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 The molecular epidemiology of  Candida dubliniensis  has been studied using large 

complex DNA probes for Southern analysis and has revealed the existence of distinct 

genotypes within this species. The aim of the present study was to utilize a PCR-based 

analysis of molecular co-dominant markers to assess the relatedness of a global and 

temporally diverse collection of well characterized isolates of  C. dubliniensis . Sixty-two 

 C. dubliniensis  strains were collected from the authors of previously published studies. 

Co-dominant PCR-based markers utilizing fi ve separate PCR fi ngerprints were obtained 

in the present investigation. Phylogenetic and statistical analyses utilizing permutation 

tests were undertaken to assess correlations amongst the isolates. Three distinct PCR-

groups were observed and there was evidence that strains isolated since 1990 were 

genotypically more similar to each other than they were to strains recovered prior to 

1990.  
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Introduction 

 The range of human infections caused by  Candida  spp. 

is considerable, particularly among immunocompromised 

patients [ 1 ]. Many different methods have been utilized to 

differentiate isolates of  C. albicans  to assess epidemiologi-

cal aspects of this fungus [  2–    6  ]. 

 During the early 1990s, two separate groups in 

Melbourne, Australia [ 7 ], and Dublin, Ireland [ 8 ] isolated 

strains of  Candida  from the oral cavity of HIV-infected 

patients that were phenotypically similar, yet genotypically 

distinct from  C. albicans . Subsequent research showed 

these isolates were a separate species,  C. dubliniensis   

[9 ], and that they may be more virulent, as they have an 

increased adherence to buccal epithelial cells and produce 
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increased amounts of extracellular proteinase activity 

when compared to  C. albicans   [1 ]. Although animal stud-

ies and epidemiological data do not fully support the 

enhanced virulence of  C. dubliniensis , this is potentially 

confounded as  C. dubliniensis  and  C. albicans  share a large 

number of phenotypic characteristics creating the need 

for molecular methodologies to reliably separate these 

species [ 10 ]. 

 The molecular epidemiology of  C. dubliniensis  has 

been studied using large complex DNA probes for 

Southern analysis and has revealed the existence of distinct 

genotypes within this species [ 11,  12 ]. A recent study assess-

ing isolates of  C. albicans  from HIV-infected patients in 

Brazil and the USA utilized a sensitive, PCR based method 

to assess co-dominant markers (genetic markers that are 

expressed independently of each other) across the entire 

genome of  C. albicans   [13 ]. This allowed for the enhanced 

depth of analysis and understanding of the genotypic diver-

sity present in  C. albicans   [13 ]. During a previous study 

[ 6 ] we noted two distinct subtypes in the RFLP patterns of  

C. dubliniensis  that prompted the further exploration of 

the genotypic diversity of this newly described yeast. 
DOI:10.3109/13693780802641912
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Thus, the aim of the present study was to utilize a PCR-

based analysis of molecular co-dominant markers to assess 

the relatedness of a global and temporally diverse collection 

of well characterized isolates of  C. dubliniensis.    

 Materials and methods 

 Sixty-two  C. dubliniensis  strains were collected from 

the authors of previously published studies. The majority 

of them were a kind donation from Dr D. Soll [ 11 ] and 

the remaining isolates were reported in several earlier 

investigations [ 6  ,10,  14,  15 ]. 

 All isolates were well characterized and had been 

defi ned to the species level as  C. dubliniensis  by methods 

outlined previously [ 10,  11 ]. All were tested for their  in vitro  

susceptibility to antifungals using standard methods in 

broth macro-dilution as defi ned by the Clinical and Labo-

ratory Standards Institute of the United States (M27-A3). 

To identify these isolates to the species level, genomic 

DNA was extracted from all samples [ 16 ] and each iso-

late had two PCR studies undertaken. PCR primers were 

directed to the V3 region of the 25S rDNA, and in a sepa-

rate analysis, PCR primers were directed to the intergenic 

transcribed spacer region (ITS) of rDNA. The amplicons 

of the V3-25S and ITS PCR were digested with restriction 

enzyme  Hae  III and  Dde  I, respectively [ 10  ,11 ]. 

 To identify genotypes within  C. dubliniensis , a co-

dominant PCR method based on that previously described 

procedure [ 13 ] was utilized. Five separate PCR fi ngerprints 

were obtained using fi ve different oligonucleotides as single 

primers: the M13 phage core sequence (5´-GAGGGTG

GCGGTTCT-3´); the intergenic spacer repeat of tRNA, 

T3B (5´-AGG TCG CGG GTT CGA ATC C-3´); (iii) the 

simple repeat sequences (GACA)4: (5´-GAC AGA CAG 

ACA GAC A-3´); (iv) the telomeric core sequence, TELO1 

(5´-TGG GTG TGT GGG TGT GTG GGT GTG-3´); and 

the oligonucleotide OPA03 (5´-AGT CAG CCA C-3´) 

(OPA-03 from Operon Technologies). All PCR amplicons 

were separated in an agarose gel (2.0% w/v; SeaKem Gold, 

FMC BioProducts, Rockland, ME - USA) in TAE buffer 

(40 mM of Tris-acetate and 0.2 mM of EDTA; pH, 8.3) for 

2 h at 2 V/cm and visualized by ultraviolet transillumination 

following ethidium bromide staining. 

 Three to fi ve polymorphic bands were chosen for each 

of the fi ve PCR fi ngerprints, resulting in 22 polymorphic 

bands overall. These bands were chosen as they were the 

most distinct, easily recognized and were the most parsi-

moniously discriminatory between different strains. Three 

bands were chosen for the M13 primer (594bp, 430bp 

and 336bp). Four bands were chosen for the T3B primer 

(1216bp, 1030bp, 880bp and 371bp). Five bands were 

chosen for each GACA (864bp, 690bp, 537bp, 383bp and 

297bp), TELO1 (510bp, 440bp, 380bp, 355bp and 313bp) 
and OPA-03 (1750bp, 898bp, 709bp, 560bp and 460bp). 

Each band was scored as either present or absent. These 

results were interpreted by statistical analyses (see below) 

and conventionally by the aid of a phenogram. The phe-

nogram was produced by the computer program PAUP 

4.08 (Phylogenetic Analysis Using Parsimony, David L. 

Swofford, Smithsonian Institute, Washington DC;  http://

www.lms.si.edu/PAUP ) using the unweighted pair-group 

method with arithmetic mean [ 17 ]. The distance measured 

between each isolate by this program was the mean char-

acter difference. We considered groups of strains to be 

unique when there was �85% similarity [ 6,  18 ]. Further-

more, a dissimilarity matrix was generated by this program 

and used for subsequent analyses; the matrix consisted of 

the number of discordant bands between each pair of iso-

lates. Repeating the analysis in duplicate on four randomly 

selected isolates assessed the stability and reproducibility 

of the genotypes. Duplicate DNA extractions, PCR ampli-

fi cations and agarose gel electrophoresis were carried out 

independently and the resulting genotypes compared. The 

duplicate genotypes for each of these four isolates showed 

100% identity.  

 Statistical analysis 

 For each group of interest (i.e., strains isolated from 

HIV patients; from Europe; post-1990, etc.), the generated 

dissimilarity matrix was formatted such that the strains in 

the group were together. For each strain  i  in the group, 

the mean dissimilarity with other strains in the group was 

subtracted from the mean dissimilarity with strains out-

side the group; we denote the resulting difference  d ( i ),  i �1 

to  n . The mean value of  d ( i ) across all strains within the 

group is positive if strains in the group are more similar 

to each other than to those outside the group, and nega-

tive otherwise. This mean value has useful interpretable 

meaning; the higher the value, the more similar to each 

other a group of isolates is compared to those outside the 

group. 

 We tested the null hypothesis that mean [ d ( i )] was zero, 

which corresponds to the strains within the group being no 

more similar to each other than to those outside the group. 

Due to the correlation between the components (the values 

in the dissimilarity matrix), the null hypothesis cannot be 

assessed with a simple t-test. We accounted for this cor-

relation by a permutation test (also known as a random-

ization test). This was undertaken for the group of interest 

by forming 10,000 random divisions (permutations) of the 

data into two groups, with each of these 10,000 divisions 

having one group the same size as the original group in 

question. The relevant test statistic mean [ d ( i )] was then 

calculated for each of these permutations. The  P -value for 

the test was then calculated by determining the proportion 
© 2009 ISHAM, Medical Mycology, 47, 789–795
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of the permutations for which the test statistic was at least 

as large as that associated with the observed data [ 19 ]. 

This one sided hypotheses test assessed whether isolates 

are more similar to each other within the group of interest 

than with the rest of the population.    

 Results 

 The phenogram of these isolates ( Fig. 1 ) shows that, by 

dividing the isolates at the level of 85% or more similar-

ity, there were three PCR-groups (A, B and C). Group A 

was the largest group consisting of 54 isolates, with all 

having similarities greater than 8 and Group B consisting 

of four isolates which were also very similar (more than 

85%) with each other. In contrast, the four diverse strains 

of Group C had similarities which were less than 85% 

( Fig. 1 ; and  Table 1 ).       

 Fifty-three isolates from a previous study [ 11 ] had 

been designated into two groups (Group I, 47 isolates; and 

Group II, 6 isolates) based on Southern hybridization with 

a DNA repetitive element (CD25). Forty-four of the 47 

isolates of Group I from the previous study were in PCR-

group A of the present investigation ( Table 1 ), while one 

was in PCR-group B and 2 in PCR-group C. One of the 

six isolates previously [ 11 ] designated as Group II was in 

PCR-group A of the present study (the group containing 

the largest number of isolates), three were in PCR-group 

B, while two were in PCR-group C (the most genetically 

diverse group) ( Table 1 ). 

 Nine isolates analysed in the present study had 

previously been analysed using restriction fragment poly-

morphism (RFLP) of whole genomic DNA employing the 

restriction endonuclease  Eco  RI [ 6 ]. These isolates had 

been divided into two sub-types based on RFLP analysis, 

i.e., types RFLP-D1 and RFLP-D2 and all were in PCR-

group A discussed in the present study. 

 Statistical analysis ( Table 2 ) showed that the strains 

isolated from Europe, North America and the Pacifi c all 

had positive mean dissimilarities, indicating that the iso-

lates within each of these groups were more similar to each 

other than to those outside their group. Similarly, strains 

known to be isolated from HIV-infected patients were more 

similar to each other than to those recovered from patients 

with other underlying conditions. However, none of these 

results were signifi cant at the 0.05 level ( Table 2 ). Inter-

estingly, strains isolated from the UK showed a negative 

mean dissimilarity, indicating that the strains within this 

group were more genotypically dissimilar to each other 

than they were with strains isolated outside the UK, but 

here again the results were not of statistical signifi cance. 

The group with the largest difference in mean dissimilarity, 

and the most signifi cant statistically, were those strains 

isolated after 1990. This group of strains were more similar 
© 2009 ISHAM, Medical Mycology, 47, 789–795
to each other than they were to strains isolated prior to 

1990 ( P �0.06;  Table 1 ).         

 Discussion 

 The PCR fi ngerprinting method utilized in the present study 

was able to divide this global collection of  C. dubliniensis  

isolates into three large groups. Group A isolates were 

identical for 15 PCR fi ngerprinting bands by the methods 

employed in the current study and the bands represent 

random genomic sites. A previous study utilized a 

‘species-specifi c’ probe for assessing  Eco RI digested 

Southern transferred DNA for similarity [ 11 ]. This earlier 

investigation found that the same isolates could also be 

divided into two large genotypic groups. The Group I 

isolates described using the probe Cd25 were found to 

have approximately 10 identical (monomorphic) bands 

and 3 to 6 variable bands [ 11 ]. Presumably these variable 

bands represent true polymorphism and were not due 

to inadequate digestion of the DNA by the restriction 

endonuclease. Therefore, assessment by both these two 

methods (the PCR method in this study and the Cd25 

probe previously published) of approximately 30 random 

areas throughout the genome of the globally and tempo-

rally diverse strains in Group A-PCR and Group I-Cd25  

C. dubliniensis  showed very little genomic divergence. 

This result would suggest that these Group A-PCR/Group 

I-Cd25 [ 11 ] isolates are the products of clonal expansion 

or replication. A recent study [ 23 ] assessing the population 

structure of  C. dubliniensis  using multilocus sequence typ-

ing found that there were a limited number of genetically-

related clades among the isolates studied. These results 

are almost identical to that found in the present study and 

reported previously [ 11,  12,  20 ]. Thus, irrespective of the 

genotypic method used, whether PCR fi ngerprinting (pres-

ent study), Cd25 fi ngerprinting [ 11 ], ITS genotyping [ 12 ] 

or multilocus sequence typing [ 23 ],  C. dubliniensis  shows 

signifi cantly less genotypic diversity and more clonality 

than  C. albicans . Interestingly, some authors [ 23 ] have 

postulated that avian species rather than human may be 

the natural host for  C. dubliniensis , with humans only 

inadvertently colonized [ 23 ]. More research is required 

to establish the natural habitat and extent of genotypic 

diversity in  C. dubliniensis . 

 One strain (931111) was shown to be  C. albicans  in 

the present study by the use of 5.8S, 18S and 25S PCR 

ribotyping and was thus not included in the analysis. 

Yet the genome of this strain is able to hybridize to the 

‘species-specifi c’ probe Cd25. It may well be that this 

probe (Cd25) is not entirely species-specifi c. 

 PCR fi ngerprinting was able to assist in assigning the 

isolates to the species level. However, this method may not 

be defi nitive as there was suffi cient genotypic diversity in 
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  Fig. 1    Phenogram of the globally and temporally isolated  Candida dubliniensis  isolates. The designation of each isolate (on the right) is via a unique 

identifi er made of two numbers; the fi rst (prior to the “.”) is the original number/name while the second number is the CIMR designation. The scale at 

the bottom right of 0.15 indicates variation between isolates of 15% or less, or alternatively isolates within this scale have 85% or more similarities.   
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the Group II isolates that they may have been mistaken for 

other  Candida  species if this PCR fi ngerprinting is used 

as the sole identifi cation method. Furthermore, while the 

PCR fi ngerprinting technique is rapid and easy to perform, 

the interpretation (visualization of the bands on the gel, 

scoring of the bands, etc.) is not as easy to perform and 

the results could be subjective in the interpretation. Recent 
techniques such as microsatellites or multilocus sequence 

analysis are equally simple, while at the same time allowing 

for enhanced objective interpretation of data. 

 PCR fi ngerprinting is an extremely rapid method that 

is able to easily distinguish between the genotypic sub-

groups of  C. dubliniensis . This distinction may well refl ect 

different modes of reproduction and genealogy that could 
© 2009 ISHAM, Medical Mycology, 47, 789–795
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 Table 1   Candida dubliniensis  isolates, original designation, year of isolation and genotypic groupings.

Designation Ref-numberA CIMRB No. Year of 

isolation

HIV Status Country Previous 

groupsC

PCR-GroupD

1 930713 99–114 1993 − Brussels, Belgium I C

2 11 99–115 1985 + Bangor, UK I A

3 73089 99–116 1973 − Leeds, UK II B

4 ANSA3 99–117 94–95 − Antwerp, Belgium I A

5 1419–2 99–118 1993 − Montpellier, France I B

6 168 99–119 1995 + Iowa City, IA, USA I A

7 C04 99–120 1993 − Lausanne, Switzerland I A

8 M1 99–121 89–92 + Australia I A

9 M2 99–122 89–92 + Australia I A

10 M3 99–123 89–92 + Australia I A

11 940613 99–124 1994 + Antwerp, Belgium I A

12 931113 99–125 1993 − London, UK I A

13 681 99–126 1986 + London, UK I A

14 950 99–127 1986 − Madrid, Spain II C

15 931021 99–128 1993 − Frankfurt, Germany I A

16 M6 99–129 89–92 + Australia I A

17 82006 99–130 1982 + Sheffi eld, UK I A

18 88014 99–131 1988 − Leicester, UK I A

19 514 99–132 1985 + Bangor, UK II B

20 ANSA-5 99–133 94–95 − Antwerp, Belgium I A

21 ANSA-27 99–134 94–95 + Antwerp, Belgium I A

22 ANSAII-28 99–135 94–95 + Antwerp, Belgium I A

23 B71507 99–136 1992 + Dublin, Ireland I A

24 81060 99–137 1981 + Leicester, UK I A

25 75043 99–138 1975 − Leeds, UK II B

26 1425638 99–139 1995 − New York, USA I A

27 1003 99–140 1986 − Valencia, Spain I A

28 78008 99–141 1978 − Leicester, UK I A

29 C05 99–142 1993 − Lausanne, Switzerland I A

30 930953 99–143 1993 + Frankfurt, Germany I A

31 895 99–144 1985 + London, UK II A

32 81217 99–145 1981 − Houston, TX, USA I A

33 1046 99–146 1986 − Valencia, Spain I A

34 ANSA-9 99–147 94–95 − Antwerp, Belgium I A

35 126423 99–148 1995 + Iowa City, IA, USA I A

36E 931111 99–149 1993 − London, UK II C

37 251 99–150 1985 + London, UK I A

38 930664 99–151 1992 − Quebec, Canada I A

39 952 99–152 1986 + Madrid, Spain I A

40 ANSA-26 99–153 94–95 − Antwerp, Belgium I A

41 930822 99–154 1993 + San Antonio, TX, USA I A

42 M4 99–155 89–92 + Australia I A

43 90006 99–156 1990 + Leicester, UK I A

44 P30 99–157 1993 + Lausanne, Switzerland I A

45 932634 99–158 1994 + Turnhout, Belgium I A

46 456 99–159 1986 − London, UK I A

47 930936 99–160 1993 − Frankfurt, Germany I A

48 961 99–161 1986 + Valencia, Spain I A

49 75004 99–162 1975 − Leeds, UK I C

50 NCPF3949 99–163 88–94 − Dublin, Ireland I A

51 109534 99–164 1995 − Bakersfi eld, CA, USA I A

52 930666 99–165 1992 − Quebec, Canada I A

53 B69819-1 99–166 1992 + Paris, France I A

54 SC51 97–298 93–94 − Singapore D1 A

55 A23 97–291 89–92 + Australia D2 A

56 A24 97–292 89–93 + Australia D2 A

57 A26 97–293 89–94 + Australia D2 A

58 A28 97–295 89–95 + Australia D1 A

59 F6583 96–223 1996 − Japan D2 A
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Designation Ref-numberA CIMRB No. Year of 

isolation

HIV Status Country Previous 

groupsC

PCR-GroupD

60 6(CA) 97–234 1997 − Israel D1 A

61 5(AHM) 97–233 1997 − Israel D1 A

62 OY13-61 97–316 1997 + Iowa City, IA., USA D1 A

AOriginal designation in initial publication.
BCalifornia Institute for Medical Research.
CPrevious groups as given in previous publications: I and II refer to groups as previously defi ned [11]; D1 and D2 refer to groups as previously 

defi ned [6].
DPCR group refers to the strain designation in the present study.
EIsolate 931111 was omitted from the analysis as it was shown to be C. albicans.

Table 1 (Continued )
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be important in the organism’s pathogenicity and antifungal 

susceptibility. Recently, a study assessing  C. dubliniensis  

genotypic diversity in Saudi Arabia and Egypt showed 

that there appeared to be both genotypic and phenotypic 

unique characteristics amongst the isolates [ 20 ]. This pre-

vious study found a genotypic clade of  C. dubliniensis  

isolates present in these Middle Eastern countries when 

analysed with DNA fi ngerprinting using the Cd25 probe. 

This genotypically distinct clade also exhibited high level 

resistance to 5-fl ucytosine [ 20 ]. Curiously, resistance to 

5-fl ucytosine was amongst the phenotypic characteristics 

fi rst noted when  C. dubliniensis  was initially recognized 

[ 21 ]. Analysis of the MIC and MFC via the NCCLS method 

of all PCR Group B (4 isolates) and C (4 isolates) and a 

random selection of the PCR Group A isolates ( n  � 9) 

showed that none were resistant in that all had MICs of 

�0.125 μg/ml and MFCs of �0.5 μg/ml (data not shown). 

It would thus appear that this phenotypic trait is not pres-

ent in the isolates examined in the present study and that 

the previous reported Cd25 group III clade [ 20 ] is distinct 

from the PCR Group B and C isolates of the present study. 
Table 2 Statistical analysis of the difference in mean dissimilarity 

observed in strains grouped according to geographical location (Europe, 

North America, the Pacifi c region and the United Kingdom), whether the 

patient was infected with HIV, and if isolated since 1990.

Group n
1
A n

2
A meanB P-valueC

Europe 22 39 0.211 0.248

North America  7 54 0.468 0.210

Pacifi c 13 48 0.365 0.187

U.K. 16 45 −0.317 0.199

HIV 32 29 0.336 0.140

Post-1990 42 19 0.521 0.061

AColumns n
1
 and n

2
 are the number in and out of the group of interest, 

respectively.
BThe mean is the average value of the test statistic d(i) (the mean 

dissimilarity of strains in the group of interest subtracted from the mean 

dissimilarity with strains not in the group of interest).
CP-values are one-sided, and arise from testing the hypothesis that mean 

[d(i)] � 0, i.e., that the strains within the group are no more similar to 

each other than to those outside the group.

y guest on 25 M
ay 2023
It would be of considerable interest to analyse the CD25 

group III clade using the PCR fi ngerprinting methods as 

conducted in this investigation. 

 The non-Group A-PCR isolates (those Group B and 

C isolates in the present study) and the Group II isolates 

from the previous study [ 11 ] are extremely genotypically 

heterogenous and may well represent the products of non-

clonal form of reproduction. These isolates are predomi-

nantly from the UK and Europe, and the majority were 

isolated prior to 1990. It could be postulated that these 

genotypically diverse  C. dubliniensis  isolates represent a 

natural state of this species that has been present for many 

years, while the Group A-PCR may well represent a recent 

clonally expanding population. It would appear then, from 

this analysis, that  C. dubliniensis  isolates are becoming 

less genetically diverse over time and that this restriction 

in genetic diversity is occurring predominantly in certain 

countries. A similar temporal convergence has been noted 

with  C. parapsilosis  [  22 ] whereas  C. albicans  appears to 

be temporally diverging [ 6 ]. Furthermore,  C. dubliniensis  

appears to be more clonally restricted in patients infected 

with HIV. This latter fi nding may be due to certain eco-

logical conditions that exist within this patient popula-

tion (and particularly in the oral cavity) that tend to favor  

C. dubliniensis  strains that are more phenotypically simi-

lar, with this phenotypic similarity being refl ected in the 

observed genetic similarity. It is interesting to note that 

 C. dubliniensis  was initially isolated from the oral cavity 

of HIV-infected patients, and for some time in the early 

1990s it had been speculated that this was the only site 

that this species colonized [ 7,  8 ]. 

 In summary, three distinct PCR-groups were observed 

and there was evidence that strains isolated since 1990 

were genotypically more similar to each other than they 

were to strains isolated prior to 1990.      

Declaration of interest:   The authors report no confl icts of 

interest. The authors alone are responsible for the content 

and writing of the paper.   
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