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Abstract

Background: Candida is a heterogeneous fungal genus. Subgingival sulcus is a refuge for Candida, which has
already been related to the pathogenic inflammation of periodontitis. This work aims to review the presence of
Candida in the sulcular fluid surrounding dental implants and discuss its potential role in peri-implantitis.

Results: A bibliographical research was performed in PubMed, Scopus and Web of Science databases, with the

keywords candida, peri-implantitis, periimplantitis, “dental implant” and implant. Newcastle-Ottawa Scale was used
to assess the methodological quality of the included studies. At the end, nine observational studies were included,
which analysed 400 dental implants with Pl and 337 without peri-implantitis. Presence of Candida was assessed by

fungi in peri-implantitis.
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traditional microbiological culture in blood agar or/and CHROMagar, though identification was also detected by
quantitative real-time PCR, random amplified polymorphic DNA or ATB ID 32C. Dentate individuals and implants
with peri-implantitis (range, 3-76.7%) had a bigger presence of Candida. C. albicans was the most isolated species,
followed by Candida parapsilosis, Candida tropicalis, and Candida dubliniensis.

Conclusion: Candida is part of the microbiological profile of the peri-implant sulcular fluid. More studies are
needed to compare the link between Candida and other microorganisms and to discover the true role of these

Background

Oral rehabilitation with dental implants is a predictable
and safe therapeutic procedure to treat tooth loss, in
both partially and completely edentulous patients.
Throughout the years, more advances have been made
in the design, surface and chirurgical protocols of the
implant systems, whose success can reach up to 95% of
cases [1, 2].

Mechanical and biological complications are the main
cause of dental implant failure. Peri-implantitis (PI) is a
multifactorial infectious disease characterized by inflam-
mation in the peri-implant mucosa and a progressive
loss of supporting bone [3]. Although inflammatory
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response is more pronounced in the tissues surrounding
the implants than in those surrounding the teeth [4], the
microbiological environment associated to PI is similar
to the observed in conventional periodontal disease,
which includes anaerobic Gram-negative bacteria, such
as Prevotella nigrescens, Campylobacter rectus and
Aggregatibacter  actinomycetemcomitans [5]. Other
microorganisms, for example fungi, like Candida, could
also participate in the onset and development of PI,
since Candida colonization and biofilm formation is
relatively common on other metallic surfaces, like hip
and knee prostheses [6, 7]. However, there is a direct as-
sociation between surface roughness and hydrophobicity
with biofilm development as surface topography influ-
enced microbial adhesion. For instance, titanium is one
of the biomaterials most resistant to microbial
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colonization and to the development of C. albicans and
bacterial biofilms [8].

Candida is a commensal of the oral cavity that can be
isolated from many healthy individuals but can trigger
mucosa infections (candidiasis) associated to different
predisposing factors, like immunodeficiency [9]. Subgin-
gival sulcus can also play as a refuge for pathogenic
fungi [10]. In addition, different species of Candida have
already been associated with the maintenance of peri-
odontal inflammation in periodontitis [11, 12]. Never-
theless, the mechanisms by which Candida may enhance
bone resorption, especially in the jaws, are unclear.

Candida albicans is the species more frequently
isolated in PI, developing thick biofilms over the peri-
implant surface [10]. Given its ability to adhere to the
implant area in intimate contact with the bone, it has
been hypothesized that Candida could also contribute
to the progression of PI, but this link has yet to be
elucidated.

The objective of this work is to make a systematic re-
view of the literature, aiming to recognize the presence
of different species of Candida in the peri-implant niche
and to discuss its role in the pathogenesis and progres-
sion of peri-implantitis.

Methods

Research strategy

The methodological design of this study matches the
PRISMA criteria and guidelines [13]. In this systematic
review, we address the question “what is the role of Can-
dida in the development of peri-implantitis?”.

Two independent co-authors (ILIM, ACG) performed
a systematic bibliographical research in PubMed (US
National Gallery of Medicine), Scopus and Web of Sci-
ence/Knowledge. The search strategy consisted in differ-
ent combinations of the MeSH keywords: Candida, peri-
implantitis, periimplantitis, “dental implant” and implant
(candida AND peri-implantitis; candida AND periim-
plantitis; candida AND dental implant; candida AND
implant).

Inclusion and exclusion criteria

Inclusion criteria were studies published in English or
Spanish until December 2020 in patients with dental im-
plants and diagnosis of PI and/or analysing samples from
the sulcular fluid surrounding dental implants. Among
exclusion criteria were case reports, reviews, position pa-
pers, and author opinions. Moreover, those studies not
available in full format and experimental studies were
also excluded.

Selection of the studies and data collection
The study selection and data extraction were also per-
formed by two reviewers (JMAU and ILIM). A third one
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(JMAU) participated in the decision-making in case of
doubt about the inclusion of the studies. Also, if essen-
tial data for the review was missing or unclear, the cor-
responding author clarified the problem.

The titles and abstracts of the retrieved references
were screened for relevance and after this, the full texts
of all articles potentially eligible were analysed against
the inclusion/exclusion criteria. In order to collect the
information of the different studies retrieved, a standard
document was utilized for data regarding authors, year
of publication, study design, diagnostic criteria, clinical
specimens, implant systems used, and microbiological
methods. In addition, quantitative data on the isolation
of Candida and other microorganisms were collected for
both peri-implantitis and healthy implants.

For categorical variables, we performed a descriptive
statistical analysis to obtain frequencies and percentages,
as well as to determine the average and standard devi-
ation for quantitative variables.

Risk of bias

A modified Newcastle-Ottawa Scale (NOS) was used to
assess the methodological quality of the included studies
[14]. This system analyses the risk of bias of nonrando-
mized studies, taking into account three domains and
eight items for cohort studies: selection, comparability
and outcome. The total maximum score is 9; a study
with a score from 7 to 9 has high quality; 4 to 6, high
risk of bias; and 0 to 3, very high risk of bias.

Results

Bibliographical search and retrieval

The selection process of search and retrieval of literature
is showed in Fig. 1. Initially, 1185 records were retrieved
from databases, from which 41 were excluded due to not
being published in English or Spanish, 131 because they
were not made in humans and 87 for being duplicates.
Thus, 926 articles were screened, but 691 were elimi-
nated because they did not study the presence of
Candida in dental implants, another 210 for being case
reports, reviews or author opinions and other 10 for not
being available in full-text.

After the detailed analysis, 15 articles studying the
presence of Candida in patients with dental implants
were included. However, during the extraction data
process, we saw that only nine of them compared
patients with and without PI, which accounted for
the 0.78% of the initial number (Table 1) [10, 15—
22]. So, the remaining six manuscripts were
discarded since they studied patients with dental
implants but without diagnosis of the peri-implant
status [2, 23-27].
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Table 1 Clinical data of the included studies

Authors and year Country Assessment Patients Mean Dental implants

of Candida Total PI Healthy age Total PI Healthy

(years)

Rosenberg et al. 1991 [15] USA - 75 11 64 - 83 - -
Leonhardt et al. 1999 [16] Sweden Blood agar 88 37 51 63 - - -
Listgarten et al. 1999 [17] USA Blood agar 41 41 0 59 44 44 0
Albertini et al. 2015 [18] Spain CHROMagar 33 33 0 67.1 48 48 0
Canullo et al. 2015 [19] [taly gPCR 534 53 481 62,25 235 231 1276
Schwarz et al. 2015 [20] Germany gPCR 29 19 10 - 29 19 10
Bertone et al. 2016 [21] Argentine CHROMagar 40 40 0 56 89 49 40
Alrabiah et al. 2019 [10] Saudi Arabia CHROMagar 84 43 41 53,65 84 43 41
Alsahhaf et al. 2019 [22] Saudi Arabia CHROMagar 126 84 42 55,77 126 84 42

Pl peri-implantitis
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Clinical and microbiological characteristics of the included
studies

The microbiological analysis was performed, in all the
studies, collecting samples from the sulcular fluid with
sterile paper points for different periods. Presence of
Candida was assessed by traditional microbiological cul-
ture in blood agar [16, 17] or/and CHROMagar [10, 18,
22, 23]. Identification of clinical isolates of different
Candida species was also detected by either quantitative
real-time PCR [19, 21], random amplified polymorphic
DNA [22] or ATB ID 32 [18]. In all cases, the patients
had not taken antibiotics, at least 2 months before taking
the samples.

These studies analysed 626 patients, 361 with PI
(57.7%) and 265 without PI (42.3%), whose mean age
varied between 53 and 67 years. Data about gender was
available in 5 studies [10, 18, 19, 21, 23], from which
20.3% were women (38 with PI and 33 without PI) and
79.7% (162 with PI and 117 without PI) men. Curiously,
two articles from Saudi Arabia did not include female
patients [10, 23]. In total, 737 patients wearing dental
implants were investigated, 400 (54.3%) with peri-
implantitis and 337 (45.7%) without PI (Table 1).

Only one study did not found Candida in the sulcular
fluid [17]. The rest of the studies recognized a bigger
presence of the fungi in the implants with PI (range, 3—
76.7%), in contrast to healthy ones (range, 9-50%) [15,
16, 18, 19, 21-23]. Dentate patients also had more
Candida in their implants than edentulous ones [16, 19].
Fungal colonization was observed only in dental
implants with PI in three studies [15, 16, 18].

C. albicans was the most isolated species, followed by
Candida parapsilosis, Candida tropicalis, Candida
dubliniensis, Candida boidinii, Candida guilliermondii,
Candida krusei and Candida lusitaniae (Table 2).
Rosenberg et al. [15] did not indicate the species of
Candida. Most of the authors reported presence of C.
albicans, as well as C. boidinii, C. dubliniensis, C.
parapsilosis, C. tropicalis, C. guilliermondii, C. krusei
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and C. lusitaniae [10, 21-23]. None of the authors
stated if these were pure or polifungal Candida bio-
films [10, 21-23]. C. albicans alone was observed in
three studies [16—18].

Risk of bias in individual studies

After applying modified NOS assessment, 22.2% of the
studies revealed 9 stars, 44.5% of them 8 and 33.3% of
them 7 (Table 3). Overall, risk of bias was low.

Clinical and microbiological characteristics of the
excluded studies

The six articles excluded in this review analysed the
presence of Candida in the sulcular fluid surrounding
362 dental implants [2, 23-27]. In most reports, C.
albicans was isolated [2, 23, 25, 26]; however, C.
dubliniensis, C. glabrata, Candida kefyr and Candida
norvegensis were also observed [20, 24, 26] (Table 4).
The presence of Candida was variable, affecting be-
tween 10 and 71% of the implants. The study of
Pefiarrocha et al. [24] was the only one in which no
Candida was observed in the implants investigated.
This absence of Candida colonization might be re-
lated to the small sample size (20 patients) and to the
fact that they look for the presence of C. albicans
and no other species of Candida.

Gomes et al. [26] described that the quantity of
Candida was bigger at 8 months was higher than
that observed at 4 months after implant placement.
Mencio et al. [2] only observed the presence of C.
albicans in implants with cemented implant-
abutment connections but not in those with screwed
implant-abutment connections. In addition, Kilic
et al. [23] found more Candida colonization in
patients with bar-retained overdentures (25%) than
in those with locator-retained overdentures (19%)
(Table 3).

Table 2 Microbiological findings of the included studies. Species of Candida

Authors and year Candida presence (%)

Species of Candida

Total PI Healthy
Rosenberg et al. 1991 [15] 32 32 0
Leonhardt et al. 1999 [16] 27 27 0 C. albicans
Albertini et al. 2015 [18] 3 3 - C. albicans
Canullo et al. 2015 [19] 135 16.9 15.9% C. albicans
Schwarz et al. 2015 [20] 129 15.8 10 C. albicans, C. boidinii, C dubliniensis
Bertone et al. 2016 [21] 515 53 50 C. albicans, C. dubliniensis, C. parapsilosis, C. tropicalis, C. guilliermondii, C. krusei, C. lusitaniae
Alrabiah et al. 2019 [10] 445 76.7 122 C. albicans, C. tropicalis, C. parapsilosis
Alsahhaf et al. 2019 [22] 43 762 98 C. albicans, C. tropicalis, C. parapsilosis

Pl peri-implantitis
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Table 3 Quality assessment of the included studies. NOS tool
Authors, year Type of Newcastle-Ottawa Scale (NOS)
study Selection Comparison Exposure/outcome
Rosenberg et al. 1991 [15] Case-control *x *x K%k ok
Leonhardt et al. 1999 [16] Case-control *k * % * %k
Listgarten et al. 1999 [17] Cohort ok k *x Jkk
Albertini et al. 2015 [18] Cohort Kk k *k K%k ok
Canullo et al. 2015 [19] Case-control *k *k * %k
Schwarz et al. 2015 [20] Case-control Jkk *k *kk
Bertone et al. 2016 [21] Cohort Kk k *k Kk k
Alrabiah et al. 2019 [10] Case-control %k ke ok * % ok ok
Alsahhaf et al. 2019 [22] Case-control Kk k ok *k *kk

Discussion

Candida is a heterogeneous fungal genus composed by
more than 150 species. Although some species of
Candida coexist as human commensals, they can cause
superficial and systemic infections under certain circum-
stances [28]. Most candidiasis are caused by C. albicans,
but in the recent years other non-C. albicans species
have manifested a pathogenic capacity. Among the most
frequently isolated from clinical specimens are Candida
glabrata, C. parapsilosis and C. tropicalis [29].

The pathogenicity of Candida responds to a set of
virulence factors, including dimorphism, secretion of
hydrolytic enzymes (proteases, lipases and haemolysins)
and adhesion and biofilm formation on the mucous
epithelium and on medical devices [30, 31]. Formation
of biofilms is a complex sequential process that depends
on the invasive agent and the structure on which it is
hosted [32]. Yeast colonization of biotic and abiotic
surfaces is the first step in the development of biofilms,
followed by cell division and microcolonies generation
that contribute to the maturation of a biofilm character-
ized by the presence of hyphae and yeasts (sessile cells)
embedded in an extracellular matrix and, finally, the
detachment of some of these cells [33]. The release of
planktonic cells into the environment allows them to
colonize new surfaces and to develop new foci of
candidiasis.

Because the diagnostic criteria of the peri-implant dis-
eases have been in constant change, the diagnosis of
peri-implantitis in the included studies have differed
from one to another, due to being published over a long
period of time, from 1991 to 2020. Yet most of the
reviewed studies collected data about bleeding and/or
suppuration on probing, probing depth and radiographic
bone loss. Moreover, implant mobility and presence of
keratinized mucosa was evaluated in three studies [15,
16, 20, 21]. For all these reasons, although it cannot be
guaranteed that all the implants studied in this work
have been correctly categorized as healthy or diseased,
the margin of error could not be very wide [5, 34, 35]. In
regards to the risk factor of PI, none of the studies
excluded patients with history of periodontitis and two
discarded smokers [10, 22]. Still, only one of the nine
selected articles did not state whether they found
Candida or not [17].

According to the included studies of this review, im-
plants with peri-implantitis (range, 3-76.7%) had a
higher presence of Candida than those without peri-
implantitis (range, 9-50%). However, we do not know
why prevalence of Candida was significantly bigger in
the studies with individuals form Saudi Arabia [10, 22].
Since fungal assessment and sample size were similar to
other studies [16, 18], we believe these particular results
may be related to special geographical and sociocultural

Table 4 Clinical data and microbiological findings of the excluded studies*

Authors and year (country) Patients Isolation of Candida from clinical specimens
(implants) % Species
Kilic et al. 2014 (Turkey) [23] 37 (37) 71 C. albicans, C. glabrata, C. kefyr, C. norvegensis
Pefarrocha et al. 2015 (Spain) [24] 20 (43) 0 -
Canullo et al. 2015 (Italy) [25] 40 (80) 15 C. albicans, C. dubliniensis
Gomes et al. 2017 (Brazil) [26] 14 (60) - C. albicans, C. dubliniensis
Mencio et al. 2017 (ltaly) [2] 20 (50) 10 C. albicans
Ju et al. 2019 (South Korea) [27] 92 (92) 13 -

*These articles were excluded due to the absence of any peri-implant diagnostic criteria
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factors, such as diet, and the fact that these authors
excluded female patients and smokers [10, 22].

Moreover, the fact that 10-71% of implants, regardless
of peri-implantitis, showed the presence of this fungus
demonstrates that colonization of Candida in the peri-
implant environment is independent of the disease. Also,
because a slightly higher number of patients with bar-
retained overdentures had Candida, in contrast to
locator-retained overdentures, time and hygiene of im-
plants might also be important factors of fungal
colonization.

Schwarz et al. [20] were the sole authors to state a direct
relationship between Candida and other microorganisms.
Thereby, from three implants with PI, C. boidinii was iso-
lated alongside Mycoplasma salivarum, Veillonella par-
vula, Porphyromonas gingivalis, Parvimonas micra and
Tannerella forsythia in one of them, and in the other two,
C. albicans was also found with V. parvula, T. forsythia,
M. salivarum, P. gingivalis and P. micra. On the other
hand, C. dubliniensis was accompanied by M. salivarum,
V. parvula, Staphylococcus aureus, P. micra and T. for-
sythia in one healthy implant. The latter species of Can-
dida, C. dubliniensis has been isolated from patients
suffering from different oral pathologies, resembling C.
albicans in many virulence factors including hypha forma-
tion and hydrolytic enzyme production [36, 37]. In this
context, Candida colonization could be linked to the pres-
ence of other periodontopathogens, like 7. forsythia, P.
micra or P. gingivalis. Although the exact role of Candida
in the beginning of the peri-implant disease is unknown,
we believe that this fungus could play an important func-
tion in the latter stages of PI, when the bacterial micro-
environment is already established, as demonstrated in
experimental studies [38].

Knowledge of the involvement of Candida infection in dis-
orders of bone remodelling is limited, but it has been de-
scribed in Candida arthritis and osteomyelitis [39, 40],
nosological entities described very rarely in the jaws [41, 42].
Candida arthritis and osteomyelitis develop by haematogen-
ous invasion, mainly in patients with immunodeficiency, be-
ing C. albicans is usually the most frequently isolated,
although C. tropicalis, C. glabrata and C. parapsilosis has
also been isolated [40]. As in the latter processes, Candida
would act as a modifying agent in chronic inflammation
around dental implants that activates the bone resorption
response.

Anaerobiosis, as occurs in peri-implant pockets, can
promote the virulence of C. albicans, increasing the ac-
tivity of secreted aspartyl proteinases (Sap) [43]. These
Sap proteins are associated to Candida adherence, tissue
damage and modulation of immune response, maintain-
ing inflammatory stimuli that attract other periodonto-
pathogens [44, 45]. This role of Saps is important
because the ability to form thick biofilms is easier for C.
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albicans, both under aerobic and anaerobic conditions,
whereas for the rest of the species of Candida, growth is
much greater only under aerobic conditions [46]. C.
albicans hyphae secrete candidalysin, a 31-amino-acid
peptide toxin that damages the epithelial cells and has
an immunomodulatory capacity by binding to epidermal
growth factor receptor (ErbB1 or Herl) [47]. Yeast and
hyphal morphologies are present during asymptomatic
C. albicans colonization of human mucosal surfaces.
However, hypha formation can lead to candidalysin se-
cretion, tissue damage and immune modulation (Fig. 2).
Furthermore, C. albicans 95-kDa metallopeptidase, lo-
calized in cell wall, owns the capacity to destroy dif-
ferent elements of the peri-implant soft and hard
tissues like type I collagen (connective tissue, alveolar
bone and cement), type IV collagen (basement mem-
brane of the mucosa), fibronectin (periodontal liga-
ment) and laminin (basement membrane of the
mucosa and cement) [48-50].

Interestingly, one study [22] pointed that patients with
dental implants in which Candida was isolated, also had a
higher presence of these fungi at the buccal, lingual and
palatal mucosa. Although this study did not differentiate
between implants with and without P, it evidences the ex-
istence of an oral reservoir for Candida that facilitates the
entry of this fungus into the peri-implant sulcus.

This systematic review has limitations. First, only nine
studies analysed the presence of Candida in patients
with peri-implantitis including very heterogeneous sam-
ples (range, 20-126 studied specimens). Second, few
studies reported the number of Candida colony-
forming units (CFU), which is a fundamental data for
the mycological analysis [9, 51]. Alrabiah et al. [10]
showed significant differences in the quantity of Can-
dida between specimens from patients suffering PI
(3147.54 CFU/mL) and from patients without PI
(496.68 + 100.2 CFU/mL). These findings are similar to
those found by Alsahhaf et al. [22] (2316.26 vs 177.6
CFU/ml). Third, it was impossible to analyse the differ-
ences of Candida in patients with PI, regarding the
type, composition, design and surface of the implants,
because only Leonhardt et al. [16], said that their im-
plants were Nobel Biocare AB (Gothenburg, Sweden).
We are convinced of the importance of studying the im-
plant characteristics, since they can be strongly related
to colonization and infection, according to how they
allow Candida adherence. There is a strong association
between implant properties and microbial adhesion, ti-
tanium being one of the most resistant to Candida
colonization and biofilm development [8]. Moreover,
there is a considerable heterogeneity of the selected
studies regarding the microbial methods and study de-
sign then results obtained from different microbiological
methods did not allow for a direct comparison.
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Fig. 2 Candida albicans virulence factors. Mechanisms by which C. albicans promotes colonization and invasion of mucosal cells

Conclusions

In summary, Candida is a common inhabitant of the
peri-implant sulcular sulcus microbial environment,
both in healthy implants and in those from people suf-
fering from PI. However, Candida presence is more
common in peri-implantitis. This presence and the
Candida concentrations in the peri-implant tissue can
be related to the lapse of time dental implants have been
in the oral cavity. In addition, the quantity of Candida
in the sulcular fluid surrounding the implants might rely
on the presence of other periodontopathogens, such as
V. parvula, T. forsythia, M. salivarum, P. gingivalis or P.
micra. Although, C. albicans, C. parapsilosis and C.
tropicalis are the most common species in peri-
implantitis, others have also been identified, such as C.
dubliniensis, C. boidinii, C. guilliermondii, C. krusei and
C. lusitaniae, but in a very low frequency. Better-
designed studies are needed, with larger patient samples,
to unravel whether there is a relevant role for Candida
in the etiopathogenesis of peri-implantitis and dental
implant failure.
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