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Abstract

Objective: To identify the most frequent Candida species in specimens from patients hospitalized in different medical centers 
of Mexico City, with suspected fungal infection. Methods: Specimens were grown on Sabouraud dextrose agar at 28°C for 
72 h. In addition, DNA was extracted. Isolates were grown on CHROMagar Candida™, at 37°C for 48 h. The molecular iden-
tification was performed by polymerase chain reaction (PCR) using primers specific for four species. Results: Eighty one 
specimens were processed and included: bronchial lavage, pleural, cerebrospinal, peritoneal, ascites and bile fluids; blood, 
sputum, bone marrow, oro-tracheal cannula and ganglion. By culture, 30 samples (37%) were positive, and by PCR, 41 (50.6%). 
By PCR, the frequency of species was: Candida albicans 82.9%, Candida tropicalis 31.7%, Candida glabrata 24.4%, and 
Candida parapsilosis 4.9%. In 34.1% of specimens a species mixture was detected suggesting a co-infection: Two species in 
five specimens (C. albicans-C tropicalis and C. albicans-C glabrata), and three species in three specimens (C. albicans-C.  gla-
brata-C. tropicalis). Conclusions: The PCR is an useful tool for detection the most common Candida species causing infection 
in hospitalized patients, it avoids the requirement of culture weather we start from clinical specimen and it favors the early 
diagnosis of invasive candidiasis.
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Introduction

The Candida genus is comprised by various species 
potentially causative of candidiasis, a mycosis of vari-
able clinical expression (superficial, mucocutaneous 
and invasive infection), the frequency of which has 
increased over the last three decades owing to an 
increase in risk factors in immunocompromised 
patients1-4.

Invasive candidiasis is the most important fungal-or-
igin hospital-acquired infection owing to its frequency 
and seriousness, with lethality indices ≥ 40%. Main 
opportunistic infection risk factors associated with this 
infection include diabetes mellitus, human immunode-
ficiency virus (HIV) infection/AIDS, neutropenia-asso-
ciated fever, neoplasms, prolonged indwelling venous 
or urinary catheter, cardiac valves, steroid pro-
longed  use, use of broad spectrum steroids and 
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immunosuppressants, surgery and solid organ 
transplantation2,4-7.

Among more than 150 described Candida species, 
only about 15 have been isolated from patients as 
infectious agents8. Candida albicans remains the most 
common agent associated with hospital-acquired in-
fections, followed by Candida tropicalis, Candida 
parapsilosis, Candida glabrata and Candida krusei. 
The importance of identifying fungal species involved 
in infection lies in that some of them have innate re-
sistance to some antifungals4,6,7,9,10.

Invasive candidiasis diagnosis is difficult because 
signs and symptoms are unspecific, as well as due to 
the fact that these opportunistic yeasts dwell mainly in 
mucosae in humans11. Clinical laboratory conventional 
procedures to diagnose invasive candidiasis include 
morphological and biochemical studies, such as smear, 
culture, histopathology, serology and, sometimes, the 
use of specific fluorescent antibodies1,3,12-14. However, 
sensitivity and specificity of these methods are low. In 
neutropenic patients, yeasts are detected by culture or 
histopathology approximately 120-140  days after the 
detection of this predisposing factor, which results in 
late specific therapy11. For some authors, culture is the 
reference method for invasive candidiasis diagnosis15. 
With the purpose to attain a quicker and more specific 
diagnosis in order to establish a successful therapy, 
molecular procedures, such as polymerase chain reac-
tion (PCR) and its variants have been developed and 
applied in the past few years, with results that are su-
perior to those with conventional procedures in time, 
sensitivity and specificity9,12,16,17. Recently, mass spec-
trometry has emerged as a quick and reliable labora-
tory technique that can be used as an alternative pro-
cedure for the identification of fungi10,14,18.

In Mexico there are only few studies reporting the 
frequency of Candida spp isolation in clinical samples, 
and these reports are even scarcer in Mexico City 
hospital centers. Main Candida species associated 
with invasive candidiasis are C. albicans, C. tropicalis, 
C. glabrata and C. parapsilosis. The purpose of this 
work was to detect the four more relevant Candida 
species directly in clinical specimens obtained from 
patients hospitalized at different centers of Mexico 
City with suspected fungal infection and this way con-
tribute to invasive candidiasis early diagnosis.

Methods

Biological specimens were requested from different 
hospital centers of Mexico City, which were obtained 

from hospitalized patients with one or more opportu-
nistic infection risk factors, clinical suspicion of inva-
sive mycosis or indeterminate diagnosis associated 
with fever of unknown origin. Eighty-one samples 
were received and processed, all of them submitted 
by the corresponding Central Laboratory: 11 by the 
Infectology Hospital of the Centro Médico La Raza of 
the Instituto Mexicano del Seguro Social (IMSS); 20 
by the Hospital Regional General Ignacio Zaragoza, 
of the Instituto de Seguridad y Servicios Sociales para 
los Trabajadores del Estado (ISSSTE), 28 by the Spe-
cialty Hospital of the Centro Médico Nacional Siglo 
XXI, IMSS; one by the Hospital General Dr.  Darío 
Fernández Fierro, ISSSTE; and 21 by the Hospital 
General de México Eduardo Liceaga of the Ministry 
of Health.

All clinical samples were cultured in Sabouraud dex-
trose agar (SDA) without antibiotics and incubated at 
28 °C for 72 hours. The number of colony-forming 
units (CFU) was recorded. Sputum cultures that had 
yeast-like growth were considered positive when they 
had ≥ 1 x 104 CFU. For sterile samples, any yeast-like 
growth was regarded as positive. Cultures that were 
positive in SDA were re-seeded in CHROMagar Can-
didaTM and incubated for 72 hours at 37 °C in dark-
ness, with the purpose to establish a presumptive 
identification of one or more species involved in the 
infectious process, according to the color of the colo-
ny; for these isolates, DNA extraction was not 
necessary.

C. albicans ATCC 64550, C. glabrata ATCC 90030, 
C. tropicalis ATCC 750 and C. parapsilosis ATCC 
29019 were included as reference strains. These 
strains were seeded in yeast extract peptone dextrose 
(YPD) medium and incubated for 48 hours at 37 °C. 
DNA extraction was carried out using the Blin and 
Stanford method19. DNA was treated with RNAse A 
(10 µg/mL, Invitrogen®) according to the manufactur-
er’s instructions, and purified, re-suspended in sterile 
deionized water and quantified by spectrophotometry. 
These reference strains’ DNA was only used to stan-
dardize the PCR technique.

For whole blood DNA extraction, the procedure rec-
ommended by Loffler et  al.20 was followed. 1  mL of 
whole blood was added 1  mL of erythrocyte lysis 
buffer (Tris HCl 10 mM pH 7.6, MgCl2 5 mM, NaCl 10 
mM) and the mixture was incubated in ice for 15 min-
utes; then, it was centrifuged at 13,000 g for 15 min-
utes. The sediment was added 1 ml of leukocyte lysis 
buffer (Tris HCl 10 mM pH 7.6, EDTA 10 mM, NaCl 50 
mM, 0.2% SDS) and proteinase K (final concentration, 
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200  µg/µL. The mixture was incubated at 65 °C for 
60  minutes. It was then centrifuged at 13,000  g for 
15 minutes. The supernatant was discarded and the 
sediment was used for DNA extraction using the 
QIAamp DNA mini kit.

For DNA extraction from other bodily fluids, the pro-
cedure by Loffler et al.20 was followed. 1 mL of sample 
was centrifuged at 13,000 g for 5 minutes. The sedi-
ment was recovered and added 650 µL of lyticase 
solution (150 U of lyticase in Tris HCl 50 mM pH 7.5, 
EDTA 10 mM pH 7.8 and β mercaptoethanol 28 mM). 
The mixture was incubated at 37 °C for 45  minutes 
and centrifuged at 13,000 g for 15 minutes. The sed-
iment was re-suspended in TE buffer, and the DNA 
was extracted with the QIA DNA mini kit, following the 
manufacturer’s instructions. The DNA was stored 
at -20 °C until its use for PCR.

The DNA obtained both from the reference strains 
(for PCR standardization) and clinical specimens (for 
the detection of Candida species) was used to per-
form the PCR assay with specific primers for each 
species, according to Luo and Mitchell16 (Table 1).

According to the conditions proposed by Luo and 
Mitchell16, the reaction mixture contained 1 ng of DNA, 
MgCl 1.5 mM, dNTPs 0.2 mM, oligonucleotides 0.5 
µM and Taq polymerase 0.5 U. Amplification condi-
tions consisted in initial denaturalization at 96 °C for 
5  minutes; 40 denaturalization cycles at 94 °C for 
30 seconds; alignment at 58 °C for 30 seconds; and 
polymerization at 72 °C for 30 seconds. A final exten-
sion at 72 °C for 15 minutes was favored. Amplicons 
were separated by electrophoresis in 1.5% agarose 
gel, stained with ethidium bromide. After standardiza-
tion with the reference strains, the Candida species 
was determined according to the size of the obtained 
amplicon (Table 1).

From a 24-hour culture of C. albicans, C. tropicalis, 
C. glabrata and C. parapsilosis in SDA, a suspension 
was prepared and added to 500 µL of whole blood/
EDTA obtained from a healthy individual, in such a 
way that the amount of yeasts to determine PCR sen-
sitivity in this biological product was 5, 10, 50, 100 
and 500 cells in 500 µL. This mixture was processed 
for DNA extraction and for PCR following the previ-
ously described procedures. The lower limit of DNA 
detection using the different amounts of yeasts in 
whole blood samples was 100 cells/500 µL for each 
one of the four species.

Results

Figure 1 shows the amplification products obtained 
with DNA of the four Candida reference species, using 
species-specific primers. The observed amplicon size 
was just as expected.

All 81 processed clinical samples belonged to adults 
aged between 20 and 70  years, out of which 64.5% 
were men and 35.5% were women, and included 25 
bronchoalveolar lavage fluid (BALF), 19 blood, 15 spu-
tum, 7 pleural fluid, 3 peritoneal fluid, 3 ascites fluid, 
2 cerebrospinal fluid, 2 urine, 1 gallbladder fluid, 1 
ulcer secretion, 1 bone marrow, 1 orotracheal intuba-
tion cannula and 1 lymph node samples. Most pa-
tients (67.5%) had been diagnosed with pneumonia, a 
minority with pulmonary tuberculosis (6.1%), and the 
rest had other diagnoses. Of the 19 blood samples, 
17 corresponded to patients diagnosed with fever of 
unknown origin. Considering the three most common 
biological products, of the 25 BALF, 16 whole blood 
and 15 sputum samples, 20  (80%), 3  (15.7%) and 
14  (93.3%), respectively, were positive by culture or 
PCR (or by both methods).

Tabla 1. Primers used to amplify Candida species ITS1/ITS2 region16

Species Primer Sequences (5’-3’) Amplicon size (bp) GenBank access no.

Candida albicans CAL1
CAL2

ttc atc aac ttg tca cac cag a
atc ccg cct tac cac tac cg

≈ 273 L47111, L28817

Candida glabrata CGL1
CGL2

tta tca cac gac tcg cac ct
ccc aca tac tga tat ggc cta caa

≈ 423 AB032177, AF167993

Candida parapsilosis CPA1*
CPA3†

CPA2

ttg gta ggc ctt cta tat ggg
gcc aga gat taa act caa cca a
cct atc cat tag ttt ata ctc cgc

≈ 320 ≈300 AF287909, L47109

Candida tropicalis CTR1
CTR2

caa tcc tac cgc cag agg tta t
tgg cca cta gca aaa taa gcg t

≈ 357 AF287910, AF268095

*It amplifies only C. parapsilosis group I species.
†It amplifies all groups of C. parapsilosis species.
CAL: primer for C. albicans; CGL: primer for C. glabrata; CPA: primer for C. parapsilosis; CTR: primer for C. tropicalis.
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Table 2 shows the comparative result of BALF sam-
ples that were positive by culture and PCR and, in 
table 3, the result corresponding to other bodily fluids 
can be observed. Of the 81 samples, 30 (37%) were 
positive for Candida spp. by culture in SDA, and one 
culture corresponded to Cryptococcus sp.

Among the cultures in CHROMagar CandidaTM, the 
most commonly isolated species was C. albicans 
(24/30, 80%), followed by C. glabrata and C. tropicalis 
(4/30, 13.3% each). C. parapsilosis was not identified 
in this medium. In three cases (10%), association of 
two species was identified: one of C. tropicalis with C. 
krusei and two of C. albicans with C. tropicalis.

By PCR, 41 (50.6%) Candida spp.-positive samples 
were detected. The most common species was C. 
albicans (82.9%), followed by C. tropicalis (31.7%), C. 
glabrata (24.4%) and C. parapsilosis (4.9%). In 14 cas-
es (34.1%), two or three species were observed. Pre-
dominant two-species combinations were: 5 cases of 
C. albicans with C. tropicalis and 3 cases of C. albi-
cans with C. glabrata. With regard to the mixture of 
three species, C. albicans, C. glabrata and C. tropi-
calis were predominant, with 3 cases.

Comparing the results obtained for Candida species 
identification by culture in CHROMagar CandidaTM and 
by PCR, the culture showed a total of 12 false nega-
tives. When a species was identified in this medium, 
it was also detected by PCR. By culture in CHRO-
Magar CandidaTM, association of two species was ob-
served in 3 cases, and by PCR, association of 2 or 3 
species was found in 14 cases. These results demon-
strate the higher sensitivity, specificity and quickness 
of the PCR technique when compared with culture in 
CHROMagar CandidaTM.

Figure 2 shows some amplified products of the four 
Candida species obtained from clinical samples with 
Candida spp.-specific primers.

One sputum sample was positive by culture in SDA, 
identified as C. glabrata in CHROMagar CandidaTM 
and negative by PCR.

Figure 3 shows the results obtained by culture and 
by PCR for each one of the Candida species. The 
difference in positivity of each procedure is directly 
related to the frequency all four species were identi-
fied with.

Discussion

Candida spp. infections are the cause of great 
morbidity and mortality in patients with any associ-
ated opportunistic infection risk factor, and their di-
agnosis must therefore be quick and reliable in 
order  to establish an efficacious and opportune 
treatment.

Currently, some authors consider culture to be the 
reference method for invasive candidiasis diagnosis, 
particularly from sterile samples15. For other authors, 
this procedure is not entirely reliable, particularly be-
cause, as it involves the use of blood samples, up to 
50% of them are negative and the time it takes to 
obtain the result is 3  days or more9,12,14. Molecular 
results have shown to be quicker and more sensitive, 
specific and reliable than phenotypical methods17,18. In 
the present study, specific PCR was used to deter-
mine the frequency of all four Candida species report-
ed as more commonly affecting patients that are hos-
pitalized for different causes.

Considering the origin of the specimens, the highest 
positivity percentage, both by culture and by PCR 
(93.3%), corresponded to sputum, the only non-sterile 
product processed in this study. Most patients of 
whom these samples came from had a previous diag-
nosis of infection (pneumonia, pulmonary abscess, 
tuberculosis or HIV infection) and, therefore, based on 

M 1 2 3 (-) 4 5 6 (-) 7 8 9 (-) 10 11 12 (-) M

600 bp
423 bp
273 bp

600 bp

357 bp
320 bp

Figure 1. Reference strains (C. albicans, lanes 1-3; C. glabrata, lanes 4-6; C. tropicalis, lanes 7-9; and C. parapsilosis, lanes 10-12) ITS1 and 
ITS2 regions amplification products. 100, 10 and 1 ng of total DNA were used for each species. M: 100-bp marker. (-): negative controls.
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the elevated number of yeasts detected by culture in 
SDA, we consider that a high number of them had an 
overt Candida infection.

BALF samples showed higher positivity by PCR 
(80%) than by culture in SDA (52%). This difference 
could partially be attributed to the fact that specific or 
unspecific immune response of the host might exert a 
fungicidal or fungistatic effect on yeasts,  which  would 
prevent their development. Schabereiter-Gurtner et al.21 
found 19.4% of false negatives in cultures of different 
Candida spp. and Aspergillus spp. specimens in com-
parison with real-time PCR. Antifungal treatment prior 
to sample-taking might also have a direct effect on 
yeasts’ growth inhibition17,22.

All 19 blood samples were negative by SDA culture 
and had a low percentage of positivity by PCR (15.7%). 
False negatives have been attributed to PCR-inhibito-
ry substances, such as hemoglobin and lactoferrin, 
usually associated with erythrocytes and leukocytes, 
respectively23. In contrast with our results, several 
authors have found that blood culture positivity ranges 
from 50 to 60% of cases24. In a study of patients with 
fever of unknown origin, Méndez et  al.25 found that 
35% had some fungal infection, mainly candidiasis, 
and considering this type of infections is therefore 
necessary in the presumptive diagnosis.

Both processed urine samples were positive by cul-
ture in SDA and by PCR. Although candiduria is not a 

Tabla 2. Candida spp. detection in bronchioalveolar lavage fluid processed by culture and species-specific PCR

Sample Previous diagnosis Culture in SDA Culture in CHROMagar CandidaTM Species-specific PCR

BALF 08‑193 Pneumonia Negative Negative C. albicans

170 Pneumonia Positive C. albicans C. albicans

105 CVD Positive C. glabrata C. albicans,
C. glabrata

08‑275 Pulmonary mycosis Positive C. tropicalis C. tropicalis

628‑08 Pneumonia Negative Negative C. albicans

416 Pneumonia Positive C. albicans C. albicans

485‑08 Pneumonia Negative Negative C. albicans,
C. glabrata,
C. tropicalis

74 Pneumonia Negativo Negative C. tropicalis

1981 Pneumonia Negative Negative C. albicans

43 Pneumonia Positive C. albicans C. albicans,
C. tropicalis

676‑08 Pneumonia Positive C. albicans C. albicans,
C. glabrata

1979 Pneumonia Negative Negative C. albicans,
C. glabrata

101 CVD Positive C. albicans C. albicans

511 Pneumonia Positive C. albicans C. albicans,
C. tropicalis

1012‑08 Pneumonia Positive C. albicans C. albicans

08‑512 RT, Pneumonia Negative Negativo C. albicans

08‑505 HIV/ mycosis Positive C. albicans C. glabrata

C108 Pneumonia Positive C. albicans C. albicans

C23 Pneumonia Positive C. albicans C. albicans

81 Pneumonia Positive C. glabrata C. glabrata

BALF: bronchoalveolar lavage fluid; CVD: cerebrovascular disease; HIV: human immunodeficiency virus; PCR: polymerase chain reaction; RT: renal transplantation; SDA: Sabouraud 
dextrose agar.
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candidiasis-specific indicator, it has been proposed as 
an indicator of poor prognosis in old age patients, as 
a consequence of other associated conditions. Se-
verely-ill patients’ (prolonged stay at the intensive care 
unit, pre-term infants, patients with burns or transplant 
recipients) positive urine cultures are particularly im-
portant, since they can precede candidemia or be in-
dicative of severe renal candidiasis12,24.

With regard to species’ distribution by both meth-
ods, C. albicans was more commonly detected, fol-
lowed by C. tropicalis and C. glabrata. This frequency 
is equal to that reported by other Mexican authors 
that have used similar methodology9. In a study car-
ried out by Hernández et  al.26, using phenotypycal 
methods with different biological products, a frequen-
cy of C. parapsilosis isolation of 68.6% was reported, 
followed by C. albicans (8.6%)26. In a 3-year surveil-
lance study (2004-2007) with Candida isolates ob-
tained from patients of hospital centers from Monter-
rey (Mexico), and using phenotypical studies, 

González et al.27 reported C. parapsilosis as the spe-
cies most commonly isolated from blood (37.9%), fol-
lowed by C. albicans (31.9%), C. tropicalis (14.8%) 
and C. glabrata (8%), mainly in pediatric population 
who were catheter carriers. The present work includ-
ed only adult population, and C. parapsilosis was 
identified at a low percentage only by PCR (4.9%), 
since this is a species that is not identified by culture 
in CHROMagar CandidaTM.

CHROMagar CandidaTM is a simple and relatively 
inexpensive technique in the mycological diagnostic 
laboratory. It has as advantage that it detects mixtures 
of species and provides, in a maximum of 72 hours, 
presumptive identification of some Candida species 
(C. albicans, C. glabrata, C. tropicalis and C. kru-
sei)9,13. In this work, only in 3 cases (10%) was a mix-
ture of species detected in this medium.

PCR was notoriously superior in the detection of 
mixtures of species (34.1%) with regard to CHRO-
Magar CandidaTM. Associations of two and three 

600 bp

423 bp

273 bp

M

CAL

1 2

CGL

3 4

CTR

5 6

CPA

7 8

357 bp
320 bp

Figure 2. Amplification products of regions ITS1 and ITS2 of the four Candida species retrieved from clinical samples. M: 100-bp marker. Lane 
1: 511; lane 2: 08-512; lane 3: C11; lane 4: 2719; lane 5: 485-08; lane 6: 08-505; lane 7: 1151-08; lane 8: 512.
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species were detected in single biological samples. 
Detection of co-infections with two or more species 
has also been reported by other authors28-30. The de-
tection of mixtures is useful for choosing an adequate 
treatment, since one or more species might be resis-
tant to one or more antifungals, which might lead to 
the administration of an inadequate therapy and hence 
favor resistance selection and etiological agents dis-
semination13,14. Currently, PCR is also a useful tool for 
the detection of strains that are resistant to antifungals 
of therapeutic use9,14,18.

C. albicans is the predominant species as candidiasis 
causative agent. This microorganism represents a se-
rious public health problem with clinical relevance ow-
ing to its high rate of morbidity and mortality2,4,7,30. It is 
relevant, in addition to its high frequency, because an 
increase in the appearance of azole compounds-resis-
tant strains has been detected in the past few 
years15,31,32.

In the USA, C. tropicalis is the fourth systemic can-
didiasis causative species, while in Latin America it is 
the second4,6. There are reports referring that 

Tabla 3. Candida spp. detection in different samples by culture and species-specific PCR

Sample Previous diagnosis Culture in SDA Culture in CHROMagar CandidaTM Species-specific PCR

Sputum 171 Pneumonia Positive C. albicans C. albicans

188 AP Positive C. glabrata C. glabrata, C. tropicalis

248 Tb Positive C. albicans C. albicans

496‑08 Pneumonia Positive C. albicans C. albicans, C. tropicalis

617‑08 Pneumonia Positive C. albicans C. albicans

459 Tb Positive C. albicans C. albicans

460 HIV Positive C. albicans C. albicans

426 HIV Positive C. albicans C. albicans

656‑08 Pneumonia Positive C. albicans C. albicans

519 Pneumonia Positive C. tropicalis,
C. krusei

C. glabrata, C. tropicalis,
C. parapsilosis

543 Pneumonia Positive C. albicans C. albicans, C. tropicalis

2719 Pneumonia Positive C. albicans,
C. tropicalis

C. albicans, C. glabrata,
C. tropicalis

1151‑08 Pneumonia Positive C. albicans C. albicans, C. parapsilosis

289 Tb Positive C. glabrata Negativo

Blood C547 FUO Negative Negative C. albicans

19 FUD Negative Negative C. albicans

23 FUO Negative Negative C. albicans

Urine 536‑08 ND Positive C. albicans C. albicans

C11 ND Positive C. albicans
C. tropicalis

C. albicans, C. tropicalis,
C. glabrata

Pleural fluid 662 Enteropathy, 
Pneumonia

Negative Negative C. albicans

Bile 2508 Septicemia Positive C. albicans C. albicans, C. tropicalis

Lymph node 825 HIV, Tb Negative Negativo C. tropicalis

CSF Meningitis Positive ND* Negativo

*Round-shaped, capsulated yeasts were observed on microscopic examination with Chinese ink.
CSF: cerebrospinal fluid; FUO: fever of unknown origin; HIV: human immunodeficiency virus; ND: not determined; PA: pulmonary abscess; PCR: polymerase chain reaction; 
SDA: Sabouraud dextrose agar Tb: tuberculosis.
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C.  tropicalis rapidly acquires resistance during azole 
therapy21.

C. glabrata is known to have intrinsic resistance to 
fluconazole and cross-resistance to other azoles4,13,24. 
This species often causes infections in patients on 
prophylactic therapy with azoles6,27,30.

Although C. parapsilosis is an exogenous pathogen 
that has been found in normal skin, this species is 
involved in systemic infections, particularly in new-
borns7,24. In Latin America, C. parapsilosis has been 
found in patients of all ages4. At lower proportion than 
other species, C. parapsilosis has also developed 
resistance to azole compounds of common use in 
antifungal therapy31.

Among current methods to establish the invasive 
candidiasis diagnosis, the US Food and Drug Admin-
istration has approved four:

–	 Matrix-assisted Laser Desorption/Ionization 
Time-of-Flight (MALDI-TOF) is a procedure that 
uses mass spectroscopy and requires a yeast 
pure culture that may take from 24 to 48 hours. 
After this time, the result can be known in 10-
15  minutes, with the advantage that it identifies 
most Candida species.

–	 Peptide Nucleic Acid Fluorescent in Situ Hybrid-
ization (PNA-FISH) doesn’t necessarily require a 
pure culture, and only provides two paired re-
sults: C. albicans/C. tropicalis and C. glabrata/C. 
krusei/C. parapsilosis (it doesn’t provide informa-
tion for a single species). It is available as a 
commercial kit.

–	 The β-D-glucan test detects this fungal wall com-
ponent in blood, and it is therefore a panfungal 
test (Candida spp., Aspergillus spp., Pneumocys-
tis jirovecii, demiatiaceous fungi and several 
more). It requires two positive results for confir-
mation. It is an unspecific, expensive and tedious 
test, and has therefore not been widely 
accepted.

–	 T2Candida is a PCR-based test that uses mag-
netic resonance to detect Candida spp. in whole 
blood. It provides pair-wise results, just as PNA-
FISH. Once blood is processed (erythrocyte 
chemical and mechanical lysis), the result is 
available in 3-4 hours15.

According to our results, species-specific PCR 
showed four main advantages with regard to culture: 
1) 13% more positive results were obtained; 2) it is a 
quick procedure, since the time elapsed since the 
specimen is received until the result for the four most 
common species is obtained is 6 hours, whereas 

waiting time for a culture is 48-72 hours; 3) it enables 
the detection of mixtures of up to three species, 
whereas with CHROMagar CandidaTM, only two-spe-
cies mixtures were detected; and 4) although the cost 
is higher than that of culture (estimated at MXP 
560.00, USD 31.10 for the four species), it is low if the 
cost undiagnosed or wrongly treated candidiasis 
would imply is taken into account. These characteris-
tics lend support to the proposal for using this tech-
nique as a procedure that identifies 80% of the spe-
cies that cause invasive candidiasis, a disease that in 
Mexico has not been sufficiently explored.
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