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Abstract

Aim of the study: Oral cavity is attacked by many infectious agents that invade tooth, periodontium and tongue.
Dental caries which is the most common oral disease, can caused by the reaction between tooth structure, oral
bacteria and fermentable carbohydrates. Most of caries microbial researches considered Streptococcus mutans and
lactobacilli as majors caries-associated players. The discovery of Scardovia wiggsiae in 2011 had highlighted the
possible occurrence of dental decay in absence of both Streptococcus mutans and lactobacilli in addition to other
oral diseases. This review focused on taxonomy, acidogenicity, normal habitat and the important roles of newly
S.wiggsiae as the pioneer bacteria for initiation and progression of caries process.

Material and method: The database was focused on articles published till 2022 for the topics oral diseases, dental

caries, Scardovia wiggsiae and microbiology of dental caries.

Conclusion: Scardovia wiggsiae can to be considered as a potential risk indicator for caries prediction in a given

population.
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Introduction

Human kind faced oral infections since
the human existence'").Bacteria can play an
important role in the initiation and later
development of oral diseases®.  Dental
caries which is a common global problem® ,
has complex infectious process with different
causes” It has major three risk factors;
cariogenic bacteria, susceptible teeth, and the
frequent dietary carbohydrates intake®. As
the mouth has one of most larger and most
diverse microbiology® understanding of
diverse microbiota of dental caries 1is
necessary because it is not simple process
caused by single bacteria but by complicated
tooth-bacterial interaction'”.
Many researches had claimed that mutans
streptococci is the primary major pathogen to
initiate caries® while others found these
bacteria on dental surfaces; however, with no
participating role in the development of
caries lesion®.

Although Streptococcus mutans and
lactobacilli are identified as caries associated
bacteria. It was noticed that other bacteria can
cause dental caries in absence of the above
bacteria, opening the door for discovering a
new cariogenic bacteria!®. The aim of this
review was to identify the role of Scardovia
wiggsiae in dental caries.

Materials and Methods

The Medline database was focused for
English-language articles, published up to
2022 for the topics oral diseases ,dental caries
, Scardovia wiggsiae and microbiology of
dental caries. Manual searching was
additionally done from the citations of the
updated identified reports. The literature
search intent was done to highlight and
review the analytic reports of the emerging
and pioneer role of Scardovia wiggsiae in
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many oral diseases and aspects include all

peer-reviewed epidemiological and

supporting human scientific articles.

Exclusion criteria: Studies that were reported
in languages other than English were
excluded due to practical difficulty of
translation. In addition, articles that dealt
with systemic effects, presence and diseases
of Scardovia wiggsiae other than oral cavity
were excluded .

Results and discussion

Tanner et al in 2011 applied updating
molecular techniques to identified a new
causative agent of dental caries in absence of
known previous agents (e.g. S. mutans ). This
new agent was known as Scardovia wiggsiae.
It should be noted that Scardovia was derived
from the name of Italian microbiologist
Vittorio Scardovi while wiggsiae was derived

from American microbiologist Lois Wiggs
(11,12)

Scardovia belongs to Bifidobacteriaceae
family that have seven genera, and due to
presence of great alterations in genome
sequence , Scardovia became out of the genus
Bifidobacterium'?. The systemic
classification of Scardovia wiggsiae is

“Domain: Bacteria
Phylum:Actinobacteria
Class: Actinobacteridae
Order:Bifidobacteriales
Family: Bifidobacteriaceae

Genus:Scardovia
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Species: wiggsiae 1415

Morphologically, S.wiggsiae is Gram
positive bacillus,
forming, non-motile with dimensions of
about 0.65 um width and 1.6 to 4 um length.
It’s shape can be pleomorphic, tend to curved
slightly with club-shaped arrangement.It can
be found singularly ,in pairs or in short
chains'®.

anaerobic non-spore

In biochemical caries formation, one of
the most important factors to initiate caries is
capacity of cariogenic bacteria to build up a
biofilm!!? nevertheless, not all the oral
bacteria can take part with the same pattern
in the caries process'¥. The high metabolic
rate, self protection from saliva and oral
environments and ability to form organic acid
that demineralize the hard tooth structure are
important factors for cariogenic bacteria to
grow within a biofilm?.

Recarding to these points, S.wiggsiae was
presented as important caries associated
bacteria due to it’s ability to build up and
acidification of the oral plaque @%V.It is
hetero-fermentative bacteria that can use
different carbohydrates forming lactate and

acetic acids as fermentation final end
products®?.
Accordingly,  S.wiggsiae can  be

considered as high acidogenic and aciduric
bacteria as S.mutans®. however  with
different metabolic pathway (called fructose-
6-phosphate) that
metabolic

of  S.mutans
glycolytic pathway*¥ This
enables S.wiggsiae to be to more acid tolerant

from

Vol.: 19, no.: 1, Year: 2023


https://doi.org/10.32828/mdj.v19i1.998
https://mdj.uomustansiriyah.edu.iq/index.php/mdj

and a high ecological competitive in low pH
environments®®. Furthermore, it has a
saccharolytic  hydrolyzing ability by
producing a lot amounts of acetic acids and
little-moderate of lactic and formic acids
from breaking sugar molecules e.g.sucrose,
glucose, fructose and so on!®?* These large
amounts of acetic acids have great chance to
invade and decalcify enamel more than lactic
acids®. As result of it’s advance acidurcity
and acidogencity which can decrease the
environmental pH up to 3.5%% | S.wiggsiae
can be considered as important pathogen in
caries process together with other cariogenic
playerst?.

The
Bifidobacteriaceae family

habitat of  the
to which S
wiggsiae belongs, is present primarily in
human and animals gastro-intestinal tracts®®,

normal

Orally, S.wiggsiae is present in the saliva of
children with early childhood caries and
extensive early childhood caries!'? . A study
done by Streiff et al 2017, insured the
presence of S.wiggsiae DNA in the saliva of
about 20 %of adults and 25% of pediatric
patients®®. Regarding counting S.wiggsiae in
oral cavity, Zhou J et al 2016 found it in less
than 0.1% of the oral microbiota; however, it
can seriously influenced oral community
leading to dysbiosis®”. Nevertheless, Isaac R
D et al 2022, noticed that S.wiggsiae can be
one of the predominant bacteria in caries
process comparing to mutans streptococci
and lactobacilli®®. Periodontaly,S.wiggsiae
can be found in gingival cervices, gingival
crevicular fluids ©®* supragingival plaque
sites as in the buccal region to upper molar
area and lingually to lower incisor ,but to
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lower extent on ventral surface to the tongue
(30)

Pathologically, Streiff BJ et al 2015
believed that the of moderate
childhood gingivitis and adults periodontal
pockets due to the presence of
S.wiggsiae®®. Nevertheless, Chakrapani et
al 2019, showed a lower concentration of
S.wiggsiae in subgingival biofilm in both
healthy patients and in gingivitis and chronic
periodontitis patients®V. .

cause

was

In dental caries, S.wiggsiae usually
occurs in initial enamel caries®? affecting
about 30% of children in the United States of
America 'V . In addition, it was found in
active, deep and soft dentinal lesions of both
dentitions, deciduous and permanent teeth,
(9and greatly in infected pulpal tissue of
children®®, explaining the ability of this
bacteria to be active player in dental caries
alone . S.wiggsiae also was present in root
carious lesions and can reach up to 6% of’it’s
total microbiom ¥ Nevertheless S.wiggsiae
can be more in dentinal lesions than plaque
samples®”. The presence of extra carious
risks factors as fixed orthodontics appliances,
may increase the prevalence of S.wiggsiae as

they increase plaque accumulation and
interfere  with normal salivary self-
cleaning®® .

S.wiggsiae can be found in higher rate in
both adult®® and pediatric patients using
fixed orthodontic appliances ©”). According
to Mc Daniel et al 2021, more than 44 %
pediatric patients

orthodontic have

S.wiggsiae in their samples®?).

In relation to smoking, S.wiggsiae has the
ability to form more biofilms necessary for
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caries lesions in smoker compared to non-
smokers patients®®. This can be explained as
nicotine can exaggerate the cariogenicity of
S.wiggsiae .

Isolation of S.wiggsiae needs an
anaerobic culture conditions*? with pH 7,
5.5 till 5 that can obtains on neutral to acidic
environments'). Downes J. et al (2011)
modified a new selective media with acid
indicator to isolate S.wiggsiae -effectively
called S.wiggsiae selective medium(SWSM)
(16 Nevertheless, polymerase chain reaction
(PCR) can be the cornerstone for isolation of
S.wiggsiae using the known primers“?.

Conclusions: There was an evidence that
S.wiggsiae could be considered an efficient
cariogenic, acidogenic and acidruic oral
bacteria that has many criteria, enablingto be
used as a potential risk indicator for caries
prediction in a given population. This would
provide a useful information for future
development of new strategies of caries
diagnosis,prevention and treatment.
Conflicts of Interest

The authors declare that they have no

conflicts of interest.
Funding

This research received no external funding.

Data Availability Statement
Data are available from the authors upon

reasonable request.

Acknowledgments

Website: https://mdj.uomustansiriyah.edu.iq

DOI: 10.32828/mdj.v19i1.998

The authors would like to thank College of
Dentistry, Mosul University, Mosul, Iraq, for

their support in the present work.

References

1. Huang TT, Tseng FY, Yeh TH, Hsu CJ, Chen
YS. Factors affecting the bacteriology of
deep neck infection: A retrospective study of
128 patients. Acta Otolaryngol.
2006;126(4):396-

401. https://doi.org/10.1080/0001648050039
5195

2. Bascones Martinez A, Figuero Ruiz E.
Periodontal diseases as bacterial infection.
Av Periodon Implantol. 2005;17(3):111-
118. https://doi.org/10.4321/S1699-
65852005000300002

3. Niederman R, Huang SS, Trescher AL, Listl
S. Improving Oral Health Equity With
Universal School-Based Caries Prevention.
Am J Public Health. 2017;107(1):50-
55. https://doi.org/10.2105/AJPH.2016.3036
14

4. Berkowitz RJ. Causes, treatment and
prevention of early childhood caries: A
microbiologic perspective. J Can Dent Assoc.
2003;69(5):304-307.

5. Tanner ACR. Anaerobic culture to detect
periodontal and caries pathogens. J Oral
Biosci. 2015;57(1):18-
26. https://doi.org/10.1016/1.10b.2014.08.00
1

6. Deo PN, Deshmukh R. Oral microbiome:
Unveiling the fundamentals. J Oral
Maxillofac Pathol. 2019;23(1):122-
128. https://doi.org/10.4103/jomfp. JOMFP__
304 18

Vol.: 19, no.: 1, Year: 2023


https://doi.org/10.32828/mdj.v19i1.998
https://mdj.uomustansiriyah.edu.iq/index.php/mdj
https://doi.org/10.1080/00016480500395195
https://doi.org/10.1080/00016480500395195
https://doi.org/10.4321/S1699-65852005000300002
https://doi.org/10.4321/S1699-65852005000300002
https://doi.org/10.2105/AJPH.2016.303614
https://doi.org/10.2105/AJPH.2016.303614
https://doi.org/10.1016/j.job.2014.08.001
https://doi.org/10.1016/j.job.2014.08.001
https://doi.org/10.4103/jomfp.JOMFP_304_18
https://doi.org/10.4103/jomfp.JOMFP_304_18

7.

10.

11.

12.

Aas JA, Griffen AL, Dardis SR, Lee AM,
Olsen I, Dewhirst FE, Leys EJ, Paster BJ.
Bacteria of dental caries in primary and
permanent teeth in children and young adults.
J Clin Microbiol.  2008;46(4):1407-
1417. https://doi.org/10.1128/JCM.01410-07

Loesche WJ, Rowan J, Straffon LH, Loos PJ.
Association of Streptococcus mutans with
human dental Infect
1975;11(6):1252-

1260. https://doi.org/10.1128/iai.11.6.1252-
1260.1975

decay. Immun.

Sansone C, van Houte J, Joshipura K, Kent
R, Margolis HC. The association of mutans
streptococci and non-mutans streptococci
capable of acidogenesis at a low pH with
dental caries on enamel and root surfaces. J
Dent Res. 1993;72(2):508-
516. https://doi.org/10.1177/0022034593072
0020701

Chandna P, Srivastava N, Sharma A, Sharma
V, Gupta N, Adlakha VK. Isolation of
Scardovia  wiggsiae  using  real-time
polymerase chain reaction from the saliva of
children with early childhood caries. J Indian
Soc Pedod Prev Dent. 2018;36(3):290-
295. https://doi.org/10.4103/JISPPD.JISPPD
_225 17

Tanner AC, Mathney JM, Kent RL, Chalmers
NI, Hughes CV, Loo CY, Pradhan N, Kanasi
E, Hwang J, Dahlan M, Papadopolou E.
Cultivable anaerobic microbiota of severe
early childhood caries. J Clin Microbiol.
2011;49(4):1464-

1474. https://doi.org/10.1128/JCM.02427-10

Tanner AC, Kent RL, Holgerson PL, Hughes
CV, Loo CY, Kanasi E, Chalmers NI,
Johansson 1. Microbiota of severe early
childhood caries before and after therapy. J
Dent Res. 2011;90(11):1298-

Website: https://mdj.uomustansiriyah.edu.iq

121

13.

14.

15.

16.

17.

18.

19.

DOI: 10.32828/mdj.v19i1.998

1305. https://doi.org/10.1177/002203451142
1201

Jian W, Dong X. Transfer of Bifidobacterium
inopinatum and Bifidobacterium denticolens
to Scardovia inopinata gen. nov., comb. nov.,
and Parascardovia denticolens gen. nov.,
comb. nov., respectively. Int J Syst Evol
Microbiol. 2002;52(Pt 3):809-
812. https://doi.org/10.5802/aif.1902

Mantzourani M, Gilbert SC, Sulong HN,
Sheehy EC, Tank S, Fenlon M, Beighton D.
The isolation of bifidobacteria from occlusal
carious lesions in children and adults. Caries
Res. 2009;43(4):308-
313. https://doi.org/10.1159/000222659

Mantzourani M, Fenlon M, Beighton D.
Association between Bifidobacteriaceae and
the clinical severity of root caries lesions.
Oral Microbiol Immunol. 2009;24(1):32-
37. https://doi.org/10.1111/1.1399-
302X.2008.00470.x

Downes J, Mantzourani M, Beighton D,
Hooper S, Wilson MJ, Nicholson A, Wade
WG. Scardovia wiggsiae sp. nov., isolated
from the human oral cavity and clinical
material, and emended descriptions of the
genus Scardovia and Scardovia inopinata. Int
J Syst Evol Microbiol. 2011;61(Pt 1):25-
29. https://doi.org/10.1099/ijs.0.019752-0

Larsen T, Fiehn NE. Dental
infections - update.
2017;125(4):376-

384. https://doi.org/10.1111/apm.12688

biofilm

an APMIS.

Jenkinson HF. Beyond the oral microbiome.
Environ  Microbiol.  2011;13(12):3077-
3087. https://doi.org/10.1111/1.1462-
2920.2011.02573.x

Seow WK. Biological mechanisms of early
childhood caries. Community Dent Oral

Vol.: 19, no.: 1, Year: 2023


https://doi.org/10.32828/mdj.v19i1.998
https://mdj.uomustansiriyah.edu.iq/index.php/mdj
https://doi.org/10.1128/JCM.01410-07
https://doi.org/10.1128/iai.11.6.1252-1260.1975
https://doi.org/10.1128/iai.11.6.1252-1260.1975
https://doi.org/10.1177/00220345930720020701
https://doi.org/10.1177/00220345930720020701
https://doi.org/10.4103/JISPPD.JISPPD_225_17
https://doi.org/10.4103/JISPPD.JISPPD_225_17
https://doi.org/10.1128/JCM.02427-10
https://doi.org/10.1177/0022034511421201
https://doi.org/10.1177/0022034511421201
https://doi.org/10.5802/aif.1902
https://doi.org/10.1159/000222659
https://doi.org/10.1111/j.1399-302X.2008.00470.x
https://doi.org/10.1111/j.1399-302X.2008.00470.x
https://doi.org/10.1099/ijs.0.019752-0
https://doi.org/10.1111/apm.12688
https://doi.org/10.1111/j.1462-2920.2011.02573.x
https://doi.org/10.1111/j.1462-2920.2011.02573.x

20.

21.

22.

23.

24.

25.

26.

Epidemiol.
27. https://doi.org/10.1111/5.1600-

1998;26(1 Suppl):8-

0528.1998.tb02090.x

Henne K, Rheinberg A, Conrads G, Esteves-
Oliveira M. Analysis of Bacterial Activity in
Sound and Cariogenic Biofilm: A Pilot in
vivo Study. Caries Res. 2016;50(5):480-
488. https://doi.org/10.1159/000448485

Hajishengallis E, Parsaei Y, Klein MI, Koo
H. Advances in the microbial etiology and
pathogenesis of early childhood caries. Mol
Oral Microbiol. 2017;32(1):24-
34. https://doi.org/10.1111/0mi.12152

Pokusaeva K, Fitzgerald GF, van Sinderen D.
Carbohydrate metabolism in Bifidobacteria.
Genes Nutr. 2011;6(3):285-
306. https://doi.org/10.1007/s12263-010-
0206-6

Kameda M, Abiko Y, Washio J, Tanner
ACR, Kressirer CA, Mizoguchi I, Takahashi
N. Sugar Metabolism of Scardovia wiggsiae,
a Novel Caries-Associated Bacterium. Front
Microbiol.

2020;11:479. https://doi.org/10.3389/fmicb.
2020.00479

Manome A, Abiko Y, Kawashima J, Washio
J, Fukumoto S, Takahashi N. Acidogenic
potential of oral Bifidobacterium and its high
fluoride  tolerance. = Front  Microbiol.
2019;10:1099. https://doi.org/10.3389/fmicb
.2019.01099

Hoppenbrouwers PM, Driessens FC. The
effect of lactic and acetic acid on the
formation of artificial caries lesions. J Dent
Res. 1988;67(12):1466-
1467. https://doi.org/10.1177/002203458806
70120501

Streiff BJ, Seneviratne M, Kingsley K.
Screening and prevalence of the novel

Website: https://mdj.uomustansiriyah.edu.iq

122

27.

28.

29.

30.

31.

DOI: 10.32828/mdj.v19i1.998

cariogenic pathogen Scardovia wiggsiae
among adult orthodontic and non-orthodontic
patient saliva samples. Int J Dent Oral Health.
2015;1(6). https://doi.org/10.16966/2378-
7090.159

Zhou J, Jiang N, Wang S, Hu X, Jiao K, He
X, et al. Exploration of human salivary
the
community

microbiomes: nto novel

characteristics

insights
of microbial
structure in caries and caries-free subjects.
PLoS One.
2016;11(1):e0147039. https://doi.org/10.137
1/journal.pone.0147039

Isaac RD, Sanjeev K, Subbulakshmi CL,
Amirtharaj LV, Sekar M. Identification of a
novel bacterium Scardovia wiggsiae in high
caries risk adolescence: A metagenomic and
melt curve analysis. J Conserv Dent.

2022;25(3):297-305.

McDaniel J, Howard KM, Kingsley K.
Molecular Screening and Analysis Reveal
Novel Oral Site-Specific Locations for the
Cariogenic Pathogen Scardovia wiggsiae.
Dent J (Basel).
2021;9(6):73. https://doi.org/10.3390/dj9060
073

Chervinets VM, Chervinets YV, Leont'Eva
AV, Kozlova EA, Stulov NM, Belyaev VS,
Grigoryants EO, Mironov AY. The
microbiome of oral cavity patients with
periodontitis, adhesive and biofilm forming
properties. Klin Lab Diagn. 2021;66(1):45-
51. https://doi.org/10.18821/0869-2084-
2021-66-1-45-51

Chakrapani AR, Ajjappa BG, Prakash S,
Bhat K. Scardovia wiggsiae: Role in
Periodontal Health and Disease - A Pilot
Study. Indian J Dent Adv. 2019;11(4):119-
124.

Vol.: 19, no.: 1, Year: 2023


https://doi.org/10.32828/mdj.v19i1.998
https://mdj.uomustansiriyah.edu.iq/index.php/mdj
https://doi.org/10.1111/j.1600-0528.1998.tb02090.x
https://doi.org/10.1111/j.1600-0528.1998.tb02090.x
https://doi.org/10.1159/000448485
https://doi.org/10.1111/omi.12152
https://doi.org/10.1007/s12263-010-0206-6
https://doi.org/10.1007/s12263-010-0206-6
https://doi.org/10.3389/fmicb.2020.00479
https://doi.org/10.3389/fmicb.2020.00479
https://doi.org/10.3389/fmicb.2019.01099
https://doi.org/10.3389/fmicb.2019.01099
https://doi.org/10.1177/00220345880670120501
https://doi.org/10.1177/00220345880670120501
https://doi.org/10.16966/2378-7090.159
https://doi.org/10.16966/2378-7090.159
https://doi.org/10.1371/journal.pone.0147039
https://doi.org/10.1371/journal.pone.0147039
https://doi.org/10.3390/dj9060073
https://doi.org/10.3390/dj9060073
https://doi.org/10.18821/0869-2084-2021-66-1-45-51
https://doi.org/10.18821/0869-2084-2021-66-1-45-51

32.

33.

34.

35.

36.

Torlakovic L, Klepac-Ceraj V, Ogaard B,
Cotton SL, Paster BJ, Olsen I. Microbial
community succession on developing lesions
on human enamel. J Oral Microbiol.
2012;4. https://doi.org/10.3402/jom.v4i0.16
125

Ledezma-Rasillo G,
Gonzalez-Amaro AM, Garrocho-Rangel A,
Ruiz-Rodriguez MDS, Pozos-Guillen Al.
Identification of cultivable microorganisms
from primary teeth with necrotic pulps. J Clin
Pediatr Dent. 2010;34(4):329-
333. https://doi.org/10.17796/icpd.34.4.2012
41ul11544377

Flores-Reyes H,

Damé-Teixeira N, Parolo CCF, Malz M,
Devine DA, Do T. Gene expression profile of
Scardovia spp. in the meta-transcriptome of
root caries. Braz Oral Res.
2020;34:¢0042. https://doi.org/10.1590/1807
-3107bor-2020.vo134.0042

Vacharaksa A, Suvansopee P, Opaswanich
N, Sukarawan W. PCR detection of
Scardovia wiggsiae in combination with
Streptococcus mutans for early childhood
caries-risk prediction. Eur J Oral Sci.
2015;123(5):312-

318. https://doi.org/10.1111/e0s.12208

Maret D, Marchal-Sixou C, Vergnes JIN,
Hamel O, Georgelin-Gurgel M, Van Der
Sluis L, Sixou M. Effect of fixed orthodontic
appliances on salivary microbial parameters

Website: https://mdj.uomustansiriyah.edu.iq

37.

38.

39.

40.

DOI: 10.32828/mdj.v19i1.998

at 6 months: a controlled observational study.

J Appl Oral Sci. 2014;22(1):38-
43, https://doi.org/10.1590/1678-
775720130318

El-Ezmerli NF, Gregory RL. Effect of
nicotine on  biofilm  formation  of
Streptococcus mutans isolates from smoking
and non-smoking subjects. J Oral Microbiol.
2019;11(1):1662275. https://doi.org/10.1080
/20002297.2019.1662275

Balhaddad AA, Melo MAS, Gregory RL.
Inhibition of nicotine-induced Streptococcus
mutans biofilm formation by salts solutions
intended for mouthrinses. Restor Dent
Endod.

2019;44(2):e4. https://doi.org/10.5395/rde.2

019.44.¢4

Milne W, Rezaei G, Whiteley A, Kingsley K.
Cariogenic Pathogen Scardovia Wiggsiae
Screening Among Pediatric Orthodontic
Patients: A Pilot Study. Curr Res Dent.
2018;9(1):1-

5. https://doi.org/10.3844/crdsp.2018.1.5

Tanner AC, Sonis AL, Lif Holgerson P, Starr
JR, Nunez Y, Kressirer CA, Paster BJ,
Johansson 1. White-spot lesions and
gingivitis microbiotas in orthodontic patients.
J Dent Res. 2012;91(9):853-
858. https://doi.org/10.1177/0022034512455
031

Vol.: 19, no.: 1, Year: 2023


https://doi.org/10.32828/mdj.v19i1.998
https://mdj.uomustansiriyah.edu.iq/index.php/mdj
https://doi.org/10.3402/jom.v4i0.16125
https://doi.org/10.3402/jom.v4i0.16125
https://doi.org/10.17796/jcpd.34.4.20124lu111544377
https://doi.org/10.17796/jcpd.34.4.20124lu111544377
https://doi.org/10.1590/1807-3107bor-2020.vol34.0042
https://doi.org/10.1590/1807-3107bor-2020.vol34.0042
https://doi.org/10.1111/eos.12208
https://doi.org/10.1590/1678-775720130318
https://doi.org/10.1590/1678-775720130318
https://doi.org/10.1080/20002297.2019.1662275
https://doi.org/10.1080/20002297.2019.1662275
https://doi.org/10.5395/rde.2019.44.e4
https://doi.org/10.5395/rde.2019.44.e4
https://doi.org/10.3844/crdsp.2018.1.5
https://doi.org/10.1177/0022034512455031
https://doi.org/10.1177/0022034512455031

