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C. albicans or Candida tropicalis. However, characteri-
stics of C. parapsilosis that may relate to its increasing 
occurrence in nosocomial settings include frequent colo-
nization of the skin (Bonassoli et al., 2005), particularly 
the subungual space, and an ability to proliferate in 
glucose-containing solutions, with a resultant increase in 
adherence to synthetic materials (Alonso-Valle et al., 
2003).  

Traditionally, C. parapsilosis strains have been 
identified based on morphological, physiological and 
biochemical characteristics (Van Asbeck et al., 2009). 
These methods are laborious and time consuming. 

Currently, matrix-assisted laser desorption/ionisation time-
of-flight (MALDI-TOF) MS is reported as a reliable, rapid 
and simple technique for the identification of the C. 
parapsilosis group (Quiles-Melero et al., 2012). However, 
MALDI-TOF MS requires expensive equipment, which 
impedes it as an attractive tool for the routine of a clinical 
microbiology laboratory. Molecular methods based on the 
analysis of polymorphism in the DNA region that encodes 
the ribosomal RNA genes (5S, 5.8S, 18S and 26S) 
(Kurtzman and Robnett, 1998; Nosek et al., 2002; Sofair 
et al., 2006) and the non-coding internal transcribed 
spacers (ITS)(Cadez et al., 2002; Sabate et al., 2002) 
and IGS (Intergenic Spacer) regions (Diaz et al., 2000; 
Naumov et al., 2003) are being successfully used for the 
identification of many yeast species. Recently, developed 
molecular techniques may facilitate the continued explo-
ration of the epidemiology and pathogenesis of C. 
parapsilosis infections. However, all have been developed 
based on cultured material, and require a fully equipped 
molecular laboratory. Thus, there is still a need for a rapid 
and simple technique that is able to deliver an unambiguous 
identification within a single day. 

Loop-mediated isothermal amplification (LAMP) is a 
novel nucleic acid amplification method, which relies on 
autocycling strand displacement DNA synthesis performed 
by the Bst DNA polymerase large fragment (Mori et al., 
2001; Nagamine et al., 2002; Notomi et al., 2000). The 
amplification products are stem-loop DNA structures with 
several inverted repeats of the target and cauliflower-like 
structures with multiple loops. LAMP has the following 
characteristics: (i) all reactions can be conducted under 
isothermal conditions ranging from 60 to 65°C by using 
only one type of enzyme; (ii) the specificity of the reaction 
is extremely high because it uses four primers 
recognizing six distinct regions on the target DNA; (iii) 
amplification can be performed in a shorter time than 
amplification by PCR because there is no time loss due 
to thermal cycling; and (iv) it produces extremely large 
amounts of amplified products and enables simple detec-
tion methods such as visual judgment by the turbidity or 
fluorescence of the reaction mixture, which is kept in the 
reaction tube (Mori and Notomi, 2009). With all these 
characteristics, LAMP of target DNA has emerged as a 
powerful tool to facilitate point-of-care genetic testing at 
the  bedside.  Recently,  Nagamine  et al. (2002) reported 
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 that when two more primers, termed loop primers, were 
added, the LAMP reaction time could be even less than 
half of that for the original LAMP method. In their pro-
cedure, six primers recognized eight distinct regions on 
the targeted DNA. In the present study, we introduced 
LAMP diagnostics for C. parapsilosis. The sensitivity, 
specificity and applicability of this method for C. parapsilosis 
from patient samples were evaluated. It is believed that 
the rapid detection and confirmation of C. parapsilosis in 
clinical specimens is essential for efficient management. 
 
 
MATERIALS AND METHODS 
 
Strains 
 
Thirty proven strains of C. parapsilosis isolated from patients, 5 
isolates of other reference strains including C. albicans, C. tropicals, 
Candida glabrata, Candida krusei and Cryptococcus neoformans 
and one C. parapsilosis type strain ATCC 22019 were used in this 
study. The 30 strains of C. parapsilosis and the 5 other reference 
strains were all collected in Department of Laboratory Medicine, 
The First Affiliated Hospital of Sun Yat-sen University during the 
period of January 2010 to December 2012. Cases from patients 
were confirmed by routine and molecular identification methods. All 
the isolates were cultured on Sabourand dextrose agar (SDA) at 
37°C. Inoculated plates were examined after 48 h of incubation. 
Identification of Candida species were based on VITEK 2 system 
(bioMérieux, Marcy l'Etoile, France) and further identified by 18S 
rRNA gene sequencing as described by Zheng et al. (2013). 
 
 
DNA extraction 
 
Candida species were grown on SDA plates for 24 to 48 h at 30°C. 
Single colonies were inoculated into 200 ml of YPD broth (1% yeast 
extract, 2% peptone, 2% glucose) and incubated in a shaking water 
bath at 200 rpm and 30°C for 36 h. DNA was extracted from this 
culture by adaptation of the  Lyticase-based method (10KU, 
Sigama, USA). DNA concentrations and A260/A280 ratios were 
determined using a spectrophotometer Lambda 1A (Perkin-Elmer, 
USA). An A260/A280 ratio of 1.8-2.1 was considered acceptable. 
 
 
Design of LAMP primers 
 
The target gene of the LAMP was the 5.8 S ribosomal RNA gene of 
C. parapsilosis (internal transcribed spacer 2, ITS2). The binding 
sites of all primer sets are located within the target gene and were 
designed by using PrimerExplorer software V4 (Eiken Chemical Co. 
Ltd.) in the database under the Accession No. KF313207. A set of 
sixLAMP primers was selected as follows: outer primers (F3 and 
B3), a forward inner primer (FIP), a backward inner primer (BIP) 
and loop primers (loop F and loop B) (Table 1). 
 
 
LAMP reaction 
 
The LAMP reaction was performed with a Loop amp DNA 
amplification kit (Eiken Chemical Co., Ltd., Tochigi, Japan). A 
reaction mixture (25 µl) containing 1.2 µM each inner primer (FIP 
and BIP), 0.2 µM each outer primer (F3 and B3), 0.8 µM each loop 
primer (F and B), 0.8 mM dNTPs, 1M betaine (Sigma), 
1×ThermoPol Buffer, 4 mM MgSO4, 8 U of Bst DNA large fragment 
polymerase (New England Biolabs), with 2 µl of crude DNA extract
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