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Introducere
Infectiile cutanate cu dermatofiti sunt larg raspandite pe glob si prezinta si in tara

noastrd o pondere importantd in patologia umana. Aceste infectii sunt determinate de
fungi specializati care afecteaza doar tesuturile keratinizate. Tratamentul acestor
afectiuni este adesea costisitor si de lunga duratd punand inca probleme privind
eficacitatea. Pe de alta parte diagnosticul acestor infectii este adesea dificil, mai ales 1n
cazul localizarii la nivelul unghiilor si parului. Tehnicile clasice folosite pentru
identificare au multiple dezavantaje: au sensibilitate si specificitate scazutd, sunt
consumatoare de timp, necesita personal specializat in domeniu si oferd uneori un
diagnostic echivoc. Tehnicile moleculare desi costisitoare sunt superioare celor clasice
sub aspectul valorii diagnostice.

Pornind de la necesitatea unui diagnostic rapid si specific am efectuat acest studiu
in scopul demonstrarii utilitatii aplicdrii tehnicii PCR in identificarea speciilor de

dermatofiti.

Partea generala

Diagnosticul clasic de laborator al infectiilor cutanate cu dermatofiti se bazeaza
pe doud tehnici: examenul microscopic direct si cultura in vitro. Pentru examenul
microscopic direct se pot folosi mai multe tehnici, cea mai simpld si mai economica
dintre acestea este tehnica care utilizeaza solutie de hidroxid de potasiu 10- 30 %.
Aceastd metoda se utilizeaza de rutind pentru un diagnostic prezumtiv rapid. In pofida

faptului ca este rapida si pufin costisitoare aceasta tehnica are doud mari neajunsuri:



sensibilitatea este scazuta (in 5- 15 % din cazuri rezultatul este fals negativ) si metoda
este nespecifica - nu poate oferi identitatea speciei etiologice. Din aceste motive
examinarea microscopica directd este urmata obligatoriu de insdmantarea probei clinice
pe medii de culturd specifice. Aditional culturii se folosesc in unele cazuri teste
biochimice care evidentiaza diverse proprietdti fiziologice ale acestor fungi. Cultura in
vitro ca metoda de diagnostic este superioara examenului micologic direct, putand oferi
un diagnostic specific in peste 90 % din cazuri. Identificarea speciilor de dermatofiti in
cultura ofera informatii pretioase privind posibila sursa de infectie si probabilitatea de
transmitere a infectiei. Fungii dermatofifi prezintd o mare variabilitate morfologica
pentru diverse tulpini ale aceleiasi specii. Aceastd caracteristicd face ca identificarea sa
fie adesea dificila sau incerta. Alt dezavantaj al acestei tehnici este perioada lunga de
timp (2-4 saptamani) necesara pentru un diagnostic definitiv.

Tehnicile moleculare folosite pentru identificare sunt costisitoare dar depasesc
neajunsurile tehnicilor clasice. Tehnica PCR de amplificare enzimatica a unui segment
specific de ADN este inalt sensibila si rapida si poate oferi un diagnostic specific intr-0
singura zi plecand de la cultura primara. Analiza secventierii regiunii ITS este o metoda
utilda pentru stabilirea relatiilor filogenetice intre dermatofiti si pentru identificarea
diferitelor specii. Aceasta regiune este situata intre subunitatea 18S si subunitatea 25S a
rADN si cuprinde 2 regiuni: ITS1 s1 ITS2. Pentru cd prezintd o mare variabilitate intre
diferite specii amplificarea acestei regiuni in reactia PCR urmata de secventiere permite

diferentierea Intre diferite specii.

Partea experimentala
In prima parte a partii experimentale s-a efectuat un studiu clinic si etiologic
asupra unui esantion de 290 de pacienti cu diagnostic prezumtiv de micoza cutanta.

Scopul studiului a fost identificarea speciilor de dermatofiti prin tehnici clasice si



stabilirea valorii diagnostice a acestor tehnici. Obiectivele urmarite au fost stabilirea
diagnosticarea etiologica a formelor clinice de dermatomicoza si identificarea unor
corelatii intre speciile de dermatofiti si caracteristici demografice ale pacientilor. Din
totalul celor 290 de cazuri examinate micologic au fost confirmate 145 de cazuri de
infectie dermatofitica sustinand ideea ca aceste infectii sunt adesea dificil de diferentiat
clinic de alte afectiuni cutanate. Cele mai frecvente forme clinice de dermatofitoze
diagnosticate au fost onicomicoza si tinea pedis. Pentru examenul micologic direct s-a
obtinut o sensibilitate de 82 % si o specificitate de 79 %, rezultate similare cu alte studii
efectuate. Speciile predominante izolate in studiul efectuat au fost T. mentagrophytes
(44,3 %) urmat de T. rubrum (28,3 %). In cazurile de onicomicozi si tinea pedis
ctiologia a fost reprezentatd prevalent de T. mentagrophytes si T. rubrum. Agentii
etiologici pentru toate cazurile de tinea capitis din studiu au fost specii zoofile: T.
mentagrophytes, M. canis §i T. verrucosum confirmand alte studii care au ardtat ca in
Europa de Est tinea capitis este determinata in principal de dermatofiti zoofili. Analiza
statistica efectuatd a indicat mai multe corelatii intre speciile de dermatofiti si
caracteristici demografice ale subiectilor inclusi in studiu. Astfel, in ceea ce priveste
corelatia intre specie si grupele de varsta, testele statistice efectuate ne-au indicat ca
exista o corelatie intre aceste doua variabile. Astfel, T. mentagrophytes a fost mai
frecvent izolat la pacientii cu varsta peste 65 ani, T. rubrum mai frecvent izolat la grupa
de varsta: 11-65 ani iar M. canis a fost mai frecvent la pacientii cu varste intre 1si 10
ani. In analiza de varianta (testul ANOVA) am gisit o asociere cu semnificatie statistica
intre tipul de specie si varsta pacientului: M. canis a fost izolat mai frecvent la pacientii
cu varsta medie sub 20 ani In timp ce speciile T. mentagrophytes, T. rubrum, T.
interdigitale au predominat la pacientii cu varsta medie peste 40 ani.

in cel de-al doilea capitol al partii experimentale scopul nostru a fost

demonstrarea valorii diagnostice a tehnicii PCR 1in identificarea speciilor de dermatofiti.



Obiectivele urmarite au fost: testarea unor metode diferite de extractie a ADN fungic,
identificarea unor specii de dermatofiti prin secventierea regiunii ITS a rADN fungic si
identificarea unor specii de dermatofiti prin aplicarea tehnicii PCR folosind primeri
specifici. Testand patru kituri comerciale diferite de extractie a ADN cele mai bune
rezultate au fost obtinute cu kitul MasterPure™ Yeast DNA Purification Kit (Epicentre
Biotechnologies) care a furnizat fragmente de ADN cu concentratie si cu puritate
optimi. In continuare, s-a aplicat tehnica PCR pentru 17 tulpini de dermatofiti
amplificandu-se regiunea ITS a rADN fungic. Au fost folosite 5 tulpini de referinta si
12 tulpini izolate in laborator. Cele 12 tulpini izolate in laborator au fost identificate
prin tehnicile clasice. ADN fungic din cele 17 tulpini a fost extras cu Kitul
MasterPure™ Yeast DNA Purification Kit. In reactia PCR s-au utilizat primerii
universali ITS1 si ITS4. Produsii obtinuti prin PCR au fost secventiati iar secventele
obtinute au fost vizualizate si analizate cu programul Chromas LITE version.2.01.
Ulterior, pentru identificarea speciilor s-a folosit algoritmul BLAST prin care s-a
comparat fiecare secventd obtinuta cu secventele din baza de date de secvente care este

accessibila la adresa URL: http://www.ncbi.nlm.nih.gov/blast. Identificarea morfologica

nu a fost concordantd cu identificarea obtinuta prin secventiere pentru 3 din cele 17
tulpini folosite in experiment. Din cele 17 tulpini 0 singura tulpind nu a putut fi
identificata prin secventiere. Am obtinut asadar o identificare superioara a speciilor prin
analiza secventierii regiunii ITS comparativ cu metodele clasice de identificare.
Ramane de aplicat aceasta tehnica pe un esantion mai mare de tulpini pentru a confirma
valoarea diagnosticd a acestei metode sustinutd de alte studii. Secventierea regiunii ITS
nu este o tehnica de aplicat in mod curent in laboratoarele clinice dar poate fi utila si
necesara mai ales in unele cazuri de onicomicoza si pilomicoza la care etiologia nu
poate fi stabilita prin metodele clasice si pentru care de regula, tratamentul este de lunga
durata, costisitor si potential toxic. Tehnica de secventiere are dezavantajul ca este

laborioasa si are un cost ridicat. De aceea, am identificat doi primeri specifici (pentru


http://www.ncbi.nlm.nih.gov/blast

Microsporum canis si Trichophyton tonsurans) care au fost optimizati pentru a fi
eficienti la aceeeiasi parametrii PCR permitand detectarea celor doua specii intr-0
reactie PCR comuna. Ca probe s-au folosit patru tulpini diferite de dermatofiti. Prin
tehnica PCR cu primerii “proiectati” s-au obtinut 2 produsi de amplificare specifici
pentru cele doua specii alese. Nu a existat nicio amplificare fals pozitiva. Metoda este
rapida, plecand de la cultura primara diagnosticul definitiv s-a obfinut intr-o singura zi.
Ramane de evaluat in viitor reproductibilitatea metodei pe un numar mai mare de
tulpini. Aplicarea tehnicii PCR cu primeri specifici direct pe probele clinice ar
scurtcircuita cultura in vitro si ar permite obtinerea unui diagnostic specific intr-un timp

foarte scurt.
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Introduction
Skin infections with dermatophytes are widespread in the world and present in

our country a large proportion in human pathology.These infections are caused by fungi
that affect only specialized keratinized tissues. Treatment of such conditions is often
costly, lengthy and sometimes ineffective. On the other hand, specific diagnosis of these
infections is often difficult especially in the case of onychomycoses and pilomycoses.
Classical techniques used for identification have many disadvantages: low sensitivity
and specificity, are time consuming, requires trained personnel in the field and
sometimes provides an inconclusive diagnosis. Although expensive, molecular
techniques are superior than traditional techniques in terms of diagnostic value.

A specific and fast diagnosis is needed for these infections; we conducted this
study to demonstrate the usefulness of applying the PCR technique in species

identification of dermatophytes.

The general part

Classic laboratory diagnosis of skin infections with dermatophytes is based on
two techniques: direct microscopic examination and in vitro culture. Several techniques
may be used for direct microscopic examination; the simplest and most economical of
these is the KOH examination (potassium hydroxide solution 10 - 30%). Although is
fast and inexpensive this technique has two major drawbacks: sensitivity is low ( 5 to
15% of cases are false negative) and can not provide the identity of ethological species.
For these reasons direct microscopic examination is necessarily followed by inoculation

on specific culture media. Biochemical tests are used in some cases showing different
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physiological properties of these fungi. As a method of diagnosis, culture in vitro is
superior than direct mycological examination offering a specific diagnosis in over 90%
of cases. Species identification of dermatophytes in culture provides valuable
information on the possible source of infection and likelihood of transmission of
infection. Dermatophytes are characterized by a great morphological variability for
different strains of the same species. Consequently, the identification is often difficult
or uncertain. Another disadvantage of this technique is the long period of time (2-4
weeks) required for a definitive diagnosis. Molecular techniques are costly but have not
disadvantages of traditional techniques. PCR is a enzymatic amplification tehniques of
a specific DNA segment; is highly sensitive and rapid and provide a specific diagnosis
in a single day starting from the primary culture. Sequence analysis of ITS region is
useful to determine phylogenetic relationships between dermatophytes and to identify
different species. This region is located between the 18S subunit and 25S subunit of
rDNA and contains regions ITS1 and ITS2. Because it presents a great variability
between different species, PCR amplification of this region followed by sequencing

allows differentiation between various species.

The experimental part

In the first section of the experimental part was carried out a clinical and
etiological study on 290 patients who had presumptive diagnosis of cutaneous mycosis.
The purpose of this study was to identify the species of dermatophytes by classical
techniques and establish diagnostic value of these techniques. Objectives were to
establish the sensitivity and specificity of direct mycological examination versus culture
in vitro, etiological diagnosis of clinical forms of dermatomycosis and identify
correlations between species of dermatophytes and demographic characteristics of
patients. Out of a total of 290 cases, 145 were confirmed by mycological examination

supporting the idea that these infections are often difficult to distinguish clinically from
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other skin disorders. The most common clinical forms of dermatophytosis were
onychomyecosis and tinea pedis. Direct mycological examination had a sensitivity of 82
% and a specificity of 79 %, similar results with other studies. Predominant species
isolated in the study were T. mentagrophytes (44.3%) followed by T. rubrum (28.3%).
Etiologic agents for all cases of tinea capitis in the study were zoophyilic species: T.
mentagrophytes, M. canis and T. verrucosum. This result confirms other studies that
have shown that in Eastern Europe tinea capitis is caused mainly by zoophilic
dermatophytes. Statistical analysis carried out revealed several correlations between
species of dermatophytes and demographic characteristics of subjects. Thus, regarding
correlation between species and age groups, statistical tests indicated that there is a
correlation between these two variables. Therefore, T. mentagrophytes was more
frequently isolated in patients over 65 years, T. rubrum most commonly isolated from
age group: 11-65 years, and M. canis was more frequently in patients aged between 1
and 10 years. Analysis of variance (ANOVA test) found a statistically significant
association between type of species and age of patient: M. canis was isolated most
frequently in patients with average age below 20 years while the species T.
mentagrophytes, T. rubrum, T. interdigitale prevailed in patients with average age over
40 years. In the second chapter of the experimental part our aim was to demonstrate
diagnostic value of PCR technique in species identification of dermatophytes. The
objectives were: testing different methods of extraction fungal DNA, identification of
dermatophytes species by sequencing the ITS region of rDNA and identification of
species of dermatophytes by PCR using specific primers. Testing four different
commercial kits for DNA extraction best results were obtained with MasterPure™
Yeast DNA Purification Kit (Epicenter Biotechnologies) who provided DNA fragments
with optimal concentration and purity. Next, the PCR technique was applied to 17
strains of dermatophytes amplifying ITS region of fungal rDNA. Were used 5 reference

strains and 12 strains isolated in the laboratory. The 12 strains isolated in the laboratory
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were identified by classical techniques. Fungal DNA of 17 strains was extracted with
MasterPure™ Yeast DNA Purification Kit (Epicenter Biotechnologies). Were used
universal primers ITS1 and ITS4. PCR products were sequence. Sequences obtained
were viewed and analyzed by Chromas LITE version.2.01 program. Subsequently, the
BLAST algorithm was used to identify species by comparing each sequence obtained
with sequences from database sequences, which can be accessed at the URL:

http://www.ncbi.nlm.nih.gov/blast. Morphological identification was not consistent

with the identification obtained by sequencing for 3 of the 17 strains used in the
experiment. Out of the 17 strains, one strain could not be identified by sequencing. We
obtained thus a better identification by sequencing analysis of the ITS region compared
with conventional methods of identification. It remains to apply this technique on a
larger sample of isolates to confirm the diagnostic value of this method supported by
other studies. Sequencing of the ITS region is not a routine technique applied in clinical
laboratories but may be particularly useful and necessary for some cases of
onychomycosis and pilomycosis for which etiology can not be determined by
conventional methods, diseases requiring expensive treatment, prolonged and
potentially toxic. Sequencing technique has the disadvantage that it is laborious and has
a high cost. Therefore, we identified two specific primers (for Microsporum canis and
Trichophyton tonsurans) and were optimized to be efficient under the same PCR
conditions allowing the detection of these two fungi in one PCR reaction. As samples
were used four different strains of dermatophytes. The PCR technique with these
designed primers were obtained 2 specific amplicons. No false amplification were
detected. The method is rapid, starting from the primary culture definitive diagnosis
was obtained in a single day.

It remains to evaluate reproducibility of the method in the future on a larger number of
strains. PCR-based species specific tehnique applied directly on clinical samples would

bypass in vitro culture and would result a specific diagnosis in a very short time.
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