make a judgment. Judg-
ment is made after answering the following 8 questions:
1. Were the patient’s demographic characteristics clearly
described?, 2. Was the patient’s history clearly described
and presented as a timeline?, 3. Was the patient’s current
clinical condition clearly described? 4. Have the diagnos-
tic tests or assessment methods and results been clearly
described?, 5. Have the interventions or treatment pro-
cedures been clearly described?, 6. Has the postinter-
vention clinical condition been clearly described?, 7.
have adverse events (harms) or unexpected events been
identified and described?, 8. does the case report provide
take-home messages? The 4 possible response options
were “yes’, “no’, “unclear’, “not applicable”

Other possible sources of bias were not considered.

Data analysis
The overall mean prevalence of mucositis was calcu-
lated as weighted mean of prevalence values of mucositis
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expressed in each study. Whenever the prevalence assess-
ment was performed at different times of therapy or
through a clusterization of the study population, a mean
value of prevalence values obtained from each study was
considered.

Case series and case reports were excluded from the
weighted mean calculation.

Results

The database search led to the identification of 4204
articles. Following the selection process outlined in the
PRISMA diagram, 13 studies met the inclusion criteria,
and their data were analyzed in this systematic review
(Fig. 1) [29-41].

The included studies were published between 1998 and
2021. Among them, 9 were longitudinal studies (5 case—
control studies, 4 cohort studies), 2 were retrospective
studies, and 2 were case reports/series (Table 1) [29-41].

The included articles analyzed in the systematic review
underwent risk of bias assessment using the ROBINS-E
(Risk of Bias In Nonrandomized Studies—of Exposure)
tool. All the studies were found to have a high or very
high risk of bias (Table 2).

The case series by De Oliveira et al. (2019) was analyzed
and included in the review through a specific quality
assessment developed by the National Institutes of Health
(NIH) in 2013 (Table 3) [32]. The study was found to be of
good quality.

[ Identification of new studies via database and registers J [ Identification of new studies via other methods }
§ Records identified from: Records removed before screening Records identified from:
E Databases (n=4.204) (n=0) Citation searching (n=16)
@
=
Records screened Records excluded Reports sought for retrieval Reports not retrieved
— —
(n=59) (n=0) (n=NA) (n=NA)
gﬂ i
§ Reports sought for retrieval Reports not retrieved
5 (n=NA) (n=NA)
%]
T f - Reports excluded:
Reports assessed for eligibility |__, Reports excluded: Reports assessed for eligibility .
(n=59) . . (n=16) > Patients>18 years old (n=5)
Patients>18 years old (n=4) Unavailable articles (n=1)
L{navallable art-lcles (”‘:2‘) Patients undergoing radiation
Patients undergoing radiation therapy or transplantation
therapy or transplantation (n=7) (n=4)
Patients evaluated after strating Patients evaluated after
chemothergpy (f‘=11? strating chemotherapy (n=3)
Absence of microbiological
evaluation of the oral cavity (n=19)
New studies included in
ks review (n=13)
3 Reports of new included
E studies
(n=0)
Fig. 1 PRISMA diagram
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Table 2 Risk of bias assessment [29-41]

RISK OF BIAS

D1

Anirudhan 2008

Bardellini 2017

Costa 2020

De Oliveira 2019

Gandhi 2017

Juarez-Lopez 2018

Levy-Polack 1998

Mendonca 2012

Olczak-Kowalczyk
2012

Pinto 2018

Sixou 1998

Soares 2011

Ye 2013

D2 |D3 |D4

case report

case study

D5 |[D6 |D7

Overall

D1

Risk of BIAS due to confounding

D2

Risk of BIAS arising from measurement of the exposure

D3

Risk of BIAS in selection of participants into the study (or into the

analysis)

D4

Risk of BIAS due to post-exposure intervention

D5

Risk of BIAS due to missing data

D6

Risk of BIAS arising from measurement of the outcome

D7

Risk of BIAS in selection of the reported result

Low risk of BIAS

Some concerns

High risk of BIAS

Very high risk of
BIAS
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Table 3 Quality assessment tool for case series
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The National Institutes of Health (NIH) quality assessment tool for case-series study (Interventional)

De Oliveira 2019 [32]

Major Components

Response options

1. Was the study question or objective clearly stated? Yes No  Cannot Determine/ Not Applicable/ Not Reported
2. Was the study population clearly and fully described, including a case definition?  Yes No  Cannot Determine/ Not Applicable/ Not Reported
3. Were the cases consecutive? Yes No  Cannot Determine/ Not Applicable/ Not Reported
4. Were the subjects comparable? Yes No  Cannot Determine/ Not Applicable/ Not Reported
5.Was the intervention clearly described? Yes No  Cannot Determine/ Not Applicable/ Not Reported
6. Were the outcome measures clearly defined, valid, reliable, and implemented Yes No  Cannot Determine/ Not Applicable/ Not Reported
consistently across all study participants?

7.Was the length of follow-up adequate? Yes No  Cannot Determine/ Not Applicable/ Not Reported
8. Were the statistical methods well-described? Yes No  Cannot Determine/ Not Applicable/ Not Reported
9. Were the results well-described? Yes No  Cannot Determine/ Not Applicable/ Not Reported

Quality Rating
Additional Comments (If Poor, please state why):

GOOD FAIR POOR

The case report by Bardellini et al. (2017) was evaluated
using the JBI critical appraisal checklist (2017 version)
developed by the Joanna Briggs Institute (Table 4) [30].
The study was included because it meets 5 out of the 8
critical appraisal checklist components that, according to
JBIL, a proper study should have.

For each study, the diagnosis criteria of mucositis,
prophylaxis and treatment of mucositis, evaluation tim-
ing of lesions in relation to chemotherapy administration,
and prevalence were highlighted (Table 5). The overall
weighted mean frequency of mucositis was found to be
57,6%.

Methodology of included studies has been summarized
in Table 6.

In order to better organize the information gained
through data collection, the microbiological data from
included studies were divided into two sections.

Table 4 Critical appraisal checklist for case reports

First section involved data collected from studies that
performed a direct sampling from sites showing signs
of oral mucosa lesion. The second section, conversely,
involved data obtained from studies that sampled other
areas of the oral cavity, thus reflecting the general oral
microbiological profile of the patients rather than the
specific microbiota associated with the lesion area.

Direct sampling on oral lesions

Studies by Anirudhan (2008), Olczak-Kowalczyk (2012),
and Bardellini (2017) reported microbiological data
obtained through direct sampling of sites with lesions
(Table 7) [29, 30, 37]. Coagulase-negative Staphylococci
and Streptococcus viridans were found with a relative
high percentage in both Olczak-Kowalczyk’s (2012) and
Anirudhan’s (2008) studies [29, 37].

The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Case Reports (last amended in 2017)

Bardellini 2017 [30]

Major Components

Response options

1. Were patient’s demographic characteristics clearly described? Yes No Unclear Not applicable
2. Was the patient’s history clearly described and presented as a timeline? Yes No Unclear Not applicable
3. Was the current clinical condition of the patient on presentation clearly described? Yes No Unclear Not applicable
4. Were diagnostic tests or assessment methods and the results clearly described? Yes No Unclear Not applicable
5. Was the intervention(s) or treatment procedure(s) clearly described? Yes No Unclear Not applicable
6. Was the post-intervention clinical condition clearly described? Yes No Unclear Not applicable
7.Were adverse events (harms) or unanticipated events identified and described? Yes No Unclear Not applicable
8. Does the case report provide takeaway lessons? Yes No Unclear Not applicable
Overall appraisal: Include Exclude Seek further info
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Table 6 Methodology of included studies
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Article first author +year Microbiological methodology

Outcome

Anirudhan et al. 2008 [29]
of fungal elements

Bardellini et al. 2017 [30] Culture not specified

De Oliveira 2019 [32] PCR analysis for detection of DNA of HSV-1, EBV and CMV.
PCR for the -globin constitutive gene to control false-positive results.
Mendonca 2012 [36] Primer PCR technique for HSV-1 detection

PCR for the -globin constitutive gene to control false-positive results.

Culture and serology for bacteria, herpes simplex and fungi. Urine test for presence

Quialitative analysis
Prevalence

Quialitative analysis
Prevalence

Qualitative analysis
Prevalence

Qualitative analysis
Prevalence

Blood, chocolate and McConkey agar for bacteria cultures;

Sabouraud agar for fungi cultures.

Olczak-Kowalczyk 2012 [37]
Bacteria identified upon Gram-staining.

Biochemical identification using commercially available kits: GP and GN cards, the VITEK
2 system, PYR and the optochin sensitivity test.

Culture on solid media: blood agar, chocolate agar and the Sabouraud agar.

Qualitative analysis
Prevalence

Quantitative analysis (density
of yeast colonies)

Density of yeast colonies was assessed according to a 4-tiered scale: 0 — no fungal
growth; 1 =<102 CFU/ ml; 2 - 102 to 103 CFU / ml; 3 — over 103 CFU / ml. Yeast type

was determined using the ID32 test

Sixou 1998 [39]
agar.

Bacterial profiles obtained with API ZYM1, Rapid Id32A1 and Rapid Id Strep1 identifica-

tion systems.

Inoculation on non-selective medium and selective media: TSBV, TBBP, and hypersaline

Qualitative analysis
Prevalence
Quantitative analysis (TAVC)

Culture on Columbia blood agar enabled the determination of the total anaerobic

viable count (TAVC).

Soares 2011 [40]
ouraud agar.

Culture on solid media: mannitol salt agar, MacConkey agar, cetrimide agar, and Sab-

Qualitative analysis
Prevalence

Characteristics determined by the Gram method modified by Kopeloff-Beerman.
Gram-negative bacteria were identified by Mini-API identification system.
Yeast-like fungi identified as Candida albicans by staining of the colonies on CHRO-

Magar.
Ye 2013 [41]

Bacterial samples analyzed using 454 FLX pyrosequencing with minor modifications.
The PCR products were sequenced using a two-lane PicoTiterPlate on a Genome
Sequencer FLX system. Denoised sequences were aligned and

Qualitative analysis
Prevalence
Quantitative analysis (Unifrac)

sorted into operational taxonomic units (OTUs).

Clinical methodology
Gandhietal. 2017 [33]

Evaluation of characteristic conditions such as white lesions (candidiasis) or vesicles and/or ulcers (HSV) with different

symptoms as pain, burning and others. Systematical examination of buccal and sulcular mucosa, the tongue, the floor
of the mouth, the hard and soft palate, the fauces, and free and attached gingiva

Juarez-Lopez et al. 2018 [34]

Interviewed family and/or caregivers of the participating children to investigate about present symptoms

A dentist examined lips, lanes, palate, oropharynx and tongue

Levy-Polack et al. 1998 [35]
base

Pinto et al. 2018 [38]

Diagnosis of oral candidiasis as white, adherent plague on the oral mucosa or tongue that, if scraped, left a bleeding

Intraoral examination to identify abnormalities and oral lesions

Six studies reported data regarding clinical and/or
microbiological detection of herpetic and/or fungal
lesions from direct sampling of oral lesions [27, 33-35,
37, 38]. Among these, three detected Herpes simplex and
Candida, while the others only detected Candida. The
prevalence of Candida albicans was high (50-60%) in
both the studies by Anirudhan (2008) and Olczak-Kow-
alczyk (2012), which performed microbiological testing
on the specimens, with an overall percentage among the
studies ranging from 16,1% to 78% (Table 8) [29, 37].

HSYV infection was less frequent, with a range between
3 and 9,7% of the population.

Sampling in standardized sites of the oral cavity

Studies by Sixou et al. (1998) and Ye et al. (2013) evalu-
ated the variation in the complexity of the oral bacterial
flora and the percentage variation of certain bacterial
species during chemotherapy treatment [39, 41].

The study by Sixou et al. (1998) showed how healthy
patients have a consistently greater complexity of micro-
bial flora in comparison to oncology patients undergoing
chemotherapy on days 0, 7, 14, and 21 of chemotherapy
treatment [39].

Oncology patients, however, showed a non-significant
microbiological variation during therapy.
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Table 7 Prevalence of infection by different bacterial and fungal species in oral lesions
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Microbiological evaluation of oral lesions

Anirudhan et al. 2008 [29]

Olczak-Kowalczyk et al. 2012 [37] Bardellini et al. 2017 [30]

70 patients 14 patients 1 patient (case report)

Bacteria

Staphylococcus aureus 4 (14.2%) 1(7.1%)

Coagulase negative Staphylococci 3(10.7%) 9 (64.2%)

Staphylococcus epidermidis 1(3.6%)

Streptococcus viridans 4 (14.2%) 12 (85.7%)

Streptococcus bovis 2 (14.2%)

Streptococcus salivarius 1(7.1%)

Group b Streptococcus 1 (3.6%)

Leuconostoc spp. 1(7.1%)

Enterococcus spp. 1 (3.6%) 1(7.1%)

Neisseria spp. 4 (28.5%)

Pseudomonas aeruginosa 3(10.7%) 0

Enterobacter cloacae 1(7.1%)

Klebsiella oxytoca 1(7.1%)

Klebsiella pneumoniae 3(10.7%) 1(7.1%)

Haemophilus parainfluenzae 1(7.1%)

Haemophilus influenzae

Prevotella melaninogenica

Prevotella disiens

Veillonella 3(10.7%)

Peptostreptococcus 1(3.6%)

Lactococcus 1 (3.6%)

Raoultella planticola 1 (100%)
Fungi

Trichosporon 1 (2.6%)

Aspergillus 4(10.2%)

Rhodotorula 1 (2.6%)

Table 8 Prevalence of Candida albicans and herspes simplex virus infections in oral lesions

Study

Levy-Polack et al. 1998 [35]
Anirudhan et al. 2008 [29]
Olczak-Kowalczyk et al. 2012 [37]
Gandhietal. 2017 [33]
Juarez-Lopez et al. 2018 [34]
Pinto et al. 2018 [38]

Study

Anirudhan et al. 2008 [29]
Gandhiet al. 2017 [33]
Pinto et al. 2018 [38]

Sample
96
70
34
62
73
71
Sample
70
62
71

Candida Prevalence
23/96 (24%)

38/70 (52.3%)
21/34 (61.7%)
10/62 (16.1%)
57/73 (78%)
9/71 (13.1%)
HSV Prevalence
1/70 (3%)

6/62 (9.7%)
2(3.3%)

Method of assessment

Clinical evaluation

Microbiological evaluation of oral swabs
Microbiological evaluation of oral swabs
Clinical evaluation

Clinical evaluation

Clinical evaluation

Method of assessment
Microbiological evaluation of oral swabs
Clinical evaluation

Clinical evaluation

Meanwhile, in the study by Ye et al. (2013), the Uni-
Frac distance, calculated from the diagnosis of neopla-
sia to the end of chemotherapy treatment, was higher

in patients who developed mucositis (> 0.4 UniFrac dis-
tance) compared to those in whom it did not occur (<0.4
UniFrac distance) [41].
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UniFrac measures the distance between microbial
communities based on the phylogeny of the operational
taxonomic unit (OTU) [42]. It considers the presence
or absence of an OTU in a community, rather than its
abundance.

Regarding the percentage variation of different bacte-
rial species detected in the oral cavity, in the total count
of viable anaerobes before and after chemotherapy both
studies analyzed the abundance of Capnocytophaga spp.

In the study by Sixou, the percentage of Capnocy-
tophaga spp. was higher in healthy patients than in sick
patients, whilst in sick patients there was no significant
variation of the percentage during chemotherapy treat-
ment [39].

In the study by Ye, a higher concentration of Cap-
nocytophaga spp. was observed at the time of neo-
plasia diagnosis in patients who developed mucositis
after chemotherapy than in those who did not develop
mucositis [41].

The comparison of the frequency of different micro-
organisms in patients undergoing chemotherapy, fol-
lowing sampling from non-lesion sites of the oral cavity,
is described in Table 9. Coagulase-negative Staphy-
lococci had frequency percentages ranging from 25
to 80%, regardless of mucositis, after starting chemo-
therapy. Higher percentages were observed in patients
with mucositis. Candida albicans, regardless of mucosi-
tis, ranged from 15 to 60%, with higher percentages in
patients with mucositis. HSV, according to Mendoca
2012, showed a decrease in percentage from Day 14 to
Day 56 of antineoplastic treatment [36]. Viridans strep-
tococci and Capnocytophaga showed alternating trends
between Day 0 and Day 21 of chemotherapy, with an
increase in Viridans streptococci and a decrease in Cap-
nocytophaga at the end of the treatment.

Discussion

Oral mucositis is a common consequence of anti-neo-
plastic therapy in pediatric patients and a major issue due
to its relevant impact on the quality of life of highly frail
patients. Since the etiopathological mechanisms related
to mucositis are presently not fully understood, every
effort should be made to investigate all aspects and fac-
tors involved in its development.

The present review examined the literature to assess
the available evidence on the role of oral microbiota in
this regard. With the purpose of better analyzing the
different agents, related to both different oncological
diseases and therapies, involved in the complex process
of oral mucositis development, only studies investigat-
ing patients undergoing chemotherapy were included,
excluding other therapies such as radiotherapy or hemat-
opoietic stem cell transplantation. Such a choice was

Page 15 0of 19

made to point out the specific alteration of the microbi-
ota of patients treated with antineoplastic drugs and its
potential contribution to oral mucositis development.

Most of the analysed studies are not comparable due
to discrepancies in design, times of observation and out-
comes along with being at high risk of bias. This led to a
high methodological heterogeneity of the included stud-
ies. Moreover, a mainly qualitative reporting of data of
the included studies didn’t allow to perform a meta-anal-
ysis of results.

The mean prevalence of mucositis among the included
studies was 57,6%, which is within the prevalence range
defined in the scientific literature [18]. This indicates that
more than half of pediatric patients undergoing cancer
therapy with chemotherapy drugs develop mucositis.

The microbiological findings of the review will be dis-
cussed keeping the distinction made in the Results sec-
tion, namely separating data obtained from studies either
collecting samples directly from lesions or making a diag-
nosis of infection based on clinical aspects of lesions and
studies collecting microbiological samples from stand-
ardized sites of the mouth.

In the first category, seven studies reported microbio-
logical data obtained by direct sampling of sites showing
signs of injury or clinically observing them. The mean
frequency of Candida infection was 41% among the stud-
ies, with percentages of 52,3% and 61,7% in the works
by Anirudhan et al. (2008) and Olczak-Kowalczyk et al.
(2012) respectively which performed a proper microbio-
logical test [29, 37].

Three studies reported the prevalence of oral lesions
related to HSV infection, generally limited to a range
between 3 and 9,7%.

It can be deduced from such results that in the develop-
ment of oral lesions Candida infections frequently have a
relevant role, while HSV plays a minor role.

Anirudhan et al. (2008) and Olczak-Kowalczyk et al.
(2012) sampled oral lesions and performed broad spec-
trum microbiological analyses [29, 37]. Both studies
observed a relatively frequent isolation of specific spe-
cies, such as coagulase-negative Staphylococci and S.
viridans. These data should be taken into consideration
when designing prophylactic and therapeutic strategies
to treat chemotherapy-induced mucositis.

In the second category, two studies evaluated the over-
all composition of the flora and its shift between the time
of diagnosis of the neoplasm and the various stages of
chemotherapy administration.

In the study by Sixou, et al,, (1998) it was found that
healthy patients, compared to oncologic patients under-
going chemotherapy, always had a greater complexity of
microbial flora at days 0, 7, 14 and 21 of chemotherapy
treatment [39]. Oncologic patients, however, have an
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unremarkable variation in microbiological complexity
during therapy.

In the study by Ye et al. (2013), on the other hand, the
UnifFrac distance is greater in patients who have devel-
oped mucositis than in those who have not [41].

Even if results from these studies are not fully compa-
rable, as the former compares oncologic patients with
healthy patients and in the latter the groups were made
of patients receiving chemotherapy who developed
mucositis and patients who did not, findings from the
studies seem to go in different directions. In addition to
the difference in the study population of the two studies,
there is a methodological distinction that can explain the
apparent discrepancy in the results. In the study by Sixou
et al. (1998) samples were cultured, according to the tech-
nology available, and mainly dental plaque-associated
microorganisms (such as Porphyromonas spp., black-
pigmented pre-votellae, Capnocytophaga sp., Fusobac-
terium nucleatum) were monitored. On the other side,
Ye et al. (2013), thanks to the development of genomic-
based methods of analysis such as PCR, performed a
genetic testing that allowed for a wider identification of
microorganisms isolated from the microbiological sam-
ples. Further studies are needed to clarify the general
changes in the flora in the reported clinical situations.

With regard to the variation in the percentage of spe-
cific bacterial species, both reported articles evaluated
the total anaerobic vital count of Capnocytophaga spp. in
the study groups.

In Sixou’s study, the percentage of Capnocytophaga
spp. was higher in healthy patients than in sick patients,
and in sick patients there was no significant change dur-
ing chemotherapy treatment [39].

In Ye’s study, on the other hand, there was a higher con-
centration of the bacterium in patients who developed
mucositis than in those who did not [41]. Thus, Cap-
nocytophaga spp. are found at higher concentrations in
healthy patients according to Sixou et al., and in patients
undergoing chemotherapy with the onset of mucositis
according to Ye et al. [39, 41].

Regarding the prevalence of different microorganisms
in oral sites without lesions, the observed frequencies
exhibit heterogeneity. Coagulase-negative Staphylococci
are significantly more represented in patients with chem-
otherapy-induced mucositis compared to those without
mucositis. This finding aligns with previous investiga-
tions wherein direct sampling from lesions also identified
coagulase-negative Staphylococci as some of the pre-
dominant microorganisms.

During chemotherapy treatment, Candida albicans
manifests a frequency of 60% in patients with mucosi-
tis, as evidenced in the study conducted by Soares
(2011), which concurs with the findings reported by
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Olczak-kowalczyk (2012) utilizing direct sampling from
lesions. Interestingly, independent of the presence of
mucositis, Mendoca’s study (2012) indicated a potential
decline in the prevalence of Candida during chemother-
apy treatment [36, 37, 40].

In summary, these observations underscore the vari-
able prevalence of oral microorganisms in patients with
chemotherapy-induced mucositis, with coagulase-nega-
tive Staphylococci exhibiting heightened prevalence and
Candida albicans demonstrating increased frequency,
albeit with a potential decrease during chemotherapy
treatment, as suggested by Mendoca’s investigation [36].

In accordance with these findings, the systematic
review with meta-analysis conducted by de Faria Gabriel
et al. (2022) identified Candida spp. as risk factors for the
development of mucositis in pediatric oncology patients.
Furthermore, the review conducted by J. Napeiias et al.
(2007) reports changes in the oral microbiome in studies
involving children, specifically highlighting Gram-posi-
tive bacteria such as Streptococci and coagulase-negative
Staphylococci [21, 22].

Main limitation of the study lies in the fact that the
studies included in this systematic review exhibited sub-
stantial heterogeneity across various critical parameters,
including chemotherapy regimens, administration of
antimicrobials during chemotherapy, sampling sites, col-
lection methodologies, collection timepoints, cultured
microorganisms, mucositis assessment tools, and specific
qualitative and quantitative endpoints. These divergences
have posed challenges in establishing a definitive associa-
tion between mucositis and alterations in the qualitative
and/or quantitative composition of oral microbiota.

Same heterogeneity has been reported in J. Naperias
et al’s (2007) review, which underscores the imperative
of implementing standardized protocols within studies to
attain greater coherence and consistency in research out-
comes [22].

Another possible limitation of this study is the role of
specific preventive/treatment protocols, wherever per-
formed in the included studies, as possible confound-
ing factors for microbiological outcomes. However, to
date, there are no specific guidelines on prevention and/
or treatment of mucositis, and a possible relationship
between the drug/molecule used and microbiological
variations hasn't been clearly recorded. According to
that, authors decided to not exclude all that studies that
performed preventive and/or treatment protocols that
could have had an impact on oral microbiota.

With all the declared limitations, this systematic
review can contribute to better understand the role of
the oral microbiota in the onset and progression of oral
mucositis in pediatric oncology patients. Further stud-
ies are needed to acknowledge the main components
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involved in the change of the homeostasis of the oral
microbiota, in order to design clinical protocols to pre-
vent and treat oral mucositis, or at least, to provide
pediatric patients the required assistance.

Conclusion

The role of the oral microbiota, and the changes it
undergoes during and after antineoplastic therapy, in
the aetiopathogenesis of oral mucositis in the paediatric
oncological population is a topic of great clinical inter-
est, although concordant results are difficult to identify
in the scientific literature produced to date.

The present systematic review showed an average
prevalence of mucositis occurrence in the included
studies of 57,6% of patients.

Some microbiological agents, such as Candida albi-
cans, coagulase-negative Staphylococci and Streptococ-
cus viridans were more frequently detected on lesion
sites, whereas viruses such as herpes simplex did not
seem to have the same degree of occurrence.

The shift in the flora’s relative abundance of species,
does not provide clear guidelines on how to interpret
the data currently available.

Further studies are necessary to implement knowl-
edge on the subject to ensure a more effective diag-
nostic, prophylactic and therapeutic pathway. Thus, to
manage a complication such as mucositis that signifi-
cantly worsens the quality of life of a patient population
already considered extremely fragile.

It could be useful, in order to improve the knowledge
of oral microbiota in the development of oral mucositis
in pediatric oncology patients a standardization of data
collection and comparison of the same data, collected
from healthy pediatric populations, oncologic children
before the treatment and at the various times since the
beginning of therapies. Once the role of the oral micro-
biota has been fully understood, future studies should
focus on the identification of molecules or microor-
ganisms (i.e. probiotics) aimed at re-establish the oral
microbiota homeostasis, in order to prevent or manage
oral mucositis.
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