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Summary A PCR assay for the diagnosis of infection produced by Candida sp. was develo-
ped. The primers, designated 520 and 522, were selected from highly-conser-
ved areas of the small subunit (ssu) 18S rRNA gene of Candida spp. To check
the value of the results a Candida albicans oligonucleotide probe, digoxigenin-
labeled, and a general Candida probe were used in hybridization experiments
with the amplified products. We were able to detect a Candida- specific fragment
of 1800bp from different clinical samples. The procedure described could provi-
de an interesting complement to present diagnostic methods of detecting
Candida sp in clinical samples.
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Diagnéstico de la candidosis mediante amplificacion
de la subunidad pequefiia del gen 18s rRNA

Resumen  E| objetivo del trabajo fue diagnosticar la infeccion por Candida sp. mediante la
reaccion en cadena de la polimerasa (PCR) amplificando el gen de la 18S rRNA
y utilizando los iniciadores 520 y 522 en 28 muestras clinicas con cultivo positivo
para Candida sp. A fin de comprobar su especificidad, los productos de la
amplificacion, se hibridaron con dos sondas, una especifica de especie y otra
general de Candida. Se amplificé una banda de 1800pb en todas las muestras.
La PCR se presenta como un método complementario a las actuales técnicas
diagnosticas de la infecciéon por Candida sp.

Palabras clave  Candida, DNA, PCR, Hongos

Infections byCandidasp are emerging as a common com- MATERIALS AND METHODS

plication in immunocompromised patients. Several studies

describe an up to tenfold increase in the incidence rates of SpecimensClinical specimens were obtained from
candidemia, with a reported mortality range of between 26 patients admitted to the Hospital of Basurto, Bilbao
and 80% [1,2]. Standard diagnostic procedures are not(Spain): 9 urine samples belonged to six patients, 11 pus
always successful: cultures take several days, and thusamples belonged to three patients, 1 peritoneal fluid, 5
severe disseminated disease can occur with negative bloothlood samples (Bactec NR6A culture vials Becton
cultures; serologic methods are problematic, the produc-Dickinson, USA), these samples from different patients.
tion of antibodies in immunocompromised patients is As positive control (numbers 26 and 27 in Table 1), we
reduced, a positive result can be misleading, and finally used two blood-heparined samples (seeded @iitalbi-

the sensitivity of antigen detection tests is not sufficient cang from a healthy volunteer. All samples were yeast
for diagnosis [3]. To avoid this problem, and to increase culture positive. Routine culture was performed on aero-
the sensitivity and reduce the time for identification, bic and anaerobic media according to laboratory protocol,
DNA-based diagnostic methods have been developedincluding Sabouraud's + chloramphenicol agar. The yeast

[4]. were identified by germ tube production and API AUX
We developed a PCR assay to improve the diagno- (bioMérieux, France).
sis of Candidainfection using the eukariotic small subunit DNA extraction procedureSamples (1-2 ml),

ribosomal RNA (18S rRNA), which is the most highly were lysed by a method previously described [7], consis-

conserved in the genome and thus offers regions ofting of a non-ionic detergent cocktail (1% Tween 20, 1%

sequence that are identical in all fungi [5,6]. Triton-X-100, and 1% NP-40 in 0.05 mol/l Tris, pH5). To
digest yeast cell walls, Zymolyase (50.000 Lyticase-
Sigma, USA) was used. The samples were subsequently
solubilized with Proteinase K (15ug/ml), incubated for 5
min at 37°C, and finally extracted with phenol/chloro-
form/isoamyl alcohol. After ethanol precipitation the

Dra Mo Unzaga. Serido de herobiologia pellet was resuspended in 50 pl water. _
Hospital de Bgsdrto, Avda. Montevideo g8,’ ) wn DNA amplification was carried out
48013 Bilbao, Bizkaia, Spain. with primers: 520 5-ACTGCTGCAGCACCTACGGA

Aceptado para publicacion el 28 de agosto AACCTTGTTACG-3' and 522 5'-ATATGGATCCTAT
de 1996 CTGGTTGATCCTGCCAG-3' [6]. The reaction volume
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was 100 pl, the amount of DNA being 2pl (30 ng). Forty

cycles were performed under the following conditions:

95°C for 1 min, 2 min at 42°C, and 3 min at 74°C. The
expected product of 1800 bp was visualized using elec-
trophoresis on 0.8% agarose gel in 1X TBE.

Hybridization assaysTwo internal oligonucleoti-
des probes, localized in a variable sequence within the V4
domain, were used:@. albicansprobe 497 5-GTAGCC
ATTTATGGCGAACC-3' and a generaandidaprobe
733 5-GCCTTTCCTTCTGGC T-3'[6]. Probes were
labeled by incorporation of a digoxigenin ddUTP in
accordance with the manufacturer's instructions
(Boehringer Mannheim, Germany). The experiment was
developed by dot blot using the amplification products (20
pl) as a target. The hybridization conditions selected
involved a temperature of 56°C overnight. Hybridized
products were detected by a colorimetric procedure: Nitro
blue tetrazolium salt +X phosphate (Boehringer
Mannheim)

Figure 1. Electrophoresis on 0.8% agarose gel showing the PCR products.
Lanes 1 and 3 : fragment of 1800 bp obtained from clinical samples. Lane
RESULTS 4: negative control. Lane 5: positive control. Lane 6: molecular weight mar-
ker pGEM made by digesting pPGEM-3DNA to completion with Hinfl, Rsa I,
. i i . Sinl (Promega) with the following sizes 2645, 1605, 1198, 676, 517, 460,

25 C. albicans 1 C. parapsilopsisand 2Candida 396, 350, 22, 179, 126, 75, 65, 41 and 36 bp.

spp. were identified in clinical sample cultures. In urine,

peritoneal, pus and blood sampl€s, albicanswere iso- A band of 1.8 kbp was observed when DNA from
lated. In a blood sample only, a yeast was identifieG.as Candidaspecies was amplified. In clinical specimens con-
parapsilosisby APl AUX, and in two pus samples the taining the yeast and other microorganisms (pus samples),
yeast could not be identified to species level. The yeaststhe mentioned band was also visualized in electrophoresis
were isolated in pure culture in urine, peritoneal and blood gel. Multiple bands in mixed cultures did not occur
samples. Six urine yeast had counts >100000 cfu/ml, in(Figure 1). The amplified products were hybridized with
two >10000 and <25000 cfu/ml and one <10000 cfu/ml. both probes (results are shown in Table 1).

Pus specimens were mixed culture. The microorganisms In urine samples the hybridization with tGealbi-

isolated together with the yeast wekeinetobacter bau-  cansprobe was positive in all samples (9/9), while using
manii, Enterococcus faecalis, Escherichia cahd the Candidasp. probe eight positive samples (8/9) were
Stenotrophomonas maltophilf@able 1). obtained. In blood samples and peritoneal fluid, the

The DNA extraction procedure was efficient, since C. albicansprobe also hibridized with all samples, except
the average amount was 1000 pg/ml. We had to dilute thein the sample in whiclC. pararapsilopsisvas identified,
DNA to get an optimum concentration of yeast DNA (30 as we expected. With ti@@andidasp. probe, seven posi-
ng), enabling good amplification and no inhibition due to tive hybridization signals (7/8) were obtained.
an excessive quantitiy of DNA. In pus samples, th€andidasp. probe gave eight

Positive PCR results according to the growth cul- positive results (8/11) and three negative ones (numbers
ture on Sabouraud’s agar with chloramphenicol were 12-14). TheC. albicansprobe gave two negative signals
obtained with all samples. (numbers 15 and 18), despfe albicans being the yeast

identified in culture.
The negative hybridization with th@andidasp.
Table 1. Results of culture, DNA amplification and hybridization experi- probe assays (Samp|e numbers 3,12,13,14,22) may be con-
ments in 28 clinical samples. sidered as a false negative, since we obtained a positive
signal with theC. albicansprobe.

Specimens Culture PCR C. albicans probe Candida spp. probe
1. Urine C. albicans + + + DISCUSSION
2. Urine C. albicans + + +
3. Uri C. albi . . -
4. UHRE C. Z/bi;ié’n’i : : : The PCR has had a major impact on our ability to
g- gf!“e g a;gf.cans : : ’ detect infections agents. The design of new diagnostic
> Orine capcens 4 T N laboratory methods are essential fdandidaspecies
8. Urine C. albicans ~ + + + infections, as delayed diagnosis is important in the high
one G albicans -+ ! N mortality of systemic candidosis. PCR assays to detect
11. Pus C.albicans ~ + + + Candidasp. in clinical samples, including blood samples,
12.Pus C.albicans  + * - have been carried out over recent years [7-20]. Since the
13. Pus C. albicans + + - . . e
14. Pus C. albicans ~ + + ; first PCR assay which amplified a segment of fungal
1o bus G albicans -+ : " DNA coding for cytochrome P450L1A1 [7-9], multiple
1 Pus C abicans  + ! N targets have been used: the (ssu) 18S rRNA gene [5,6,10-
18. Pus ¢ a;ll;l_cans + - + 14], a multicopy DNA fragment, EO3 [15,16)Candida

. Pus . albicans + - + H H
20. Pus G Shicans 4 ; M actin gen [17], heat shock protein 90 [18], 5SrRNA gene
21. Blood C.albicans ~ + + + [19] and chitin syntethase gene [20].
22. Blood C. albicans  + * : The target used in our assay described above has
23. Blood C. albicans + + + . 4 L - : .
24. Blood C.albicans ~ + - + proved its efficacy in detecting medically important
25 Blood G albicans — + ! ’ Candidaspp; moreover, the use of this gene as target has
52 Bloog capeans 1 N N been capable of detecting other pathogenic fungi, such as
28. Peritoneal F C. albicans ~ + + + Blastomyces dermatitidjHistoplasma capsulatum
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Coccidiodes immitisCryptococcus neoformaris,12]. in the specifity of the probe.

Furthermore, this gen is present in high copy in fungal Fungi cause 7.9% of nosocomial infections and
genome and finally, species-specific oligonucleotides for Candidaspecies account for 79% of the cases of clinical
hybridization assays in order to confirm the identification mycology infections reported through National

can be selected. Nososcomial Infections Surtveillance System [21].

The specificity of the reaction was high to detect Therefore, for clinical purposes and due to the increasing
Candidaspp. as DNA from other microorganisms present incidence of fungal infections, firstly the ability to
in pus samples did not interfere with the reaction, and amplify and detect any fungi with an all-fungi probe is
multiple bands did not occur in the presence of DNA from crucial, and secondary with species-specific probes allow
other sources. direct identification of the yeast.

The sensitivity of the assay is good, and indeed This new technology may increase sensitivity and
could be improved if a smaller fragment were used shorten detection time in comparison with conventional
[10,11,13,14], the utilization of a whole gen amplification diagnostic methods. The time spent on the PCR assay,
having the advantage that restriction enzyme analysisincluding the DNA yeast extraction, is about 6 h compa-
may be used to provide molecular typing of closely-rela- red with the days needed for growth culture.
ted yeast [12]. We conclude that this method could provide an

A long target sequence has been used by othersimportant complement to present diagnostic methods used
authors, but not in clinical specimens directetly as we did. in the diagnosis of pathogenic fungi infections, so impor-
Maiwald amplified a 1090bp fragment of the 18S rRNA tant in clinical practice nowadays. With this work, we
[12] and a multicopy DNA fragment EO3 specific for would like to contribute our own experience to the diag-
C. albicans unable to detect other medically important nosis by PCR of yeast in different types of clinical speci-
Candidaspecies, was used by Miyakawa [15]. mens.

Compared with results obtained by culture, the
sensitivity and specifity of th€andidaspp. and species-
specific probe were 82.1% (5 false negative) and 100%
for Candidaspp. probe and 92% (2 false-negative) and
100% forC. albicansprobe, respectively. The negative
hybridizations withC. albicansprobe in pus samples may
be due to misidentification of the strains in the germ tube
production. This conclusion may be explained by the fact
that the two samples belonged to the same patient as num-
bers 17 and 19, in whic@. albicanswas not identified.

The false negative hybridization results with 733 probe
may considered as mistakes in hybridization procedure or
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