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DNA Barcoding Analysis Confirmed Presence of Cell Wall Deficient
Variants of Yeasts in Blood of Autistic Children and Their Mothers
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Abstract

Research on microbial pathogen’s dormancy and survival strategy within the host is scarce. Yeast
cell wall deficient variants (CWD) can persist in vivo for a long time and contribute to latent and chronic
infections. In our study, we isolated yeast CWD variants from the blood of children with Autism Spectrum
Disorder (ASD) and their mothers. The yeast CWD variants were converted into yeasts with the cell wall
and were identified using DNA barcoding — sequence analysis of the variable D1-D2 domains of the nuclear
large subunit (LSU nrDNA) and the internally transcribed spacer region ITS1+2 (ITS). All yeast strains
were identified as Candida parapsilosis, and the strains were susceptible to six common antifungal agents.
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Pe3rome

W3cnenBanusara 3a cTpaTerus Ha OLEJsABaHE Ha MHUKPOOHMTE IATOTEHW B TOCTOIPHUEMHHKA ca
Mmanobpoiinu. JlpoxnaeBu BapuaHTu Oe3 kierbuHa cteHa (BKC) ca B cbhcTosiHME na mepcucTupar in
ViVo JIBITO BPEME M MOTaT JONPHHACAT 32 Pa3BUTHETO HA JIATGHTHH W XPOHWYHU MH(eKknuu. B Hamero
npoyuBane JapoxjaeBute bKC BapuanTu, U30gupanu OT KpbBTa Ha Jiella C Pa3CTPOUCTBO OT ayTUCTUYHHUS
cnektsp (PAC) u Texuure Maiiku Osixa uaeHtuuuupanu ¢ nomomra Ha JJHK Gapkoaupane — ananus
Ha TocjeoBaTeTHocTTa Ha Bapradennute D1-D2 nomeiinun Ha siapeHara roisiMa puO030MHa CyOeMHNLIA
(LSU nrDNA) u BerpemniHo Tpanckpubupyem crericepen peruon ITS1+2 (ITS). Bcwuku uscnensanu
mamoBe Osixa uneHtuduuupanu kxaro Candida parapsilosis ¥ Tmoka3axa YyBCTBUTEIHOCT KbM ILIECT
MIPOTUBOT'BOMYHHM TTPETIapaTH.

Introduction. apsilosis is the most frequently isolated species in
Microorganisms such as bacteria, archaea,  children‘s hospitals and is the leading cause of neo-
fungi, and viruses that inhabit the human body rep-  natal mortality (Piqueras ef al., 2021).

resent the microbiome. The microbiome plays a cru- Until 2005 C. parapsilosis was separated into
cial role in human health (Cho and Blacer, 2012).  three groups. Genetic studies revealed that each
Most microbes inhabiting the human body are com- ~ group represents separate species: C. parapsilosis
mensal, and some are mutualistic. In healthy indi-  sensustricto, C. orthopsilosis, and Candida metapsi-

viduals as a part of the microbiome, fungi comprise  losis (Tavanti et al., 2005). The epidemiology, vir-
the mycobiome and are found on the skin, in oral  ulence traits, clinical manifestations, genetics, and
and nasal cavities, gastrointestinal tract, and uter-  antimicrobial susceptibility of C. parapsilosis have
us (Pammi et al., 2013). However, in patients with ~ been intensively studied (Trofa et al., 2008; Van As-
acquired immunodeficiency syndrome (AIDS), beck efal., 2009). However, our knowledge is poor
cancer, organ transplantation, elderly and infants,  about this yeast‘s dormancy and survival strategy.
commensal fungi can become pathogenic and cause =~ The phenomenon of dormancy is one of the impor-
severe infections. tant biological properties of Candida species and is

Candida parapsilosis is a yeast species that  related to disease pathogenesis (Mattmann, 2001).
are often isolated from blood cultures worldwide. It was shown that yeast CWD variants demonstrate
(Pfaler et al., 2011). Moreover, some European,  pathogenicity as regular yeasts with cell walls. In-
Asian, and South American hospitals leave behind  fection of experimental animals with Candida yeast
Candida albicans (Trofa et al., 2008). Also, C. par- ~ CWD variants has resulted in systemic candidiasis
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(Kobayashi ef al., 1964; Mattmann, 2001).

Recent studies indicated that there is a link
between fungal infections and central nervous sys-
tem diseases, including Alzheimer‘s, Parkinson‘s,
amyotrophic lateral sclerosis, schizophrenia, Rett
syndrome, and multiple sclerosis (Alonso et al,
2014; 2017; Severance et al., 2017; Benito-Leon
and Laurence, 2018; Strati ef al., 2018; Pisa et al.,
2020). There are a few studies on the association
between fungi and neurodevelopment diseases such
as ASD, which is the main interest of our research.
ASD is characterized and diagnosed by poor social
communication and unusual repetitive behaviours
(Am. Psychiatr. Assoc., 2013). According to recent
estimates, about one in 270 people globally has an
ASD (Vos et al., 2020). The etiology of ASD still is
not clear. Studies indicate that both genetic and en-
vironmental factors contribute to the development
of ASD (De Santis et al., 2012; Kalkbrenner et al.,
2014; Geschwin and State, 2015; Willsey and State,
2015; Yang et al., 2017). In our previous article in
this field, we demonstrated that bacteria, filamen-
tous fungi, and yeasts persist as CWD variants in
children with ASD and their mothers (Markova,
2019). In this study, CWD variants of the filamen-
tous fungi were converted to a typical detectable
form and identified using serological tests and light
microscopy. Converted bacterial and yeast forms
were identified using matrix-assisted laser deso-
rption ionization-time of flight mass spectrometry
(MALDI-TOF MS). Recently MALDI-TOF MS
analysis has become the method of the first choice
for the identification of microorganisms due to its
rapidity. However, the method has limitations in
identifying cryptic and unknown yeast species.
Therefore, in the present study identity of the yeasts
that were isolated from the blood and urine samples
of children with ASD and their mothers were con-
firmed using DNA barcoding analysis of sequences
of LSU nrDNA and ITS region that are currently
considered as the most reliable markers for the
yeast identification (Kurtzman and Robnett 1998;
Gouliamova et al., 1998; 2016).

Materials and Methods

Blood samples

Three groups of people were studied: 1) fifteen
children (ages 3—12 years) diagnosed with ASD
according to the standard international criteria; ii)
group of their mothers (n=15; ages 30-47 years);
ii1) control healthy individuals (n=6; ages 12-22
years). Blood samples were aseptically collected
from all investigated persons using K2E-EDTA
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Vacutainer tubes (BD Vacutainer, Plymouth, UK).
Informed consent for the use of the blood samples
for research purposes was taken from mothers of
children with ASD and healthy persons. All blood
samples were handled and anonymized according
to the national ethical and legal guidelines (Ethics
Committee of Human Experimentation).

Isolation and transformation of yeast CWD
variants into detectable forms

We used the previously described protocol to
isolate CWD variants from blood samples (Mark-
ova et al., 2016). Blood lysis was achieved with
sterile distilled water at a strictly fixed v/v ratio
and incubation of samples at room temperature for
30 min. The aliquots of lysed blood samples were
inoculated in tubes with tryptic soy broth (TSB,
Becton Dickinson) and incubated at 37°C for 72
hours. Then, strictly fixed aliquots from primary
broths were further sub-cultured in two broth me-
dia TSB with gentamycin (100 pg/ml) and Sab-
ouraud dextrose broth- SDB with chloramphenicol
(50 pg/ml) and in parallel fixed aliquots were plat-
ed on two semisolid media - TSA with gentamycin
of 100 pg/ml and SDA with chloramphenicol (50
png/ml). The semisolid media solidified with 0.8%
(w/v) agar (Fluca). SDB and SDA incubated at
25°C. Passages in broth and semisolid media were
performed using the technique described in our
previous study (Markova et al., 2015). In control
experiments, broths and semisolid media were in-
oculated with sterile saline, and the same technique
did subsequent transfers. All cultures were periodi-
cally checked for the presence of yeast growth and
morphological transformations within two months
- direct light microscopic observations of native
preparations and stained smears from broth and
agar cultures done periodically.

DNA barcoding analysis

DNA extraction. Half of an inoculation loop
of yeast culture was transferred into a microcentri-
fuge tube and stored at -20°C for at least 30 minutes.
After incubation time, 500 pL lysis buffer solution
(for 100 mL solution: 0.5 g SDS, 1.4 g NaCl, 0.73
g EDTA, 20 mL Tris-HCL (50 mM)) as well as 5
pL 2-Mercaptoethanol were added. The tubes were
vortexed vigorously and incubated at 65°C for one
hour. Samples were vortexed during incubation
time at least once. Afterwards, DNA was purified
with 500 pL phenol:chloroform: isoamyl alcohol
(viv 25:24:1). Tubes centrifuged at 12 000 rpm for
10 min. The supernatant was collected in a sepa-
rate Eppendorf tube. DNA was precipitated with an



equal volume of isopropanol and then incubated at
-20°C for 30 min. DNA was pelleted by centrifu-
gation at 12 0000 rpm for 10 min. DNA pellet was
washed once with 200 pL of 70% aqueous solution
of ethanol and centrifuged again at 12 000 rpm for
10 min. DNA pellet resuspended in 50 pL distilled
water. The DNA concentration and purity were de-
termined spectrophotometrically. DNA integrity is
determined by 1% agarose DNA electrophoresis
in TAE buffer (40 mM tris, 20 mM acetate, 1 mM
EDTA, pH-8.3).

PCR amplification of LSU nrDNA domain and
ITS1+2 region.

LSU nrDNA and ITS region were ampli-
fied using primer pair NL1/NL4 and V9D/Ls266
(Kurtzman and Robnett 1998; van den Ende and de
Hoog, 1999). PCR products were sequenced using
the same oligonucleotides used in the PCR using
the BigDye kit (Applied Biosystems) by Macrogen
(The Netherlands). Sequences were analyzed and
edited using the Chromas program (http://www.
technelysium.com.au/chromas.html).  Nucleotide
sequences of LSU nrDNA and ITS1+2 were com-
pared with sequences from the GenBank database
using the BLASTn search tool from NCBI (www.
ncbi.nlm.nih.gov). All LSU rDNA and ITS se-
quences were deposited to the GenBank database.

LSU rDNA and ITS nucleotide sequences of
all isolated strains showed 100% similarity. There-
fore, LSU rDNA and ITS sequences of only one
yeast strain 156 were deposited to the GenBank
database under accession numbers OM220086/
OM243925, correspondingly.

Susceptibility testing to antifungal agents

The assay was performed using Vitek-2 YST
A17 card (Biomerieux, France) towards six com-
mon antifungal agents- fluconazole, voriconazole,
fluctosine, micafungin, caspofungin, and ampho-
tericin B.

Results
A list of isolated and identified yeast strains
is presented in Table 1. Six strains 156, 158, 160,

Table 1. List of yeasts strains isolated in this study

162, 164, and 180 were isolated from the blood of
children with ASD, and one yeast strain was isolat-
ed from the child‘s urine — 180-1. The three strains,
163, 165, 181, were isolated from the blood sam-
ples of mothers of autistic children. Control blood
samples of six healthy individuals showed negative
results on the presence of yeasts stains. BLAST
analysis demonstrated that the nine strains showed
100% similarity in sequences of LSU nrDNA and
ITS markers with C. parapsilosis CBS 604T (Gen-
Bank acc. number MH545914). Results of antifun-
gal susceptibility testing showed that all isolated
strains of C. parapsilosi were susceptible to six
tested antifungal agents.

Discussion

Microbial CWD variants deserve special at-
tention due to their persistence in vivo (Dominiq-
ue, 1982; Mattmann, 2001). It was shown that, like
bacteria, yeasts also can produce CWD L-bodies
(Mattmann, 2001). Reversion of CWD L-bodies
to typical yeast forms was observed in both C. al-
bicans and C. tropicalis by Tunstall and Mattman
(1961). C. tropicalis CWD variants were observed
in patients with endocarditis (Rosner, 1966). Invo-
lution forms characterize persisting microbes, and
the L-form of yeast is one of them.

Our previous article isolated and identified
yeast CWD variants from the blood samples of
six children, from the urine of one child and three
mothers using MALDI-TOF MS (Markova, 2019).
MALDI-TOF MS is done in three steps. First, ana-
lyzed particles are ionized and separated according
to their mass-to-charge ratio. Second, the time nec-
essary for the ions to reach a detector is determined.
Third, obtained spectrum of mass to charge ratio
and corresponding signal intensity is compared
with a spectrum of known microorganisms from
a database (Marklein et al., 2009). The significant
advantage of the MALDI-TOF MS identification
method compared with DNA based ones is that it
can be done in less than 10 minutes, and it does
not require DNA extraction and PCR amplification

Strains
Children/Blood samples Children/Urine samples Mother/Blood samples
A156  C. parapsilosis -
A158 C. parapsilosis -
A160 C. parapsilosis -
A162  C. parapsilosis M163 C. parapsilosis
Al64 C. parapsilosis M165 C. parapsilosis
A180 C. parapsilosis U180 C. parapsilosis M181  C. parapsilosi
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steps. Nevertheless, the method has its limitations.
First, it firmly depends on a database and respec-
tive analytical tools. As a consequence of this,
there is no concordance between results obtained
by platforms that use different databases. Second,
it cannot discriminate reliably cryptic species and
allocates them to a group, complex or genus level.
Third, it is critical in MALDI-TOF MS analysis to
include a sufficient number of strains for each fun-
gal species grown under various growth conditions
so that the database for the given species is robust
enough to account for the species phenotypic vari-
ability. This is important for cryptic species of the
C. parapsilosis complex that have limited protein
sequence variability, and at the same time, they ex-
press a broad spectrum of phenotypes at different
growth conditions (Tavanti et al., 2010; De Carolis
et al., 2014). In the present study using sequence
analysis of LSU nrDNA and ITS markers, we con-
firmed that six blood samples and one urine sample
of children with ASD contained yeast C. parapsilo-
sis. The analysis also confirmed that blood samples
of three mothers of children with ASD also har-
boured C. parapsilosis yeasts.

Conclusion

DNA barcoding analysis confirmed that C.
parapsilosis can persist in the blood of children
with ASD and some of their mothers as CWD var-
iants.
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