T

Malassezia restricta 95.65% 21.18+/-24.76
Malassezia svmpodialis 95.65% 4.73+/-6.61
Malassezia globosa 82.61% 15.91+/-22.74
unclassified Malassezia 78.26% 1.52+4/-3.06
Malassezia dermatitis 43.48% 0.55+/-1.41
Malassezia slooffiae 26.09% 0.22+/-0.55
Malassezia obtusa 13.04% 0.14+/-0.56
Malassezia yamatoensis 13.04% 0.02+/-0.07
Malassezia japonica 8.70% 0.02+/-0.06
Malassezia furfur 4.35% 0.00+/-0.01

Table 7. Malassezia species detected via sequencing. Data represent percentage of subjects

positive and relative abundance.

Table 8. Candida species detected via sequencing. Data represent percentage of subjects positive

and relative abundance.

Via cultivation, six genera and nine species were detected. The most prevalent was Candida

albicans and the most abundant was Candida glabrata. (Table 9)
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TOTAL CFU/ml Saliva
mean +/- SD [range]

GENERA PREVALENCE SPECIES PREVALENCE

albicans 43.48% 379.83 +/- 1223.74 [0-6000]
Candida 52.17% | parapsilosis| 17.39% 313.91 +/- 1425.87 [0-7000]
glabrata 4.35% 1739.13 +/- 8157.24 [0-40000
Pichia 13.04% | guillermondiil 13.04% 19.30 +/- 64.16 [0-284]
Rhodotorula 13.04% mucilaginosa 8.70% 1.74+/- 7.74 [0-38]
sp. LK1109 4.35% 0.43 +/- 2.04 [0-10]
Malassezia 8.70% sympodialis 8.70% 1.83 +/- 8.15 [0-40]
Cryptococcus 4.35% albidosimilis 4.35% 0.09 +/- 0.41 [0-2]
Exophiala 4.35% dermatitidis 4.35% 0.96 +/- 4.49 [0-22]

Table 9. Salivary fungi detected via cultivation. Data represent percentage of subjects positive

and total abundance.
Furthermore, the number of genera per subject detected via molecular methods surpasses

the fungal richness detected via cultivation methods, ranging from 9 to 96 the number of genera

detected for the former and O to 3 for the latter. (Figure 9).
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Figure 9. Comparison of salivary fungal richness (number of genera) by cultivation and

molecular detection. Differences were evaluated via Mann Whitney test.
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When we compared both methods of detection, we were able to distinguish only six
common genera such as Candida, Malassezia, Pichia, Rhodotorula, Exophiala and Cryptococcus.
Furthermore, the molecular method significantly detected the genera described above (with the

exception of Pichia and Exophiala) in more patients compared to cultivation methods. (Figure 10)
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Figure 10. Comparison of prevalence of genera detected by both cultivation and molecular
methods. Data represent percentage of subjects positive. Differences were evaluated via

McNemar test.

At the species level, we compared Candida versus Malassezia species. Strikingly, our
results show that although Malassezia species were predominant in the oral mycobiome, they were
not found via cultivation methods except for Malassezia sympodialis with a prevalence of 8.7% (2

subjects). (Figure 11)
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Figure 11. Comparison of the five more prevalent Candida sp and Malassezia sp detected by

cultivation and molecular methods. Data represent percentage of subjects positive. Differences

were evaluated via McNemar test.

Overall, these results show that more taxa were detected via molecular methods than by

cultivation, with Candida species and Malassezia spp as the most prevalent and abundant species

found molecularly in all the subjects. Candida were the most prevalent and abundantly found via

cultivation compared to the other five genera detected. There were no significant differences in the

detection of Candida tropicalis (p = 0.125) and Candida glabrata (p = 1.000) utilizing both

methods. Candida albicans, C. parapsilosis, C. glabrata and Malassezia sympodialis were

detected by both methods, however, most frequently detected molecularly.

4.4 Results related to Aim 3
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The third aim of this thesis (Aim 3) was to compare cultivable fungi in saliva and mucosa. Since
we detected very low number of fungi in saliva, we reasoned that perhaps higher numbers could
be seen if a different oral site was sampled. For the development of this part, we included 24

subjects in which we were able to collect and analyze both saliva and swab samples.

There was not a significant difference (p = 0.289) in the percentage of sample positive for fungi

when comparing saliva and swabs (Figure 12)
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Figure 12. Percentage samples positive in saliva versus swabs. Differences were evaluated via

McNemar test.

Total abundance of salivary and mucosal fungi is represented in Tables 10 and 11.
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TOTAL ABUNDANCE (CFU/ml saliva)

GENERA SPECIES
mean +/- SD [range]
albicans 364.00 +/- 1200.37 [0-6000]
Candida parapsilosis 300.83 +/- 1397.26 [0-7000]
glabrata 1666.67 +/- 7993.05 [0-40000]
Malassezia sympaodialis 7.17 +/- 26.83 [0-130]
Pichia guillermondii 18.50 +/- 62.93 [0-284]
Rhodotorula mucilaginosa 1.67+/-7.59 [0-38]
sp. LK1109 0.42 +/- 2.00 [0-10]
Cryptococcus albidosimilis 0.08 +/- 0.40 [0-2]
Exophiala dermatitidis 0.92 +/- 4.40 [0-22]

Table 10. Salivary fungi detected via cultivation. Data represent total abundance.

GENERA SPECIES TOTAL CFU/swab
mean +/- SD [range]
albicans 74.67 +/- 239.96 [0-1200]
Candida parapsilosis 7.00 +/- 23.86 [0-110]
glabrata 87.50 +/- 419.64 [0-2100]
Malassezia sympodialis 4,75 +/- 21.95 [0-2100]
Pichia guillermondij 0.42 +/-2.00 [0-10]
Rhodotorula mucilaginosd 0.08+/-0.40 [0-2]
Clavispora lusitaniae 0.42 +/-2.00 [0-10]

Table 11. Mucosal fungi detected via cultivation. Data represent total abundance.

We then analyzed the data at the genus level to determine how many subjects were positive
for each specific genus. From the seven genera detected utilizing both methods, swab samples only
allowed detection of five out of seven genera, compared to saliva which resulted in positives in six

out of seven. None of the genera detected were significantly different by either of the methods

employed. (Figure 13)
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Figure 13. Prevalence of genera in saliva vs swab. Data represent percentage of subjects positive.

Differences were evaluated via McNemar test.

We also analyzed the data at the species level to determine how many subjects were
positive for each specific species. From the ten-species detected utilizing both methods, swab
samples were positive for seven species compared to saliva samples which were positive for nine
species. None of the species detected were significant for either of the methods employed.

(Figure 14)
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Figure 14. Prevalence of species of Candida and Malassezia in saliva and swab. Data represent

percentage of subjects positive. Differences were evaluated via McNemar test.

Overall, these results confirm that the recovery of fungal species from saliva samples is
comparable to mucosal swabs. As an important point to consider is that the prevalence for any of

these taxa obtained via cultivation methods was below 50%.

4.5 Ability of cultivation to detect molecular mycotypes
Since via cultivation, we did not detect Candida and Malassezia together in the same
individual, we next compared the ability of cultivation to separate patients into mycotypes (as

detected molecularly).

As can be seen, if a subject is positive in either saliva or swab for Candida it is very likely
that this subject belongs to the Candida mycotype as determined molecularly (Sensitivity = 1;

Specificity = 0.91)
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Table 12. Sensitivity and Specificity of the ability of cultivation to detect molecular mycotypes

e
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(+) (-)
(+) 12 1
(-) 0 10
Sensitivity | Specificity
1 0.91
(+) (-)
(+) 11 1
1 10
Sensitivity | Specificity
0.92 0.91
(+) (-)
11 0
1 11
Sensitivity | Specificity
0.92 1
(+) (-)
4 0
7 12
Sensitivity | Specificity
0.36 1




(+) (-)

(+) 2 0

(-) 9 12

Sensitivity | Specificity
0.18 1

(+) (-)

(+) 2 0

(-) 9 12

Sensitivity | Specificity
0.18 1

4.6 Association of fungi and collected clinical data

NS 0.4540.030) NS NS
NS NS NS 0.4300.041) NS NS NS NS NS NS
-0.530%0.009) NS NS 0.42310.044) NS -0.47740.022) NS NS NS -0.43770.037)
NS NS NS NS NS NS NS 0.43870.037) NS
NS NS 0.605(0.002) | 0.43470.38) NS NS NS NS NS
NS NS NS NS NS NS NS NS NS
-0.49760.16) NS -0.43970.36) NS NS NS NS NS NS
NS NS NS NS NS NS NS NS NS
NS NS NS NS -0.59940.003) -0.54540.007) | -0.62440.001) NS -0.47410.22)
NS NS NS NS NS NS NS NS NS
-0.43740.37) NS -0.50760.14) NS NS NS NS NS NS
NS NS NS NS NS NS NS NS NS
NS NS NS NS NS NS NS NS NS
NS NS NS NS NS NS NS NS NS
NS NS NS NS NS NS NS NS NS
0.482110.020) |-0.4210.046) |0.44670.033) NS NS NS NS NS NS
NS NS NS NS NS NS NS NS NS
NS NS NS NS NS NS NS NS NS
NS NS NS NS NS NS NS NS NS
NS NS 0.594140.003) [0.463({0.026) NS NS NS NS NS

Table 13. Correlation between Mycotype, fungal load as determined via cultivation or relative
abundance of Candida and Malassezia spp. with collected clinical data. Spearman correlation

tests were used.
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We found also a positive correlation in patients with Candida Mycotype and number of
teeth with caries. Also, the total abundance of C. albicans, C. parapsilosis, P. guillermondii, total
fungal abundance and total Candida abundance were positively correlated with number of caries.
Molecularly, Malassezia relative abundance and M. restricta relative abundance were negative

correlated with number of caries.

Candida parapsilosis was found negative correlated with age, patients with fixed or
removable prosthesis and total number of teeth replaced either by fixed or removable prosthesis.

Candida glabrata was positive correlated with number of teeth replaced by removable prosthesis.

4.7 Description of fungal colonies obtained on CHROMagar™ Malassezia.

Since no previous study has reported isolation of oral fungi in CHROMagar™ Malassezia, we

include here a description of the colonies obtained.

4.7.1. Candida albicans
Well defined green color, it has a green halo imprinted in the agar. Shiny, regular

borders, 1.5mm diameter at the second day.

Fig. 15 CFU view (A) and plate view (B) at second day of inoculation.
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4.7.2. Candida parapsilosis
Well defined pink color. Shiny, regular borders, 1 mm diameter at second day. It changes
at the fourth day getting darker in its core, surrounded by a light pink color halo and increasing

its diameter to 4mm approximate, shiny and slight irregular borders.

A B

Fig.16 CFU view at second day (A) and fourth day (B) of inoculation.

4.7.3. Candida glabrata
Dark pink in its core, surrounded by a light pink color halo, 3mm diameter approximate,

shiny with regular borders at the third day.

Fig. 17 CFU view at third day of inoculation.
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4.7.4. Malassezia sympodialis

Well defined dark purple color. Mate, regular borders, Imm diameter at the 4th day.

Fig. 18 CFU view at fourth day of inoculation.

4.7.5. Pichia guillermondii

Well defined pink color. Shiny, regular borders, Imm diameter at the second day.

Fig. 19 CFU view at second day of inoculation.

4.7.1. Rhodotorula mucilaginosa

Well defined dark pink, shiny rounded appearance, 1 mm diameter approximate at the
second day. In some cases, at the fourth day, either the CFU remains the same as described at the
second day or it might change its morphology to a more corrugated texture including the

appearance of rings around it and increasing its size to 3 mm diameter approximate.
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Fig.20 CFU view at the second day (A) and at fourth day (B) of inoculation.

4.7.2. Rhodotorula sp. LK1109
Pink color. Shiny, regular borders, very small diameter, approximate 0.2mm diameter at

the second day.

A

Fig. 21 CFU view (A) and plate view (B) at second day of inoculation.

4.7.3. Cryptococcus albidosimilis

Pink color. Shiny, regular borders, approximate 2mm diameter at the third day.

A B

Fig. 22 CFU view(A) and plate view (B) at third day of inoculation.
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4.7.4. Exophiala dermatitidis

Dark green color. Shiny, regular borders, Imm diameter at the fourth day.

Fig. 23 CFU view at fourth day of inoculation.

4.7.5. Clavispora lusitaniae

No photo available.

5. Discussion

Recent studies of the oral mycobiome based on ITS1 sequencing revealed very
diverse fungal communities  °. Among the most abundant taxa reported is Malassezia, however,
this taxon has never been recovered by cultivation. We chose CHROMagar™ Malassezia for our
cultivation studies, as this medium has been shown to allow recovery of 9 species of Malassezia
14 Indeed, we successfully cultivated ATCC strains of Malassezia restricta ATCC® MYA-
4611™, Malassezia sympodialis ATCC® 96803™ and Malassezia globosa ATCC® MYA-

4612™ ysing this medium.

CHROMagar™ Malassezia also allows detection of Candida albicans, Candida glabrata,
Candida tropicalis, Candida krusei and Candida parapsilosis, and therefore, since we expected
Candida and Malassezia to be the most abundant oral fungal taxa this medium was an appropriate
choice. Unexpectedly, this medium also allowed recovery of other oral fungi such as Pichia

guillermondii, Rhodotorula spp., Cryptococcus albidosimilis, Exophiala dermatitidis, and
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Clavispora lusitaniae, thereby allowing the comparison of the recovery of these species via

cultivation and molecular detection.

For the first time, a member of the Malassezia genus has been recovered from the oral
cavity via cultivation methods. Although Malassezia sympodialis was found in five subjects in the
present study, we were not able to recover Malassezia restricta and Malassezia globosa which
were very prevalent and abundant molecularly. One possibility is that these two species were not
viable cells at the time of cultivation. Since these fungi are also abundant in the skin, there is a risk
of contamination if the patient bites his/her nails for example. Besides, the recovery of M.
sympodialis was not consistent utilizing both sampling methods (saliva and mucosa) and it was
recovered only from one patient in both sites. The low load of Malassezia in the mouth could make
its growth more difficult compared to Candida which was found in higher abundance. Another
important potential factor was the temperature we used, since it has been shown that fungi growth
changes at different temperatures. In addition, the media we used may not be favorable for other

fungi to growth.

In this study, we were able to detect up to ninety-six genera from a single individual, while
using cultivation methods we could not recover more than seven genera. New technologies have
been a very effective way to explore the human mycobiome and certainly have shown us a rich
variety of fungi species in the mouth. However, cultivation studies are still important to determine
if these microbes are real living residents of the mouth. The oral mycobiome and its participation
in different diseases is not completely understood and the literature has prioritized the study of the

most prevalent species recovered by traditional cultivation methods in the mouth, which it does
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make sense, but neglected in investigated those called “difficult or non-cultivable fungi” which

require different cultivation methods and may be present in the mouth too.

Although this study was not powered to compare the cancer arm versus the non-cancer
arm, we still tried to compare them in a pilot manner. The main difference between the two arms
was the enrichment of Rhodotorula spp and Candida parapsilosis in the non-cancer arm and this
is comparable with the results from Monteiro da Silva et al. (2014) who found in forty healthy
individuals a high prevalence of Rhodotorula spp. (75%) and in subjects who the authors
denominated “moderate Candida carriers”, they also found C. parapsilosis as one of the most
prevalent Candida species. '' Candida parapsilosis seems to be present in general and oral health,
as it was found in non-cancer and its depletion when patients increased in age and wearers of fixed

or removable prosthesis.

In the cancer arm, we reported similar results to Epstein et al (1993) study in which they
found the presence of pseudomembranous candidiasis associated to radiation therapy was very low
(one out of 27 patients). In our study, only four of our patients were receiving or had a history of
head and neck radiation therapy at the time of sample collection and none of them developed oral
candidiasis '. Oral mucositis was more prevalent in our study. We reported a patient who was
undergoing chemotherapy and was a carrier of C. albicans and also has a high abundance of C.
glabrata. This result is compatible with Schelenzn et al. (2011) who found C. glabrata as the
second most common colonizing species (besides to C. albicans) in the mouth of patients with

cancer.42
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Another interesting finding was the clustering of two groups based in a particular genus
dominancy of the oral cavity. These two-dominant genera were either Candida or Malassezia. This
finding agrees with what it was found by Diaz et al (unpublished data), study in which the authors
also found the dominancy of these two genera in 59 subjects using saliva samples via molecular
detection. Via cultivation methods, we had more subjects positive for fungi (75%) compared to
Young et al. (1951) study, however Candida albicans was the most the prevalent in both studies,
and in both studies it was recovered in approximately half of the total studied population,
suggesting as well that the rest of the population could be dominated by another
uncultivable/difficult to cultivate fungus such as Malassezia '°. Furthermore, in this study, we
reported a strong correlation of the Mycotype Candida with number of dental caries. Also, we were

able to use effectively CHROMagar Malassezia media to identify patient carriers of this Mycotype.

The existence of sub-mycotypes of Malassezia spp. based on its location in the human
body has been described by Theelen et al. (2018). ° Some studies refer the posterior part of the
tongue as more abundant for Candida spp. colonization. ** However, not much has been described
regarding patterns of colonization of fungi (including Malassezia spp) in the oral cavity for
example. For this study, we employed only saliva samples and mucosal swabs which did not
discriminate from specific areas within the oral cavity, but this may open a door for a future

investigation.

6. Conclusion

We report for first time the cultivation of Malassezia from oral samples utilizing a lipid

enriched media confirming its presence as a viable oral mycobiome member. However, while
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Malassezia was detected by molecular methods in all patients, it was only seen via cultivation in

five subjects, and the only Malassezia species recovered was M. sympodialis.

Malassezia does not appear to be enriched in subjects undergoing cancer treatment and its
colonization (detected via cultivation) did not vary between saliva and mucosa. Other oral fungi
such as Candida appear to be also important components of the oral mycobiome. We also report
the recovery via cultivation of other fungal taxa such as Pichia guillermondii, Rhodotorula sp.
LK1109, Cryptococcus albidosimilis, Exophiala dermatitidis, and Clavispora lusitaniae. Apart
from Candida spp. which can reach cultivable levels up to 4 x 10, the load of other oral fungi,
including Malassezia appears to be very low. Nevertheless, we found a strong correlation between
number of caries and the mycotype Candida. In addition, the use of CHROMagar Malassezia
allowed us to determine with high sensitivity and specificity if the patient belongs to the mycotype
Candida. Thus, this medium could perhaps be utilized to assess patient’s risk for caries. However,

this needs to be studied in a longitudinal manner and in a larger population.

Future studies should determine the importance of these fungal communities present in low

abundance in oral homeostasis.
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