
Candida parapsilosis 
Molecular Epidemiology

and Host Defense



Candida parapsilosis Molecular Epidemiology and Host Defense
Thesis, University of Medical Centre Utrecht- with references-with summary in 
Dutch

This thesis was prepared at: 
University Medical Center Utrecht 
Eijkman-Winkler Center for Microbiology, 
Infectious diseases and Infl ammation 
Heidelberglaan 100, room G04.643 
3584 CX Utrecht 
The Netherlands

Cover: photograph of collection creation of prospects “echo’s of eyes” (60x90 digital 
print 2008) by Anna van Asbeck
Other photos from the collection creation of prospects by Anna van Asbeck
(www.annavanasbeck.nl)

ISBN: 978-90-393-5018-8
© E.C. van Asbeck, Utrecht, 2009
All rights reserved

Lay-out and printed by Gildeprint Drukkerijen - Enschede, The Netherlands

The printing of this thesis was fi nancially supported by: 
Merck Sharp & Dohme BV, Pfi zer BV and Astellas BV.



Candida parapsilosis 
Molecular Epidemiology

and Host Defense

Candida parapsilosis 
moleculaire epidemiologie en afweer systeem

(met een samenvatting in het Nederlands)

Proefschrift

ter verkrijging van de graad van doctor aan de Universiteit Utrecht op gezag van 
de rector magnifi cus, prof. dr. J.C. Stoof, ingevolge het besluit van het college voor 
promoties in het openbaar te verdedigen op donderdag 19 maart 2009 des middags 

te 12.45 uur

Door 

Eveline Charlotte van Asbeck

Geboren op 20 mei 1981 te Nijmegen



Promotie commissie

Promotoren: Prof.dr. J. Verhoef
Prof.dr. I.M. Hoepelman

Overige leden:  Prof.dr. J.G. van den Tweel
  Prof.dr. H.A.B Wösten
  Prof.dr. P.A. Verwey
  Prof.dr. J.J.M. Marx
  Dr. F.C. Coenjaerts



Aan mijn ouders





CONTENTS

Chapter 1 General introduction 11

Chapter 2  Candida parapsilosis: a review of its epidemiology,  19
 pathogenesis, clinical aspects, the methods of strain 
 differentiation and microbial susceptibility
 Manuscript in preparation

Chapter 3 Molecular epidemiology of the global en temporal  77
 diversity of Candida parapsilosis
 Scand J Infect Dis. 2008 Jun 3:1-8.

Chapter 4 Candida parapsilosis fungemia in neonates: genotyping  93
 results suggest healthcare workers hands as source, and 
 review of published studies 
 Mycopathologia. 2007 Dec;164(6):287-93.

Chapter 5  Correlation of restriction fragment length polymorphism  107
 (RFLP) genotyping with ITS sequence, RAPD and 
 multilocus sequence (MLST) groupings for 
 Candida parapsilosis
 Mycoses (2008) In press

Chapter 6  Genomic diversity within the Candida parapsilosis group 121
 Manuscript in preparation

Chapter 7 Signifi cant differences in drug susceptibility among  145
 species in the Candida parapsilosis (Cp) group

Diagn Microbiol Infect Dis. 2008 Sep; 62(1):106-109. 

Chapter 8  The echinocandin caspofungin impairs innate immune  155
 mechanism against Candida parapsilosis
 Int J Antimicrob Agents. 2009 Jan;33(1):21-6



Chapter 9  Mannose binding lectin plays a crucial role in innate  175
 immunity against yeast by enhanced complement activation 
 and enhanced uptake of polymorphonuclear cells
 BMC Microbiology 2008 Dec: 8(1):229
  
Chapter 10 Discussion and conclusion 195
 Samenvatting in het Nederlands 213
 Acknowledgements 223

Curriculum vitae 229
List of publications and abstracts 233

  







1
GENERAL INTRODUCTION



Chapter 1

12

Aim of the study is to obtain more insight in the molecular epidemiology and the 
innate immunity against Candida parapsilosis. Knowledge on how C. parapsilosis 
spread and invade the host can lead to define adequate preventive measures to curb 
the rise in incidence of these infections. 
As important contribution to the innate immunity the role of opsonins and 
polymorphonuclear neutrophils in the pathogenesis of C. parapsilosis were studied. 
The epidemiology was studied using fingerprinting techniques. A novel genome DNA 
micro-array was developed for better understanding properties of C. parapsilosis.

The thesis comprises the next chapters and addresses the following research 
questions:
 
In chapter 2 the literature on C. parapsilosis is reviewed. Topics include epidemiology, 
virulence factors attributed to the infection, clinical perspectives, methods of strain 
differentiation and antimicrobial susceptibility and treatment of disease caused by 
C. parapsilosis.

The number of patients with candidemia due to C. parapsilosis has increased over the 
last 10-20 years in many hospitals worldwide 1-4. The magnitude of the increase caused 
by several Candida spp. may vary in different medical settings and geographical areas. 
C. parapsilosis frequently causes morbidity mainly in immunocompromised patient 
populations 5-7. Distinguishing strains of C. parapsilosis is crucial to understand its 
epidemiology. In chapter 3 we evaluate global diversity of strains of C. parapsilosis, 
determine whether differences in genotype existed among localities and assess 
whether specific patient populations or body sites were more likely to be infected 
with a particular subtype by the use of two distinct methodologies DNA restriction 
fragment length polymorphism (RFLP) typing and random amplified polymorphic 
DNA typing (RAPD). Such analysis could help to understand the epidemiology of 
C. parapsilosis, and possibly improve clinical practices.  To our knowledge this is 
the largest molecular epidemiological survey of C. parapsilosis undertaken; the only 
study assessing global differences. 

Preterm infants are especially at risk of developing sepsis, which is responsible for 
considerable morbidity and mortality, and Candida spp. are important pathogens in 
this setting. An outbreak of C. parapsilosis fungemia in a neonatal intensive care unit 
in the Chang Gung Childrens’ Hospital in Taiwan has been previously reported 8-10.
To study this outbreak further, we compared the isolates for similarity by newly 
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applied typing methods RFLP and RAPD, and studied isolates colonizing the infants, 
as well as bloodstream isolates, and those from the hands of the healthcare workers. 
Also an overview of previous studies is given that have shown that C. parapsilosis 
is frequently a cause of clusters and common-source outbreaks in neonates. These 
outbreaks underscore the importance of appropriate infection control measures for 
prevention of this infection (chapter 4).

On the basis of molecular fingerprinting, C. parapsilosis have historically been 
categorized as group I, II and III 11, C. parapsilosis, C. orthopsilosis and C. 
metapsilosis respectively 12. The purpose of this study was to evaluate the correlation 
between RFLP and MLST typing methods for C. parapsilosis to analysis its genetic 
polymorphism.  It is important to see how these 2 methodologically disparate systems 
view the universe of C. parapsilosis isolates and particularly the new proposal to 
split C. parapsilosis into 3 species. We wished to address the correlation of the three 
major RFLP groups V, VI and VII and ITS sequence genotypes, I, II and III (chapter 
5).

Micro array-based comparative genomic hybridization (CGH) has provided novel 
insights into the diversity and adaptability of several bacterial population 13-16. CGH 
has major advances over more conventional genotyping methods. This simple and 
robust method can provide insights into the nature and size of core genome and 
divergent (or accessory) genes14. Little is known about the evolution and virulence 
of C. parasilosis sensu stricto and its sibling species C. orthopsilosis and C. 
metapsilosis and genomic studies are hampered by the absence of a completely 
annotated genome sequence. The method does not require prior genome sequence 
information, allows genomic screening of a large strain collection and enables the 
identification of (discriminating/divergent) genes 14. In chapter 6 we performed CGH 
to gain insight in the genomic diversity of C. parapsilosis, C. orthopsilosis and C. 
metapsilosis using a mixed genome array (MGA) constructed from a shotgun library 
of ten Candida strains (8 C. parapsilosis, 1 C. orthopsilosis, 1 C. metapsilosis) and 
to identify specific makers for these species. 

Fluconazol, is on the basis of efficacy, safety and cost considerations, the agent 
of choice for empiric therapy in non-neutropenic patients with disseminated 
candidiasis. Caspofungin and micafungin, which belongs to the new antifungal class 
echinochandins, prevents fungal growth by decreasing the stability of the cell wall 
followed by losing its osmotic pressure and destruction of the fungal cell 17, 18. Turbid 
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growth of some Candida spp. isolates has been observed, paradoxically, in some high 
concentration of caspofungin, above the minimal concentration 19, 20. The purpose of 
this study was to determine the susceptibility patterns of the species C. parapsilosis, 
C. orthopsilosis and C. metapsilosis the antifungal agents: fluconazole, caspofungin 
and anidulafungin. Paradoxical turbid growth among these three strongly related 
species was observed which could affect therapeutic choices (chapter 7).

Caspofungin inhibits fungal cell wall beta-glucan synthesis 17, 18. This echinocandin 
displays potent fungicidal activity against Candida spp, including azole and 
amphotericin B-resistant organisms and is active for the treatment of invasive 
candidiasis 17, 18. Because phagocytic killing of Candida spp. by human neutrophils 
and monocytes/macrophages is the major host defense in serious fungal infections 21, 
it is important to study phagocytosis in the presence of caspofungin. In chapter 8 we 
investigated the effect of pre-treatment of Candida parapsilosis with caspofungin on 
phagocytic mechanisms (opsonisation, oxidative burst, phagocytosis and killing).

Innate immune molecules, such as mannose binding lectin (MBL), is an important 
host defense protein against medically important opportunistic fungal pathogens 22, 23.
This carbohydrate-binding protein, an opsonin and lectin pathway activator binds 
through multiple lectin domains to the repeating sugar arrays displaced on the surface 
of a wide range of clinically relevant microbial species 24. The fungal cell wall, which 
consist mainly of polymers of N-acetylglucosamine (chitin), glucose (β-glucan) and 
mannose (mannan) is a candidate ligand for MBL and activate the lectin complement 
pathway 25, 26. MBL has the capacity to function as an opsonin and previous reports 
showed strong binding to Candida spp. 27. It has been proposed that MBL activity 
may especially be critical in early life, when a limited repertoire of antibodies exists, 
or in early phases of infection before the onset of immunoglobulin M production. 
Thus MBL activity plays an important role in innate defense of C. parapsilosis 
in premature babies. In chapter 9 we investigated the contribution of externally 
administered purified human MBL towards antifungal defense in C. parapsilosis in 
in vitro studies. The haemolytic assay for the estimation of functional MBL was used 
to obtain the MBL activation, without any interference form the classical pathway, 
by C. parapsilosis compared to other medically important organisms.

Finally, a summary of findings is given (chapter 10).
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ABSTRACT

In the past two decades C. parapsilosis has emerged as a major opportunistic 
pathogen. Due to lack of attention in the past, our knowledge of these micro-
organisms is not complete. C. parapsilosis causes multifaceted pathology in 
immuno-compromised hosts and mucosal infection in the apparently normal host. 
This organism is increasing as a pathogen in the nosocomial settings and is identified 
as the predominant species causing bloodstream infection in very low birth weight 
neonates in the NICU. This increase may relate to frequent colonization of the skin, 
an ability to proliferate in glucose- containing solutions, and an increased adherence 
to plastic devices. When nosocomial clusters appear, identification of a common 
source of infection and determination of genetic relatedness among the strains are 
important for infection control. The virulence of C. parapsilosis appears associated 
with its capacity to produce biofilm and production of the enzymes phospholipase 
and aspartyl protease. Further investigations on the virulence and host-pathogen 
interactions of C. parapsilosis are needed to better define the pathogenesis of C. 
parapsilosis infection in susceptible hosts. This review summarizes clinical and 
experimental information about C. parapsilosis infections. 
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INTRODUCTION

Candida bloodstream infections (BSI) remain an exceedingly common life-
threatening fungal disease and are now recognized as a major cause of hospital-
acquired infection 1-3. It is now the fourth most common organism recovered from 
blood cultures among hospitalized patients in the USA 4-7.

Some years ago Candida albicans accounted for 70% to 80% of the Candida isolates 
recovered from infected patients 8-10. However, infections due to non-albicans species 
have emerged over the past two decades, and a shift from C. albicans to species such 
as Candida glabrata, Candida parapsilosis and Candida tropicalis has occurred 10, 11.
C. parapsilosis is now the second or third most common cause of candidiasis, behind 
C. albicans. Early reports of C. parapsilosis described the organism as a relatively 
non-pathogenic yeast in the normal flora of healthy individuals that was of minor 
clinical significance 12. Important factors that have contributed to the increasing 
incidence of C. parapsilosis are the use of life support systems, such as parenteral 
nutrition, or central venous catheters 13, 14. The increased incidence of candidemia 
due to C. parapsilosis also is associated with extended hospital stay, which leads 
to increased cost of medical care. Its spectrum of clinical manifestations include 
fungemia, endocarditis, peritonitis, arthritis and endophthalmitis. This species 
displays many interesting biological features that are presumed to be directly related 
to its virulence, such as its selective adherence to prosthetic materials and formation 
of biofilms on plastic surfaces 15, 16, secrection of extracellular proteases 17-19,
colonization of human hands 20, profileration in high concentration of glucose 
and lipids 16, phenotypic switching 21, 22 and resistance to drugs and inhibitors 23. 
Unfortunately, we have much to learn about the virulence of C. parapsilosis and 
even more about the host defenses directed against the organism. Therefore, studies 
increasing our knowledge about this pathogen are needed.

Since a previous review was written in 1992 by Weems 12, C. parapsilosis has only 
increased its standing as a pathogen. It therefore is highly relevant to review the 
recent literature on C. parapsilosis 14. We review the literature on C. parapsilosis; 
specific topics discussed include its epidemiology, the molecular epidemiology, 
clinical perspectives, pathogenesis, and antimicrobial susceptibility and treatment. 
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EPIDEMIOLOGY

C. parapsilosis is a ubiquitous microorganism in the natural environment. It is not 
only isolated easily from soil, seawater, and plants, but also can be isolated from 
mucosal surfaces, skin and nails, where it belongs to the benign commensal flora of 
humans and mammals 12, 24-26. The epidemiology of C. parapsilosis in the hospital 
environment is unique among Candida species, because it is frequently isolated 
from physical surfaces. It is a frequent cause of opportunistic infection, associated 
with high morbidity and mortality rates in hospitalized immuno-compromised 
patients 27, 28. Although C. parapsilosis is an opportunistic pathogen, the majority 
of patients who develop disseminated candidiasis due to C. parapsilosis are not 
immunosuppressed in the classical sense 29. Rather, the predominant risk factors 
for disseminated candidiasis due to C. parapsilosis, which are held in common 
among afflicted patients, are iatrogenic and/or nosocomial factors 30. This species 
has been particularly associated with BSI in very low birth weight neonates 31-39, but 
is also seen frequently in patients with catheter-associated candidemia and/or with 
intravenous hyperalimentation 40-42.

Although C. albicans continues to predominate, several surveillance programs 
report the emergence of non-albicans species worldwide as a cause of BSI 43. The 
percentage of isolates of non-albicans species varies considerably from region to 
region 44, 45. In a previous study of Wingard 46, spanning a period from 1952 to 1992, 
C. parapsilosis accounted for only 7% of candidemia in cancer patients. Weems 12 
gave a summary of C. parapsilosis fungemia cases described before 1992. From 
1962 to 1986, 11 different studies reported between 3% and 27% prevalence of 
C. parapsilosis among Candida fungemia. Since 1990 C. parapsilosis showed an 
increase in incidence and is the second or third most common yeast species isolated 
from the blood in Asia and Latin American countries 47-49, and has been commonly 
found in Europe as well 47, 50. Pfaller et al. 43 reported the role of sentinel surveillance 
studies of candidemia and demonstrated differences among studies done between 
1992 and 2001. The overall incidence in six different studies showed a prevalence 
between 7 and 21 percent of C. parapsilosis causing BSI. They further showed 
that the distribution of C. parapsilosis causing BSI in adults was 5-12% while the 
distribution in neonates was 24-45%. C. parapsilosis was most prevalent in patients 
less than 1 year of age 43. 
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Kao et al. 51 conducted a prospective, active population-based surveillance for 
candidemia in two United States cities, Atlanta and San Francisco, during 1992 
to 1993. C. parapsilosis was the second most common Candida species, and was 
recovered from 21% of isolates from different patient populations 51. C. parapsilosis 
was recovered from 45% of the cases of candidemia in neonates 51. 

The National Epidemiology of Mycosis Survey (NEMIS) performed an 18-month 
prospective study, in surgical intensive care units (SICUs) and neonatal intensive 
care units (NICUs), from several centers in the United States 5. C. parapsilosis was 
isolated from the blood in 7% of the cases in the SICU, whereas a prevalence of 29% 
of C. parapsilosis was identified in the NICU 5. 

A 10 year study, from 1992 through 2001, recorded the distribution of BSI isolates 
of different Candida species 52. Isolates were collected from 250 medical centers in 
32 nations worldwide. C. parapsilosis accounted for 13 % and was the third most 
common Candida species isolated from BSI 52. 

Pfaller et al. 53 previously reported C. parapsilosis had a higher prevalence in 
Europe, Canada and Latin America compared to the United States. In 1997 and 
1998 the SENTRY Antimicrobial Surveillance Program reported 12 months of 
BSI surveillance in the United States, Canada and Latin America 48, 54. Of 634 BSI, 
8.4% was due to C. parapsilosis. There was a difference of frequency of BSI due 
to C. parapsilosis between countries and difference in years. There was a decline in 
frequency of C. parapsilosis fungemia in both Canada and Latin America between 
1997 (23%; 38% respectively) and 1998 (7%; 19%). An increase in BSI due to C. 
parapsilosis in the United States was noted from 9% in 1997 to 15% in 1998 48, 54. The 
SENTRY Antimicrobial Surveillance Program studied candidemia in 20 European 
medical centers (13 nations) in 1997 50. C. parapsilosis was, with 21%, the second 
most common Candida species causing BSI in Europe. The greatest prevalence of 
C. parapsilosis was noted in the Latin American hospitals.  Over a 3 year period, 
from 1995 to 1998, Edmond et al. 55 reported C. parapsilosis (21%) as the third 
most common Candida species causing nosocomial BSI, in data obtained from 49 
hospitals across the United States 55.
 
A decreasing trend in the rate (overall decrease, 10 to 11%) of C. albicans isolation 
was noted over a 6.5 -years period (1997-2003) from the ARTEMIS DISK Global 
Antifungal Suveillance Study including 121 different institutions 56. In contrast, 
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C. parapsilosis showed an increase of 3% frequency of isolation over this time 
period. From 1997 to 1998, C. parapsilosis accounted for 4%, and in 2003 for 7% 56.
 
Diekema et al. 57 performed prospective surveillance for candidemia at 16 hospitals 
in the State of Iowa between 1998 to 2001. C. parapsilosis was identified in 7%, 
the fourth most common Candida species. However, the percentage of candidemia 
caused by C. parapsilosis trended higher among infants less than 1 year of age (17%) 
compared to other age groups (6%) 57.

Between 2001 and 2004 the distribution of Candida species of clinical isolates 
(blood or sterile-site) were tested among 91 medical centers worldwide (Asia-Pacific, 
Europe, Latin America and North America) and C. parapsilosis accounted for 14% 
44. In another report, during the 2001-2002 study period, a prevalence of 14% was 
found for C. parapsilosis isolates obtained from 54 different centers worldwide 58. 
Nucci et al. 59 reported a study of C. parapsilosis and C. albicans candidemia in a 
tertiary hospital in Brazil. Patients with a candidemia of C. parapsilosis were less ill, 
more had cancer in complete remission, fewer had antibiotics, were less likely to be 
hypotensive and showed a lower mortalitily compared to patients with a candidemia 
caused by C. albicans 59.

In 2004 and 2005 the Global Surveillance study reported species distribution of 
Candida species (clinical isolates from blood or sterile site) among 60 medical centers 
worldwide, and reported a 14% prevalence of C. parapsilosis 56. C. parapsilosis and 
C. tropicalis were predominant in the Asia-Pacific and Latin American regions but 
was less so in Europe, Candida and the United States. 

In the surveillance study performed by the European Confederation of Medical 
Mycology (ECMM), species distribution of Candida bloodstream infections 
of 2089 cases were documented by 106 institutions in seven European countries 
from Sept 1997-Dec 1999 2, 3. In a range of patient populations, C. parapsilosis 
accounted for 13% of the cases of candidemia, with a range of 6-30%, being the 
third most common Candida species after C. albicans (56%) and C. glabrata 
(14%) 2. Variation in prevalence was noted and has been attributed to the different 
patient populations hospitalized in the different units 2. In addition, there was 
variation between countries noted 3. C. parapsilosis was identified in 15% in cancer 
patients 2. This study reported C. parapsilosis the most frequent Candida species 
identified in premature neonates (29%) 2. In another study, the ECMM performed an 
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epidemiological prospective survey of candidemia one Italian region, Lombardy, for 
a 28-month period (September 1997-December 1999) 60. Fifteen percent of the cases 
of candidemia were caused by C. parapsilosis, and it was the second most common 
cause of candidemia, behind C. albicans (59%). C. parapsilosis was isolated with 
the highest frequency in premature neonates and hematological patients, comprising 
44 and 24% of isolates 60. Another study from the ECMM, in the same time period 
from several hospitals widely distributed throughout Spain, showed a prevalence of 
22% of C. parapsilosis isolates from adults 61. In pediatric patients C. parapsilosis 
was the most prevalent species (50%) 61.

The advent of new medical therapies and procedures to treat cancer, such as steroids, 
the increase in surgical procedures, widespread use of broad spectrum antibiotics 
and prolonged hospital stay are all linked to the increase of Candida bloodstream 
infections 13, 62. The shift in the epidemiology towards C. parapsilosis infections 
may be especially linked to the increase in incidence of blood stream infections 
associated with intravascular devices, which occurred in the past two decades 11. 
The majority of the C. parapsilosis infections are due to exogenous acquisition. 
An important study that recognized this showed that a series of 13 patients with C. 
parapsilosis fungemia did not have the organism isolated from other sites before the 
fungemia 63. This is in contrast with fungemia due to other Candida species. Futher 
to this point, there is a significantly increased risk of systemic disease associated 
with intravascular catheters, prosthetic devices and parenteral nutrition 3, 42, 64. C. 
parapsilosis has the ability to produce an extracellular polysaccharide or slime, and 
this property is believed to aid adherence and biofilm formation on plastic devices 42, 65.
The source of the infection by this yeast species is not always apparent.

In many neonatal intensive care units (NICU), C. parapsilosis has emerged as the 
predominant pathogen causing invasive infection, and significantly increases the 
morbidity and mortality of severely ill infants who require care in a NICU 26, 41, 

51, 66-69. The proportion of infections due to C. parapsilosis has increased among 
neonates. C. parapsilosis comprised less than 10% of isolates in the 1980s and early 
1990s 70-72. More recently, studies reported proportions of 50-60% of C. parapsilosis 
infections among neonates 41, 73-75. The proportion of infections due to C. parapsilosis 
has increased among neonates. As neonates mature, the incidence of C. parapsilosis 
decreases 3, 43
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Changes in neonatal intensive care practices may be related to the emergence of C. 
parapsilosis as an important pathogen in very low birthweight infants 76. Cases can 
persist in units for years 31 and the case fatality rate can be high (83%) 35. Cross-
transmission between patients, especially among neonates, through the hands 
of healthcare workers plays an important role in the spread of C. parapsilosis, 
contributing to the high isolation rate of C. parapsilosis. C. parapsilosis is a frequent 
fungal colonizer of the subungual space of healthy volunteers 12, 77, 78. Several reported 
outbreaks have been caused via direct interaction between healthcare workers and the 
newborn, through the placement or manipulation of catheters, the site through which 
C. parapsilosis entered the bloodstream, as well as liquid glycerin suppositories 
and topical ointments 26, 33, 34, 39, 79, 80. Hypoxemia, bradycardia, respiratory distress 
requiring incubation and dissemination to secondary sites are less common with C. 
parapsilosis fungemia in newborns, compared to C. albicans fungemia 81. 

Other outbreaks have been reported, such as outbreaks of C. parapsilosis caused 
by contamination of hyperalimentation solutions, intravascular pressure monitoring 
devices, ophthalmic irrigating solutions and glucose-containing solutions 37, 41, 82-86. 

With the use of azoles there has been an epidemiological shift of hematogenous 
candidiasis to those caused by non-albicans Candida species, especially C. krusei 
and C. glabrata 51, 77. The rise of C. parapsilosis correlates with increased use of 
caspofungin and voriconazole 87. Recently Girmenia et al. 28 showed an overall 
decrease of isolation of C. albicans and with a concomitant increase in isolation of C. 
parapsilosis among adult patients with cancer. This indicates that even among older 
patients the incidence of C. parapsilosis may be on the rise. The crude mortality rate 
associated with C. parapsilosis infection has been estimated to be 30%, lower than 
that reported for invasive infection with C. albicans (79%) or other non-albicans 
Candida spp. (mean 78%) 59, 88, 89.

Molecular epidemiology
Due to problems in the traditional classification of yeast within the genus Candida, 
molecular techniques are needed to classify and identify medically important yeast 
species. This will help us to understand the evolutionary relationships between these 
organisms. The application of molecular procedures has already resulted in major 
reclassification of many species. Comparative studies with chromosomal DNA 
have been very helpful to differentiate Candida species from each other and also 
to delineate different strains within species. The ideal method for differentiating
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C. parapsilosis at a subspecies level should be able to discriminate between strains 
which are epidemiologically unrelated, should be highly reproducible both intra- 
and inter-laboratory, should take minimal time, should be capable of processing a 
large number of strains, should require a minimum of specialized equipment, and be 
relatively inexpensive 90. It is unclear whether the emergence of pathogenic isolates 
of C. parapsilosis in varying clinical institutions is due to the genetic diversity and 
the virulence of some strains, or to widespread favorable environmental conditions 
persisting in compromised hosts 91. Detailing the genotypic characteristics are not 
only important for a more appropriate taxonomy, it could also greatly contribute 
to our understanding of the epidemiology and the pathogenic mechanisms of this 
emerging pathogen 12. Molecular typing has the ulility of discerning “pseudo-
outbreaks”, contaminated processing materials leading to false conclusion of a case 
cluster 83.

Genetic analysis of C. parapsilosis has been hindered by the lack of characterized 
sexual cycle 92, ploidy (aneuploid and/or diploid) of the organism 93 and the unavaibility 
of appropriate molecular genetic tools 94. Various DNA typing method studies report 
that C. parapsilosis can be divided into three groups based on isoenzyme analysis, 
internally transcribed spacer (ITS) sequences of DNA within the ribosomal cassette, 
RAPD profiles, RFLP typing, electrophoretic karyotype patterns, multilocus 
enzyme electrophoresis, morphotyping, multilocus sequence typing (MLST) and 
DNA relatedness 22, 95-99. Although division into three groups can be achieved, when 
subtyping within the three groups is performed, it noted that a large number of the 
isolates are indistinguishable.

Scherer and Stevens 99 described a useful method for the extraction of DNA from 
the yeast of Candida spp., followed by digestion and restriction endonucleases and 
electrophoresis of DNA fragments. Seven C. parapsilosis isolates typed in this 
manner could be placed in 3 major DNA groups with, initially, 5 subtypes. As more 
isolate, were studied, greater genotypic diversity became apparent, for example, 
Deresinski et al. 83 found a unique RFLP subtype, VII-3, identified in a common 
source outbreak; and a recent study done by van Asbeck et al. 100 examined the 
molecular epidemiology of the global and temporal diversity of C. parapsilosis. In 
this study 15 new subtypes were observed, with one dominant subtype, VII-1 (82% 
of 536 C. parapsilosis isolates). Dividing the isolates into VII-1 versus non-VII-1 
showed temporal variation for the USA pre-1995 versus post-1995 (p < 0.0001) 
and versus Europe pre-1995 (p < 0.0001). Genotype distribution differed among 
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localities (p < 0.0001); Mexico was unique (p < 0.05) due to the high proportion 
of non-VII-1. The prevalence of C. parapsilosis, RFLP type VII-1 apparently has 
risen in the USA and current isolates show some variation in distribution of types in 
some non-USA locales. There were no differences in distribution of types comparing 
babies versus adults, or blood stream isolates versus colonizing or environmental 
isolates. In contrast to the conserved restriction fragment profiles in strains from the 
previous groups I and III, a polymorphism within group II was observed 100. 

Roy and Meyer 98 studied the DNA relatedness and RFLP patterns of whole-cell DNA 
and the general properties of 14 C. parapsilosis isolates and observed unrelatedness 
of the three previously described groups at the species level. The low degree of 
the DNA relatedness, less than 25% DNA identity, among the three different DNA 
groups of C. parapsilosis suggested that they represent distinct species. Various 
studies supported this idea of possible separation of C. parapsilosis isolates 25, 95, 101, 102.
The internally transcribed spacer (ITS) regions flaning the 5.8S rDNA in yeasts have 
greater heterogeneity than the 5.8S region itself. Using this observation, for example, 
Lin et al. 95 concluded there were 3 different genotypes in C. parapsilosis based on 
sequence analysis.

Based on their ITS (mostly ITS1) region sequences, Tavanti et al. 96 proposed to 
recognize Candida orthopsilosis and Candida metapsilosis as species separate from 
C. parapsilosis 96. Thus far, these sibling species are phenotypically indistinguishable 
from C. parapsilosis sensu stricto. DNA sequence analysis showed conformity of C. 
parapsilosis with previous group I, C. orthopsilosis with group II and C. metapsilosis 
with group III 95, 96, 98. Based on sequence analysis of four gene fragments, nine C. 
orthopsilosis isolates showed nucleotide sequence diversity. This suggests great 
heterogeneity among the C. orthopsilosis isolates, compared to the mainly clonal 
C. parapsilosis. Lack of diversity among group I isolates had been suggested by 
karyotyping 103, 104. The sequence homogeneity in group I isolates suggests they 
emerged more recently than the other types. 

Our laboratory compared two predominant typing methods, RFLP and MLST, and 
reported C. parapsilosis sensus stricto appear to be nearly identical to the predominant 
RFLP subtype VII-1, and cannot be subtyped by RFLP and MLST 105. However, C. 
orthopsilosis can be subtyped by both MLST and RFLP 105. 
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Tavanti et al. 106 used amplification fragment length polymorphism (AFLP) to identify 
C. orthopsilosis at the species level and efficiently delineate intraspecific genetic 
relatedness because of the high percentage of polymorphic bands resulting from the 
AFLP. Clonal reproduction and recombination both contribute to C. orthopsilosis 
genetic population structure. This study also reported the clinical relevance of C. 
orthopsilosis. Screening of a large collection of C. parapsilosis, 5% of the infections/
colonizations were identified as C. orthopsilosis 106. Recently, Gomez-Lopez et al. 
107 describe the prevalence of the two newly decribed species C. metapsilosis and 
C. orthopsilosis (described below 96) causing bloodstream infections in Spain. The 
prevalence of these species appeared to be important, representing the fifth and 
sixth most common species (1.7% and 1.4% for C. metapsilosis and C. orthopsilosis 
respectively) 107. This study also provided evidence that these species may behave as 
human pathogens 107. 

Lockhart et al. 108 reported that an apparently closely related species, Lodderomyces 
elongisporus, is mislabelled by routine clinical laboratory methods as C. parapsilosis. 
L. elongisporus can be distinguished phenotypically from C. parapsilosis as they 
produce different colored colonies on Chromogar medium. On corneal agar, L. 
elongisporus forms short pseudohyphae indistinguishable from C. parapsilosis. 
On sporulation medium, only L. elongisporus forms ascospores. The species 
differentiation is supported by sequencing of large-subunit rRNA genes. In their 
large population studied, L. elongisporus could be differentiated as 10/542 isolates 
from a collection ostensibly all C. parapsilosis; all of the former were blood stream 
isolates. 

Camougrand et al. 109 need restriction analysis of mitochondrial DNA of C. 
parapsilosis reference strain and showed great differences between them. By proting 
the restriction patterns with S. cerevisiae mitochondrial DNA fragments, further 
differentiation could be made. Nosek et al. 110 determined the complete mitochondrial 
DNA (mtDNA) sequence of C. parapsilosis, represented by linear DNA molecules 
terminating with arrays of tandem repeats of a 738 bp unit, varied in number and 
size, termed mitochondrial telomeres. Recently, Kosa et al. 111 studied the complete 
sequence of mitochondrial DNA of the sibling species and observed C. metapsilosis 
likely diverged from a common ancestor prior to the split of C. orthopsilosis and 
C. parapsilosis sensu stricto. All three sibling species genomes are highly compact 
and encode the same set of genes arranged in an identical order. However the size 
of C. orthopsilosis and C. metapsilosis mtDNA represents about two-third of the C. 
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parapsilosis. Earlier, Rycovska et al. 112 assessed the polymorphism at the level of 
mtDNA and indicated that group II isolates all have a circular mtDNA, whereas the 
mtDNA in group I and III is mostly linear 112. Kosa et al. 111 showed C. orthospilosis and 
C. metapsilosis differ in the molecular form of the mitochondrial genome, circular- 
versus linear-mapping, whereas C. parapsilosis sensus stricto possesses a linear 
mitochondrial genome. Mitochondrial telomeres are unique among C. parapsilosis 
compared to related species 113. Thus, mtDNA enables us to discriminate between the 
groups of C. parapsilosis and it represents a powerful tool to distinguish species.

Similarly, Iida et al. 114 found that most of the C. parapsilosis strains from Japan 
and Brazil tested for ITS sequences belonged to one of the three genetically distinct 
groups (I, II and III) 114. However, they found that 5 strains showed differences in ITS 
sequence from those already reported, and based on this, suggested the presence of 
a new major DNA group (VI) among the genetic groups within the C. parapsilosis 
family 114.

Dominance of these C. parapsilosis group I isolates, and its geographic spread, might 
be due to the clonal mode of reproduction, shown by the low nucleotide variability 
observed within the species 93, 96, 106. 

A new DNA probe, Cp3-13 for DNA fingerprinting, has been described, which 
not only discriminated differences between strains, but also identified changes in 
a clonal population after a few hundred generations in vitro or changes that have 
occurred in vivo in infected persons 62, 84, 115. Recently, a microsatellite method, with 
high discrimination and reproducibility, has been reported that further differentiates 
group 1 C. parapsilosis isolates with high discriminatory power 116. Microsatellites 
are short 2- to 10 bp multiple tandem repeats, and have a high mutation rate. This 
method makes it possible to detect microevolutionary variations of isolates obtained 
from different body sites, and may facilitate detection of outbreaks. 

Kosa et al. 117 constructed a collection of replicative shuttle vectors, a system for 
genetic transformation of the yeast C. parapsilosis. These vectors, which allow 
expression of the cloned genes, intracellular localization of protein products or 
monitoring of a promotor activity, may contribute to the investigation of diverse 
biological features related to C. parapsilosis 117. 
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A sequencing project of C. parapsilosis nuclear genome would be important for 
better understanding the biology of this pathogenic yeast species at the molecular 
level. Understanding the genetic diversity of the yeast requires further study and may 
lead to insight in the pathogenesis of fungal infections, and ultimately may make it 
possible to define proper preventive measures 98. 

CLINICAL ASPECTS 

C. parapsilosis is an important opportunistic pathogen that causes infections ranging 
from thrush to invasive disease such as fungemia, endocarditis, endophthalmitis, 
arthritis, and peritonitis, all of which usually occur in association with invasive 
procedures or prosthetic devices. We will describe only the most frequent infections 
caused by C. parapsilosis. 

Superficial Infections
Frequent isolation of C. parapsilosis from pathological lesions of nails and skin, 
with a distal subungual type of onychomycosis often occurs with this organism 25, 118-

122. Risk factors significantly associated with colonization in patients are prolonged 
antibiotic therapy, parenteral nutrition, duration of stay in the hospital, surgery, 
indwelling devices, diabetes, obesity, malignancy, elderly and neonates of very low 
birth weight 121, 123-125. 

C. parapsilosis is second to C. albicans as the most common Candida causing 
onychomycosis 126-128. However, some studies observed an even higher prevalence of 
onychomycosis caused by C. parapsilosis. Segal et al. 120 reported a high prevalence 
of C. parapsilosis among onychomycosis patients obtained from two different centers 
in Israel. C. parapsilosis was the predominant Candida species, recovered from both 
fingernail and toenail infections 120. Figueiredo et al. 121 reported 41% of the 200 
samples recovered from fingernails of Candida species were C. parapsilosis, which 
is in agreement with Rodrigues-Soto et al. 129, who identified C. parapsilosis as the 
prevalent species in onychomycosis involving the fingernails. In addition, Oliveira et 
al. 130 reported C. parapsilosis as the Candida species most frequently isolated from 
onychomycosis lesions. Recently, in a study among Algerian military personnel, 
C. parapsilosis was the predominant yeast species causing both superficial fungal 
infection and onychomycosis of the foot 131, 132. In addition, C. parapsilosis was the 
most common yeast causing onychomycosis in Malta 133. One case of onychomycosis 
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caused by C. parapsilosis, involving both the toenail and the fingernail, in a 35-
day-old patient has been reported 134. Folliculitis due to C. parapsilosis has been 
described by Li et al. 135. 

Mucosal 
The primary mucosal infection due to C. parapsilosis is vaginal. In the majority of 
women with Candidal vaginitis it is due to C. albicans, which causes 80% to 92% of 
all cases of Candidal vaginitis worldwide 136, 137. In immunodeficient women, vaginal 
colonization by non-albicans species is more frequent 136. Weems 12 concluded that 
vaginitis caused by C. parapsilosis is infrequent. However, an increase in frequency 
of vaginitis caused by C. parapsilosis has been observed among healthy women 136, 138.
C. parapsilosis can be responsible for vulvovaginal symptoms, such as itching, 
burning, dyspareunia and vaginal discharge, but can also appear asymptomatically 138.
The change of species distribution, non-albicans species such as C. glabrata, C. 
parapsilosis and C. tropicalis becoming more frequent, can be related to factors 
that might change the vaginal environment and flora 136. These factors could be 
increasing use of azole drugs, an aging population, increased exogenous use of 
hormones to manage menopause, and/or more medical and hospital contact in 
the patients sampled 136. Recently, Cassone et al. 101 showed that ~10% of vaginal 
candidiasis is caused by C. parapsilosis. Nyirjesy et al. 138 reported 9% of vaginitis 
cases were caused by C. parapsilosis. C. parapsilosis, like C. albicans, produces 
acid proteinases, enzymes which are associated with vaginopathic potential 138, 139. 
Secretion of aspartyl proteinases is elevated in vaginitis caused by these vaginopathic 
strains. Woman suffering multiple episodes of vulvovaginitis, and with theoretically 
compromised integrity of the vaginal mucosa, may be more susceptible to infection 
with C. parapsilosis because of the acid proteinase activity of the organism 138. 
Vaginitis caused by this pathogen seems to respond to a variety of antifungals 138.

Urinary tract infections
Primary urinary tract infections due to C. parapsilosis have markedly increased in 
recent years and are associated with the presence of urinary catheters 140-142. The 
adherence of micro-organisms to the surface is a determining factor in colonization 
and infection 141. Recently, in a study of Camacho et al. 140, antimicrobial activity of 
chlorohexidine and gentian violet reduced the adherence of Candida parapsilosis. 

Systemic
In contrast to C. albicans infections, C. parapsilosis infections may occur without 
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prior colonization, especially in young children 104. C. parapsilosis causes 17-50% 
of fungemia in children 14, 46, 66, 77, 143. Direct access to the bloodstream via indwelling 
devices might be an explanation of the cause of infections without prior colonization 
at other sites 12, 42, 144. Unlike other Candida species, catheter-related fungemia caused 
by C. parapsilosis has a higher rate of spontaneous clearance and a much lower rate 
of establishment at secondary sites 12, 41. Breakthrough fungemias during antifungal 
treatment appear especially common in cancer patients and are associated with an 
infected foreign body, such as catheters, and insufficient antifungal treatment 145. 
Krcmery et al. 66 reported breakthrough fungemia among neonates during fluconazole 
therapy and prophylaxis. The presentation of C. parapsilosis fungemia in neonates 
can be subtle including thrombocytopenia and leucopenia 39. C. parapsilosis fungemia 
has a lower mortality than bloodstream infections due to other Candida species.

Endocarditis
As a cause of endocarditis, C. parapsilosis has demonstrated a tendency to persist, 
even despite suppressive therapy, and recrudesce if suppression is discontinued. This 
can be misleading, in that patients with C. parapsilosis endocarditis are reported 
in the literature while still receiving suppressive therapy (and sometimes with 
short followup post-surgery, and without attempts to evaluate fungemia), resulting 
in a false impression of cure 146. Serologic followup during and after therapy may 
be useful 146. Weems 12 described some patients with endocarditis caused by C. 
parapsilosis before 1992. In the past two decades fungal endocarditis has increased 
in incidence, carrying with it a high risk of mortality 147, 148; this is one of the most 
serious manifestations of candidiasis. A long duration of illness has been reported in 
patients suffering non-albicans endocarditis, so prolonged treatment is required to 
avoid grave consequences 149. Among yeast-related endocarditis, C. parapsilosis is 
the most important non-albicans species isolated 148, 149. 

Clusters of cases involving prosthetic valves have been reported 150. Garzoni et al. 148

described intraoperative contamination (e.g. cardiac bypass equipment, tears in 
surgical gloves) to be the most common source of infection in outbreaks of C. 
parapsilosis infective endocarditis 150, 151. The most prevalent predisposing factors 
for fungal endocarditis caused by C. parapsilosis are prosthetic valves, then, in this 
order, intravenous drug use, parenteral nutrition, antibiotic therapy, pre-existing 
valvular heart disease, prior episode of endocarditis and reconstructive cardiovascular 
surgery 12, 148, 149, 152-155. The aortic valve is the first, and mitral valve the second, most 
commonly involved valve in infection of native valves 12, 148, with intravenous drug 

P

p

p

p

p

p



101

101
101
101
101
101
101
101
101
101
101

A review of C. parapsilosis

35

use the most common predisposing factor 148. The overall mortality of these patients 
was high (42%). Among those treated with conventional antifungals and adjunctive 
surgery, mortality was lower 151. Peripheral embolic and hemorrhagic events are the 
most common complications (44%) of C. parapsilosis endocarditis 148. 

Peritonitis
Fungal peritonitis is an uncommon but potentially life-threatening complication 
of continuous ambulatory peritoneal dialysis (CAPD) 156-161. Candida parapsilosis 
has become the most prevalent pathogen of fungal peritonitis 159. This organism, 
which is a common skin and subungual colonizer, has the ability, in high glucose 
concentrations, to adhere easily to prosthetic material by extensive biofilm formation 
of the surface of the plastic catheter. The high glucose content of dialysate, and 
catheter implantation in peritoneal dialysis patients causes this high prevalence of 
fungal peritonitis caused by C. parapsilosis 159. The mechanism of C. parapsilosis 
infections is considered to be transmission by skin colonization of C. parapsilosis 
via the catheter lumen 157. An earlier study of Manzano- Gayosso et al. 162 reported C. 
albicans and C. parapsilosis as the most common species among 165 patients with 
peritonitis receiving CAPD treatment. Other studies showed Candida parapsilosis 
the most prevalent pathogen of fungal peritonitis in patients receiving peritoneal 
dialysis 159, 163. Recently, Chen et al. 159 reported a percentage of 86% (19 cases), 
of fungal peritonitis caused by Candida species, of these, 41% (9 cases) were C. 
parapsilosis. Fifty percent of these patients developed severe complications, with 
abcess formation and persistent peritonitis after catheter removal 159.Wang et al. 164 
showed that the presence of abdominal pain, antibiotic use within 3 months before 
fungal peritonitis, bowel obstruction and a catheter kept in situ seems to be associated 
with the development of fungal peritonitis and necessitate
CAPD discontinuation (removal of the catheter) 157, 163. Kaitwatcharachi 157 showed that 
either abdominal pain or antibiotic use in the previous three months were risk factors 
for fungal peritonitis prior to CAPD discontinuation. Prior gram negative bacterial 
peritonitis is also a risk factor for development of fungal peritonitis 157. Whereas 
there is no consensus whether or when peritoneal catheters should be removed, rapid 
catheter removal has been recommended in C. parapsilosis peritonitis in CAPD 
patients 157, 160. Chen et al. 159 showed that patients with C. parapsilosis peritonitis 
developed more complications and have a worse prognosis than those infected with 
other Candida species in peritoneal dialysis-associated fungal peritonitis. Because 
of different severity and prognosis, C. parapsilosis peritonitis in peritoneal dialysis 
patients should be treated more aggressively than other Candida species 159. 
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Endophthalmitis
C. parapsilosis has been known as a cause of epidemic of post-cataract endopthalmitis 
caused by intrinsically contaminated, intraocular lens-irrigating solution 165-168. 
In one study 4% of patients exposed to the contaminated solution developed C. 
parapsilosis endopthalmitis 168. Although other sporadic postoperative intraocular 
infections with C. parapsilosis have been reported, hematogenous endophthalmitis 
appears to be rare 12, 169. Recently, Marangon et al. 170 reported Candida species as 
the most common cause of endogenous endophthalmitis in their institution, with C. 
albicans the most frequent subspecies (30%). C. parapsilosis accounted for 21% of 
all Candida endophthalmitis infections. 

A few cases of keratitis have been reported, with risk factors such as corticosteroid 
use, corneal transplantation and laser in situ keratomileusis (LASIK) 171-173. Since 
treatment, such as surgery and antifungal therapy, can save vision, evidence of 
intraocular infection should be recognized as early as possible 169. 

Joint diseases
Candida arthritis is most commonly seen among intravenous drug users 174. 
Nosocomial C. parapsilosis arthritis has been reported in only a few cases, involving 
the knee, shoulder and wrist 150, 174-179 Arthritis caused by C. parapsilosis is associated 
with joint prostheses, probably due to the increased ability of this micro-organism 
to adhere to plastic 180-183. Arthritis, produced by C. parapsilosis, can result through 
direct inoculation of the fungus at arthrocentesis and is sporadic in older individuals 
184. Risk factors for these sporadic incidents include diabetes mellitus, intravenous 
drug use, and immunosuppression 184. 

Pancreatitis
There is a growing number of reports of pancreatic infections due to Candida species, 
most commonly C. albicans, mainly with previous abdominal manipulation, such 
as previous pancreatic drainage procedures (percutaneous or surgical) 185. Fungal 
pancreatitis due to non-albicans species has increased in incidence and is attributed 
to several factors, such as the use of broad-spectrum antibiotics, parenteral nutrition 
as well as the increase in use of immunosuppressive agents 185. Only a few cases of 
pancreatic infections (infected pancreatic necrosis and pancreatic abscesses) due to 
C. parapsilosis have been described 186, 187. 
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Meningitis
Up to 1992, in the review article by Weems 12 one case of meningitis caused by C. 
parapsilosis was reported 188. Several cases of meningitis caused by this organism 
have since been described, especially among neonates 189, 190. Surgery, antibiotic 
treatment, parenteral nutrition, skin folliculitis, fungemia and the use of intravascular 
and intraventricular catheters are potential risk factors 12, 189, 191. 

PATHOGENESIS

Although very little on this subject has been studied, in this section we will discuss 
what is currently known about virulence factors of C. parapsilosis and host defense 
of this organism.

Virulence 
C. parapsilosis accounts for a significant proportion of nosocomial infections, with 
an increasing prevalence. As with other Candida species, invasion of C. parapsilosis 
can result in severe disease, particularly in hosts with a suppressed immune system. 
For the development of more effective containment measures it is necessary to 
understand the mechanisms that underlie pathogenicity. The lack of knowledge of 
virulence factors that play a role in the pathogenicity of C. parapsilosis may in part 
be due to the exclusive use of type-collection strains in most experiments 101. The 
paucity of data on clinical isolates needs to be corrected.

We suspect that the lower virulence of C. parapsilosis compared to C. albicans and 
some other non-albicans Candida species is a reason for the lower mortality and 
morbidity rates observed in adults and neonates 12, 192, 193. Comparing C. parapsilosis 
with C. albicans has made it possible to define some putative virulence factors. 
These virulence factors, present in both species, include adherence to epithelial 
and endothelial cells, proteinase production 194, 195, pseudohypha formation 196, 
phospholipase production 197 and phenotypic switching 198. 

The lower virulence of C. parapsilosis compared to C. albicans can also be attributed 
to the lack of formation of hyphae. Most Candida species exist as spherical to ovoid 
blastospores or yeast cells. Many Candida species are capable, to various degrees, of 
producing chains of elongated blastospores termed pseudohyphae, both in vivo, and 
under certain conditions, in vitro. The hyphal forms are more difficult to ingest, and 
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the cell walls may be more resistant to digestion. In addition, hyphal forms have been 
defined as more adhesive than pseudohyphae 199. The ability of a micro-organism to 
adhere to mucosal surfaces is the critical first step for successful colonization and 
subsequent infection of host tissues by a potentially pathogenic Candida spp. C. 
parapsilosis, which is thought to be acquired from exogenous sources, adheres to 
indwelling devices, and after adherence invades the host 26. C. albicans and other 
non-albicans Candida species adhere to a greater extent to mucosal tissue than does 
C. parapsilosis 46, 200. A decreased adherence to epithelial cells by C. parapsilosis 
compared to C. albicans and C. tropicalis has been observed 12, 14 and the reduced 
pathogenic potential of C. parapsilosis related to its adhesive properties 16. However, 
Panagoda, et al. 201 observed adhesion by C. parapsilosis skin isolates to human 
buccal epithelial cells was higher than that of systemic isolates, and also found an 
association between relative cell surface hydrophobicity and adhesion to acrylic 
surfaces. The high adherence to human buccal epithelial cells noted among certain 
of the C. parapsilosis isolates used in this study might be attributed to variation in 
strains and culture conditions, but implies the potential for colonization of mucosal 
surfaces, possibly equal to that of C. albicans 201. 

de Bernardis et al. 25 found isolates from blood and skin adhered about equally to 
plastic, but that greater adhesion to plastic was found among isolates showing a 
fringed colony morphology versus a nonfringed morphology. In addition, these 
authors reported higher secreted aspartic protease (Sap) production among isolates 
from skin, which were better able to cause experimental rat vaginitis than were low 
Sap producing fungemia isolates 25. However, the skin isolates were less virulent 
than were the blood isolates in a model of systemic infection in neutropenic mice 25. 
These data indicate that different biotypes may thus differ in virulence. 
Sap enzymes are considered a putative virulence factor of C. albicans 202, 203. They 
also have been strongly associated in superficial, but not with systemic invasion, 
caused by C. parapsilosis 25, 101, 203. However, Dagdeviren et al. 204 observed a higher 
production of acid proteinase among blood isolates compared to non-blood isolates. 
A proteinase inhibitor can reduce tissue damage due to this species 205. Although C. 
parapsilosis possesses fewer Sap enzymes than C. albicans 25, Lin et al. 95 reported 
differences in proteinase activity within the major DNA groups of C. parapsilosis. 
Group I showed strong to moderately strong proteinase production, whereas group 
II and III isolates had low proteinase activity. 
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One potential virulence factor for C. parapsilosis includes slime production. This is of 
special importance for adhesion to foreign body material and information of biofilms 
(microbial communities that are associated with solid surfaces such as intravascular 
catheters) 206, which results in the increase of catheter-related candidemia and 
antifungal resistance related to catheter insertion 25, 207. The molecular mechanisms 
that regulate biofilm development in C. parapsilosis is not yet understood 21, 28, 41, 143. 

Song et al. 208 also observed differences in biofilm formation among the three groups 
of C. parapsilosis. They only observed biofilm production among the group I C. 
parapsilosis isolates, the group preferentially associated with bloodstream isolates 
and those from healthcare workers. Kuhn et al. 26 also indicated less biofilm production 
among non-group I strains, and reported a greater biofilm production by outbreak 
isolates compared to sporadic isolates. Recently, Melo et al. 209 demonstrated biofilm 
production in all three groups. Tavanti et al. 106 reported no biofilm production among 
C. orthopsilosis (former group II C. parapsilosis) and 95% of the C. metapsilosis 
(formerly group III C. parapsilosis) were unable to produce biofilm. Differences in 
the results of the three studies are likely due to differences in methods of inducing 
biofilm production and the quantification methods 209. The failure to produce 
extracellular matrix could contribute to the lower frequency of group II and III (C. 
orthopsilosis and C. metapsilosis) in the clinical setting 106. Parenteral nutrition 
and high glucose environments seems to play a role promoting the development of 
biofilm production 16, 26. Recently, Ruzicka et al. 210 described a discrepancy of biofilm 
production between C. parapsilosis blood isolates and C. parapsilosis isolated from 
the skin. Biofilm production was found among 59% of the bloodstream isolates and 
just 39% in those from the skin. Studies also reported that biofilms can also reduce 
susceptibility to antifungal agents 210, 211.

Although phenotypic switching was largely studied in C. albicans, recently it was 
determined that phenotypic switching does occur in C. parapsilosis 22, 115. This 
specific phenotypic instability allows strains to switch colony phenotype without 
affecting the identifiable genotype 10, 198. Laffey et al. 21 found a correlation in 
phenotypic switching and biofilm formation. The concentric phenotype generates 
up to twofold more biofilm than crepe or crater phenotypes. Of the four phenotypes 
identified, smooth phenotypes produce the least biofilm. The molecular mechanisms 
that regulate phenotypic switching in C. parapsilosis are not yet understood 21.
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Another enzyme that seems to play an important role in the pathogenesis of C. 
parapsilosis is phospholipase. Phospholipase activity was detected in 51% of C. 
parapsilosis strains in a study done by Ghannoum et al. 212. Dagdeviren et al. 204 
described phospholipase activity among 26% of the blood isolates. As with C. 
albicans, C. parapsilosis isolated from blood cultures were found to be stronger 
phospholipase producers than isolates from other body sites 197. One study indicated 
no statistical difference between phospholipase production and adherence, possibly 
due to the small sample size 204. 

The enzyme lipase seems to be another important virulence factor. Gascer et al. 213 
showed that lipase inhibitors significantly reduce tissue damage during infection 
of reconstituted human tissues. Recently, Gacser et al. 205 studied targeted gene 
deletion on the lipase genes CpLIP1 and CpLIP2. Their data support the idea that 
lipase, secreted by C. parapsilosis, is involved in disease pathogenesis. Extracellular 
lipase proteins are important for optimal growth of C. parapsilosis in lipid solutions, 
like lipid-rich total parenteral nutrition, frequently used for very low birth weight 
neonates. Another finding of the study was the correlation between biofilm formation 
and lipase. Biofilm formation of the C. parapsilosis lipase-negative mutant was 
decreased dramatically 205. This enzyme seems to be involved in survival of C. 
parapsilosis after phagocytosis by macrophages. Lipase-negative mutants were 
more readily phagocytosed and killed by macrophages, compared to the parental 
strain and reconstituted mutants (mutants of C. parapsilosis showing lipase activity). 
The lipase –negative strain of C. parapsilosis was tested in a murine intraperitoneal 
infection model and showed less virulence compared to the parental and reconstituted 
strains 205.

Cassone et al. 101 reported that C. parapsilosis is markedly heterogeneous in 
experimental pathogenicity and made a ranking of biotype. They assessed the various 
differential characteristics of colony morphology (morphotype), resistance to various 
chemicals (resistotype), and correlated these with virulence in a systemic murine 
infection model. These authors were able to place isolates into groups on the basis 
of these traits, although virulence in murine models showed a wide range within 
a group. In addition, these authors found no correlation of virulence in systemic 
infection with Sap production 101.

Gacser, et al. 213 investigated pathogenicity of different C. parapsilosis strains in 
vitro using reconstituted human epidermal and oral tissues. Reconstituted epidermal 
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human tissues are extremely useful for modeling host interactions with C. parapsilosis 
and studying virulence factors of this organism 213. Their results showed that C. 
orthopsilosis caused damage similar to C. parapsilosis, while C. metapsilosis was 
less virulent 213. 

Earlier studies on pathogenicity may have been confusing because C. parapsilosis is a 
group of three sibling species, as we now know. Thus comparisons of traits may have 
been across species lines rather than within a single species. Since we are now able 
to distinguish these 3 species, it will be important for future studies first to identify 
the organism to species level, so that the appropriate comparisons can be made. 
Host-parasite interaction studies will benefit by recognizing the genetic diversity 
of strains. Extensive genetic studies (microarrays, the whole genome sequence) 
may make it possible to define the virulence factors and the rising importance of C. 
parapsilosis makes these studies necessary. In addition, there is a need for models 
that enable the study of interaction of this fungus in human tissue, because of the 
rising importance of C. parapsilosis among humans. 

Host Response
Important to the relative virulence of Candida parapsilosis is the host response to 
infections caused by C. parapsilosis. In contrast to the vast body of work that has 
been described on host defense against C. albicans, little is known about specific 
host defense mechanisms against C. parapsilosis. C. parapsilosis has been described 
as a relatively low-grade pathogen for humans. However, infections and death due 
to C. parapsilosis have increased steadily during the last decade, particularly among 
immunocompromised adults, but are also common in the nonneutropenic hosts 
(i.e., premature infants and surgical patients). The differences in pathogenicity in 
different host groups indicates that some level of host defense does indeed exist. 
Better understanding of the mechanisms of host defense against C. parapsilosis may 
enable us to support or deploy these mechanisms against this opportunistic pathogen 
and improve treatment 214. 

Mononuclear phagocytes, macrophages and polymorphonuclear leukocytes (PMN) 
have been studied and shown to be a critical component of host defense that protects 
against candidemia and candidiasis 214-219. C. parapsilosis is not as difficult for 
macrophages to kill compared to several other pathogenic fungi, such as C. albicans, 
Blastomyces dermatitidis and Paracoccidioides brasiliensis 220. The mechanism of 
killing C. parapsilosis by peritoneal macrophages, activated in vitro by lymphokines 
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or recombinant gamma-interferon was studied by Brummer et al. 221. They observed 
killing of C. parapsilosis by non-activated peritoneal macrophages. Superoxide 
dismutase blocked and dimethyl sulfoxide partially blocked this killing, which 
suggested a mechanism depending on the presence of superoxide anion is involved in 
the killing of C. parapsilosis by macrophages 221. Killing by activated macrophages 
was not inhibited by superoxide dismutase or dimethyl sulfoxide, suggesting that 
activated macrophages probably depend on the myeloperoxidase systems 221. In 
addition, Brummer et al. 220 observed no inhibition of killing of C. parapsilosis by 
the macrophages by the use of cycloheximide and hydrocortisone.
Takoa et al. 216 examined the role of reactive oxygen metabolites in phagocytosis and 
killing by murine peritoneal macrophages incubated with C. parapsilosis, by the use 
of a fluorochromatic vital staining technique. The relative contribution of reactive 
oxygen metabolites, depending on NADPH oxidase or xanthine oxidase, was 
determined using selective inhibition of each of these enzyme systems. Generation 
of reactive oxygen metabolites by xanthine oxidase and NADPH oxidase-dependent 
pathways were found to be important for phagocytic killing by murine peritoneal 
macrophages 216.

Although there is a difference in pathogenicity of the species C. albicans and C. 
parapsilosis, Marodi et al. 214 found no difference in the the biochemical basis of 
phagocytosis by human monocytes or monocyte derived macrophages between these 
two Candida species. In a separate study, C. parapsilosis was killed significantly 
better by human monocytes than was C. albicans; however monocyte derived 
macrophages did not require the yeast to be opsonized, and killed both species to 
an equivalent extent 218. The greater killing of C. parapsilosis by monocytes may 
be due to the sensitivity of the yeast to toxic oxygen metabolites, hypochlorite, etc., 
which is required for the killing of Candida species 218. In addition, opsonization was 
required for phagocytosis by monocytes for both C. albicans and C. parapsilosis, 
and used both the classical pathway and alternative pathway 214. Potoka et al 222 
studied phagocytosis and phagocytic killing of C. parapsilosis by rat Kupffer cell 
alone and by Kupffer cells in coculture with hepatic endothelial cell-enriched 
fraction of non-parenchymal cells. They also reported both the NAPD oxidase and 
the xanthine oxidase dependent pathways are important in Kupffer cell killing of C. 
parapsilosis. 

PMNs damage pseudohyphae, the invasive form of Candida species, by attachment 
and secretion of oxidative burst metabolites 219, 223. Candida species differ in resistance 
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to killing by PMNs. Roilides et al. 219 showed that nonopsonized pseudohyphae of 
C. parapsilosis were more resistant to PMN induced damage than were C. albicans 
or C. tropicalis; GM-CSF and interferon-gamma significantly enhanced the killing 
activity of PMN against C. parapsilosis. Possibly these differences in the Candida 
species susceptibility to PMNs may contribute to host susceptibility to infection 219. 
However, Lyman and Walsh 224 obtained a similar percentage of phagocytosis by 
PMN of serum-opsonized C. albicans, C. parapsilosis, C. tropicalis and C. glabrata. 
Verachelli et al. 217 showed equal killing of Candida species by murine PMN and 
bone marrow cells, however C. guilliermondii, C. krusei and C. parapsilosis were 
killed by these phagocytic cells more rapidly and at significantly lower effector to 
target ratio compared to C. albicans, C. tropicalis and C. viswanathii. 
 
Cytokines, such as granulocyte-macrophage colony-stimulating factor (GM-CFS) 
and interferon-γ, enhance the ability of phagocytic cells to damage or kill Candida 
cells 219. GM-CSF has the ability to affect monocyte complement production 225. 
Hogasen et al. 225 determined the release of GM-CSF by monocytes after exposure to 
different Candida species and compared the stimulation of production of complement 
components C3 and factor B by monocytes. C. albicans, C. tropicalis and C, 
parapsilosis were the more effective inducers of C3, factor B and GM-GSF production 
compared to C. krusei, T. glabrata (C. glabrata), C. kefyr, C. guilliermondii and T. 
candida 225. Hogasen et al. 225 concluded that monocyte responses are associated with 
specific yeast species, related to pathogenicity, and may explain predilection of some 
yeasts for particular underlying diseases. 

The major components of the cell wall of Candida yeast are mannan, an α-linked 
polymer of mannose; glucan, a β-linked branched chain polysaccharide of glucose; 
and chitin, a cellulose-like biopolymer consisting predominantly of N-acetyl-D-
glucosamine 226. Mannose binding lectin, produced in the (human) liver is a important 
component of innate immunity (serum) 227. Candida mannan is a likely target for MBL 
binding 228. Mannose binding protein binds to carbohydrate structures on microbial 
surfaces, leading to direct killing via complement activation “or via enzymes linked to 
MBL” or via enhancing phagocytosis by acting as an opsonin or chemotactic factor 229.
Opsonin-independent phagocytosis could be blocked by mannan, suggesting the 
mannose receptor may play a role in the clearance of Candida in opsonin-poor 
conditions, especially by macrophages. Recently, Zhang et al. 226 demonstrated a 
protective role for human antimannan antibody-mediated immunity and of murine 
antimannan antibody-mediated immunity against experimental murine systemic 
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candidiasis due to C. albicans. Furthermore, these authors demonstrated a mannan 
epitope, M1g1, which is common to Candida spp., including C. parapsilosis 226. 
These data are suggestive that antimannan antibodies, while protective against C. 
albicans infection, might also be protective against infection due to C. parapsilosis.  

Animal models
Experimental animal models are a critical component of understanding the 
pathogenesis and host resistance to infection with Candida spp., as well as to 
development of more efficacious antifungal therapies 230. There has been very little 
development of animal models of C. parapsilosis, despite the emerging importance 
of C. parapsilosis infections, both systemic and mucosal. Those models that have 
been developed have included mucosal models in mouse and rat (oral or vaginal), 
and systemic murine models in normal or immunocompromised animals. In various 
experimental models, C. parapsilosis has been shown to be less pathogenic than 
Candida albicans and other Candida species 231-233. However, animal models have 
been used to examine different aspects of infection due to C. parapsilosis and for 
defense antifungal trials.

Mucosal models
In humans, C. parapsilosis has been associated most often with vaginal or 
gastrointestinal colonization and disease and much less frequently with oral mucosal 
disease 12. Several models of mucosal infection have been developed. 

In an early study, Howlett et al. 232 described the varying abilities to invade the 
orthokeratinized mucosa from the dorsal surface of neonatal rat tongue by five different 
Candida species reflected their different degree of pathogenicity. C. parapsilosis 
showed only slight invasion of the connective tissue, compared to C. albicans, which 
was the only species able to invade all the tissues present. The keratin layer of the rat 
tongue mucosa appeared to act as a barrier to invasion of the underlying epithelium 
by anything but a virulent species. These data appear to correlate with the relative 
infrequency of C. parapsilosis as a cause of oral mucosal disease.

Mellado et al 234 used adult mice given tetracycline and glucose and intragastric 
inoculation of yeasts to model gut colonization and described the virulence difference 
among species. C. parapsilosis showed persistent colonisation but lacked the capacity 
for systemic spread from the gut tissues, whereas C. albicans did disseminate from 
the gut 234. 
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de Bernardis et al. 25 have described the importance and increase of C. parapsilosis 
vaginal infections, which emphasize the need for vaginal models of C. parapsilosis. 
de Bernardis et al. 235 developed an estrogen-dependent rat vaginitis model for C. 
parapsilosis. In those studies one isolate was found to cause vaginitis similar in 
extent to a C. albicans isolate, whereas two other isolates of C. parapsilosis were 
unable to cause vaginitis in the rat model 235. Thus, differences in pathogenic potential 
were demonstrated among different isolates of C. parapsilosis. In further studies 
using this same model, they suggested that C. parapsilosis is a true cause of human 
vaginitis 236. 

Systemic models
The association of C. parapsilosis with indwelling catheters and fungemia underscores 
the importance of systemic models of infection due to this organism. Murine 
models have been established in normal or immunosuppressed mice by intravenous 
inoculation of the organism. Mortality and fungal burden in the organs are followed 
as parameters of disease severity. Cassone et al. 101 used normal or neutropenic mice 
to study systemic models for pathogenicity of different C. parapsilosis isolates 
(blood, vaginal and environmental). They found a range of virulence by the isolates 
including one incapable of causing lethality in the neutropenic model 101. Interestingly, 
and unike the results of other authors, they found no correlation between Sap and 
pathogeneicity in the systemic infection models 101. In further studies, this group 
examined the pathogenicity of skin and blood isolates of C. parapsilosis, showing 
that the skin isolates did not cause disease in the systemic model, whereas some of 
the blood isolates were highly virulent 25. Although both the organism and the host 
determine relative virulence of a pathogen, there are also differences of virulence 
among different strains of C. parapsilosis 101. 

Systemic murine models have also been used to compare virulence among species 
of Candida. Bistoni et al. 233 used cyclophosphamide immunodepressed mice and 
normal mice to study pathogenicity of different Candida species and reported that 
C. parapsilosis was unable to cause disease in either normal or cyclophosphamide 
immunosuppressed mice. In contrast, Arendrup et al. 237 using immunocompetent 
mice in a similar study, reported C. parapsilosis did show some virulence, with 
parameters such as weight loss, kidney weight, inflammation and infection and number 
of eyes infected 237. Like C. krusei and C. guilliermondii, C. parapsilosis showed less 
virulence compared to the species C. albicans, C. tropicalis, C. glabrata, C. kefyr 
and C. lusitaniae. In other studies, Andriole and Hasenclever 238 found mortality of 
diabetic mice infected with C. albicans, C. tropicalis or C. parapsilosis. 
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A recent report of Nett et al. 206 proposed β-1,3 glucan as a marker for C. albicans, C. 
parapsilosis and C. glabrata biofilm using a central venous catheter (CVC) biofilm 
rat model. This model closely mimics a patient with CVC infection. This model has 
been used for diagnostic purposes, where animals with experimental CVC infection 
showed significantly higher serum levels of β-1,3 glucan in C. parapsilosis and C. 
albicans biofilm infections, compared with a model of systemic disease using tail-
vein infection, representing disseminated or nonbiofilm disease. 

Although in humans C. parapsilosis is associated with endophthalmitis Edwards 
et al. 231 were unable to recover C. parapsilosis from the eyes in a rabbit model 
of haematogenous Candida endopthalmitis. They studied ocular pathogenicities of 
species of Candida (e.g. C. krusei, C. parapsilosis, C. guilliermondii, C. tropicalis, 
C. stellateoidea and C. albicans) and found a relative resistance of ocular tissues 
to haematogenous Candida infections with species other than C. albicans. Thus, 
this model would not appear useful for the study of endophthalmitis due to C. 
parapsilosis.

An alternative nonmammalian model has been described by Chamilos et al. 239 who 
developed a model of candidiasis of Toll (Tl)-deficient Drosophila melanogaster. In 
agreement with mammalian animal model studies, C. parapsilosis was less virulent 
than C. albicans when injected into Tl mutant flies. This alternative model using 
D. melanogaster is promising for large-scale studies of virulence mechanisms of 
candidiasis 239.

ANTIFUNGAL SUSCEPTIBILITY AND THERAPY

Antifungal susceptibility
Widespread use of antifungal agents could be an explanation for the emergence of 
the more resistant non-albicans species of Candida 119. Low levels of azole resistance 
in vitro have been observed for C. parapsilosis, suggesting that the emergence of 
this species may be influenced by one or more confounding risk factors in contrast 
to selection of species, such as C. glabrata and C. krusei, which are much less 
susceptible to azole drugs 51. Identification of Candida species and antifungal 
susceptibility provide important information for the development of recommendations 
for empirical antifungal therapy and can affect therapeutic choices 14, 43, 240, 241. In 
addition, antifungal resistance surveillance programs provide important information 
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for the development of recommendations for empirical antifungal therapy and for 
the design of programs for the control of antifungal resistance 43. 

C. parapsilosis isolates are quite sensitive to most systemic antifungal agents including 
polyenes (amphotericin B) and azoles (fluconazole, ketoconazole, itraconazole, 
voriconazole and posaconazole) 12, 48, 56, 119, 240-246. Bille et al. 247 tested 30 isolates of C. 
parapsilosis, Laverdiere et al. 248 tested 14, and Fleck et al. 249 tested 19 isolates; all 
were susceptible to fluconazole and amphothericin B. However, Seidenfeld et al. 250 
reported tolerance to amphothericin B in C. parapsilosis, with minimal fungicidal 
concentrations more than 32-fold higher than the MIC. Global surveillance studies, 
reported by Pfaller et al. 52, indicated that reduced susceptibility to fluconazole is 
uncommon among bloodstream isolates of C. parapsilosis. Similarly, Sarvikivi et 
al. 31 observed fluconazole resistance in only one C. parapsilosis isolate during a 10 
year period of fluconazole prophylaxis and Kovacicova et al. 251 reported resistance 
in only two strains of C. parapsilosis, over a period of 3 years. 

In an experimental study, Segal et al. 252 described the development of resistance 
to flucytosine by 23% of strains of C. parapsilosis. However, in the European 
Confederation of Medical Microbiology (ECMM) survey of candidemia in Italy, only 
one of the 99 isolates of C. parapsilosis tested showed resistance to flucytosine 253. 
Lin et al. 95 showed a difference in susceptibility to flucytosine between group I and 
II isolates of C. parapsilosis, with a tendency for increased resistance to flucytosine 
among the group II isolates. 

The emergence of yeast species with decreased susceptibility to contemporary 
antifungal regimens demonstrates the need for new antifungal agents 254, 255. The 
echinocandin class of antifungals offers an alternative to the standard regimens of 
azole or polyene agents and provides additional advantages of reduced toxicity 256.
Caspofungin, micafungin and anidulafungin, echinocandin antifungal agents, 
compromise cell wall structural integrity through non-competitive inhibition of 
the synthesis of 1,3-ß-D-glucan 44, 257, 258. Compared to other Candida species, C. 
parapsilosis tends to be associated with a higher MIC of echinocandins 44, 45, 242, 243, 248, 

249, 256, 258-262. The meaning of these higher MICs is still being investigated but changes in 
the glucan synthase subunit Fks1 might explain the reduced activity of echinocandins 
against C. parapsilosis 262, 263. A recent report indicated the C. parapsilosis complex 
has a naturally occurring polymorphism resulting in the substitution of alanine 
at position 660 for a conserved proline, which is present in other fungal Fks1 264. 



Chapter 2

48

The unique mitochondrial respiratory network of C. parapsilosis, might play an 
important role for its decreased susceptibility of the echinocandins 265. Chamilos et 
al. 265 observed a descrease in caspofungin MICs after simultaneous inhibition of all 
respiratory pathways. 

From early studies, anidulafungin was demonstrated to have a minimal inhibitory 
concentration range for 90% of C. parapsilosis strains [MIC90] of <2-4 mg/L 
242, 261, 266-268. Marco, et al. 261 reported a discrepancy between caspofungin and 
anidulafungin susceptibility for C. parapsilosis. Anidulafungin showed less activity 
against C. parapsilosis than did caspofungin (MIC90, >2 versus 1 μg/mL). Messer, 
et al. 256, reported only 36% of 106 C. parapsilosis strains tested were inhibited 
by anidulafungin at < 1 mg/L; however, nearly all isolates were inhibited at ≤ 4 
mg/L. Reboli, et al. 262 directly compared the efficacy of anidulafungin with that of 
fluconazole for the treatment of candidemia and other forms of invasive candidiasis. 
In that study, anidulafungin showed higher MICs for C. parapsilosis compared to 
other species of Candida, and patients with a C. parapsilosis infection treated with 
fluconazole showed a somewhat better response rate compared to anidulafungin. 
However, the absolute difference in rate of successful response against C. parapsilosis 
was not significant 262. Recently a prospective sentinel surveillance determined the in 
vitro activity of all three echinocandins against 5346 invasive isolates of Candida, 
14% consisting of C. parapsilosis from 90 medical centers worldwide from 2001 
to 2003. C. parapsilosis showed less susceptibility to all three agents in each of the 
four regions, compared to C. albicans, C. glabrata, C. tropicalis, C. krusei and C. 
kefyr 49. 
Also, for antifungal susceptibility testing it is important to identify the organism to 
species level, so that appropriate comparisons can be made. Differences in antifungal 
susceptibility might be explained by comparision of traits and mechanistic pathways 
across species lines rather than within a single species. Recently, our laboratory 
determined the susceptibility patterns of the strongly related species C. parapsilosis 
sensu stricto (formerly C. parapsilosis group I), C. orthopsilosis (formerly C. 
parapsilosis group II) and C. metapsilosis (formerly C. parapsilosis group III) to 
fluconazole, caspofungin and anidulafungin 269.
C. parapsilosis sensu stricto had significantly higher caspofungin and anidulafungin 
MICs than C. orthopsilosis or C. metapsilosis. C. metapsilosis was least susceptible 
of the species to fluconazole. This observation showed us that significant differences 
in drug susceptibility occur among the sibling species. In addition, C. parapsilosis 
sensu stricto was significantly more suspectible to caspofungin than anidulafungin. 
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Gomez-Lopez et al. 107 studied the susceptibility profile of C. orthopsilosis and C. 
metapsilosis, which were highly susceptible to all antifungals tested in this study 
(amphotericin B, flucytosine, fluconazole, voriconazole, ravuconazole, posaconazole, 
caspofungin, micafungin and anidulafungin). C. orthopsilosis and C. metapsilosis 
were more susceptible to amphotericin B and echinocandins, although no significant 
conclusions could be made because of the low number of isolates tested 107. There was 
a trend for C. parapsilosis sensu stricto and C. orthopsilosis to be more susceptible 
to caspofungin than the other two echinocandins, consistent with our significant 
differences for the former 270 prior studies of the C. parapsilosis family 44, 45, 261. 
Tavanti et al. 106 determined susceptibility patterns of amphotericin B, ketoconazole, 
voriconazole and caspofungin for C. orthopsilosis. Only one strain showed resistance 
to flucytosine and was dose-dependently susceptible to itraconazole. No resistance 
to caspofungin was found. Paradoxical growth of some C. albicans isolates was 
observed in high concentrations of caspofungin (i.e., those above the minimal 
inhibitory concentration) 271, 272. Chamilos et al. 273 recently reported this phenomenon 
also among the other echinocandins, anidulafungin and micafungin in Candida 
species. Paradoxical growth was seen in 90% of isolates (n=10) of C. parapsilosis 
tested against caspofungin. However, no paradoxical growth of C. parapsilosis 
was observed with anidulafungin or micafungin. We 269 studied paradoxical growth 
among the closely related species C. parapsilosis sensu stricto, C. orthopsilosis and 
C. metapsilosis. Thirty-seven percent of the C. parapsilosis sensu stricto isolates 
tested displayed paradoxical growth in caspofungin. Despite close similarities among 
sibling species, only C. parapsilosis sensu stricto seems to have high capability to 
avoid caspofungin inhibition. Melo et al. 209 indicated paradoxical growth was more 
common in Candida cells grown as biofilms, compared to planktonic growth. All 3 
species in the C. parapsilosis family demonstrated paradoxical growth in biofilms, 
plus the paradoxical growth was more prominent in biofilms.

Defense antifungal drug trials
Animal models provide a rapid way to test experimental therapies or examine 
approved drugs for new indications 230. Few defense trial data for infections due to 
C. parapsilosis have been published. Longman et al. 274 described the efficacy of 
fluconazole for therapy, as well for prophylaxis, of endocarditis due to C. albicans 
and C. parapsilosis in a rabbit model. Therapeutically, 14 doses of fluconazole 
eradicated cardiac vegetations of C. parapsilosis and a two-dose prophylactic regimen 
prevented experimental endocarditis by C. parapsilosis and C. albicans. Similarly, 
Witt et al. 275 used a rabbit model of Candida endocarditis (both C. parapsilosis and 
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C. tropicalis) and reported amphotericin B or fluconaozle effective therapeutically; 
prohylactic efficacy of fluconazole and amphotericin B has also been demonstrated 
in the same model 276

Barchiesi et al. 277 observed in a neutropenic murine model of systemic candidiasis the 
efficacy of caspofungin against different Candida species. Depending on the isolate 
tested, mice infected with C. parapsilosis required relatively high drug doses of 
caspofungin, 1 and/or 5 mg/kg/day to show efficacy. More recently, Barchiesi et al. 278

described the efficacy of combination therapy and obtained synergistic interaction of 
caspofungin and amphothericin B against C. parapsilosis tested in the same murine 
model. Other combination studies using amphotericin B and the monoclonal antibody 
to heat shock protein 90, Mycograb, have been done in a systemic murine model and 
demonstrated no enhanced efficacy of the combination in reduction of fungal burden 
due to C. parapsilosis, in contrast to significant enhancement of efficacy against C. 
albicans, C. krusei or C. glabrata 279. Additional studies of the efficacy of various 
antifungal drugs alone or in combination will be required in the future.

As a result of the data with the echinocandins and in particular caspofungin, it is not 
clear consequently that these should be the drugs of first choice for treating infections 
with this organism. Whether the higher MICs for caspofungin will affect clinical 
outcomes is unknown. In vivo human data do not clearly yet correlate with the in 
vitro data for the echinocandins for C. parapsilosis, and still support the efficacy of 
echinocandins for invasive candidemia 145

Treatment
Mora-Duarte et al. 280 performed a double-blind trial to compare caspofungin with 
amphothericin B deoxycholate for the primary treatment of invasive candidiasis. 
C. parapsilosis caused only 19% of cases of fungemia in the caspofungin-treated 
group in this study, but was associated with 42% of cases in the subset of patients 
with persistent fungemia. Conversely, the species distribution in cases of persistent 
fungemia in the amphotericin B-treated group more closely paralleled the overall 
distribution of infecting species in all types of fungemia. The overall rate of favorable 
response for C. parapsilosis was similar for caspofungin versus amphotericin B, 
70% versus 65% 280. Treatment failures for caspofungin were most commonly from 
blood sites. This suggested that caspofungin may be used successfully for treatment 
of C. parapsilosis fungemia, but physicians should be aware of the possibility that 
this species might respond less readily to this antifungal drug.
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Candidemia and acute hematogenously disseminated candidiasis caused by C. 
parapsilosis may be treated with amphotericin B deoxycholate (0.6 mg/kg per day), 
fluconazole (6 mg/kg per day) or caspofungin (70 mg loading dose followed by 
50 mg/day) 245. Therapy for candidemia should be continue for 2 weeks after the 
last positive blood culture results and resolution of symptoms and signs and 245. In 
situations involving slime producing organisms, such as vascular catheter related 
infection, the organism is difficult to eradicate using antifungal therapy alone, but 
several studies recommend removal of the infecting device to prevent invasive 
mycoses and their complications 119, 243. When feasible, it may prove useful in initial 
management to remove indwelling catheters, which is likely to particularly affect the 
prevalence of secondary infections caused by C. parapsilosis 243.

Very low birth weight neonates and premature neonates with disseminated cutaneous 
neonatal candidiasis who are at risk for developing acute disseminated candidiasis, 
should be considered for systemic therapy, as is the approach in those with 
disseminated candidiasis. Little information on pharmacokinetics and response rates 
are available for this group of patients. However, amphothericin B deoxycholate 
appears to be first choice in treatment, primarily due to the lack of experience with 
other antifungal agents 245. Fluconazole may be used as a second line agent for very 
low birth weight neonates and premature neonates with disseminated cutaneous 
neonatal candidiasis who are at risk for developing acute disseminated candidiasis 245.
Although prevention of nosocomial fungal infections in premature infants is 
desirable, long-term use of fluconazole may lead to the emergence of resistance in 
C. parapsilosis. Thus, fluconazole prophylaxis should be undertaken with caution 
31, 281, 282. Very low birth weight children, during the first six weeks of life, have an 
increased risk for candidemia caused by C. parapsilosis 283. Prevention of fungal 
colonization and invasive infections by fluconazole prophylaxis has been shown 
effective in these infants 283, 284. In neonates, Krcmery et al. 285 reported a better 
outcome and less mortality for breakthrough fungemias (fungemias which occurred 
during fluconazole therapy), compared to non-breakthrough fungemias. Although 
not much is described about caspofungin treatment in neonates, Odio et al. 286 showed 
succesful treatment with caspofungin of invasive candidiasis due to C. albicans, 
C. parapsilosis, C. tropicalis and C. glabrata, in neonates who were resistant to 
or intolerant of amphothericin B. Caspofungin might be an appropriate alternative 
for treatment of invasive candidiasis in premature neonates when there is decreased 
reponse to the other antifungals such as amphothericin B or fluconazole 286. 
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No treatment for Candida endocarditis has been formally tested in prospective 
randomized controlled studies 148. Combined medical and surgical therapy appears 
to be the best treatment for Candida endocarditis. The Infectious Diseases Society of 
America (IDSA) and another study recommend surgical valve replacement of either 
native valve or prosthetic valve infections 148, 245. Amphotericin B deoxycholate was 
the most frequently prescribed antifungal drug in previous studies, followed by 
flucytosine and fluconazole 148. Rapid and efficient treatment is important, because 
this may improve the outcome of fungal endocarditis 148.

Endopthalmitis caused by Candida species can be treated with amphotericin B 
166, 245. A good alternative choice of treatment is fluconazole and it is particularly 
useful for follow-up therapy 245, 287. In addition, fluconazole may be effective for 
the treatment associated with an intraocular lens implant, however, removal of the 
implant is required 288. Since treatment can save vision, evidence of intraocular 
infection should be sought as soon as possible 169. Maragon et al. 170 showed 
sensitivity to amphotericin B, fluconazole, itraconazole, ketoconazole, flucytosine 
and voriconazole of Candida isolates, including C. albicans, C. parapsilosis and C. 
tropicalis recovered from patients with endophthalmitis. Voriconazole may play a 
role in the therapeutic management of endophthalmitis caused by Candida species, 
because of the highest potency of this drug against Candida species 170. Vitrectomy 
appears to be an important therapeutic maneuver in treatment of endophthalmitis 166, 

289. All patients with candidemia should undergo an ophthalmological examination 
to exclude the possibility of endophthalmitis. Therapy for endophthalmitis should be 
continued until complete resolution of visible disease 245. 
Peritonitis caused by C. parapsilosis should be treated more aggressively than 
other Candida spp, since C. parapsilosis peritonitis has a higher complication 
rate (complications such as abscess formation and persistent peritonitis after 
catheter removal) than other Candida spp. 159. Intravenous amphotericin B, oral or 
intravenous fluconazole remain the drugs of choice for peritoneal candidiasis and are 
recommended therapy by the IDSA 245. Both agents are also effective for peritoneal 
candidiasis caused by C. parapsilosis 157, 161. Chen et al. 161 observed in a retrospective 
study comparable efficacy of treatment with fluconazole alone to intraperitoneal 
amphotericin B alone or intraperitoneal amphotericin B combined with intravenous 
fluconazole. However, combination of fluconazole and amphotericin B should 
be used cautiously, because of the possibility of antagonism 157. Recently Chen 
et 159 showed that when fluconazole is used as initial therapy, complications are 
significantly higher in patients with C. parapsilosis peritonitis than patients with 
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peritonitis caused by other species. In disease associated with catheters used for 
peritoneal dialysis, early catheter removal is often required for successful therapy for 
peritoneal candidiasis 157, 160, 245. 

In general, management of Candida arthritis, depends on site of infection 245. 
Intravenous amphotericin B and fluconazole have been used for medical therapy of 
Candida arthritis 180, 245. Arthritis caused by Candida species that involves prothetic 
joints requires removal of the primary prosthesis to eradicate the infection 180.

Vaginal candidiasis due to C. parapsilosis is cleared from subsequent culture 
relatively easily 138. Short-courses of treatment such as topical boric acid (600 mg/
day for 14 days), oral fluconazole 200 mg twice weekly for 1 month or topical 
antimycotic therapy, such as topical flucytosine, successfully clear the vaginitis 
infections caused by C. parapsilosis 138, 245. Other choices in treatment are “over the 
counter” clotrimazole, buconazole, or miconazole as vaginal applications 138, 245.

Not much about treatment of candiduria due to C. parapsilosis has been described. 
Following the IDSA guidelines 245, candiduria should be treated in symptomatic 
patients, neutropenic patients, very low birth weight infants, patients with renal 
allografts and patients undergoing urologic manipulation. Therapy with fluconazole 
(oral or intravenous), amphotericin B (intravenous), or flucytosine (oral) are effective 
and require 7-14 day courses to be successful. When possible removal of a urinary 
cathether might be helpful. 

Itraconazole, fluconazole, and terbinafine are effective in treating onychomycosis due 
to Candida species 290. The IDSA indicated itraconazole to be the most appropriate 
treatment for onychomysosis caused by Candida species 245. Terabinafine may be 
more effective against C. parapsilosis compared to C. albicans 290. Higher doses 
of drugs and longer duration of therapy are required for onychomycosis caused by 
Candida species than is the case for nail infections caused by dermatophytes 290. 

SUMMARY AND CONCLUSIONS

In this review we have discussed various aspects of epidemiology, clinical 
manifestations, pathogenicity and antifungal susceptibility of C. parapsilosis. C. 
parapsilosis has emerged as a major pathogen in the past two decades. Earlier studies 
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on different aspects of C. parapsilosis may have been made more difficult because 
C. parapsilosis appears to be a group of three sibling species. Thus, comparisons 
of traits may have been across species lines rather than within a single species. 
Since we are now able to distinguish these species, C. parapsilosis sensu stricto, 
C. orthopsilosis and C. metapsilosis, it will be important for future studies first to 
identify the organism to species level, so that the appropriate comparisons can be 
made. Our knowledge of the pathogenic siblings is an incomplete, yet evolving story, 
much as the pathogen itself is emerging. Therefore, comprehensive studies of their 
epidemiology, pathogenesis and resistance must be performed in the future.
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ABSTRACT

We examined the global epidemiology of C. parapsilosis and assessed the 
discriminatory capabilities of restriction fragment length polymorphism (RFLP) and 
RAPD typing methods. We used EcoRI digestion of cellular DNA to generate RFLP; 
and genomic DNA for RAPD analysis. Band profiles were used to distinguish and 
group isolates. From 7 diverse geographical areas, 536 isolates obtained over 35 
years were placed into 23 RFLP subgroups. Subtype VII-1 was dominant worldwide 
(82.4% of isolates). Dividing the isolates into VII-1 versus non-VII-1 showed 
temporal variation for the USA pre-1995 versus post-1995 (p < 0.0001) and versus 
Europe pre-1995 (p < 0.0001). Genotype distribution differed among localities (p 
< 0.0001); Mexico was unique (p < 0.05) due to the high proportion of non-VII-1. 
The prevalence of C. parapsilosis RFLP type VII-1 apparently has risen in the USA 
and current isolates show some variation in distribution of types in some non-USA 
locales. There were no differences in distribution of types comparing babies versus 
adults, or blood stream isolates versus colonizing or environmental isolates. RAPD 
typing showed three major profiles, but was less discriminatory. 
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INTRODUCTION

Candidemia due to Candida parapsilosis has increased over the last 10-20 years in 
many hospitals worldwide. The magnitude of the increase caused by several Candida 
spp. may vary in different medical settings and geographical areas. C. parapsilosis 
frequently causes morbidity in a variety of patient populations. Outbreaks have been 
reported in different patient populations including neonates, pre- and post-surgical 
patients and immunocompromised patients 1-3. These infections have been associated 
with contaminated fluids, parenteral nutrition, central venous catheter colonization, 
blood pressure monitoring devices and hands of healthcare workers 4-7. However, the 
source for infection is not always apparent.

Distinguishing among strains of C. parapsilosis is crucial to understand its 
epidemiology. In early studies, restriction fragment length polymorphism (RFLP) 
analysis of fragments generated by restriction of genomic DNA was utilized, and 
examination of 7 isolates showed they could be placed in 3 major groups with 5 
subtypes; 3/7 isolates were placed into a single subtype, VII-1 8. Three unique RFLP 
subtypes were subsequently identified in a common source outbreak 5. From these 
studies it was concluded that C. parapsilosis showed genetic diversity and that no 
single type dominated. To further investigate the distribution of C. parapsilosis, 
32 blood isolates recovered from neonates in 11 European centers, as part of a 
collaborative study of fungemia, were examined 9. Interestingly, 29/32 isolates were 
identical and matched the previously established DNA subtype VII-1. In contrast to 
previous studies, VII-1 accounted for almost all isolates of this organism, indicating 
a loss of genetic diversity. However, as the isolates were all from Europe, all from 
the blood, and all from neonates, it was unclear whether the apparent temporal shift 
reflected geographic-, site- or age-specific differences. 

The current study was carried out to evaluate global diversity of strains of C. 
parapsilosis, determine whether differences in genotype existed among localities 
and assess whether specific patient populations or body sites were more likely to 
be infected with a particular subtype. Such analysis could help to understand the 
epidemiology of C. parapsilosis, and possibly improve clinical practices. To our 
knowledge this is the largest molecular epidemiological survey of C. parapsilosis 
undertaken, the only study targeting global differences. 
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MATERIALS AND METHODS

Candida parapsilosis strains
Clinical and environmental strains of C. parapsilosis (total 536) were analyzed, 
including bloodstream isolates, clinical isolates from other body sites, isolates 
from the hands of healthcare workers and isolates purchased from the American 
Type Culture Collection (ATCC). The isolates from other sites were obtained from 
cultures of urine, respiratory specimens, body fluids, deep and superficial wounds, 
pus, nails, vagina, and other sites. All isolates were identified as C. parapsilosis by 
routine clinical laboratory methods 10. Isolates were obtained from seven European 
countries, France (n=12), UK (n=37), Italy (n=58), Spain (n=12), Germany (n=2), 
Sweden (n=19) and Austria (n=1); one Middle East country, Israel (n=128); one 
Asian country, Taiwan (n=31); two South American countries, Brazil (n=19) and 
Colombia (n=9); and two North American countries, Mexico (n=82), and the USA 
(n=122). Four additional US isolates were purchased from the ATCC. All isolates 
were sent to the California Institute for Medical Research for typing. Isolates were 
obtained from each locality, representing retained clinical microbiology laboratory 
isolates obtained over periods of 5 months to 20 years (82% of sites contributing >10 
isolates spanned ≥2 y each, to minimize any possible effect of point source outbreaks 
at one site skewing the distribution of types). Long-term storage of isolates was done 
by freezing.

Restriction digest and gel electrophoresis
Genomic DNA was extracted as described 8. DNA samples were digested with 
EcoRI and electrophoresed with agarose overnight. DNA bands were visualized 
after ethidium bromide staining. Digital images of the resultant banding patterns 
were analyzed using GelPrint AQ software version 4.2.1 (Bio Image, Inc., Jackson, 
MI). Isolates were allocated to subtypes by RFLP analysis 5, 8. The isolates from each 
locality were compared initially with the original subtype strains from the earlier 
studies 5, 8. Those two studies divided C. parapsilosis into three major groups (V, VI, 
and VII). Group V isolates are characterized by >2 brightly staining bands ranging 
in size from 2500-5200 kb (Fig 1, lanes 1-12); group VI isolates by having a triplet 
of bands at 3300, 3650 and 4200-4400 kb (Fig 1, lanes 13-17); group VII isolates by 
a doublet of bands at 3650 and 4000-4100 kb (Fig. 1, lanes 18-22). DNA subtypes 
within a major group are based on overall band patterns and polymorphisms. 
Previous studies 8 documented the reproducibility of this method of typing, utilizing 
independent preparations of the same isolates, including the masked insertion of 

p

R

S

R



101

101
101
101
101
101
101
101
101
101
101

Molecular epidemiology of C. parapsilosis

81

previously typed strains into subsequent runs. Strains with a level of similarity of 
>85% were considered to be the same; these were electrophoresed side by side on the 
same agarose gel to confirm their identity 11. We considered the strains unique when 
there was <85% similarity 11, 12. Dendrograms were generated from this analysis using 
the Dice method by the unweighted pair group method with arithmetic averages 11.

RAPD analysis
DNA was prepared as described above for RAPD analysis, using primer RPO2 (5’-
GCGATCCCCA-3’) and conditions previously described 13. Band patterns were 
analyzed as described above. 

Statistical analyses
Statistical analyses for determination of differences in DNA subtype distribution 
among localities were done by contingency analysis and if significant, pair-wise 
comparisons were done by χ2 or Fisher exact tests. Differences were assumed to be 
significant when the probability (p) was <0.05. 

RESULTS

RFLP genotype grouping
C. parapsilosis (522 isolates) from 7 geographically diverse areas obtained over a 
35-y period plus 14 isolates previously reported 5, 8, were assessed (Tables I and II). 
The current study revealed 15 new genotypes by RFLP analysis: group V with 9 new 
subtypes, 12 total; group VI with 4 new subtypes, 6 total; and group VII with 2 new 
subtypes, 5 total (Figure 1). From the total of 15 new subtypes, 3 of the new subtypes 
identified in this study were found in more than one geographical location. Within 
group V were 28 isolates; group VI, 17 isolates; group VII, 491 isolates. Of the 536 
isolates examined, 442 (82.4%) have a VII-1 genotype, making this genotype the most 
common on a global basis. The remaining 94 were distributed among 22 different 
subgroups. Twelve subtypes had a single isolate; 42 isolates were distributed among 
9 subtypes containing 2-8 isolates each. One subtype, VII-3, contained 40 isolates, 
the second most common found. 
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Table I Locality, number and genotype distribution of global isolates of C. parapsilosis
Source and No. of Isolates

Adult   Baby Blood Non-blood
Locale Total VII-1  Non-VII-1 VII-1 Non-VII-1 VII-1 Non-VII-1 VII-1 Non-VII-1 VII-1 Non-VII-1

USA pre ‘95 19 7 12 7 11 0 0 0 0 4 9

USA post ‘95 107 97 10 54 6 28 4 54 8 39 2

Europe pre ‘95 37 33 4 33 4 0 0 0 0 27 2

Europe post ‘95 104 92 12 54 6 37 6 60 9 31 3

Colombia 9 9 0 6 0 2 0 5 0 4 0

Brazil 19 18 1 10 0 2 0 18 1 0 0

Taiwan 31 25 6 7 1 18 5 14 0 11 6

Israel 128 105 23 85 13 5 0 6 5 99 18

Mexico 82 56 26 17 9 28 10 46 22 10 4

Total of isolates 536 442 94 273 50 120 25 203 45 225 26

Table II Distribution of isolates of C. parapsilosis into different DNA subtypes after RFLP 
genotyping.

Group V, 12 subtypes Group VI, 6 subtypes Group VII, 5 subtypes

V VI VII-1  Non-VII-1

Total of 
isolates

No. 
subtypes

Total of 
isolates

No. 
subtypes

Total of 
isolates

Total of 
isolates

No. 
subtypes

USA 4 4 3 2 104 15 2

Brazil 0 0 0 0 18 1 1

Colombia 0 0 0 0 9 0 0

Israel 6 2 1 1 105 16 3

Mexico 9 4 2 1 56 15 3

Taiwan 2 2 4 1 25 0 0

France 0 0 0 0 9 1 1

Germany 0 0 0 0 2 0 0

Italy 3 3 5 3 51 1 1

Spain 0 0 1 1 11 0 0

Sweden 0 0 1 1 18 0 0

UK 4 1 0 0 33 0 0

Austria 0 0 0 0 1 0 0
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1

P

Geographic and temporal differences in genotype distribution
For analysis of the distribution of the subtypes of isolates from various localities, 
we divided the isolates into 2 groups; VII-1 (the most common) versus non-VII-1 
(all remaining subtypes; 17.5% of all isolates). Analysis was undertaken to assess 
variation between regions, variations over time within Europe and USA, as well as 
possible differences between isolates recovered from adults and neonates, and those 
recovered from blood and non-blood sites. 

Figure 1 Representative gel after EcoRI restriction of 22 subtypes of C. parapsilosis genomic DNA 
used for RFLP. Lane 1 to 22 from right to left. Lane 1 subtype V-1, lane 2 subtype V-2, lane 3 subtype 
V-3, lane 4 subtype V-4, lane 5 subtype V-5, lane 6 subtype V-6, lane 7 subtype V-7, lane 8 subtype V-8, 
lane 9 subtype V-9, lane 10 subtype V-10, lane 11 subtype V-11, lane 12 subtype V-12, lane 13 subtype 
VI-2, lane 14 subtype VI-3, lane 15 subtype VI-4, lane 16 subtype VI-5, lane 17 subtype VI-6, lane 18 
subtype VII-1, lane 19 subtype VII-2, lane 20 subtype VII-3, lane 21 subtype VII-4, lane 22 subtype 
VII-5. Molecular weight markers are in lane M, and their corresponding sizes (in kb) are given on left 
side of figure. 

Comparison of the 7 geographical localities (all recovered post-1995) revealed 
that there were differences in the distribution of subtypes VII-1 versus non-VII-1 
(p < 0.0001). Mexico, of the 7 geographic regions studied, showed differences in 
genotype distribution compared to USA post-1995, Europe post-1995, Brazil and 
Israel (p <0.03-0.001 dependent on comparison); comparison between Mexico and 
Colombia suggested a difference (p = 0.055). Comparison of Mexico with Taiwan 
revealed no difference (p >0.05). No other comparisons by geographical localities 
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showed a significant difference in distribution. Mexico had a lower frequency of 
VII-1 isolates, 68% of total Mexico isolates, versus ≥82% for the USA, Europe, 
Brazil and Israel isolates. 

To ascertain whether there was a difference in the distribution of VII-1 and non-VII-
1 genotypes known to come from adults, we also compared the different localities. 
Mexico had a significantly higher percentage of non-VII-1 isolates than did the 
USA post-1995, Europe post-1995, Brazil and Israel (p = 0.006-0.03, dependent on 
comparison); the distribution in Mexico was not different than Taiwan or Colombia 
(p >0.05). Comparison of the VII-1 and non-VII-1 distributions within a locality of 
isolates recovered from adults and babies showed no significant differences for any. 
A similar comparison of the distribution of VII-1 and non-VII-1 recovered from 
babies revealed no difference, possibly due to the small number of isolates available 
from babies for some countries (Table I). 

We also examined possible differences in distribution of VII-1 and non-VII-1 
genotypes known to come from blood or non-blood sites. Blood sites had a higher 
frequency of non-VII-1 isolates than non-blood sites (p = 0.006); the isolates from 
Brazil were not included in the overall comparison, because no isolates from non-
blood sites were available. Comparisons of the VII-1 versus non-VII-1 distribution 
of blood isolates between localities showed significant differences (p <0.02-0.008, 
dependent on comparison) between Israel and Mexico, which had a higher proportion 
of non-VII-1 isolates, than USA post-1995, Europe post-1995, Brazil and Taiwan. 
Comparison between Israel, Mexico and Colombia showed no difference in the 
distribution of VII-1 and non VII-1 in blood. Taiwan had more non-VII-1 isolates 
from non-blood sites than USA-post-1995 (p = 0.002) and Europe post-1995 (p = 
0.02); Mexico had more non-VII-1 isolates from non-blood sites only in comparison 
with the USA post-1995 (p = 0.01). 

Interestingly, distributions of VII-1 and non-VII-1 isolates within only 2 localities 
showed significant differences for isolates recovered from blood and non-blood 
sites: Taiwan (p = 0.02; higher proportion of non-VII-1 in non-blood isolates) and 
Israel (p = 0.03; higher proportion of non-VII-1 in blood isolates). 

RAPD analysis
RAPD analysis was performed in 113 isolates; 20 randomly chosen from those with 
the VII-1 DNA subtype and 93/94 with a non-VII-1 subtype. Three separate profiles 
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were found (Figure 2). Profile A isolates showed a major band at about 300 kb, 
profile B a major band between 500 and 600 kb, profile C a major band of about 400 
kb (Figure 2); only profile B showed band polymorphisms. 

Figure 2 Representative photograph of an ultraviolet-transilluminated, ethidium bromide-stained 
agarose gel. RAPD patterns produced for C. parapsilosis strains with the primer RPO2. RAPD groups 
A, B and C is illustrated. Lanes 1 to 34 from left to right: Lane 1, 2: 03-265, RFLP subtype VI-2; lane 3, 
4: 03-270 RFLP subtype V-6; lane 5, 6: 03-292 RFLP subtype VII-5; lane 7, 8: 03-308, RFLP subtype 
VII-3; lane 9, 10: 03-316, RFLP subtype VII-2; lane 11, 12: 03-318, RFLP subtype VII-2; lane 13, 14: 
04-88, RFLP subtype VII-3; lane 15, 16: 04-94, RFLP subtype VII-3; lane 17, 18: 04-96, RFLP subtype 
VII-2; lane 19, 20: 04-103, RFLP subtype VII-3; lane 21, 22; 04-106, RFLP subtype VII-3; lane 23, 24: 
02-310, RFLP subtype V-3; lane 25, 26: 82-33, RFLP subtype V-2; lane 27, 28: 90-181, RFLP subtype 
VII-3; lane 29,30: 82-43, RFLP subtype VII-1; lane 31,32: 05-264, RFLP subtype VII-1; lane 33,34: 
90-137, RFLP subtype V-3. Markers, M, represent a 1 kb ladder.
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Some isolates with different RFLP profiles were assigned to the same RAPD subtype. 
All RFLP subtype VII-1 isolates gave a RAPD profile of A. None of the isolates with 
a RFLP non-VII-1 DNA subtype had profile A. Among these 93 non-VII-1 isolates, 
81 from 17 RFLP DNA subtypes showed a RAPD profile of B; RFLP subtypes from 
groups V, VI and VII were represented. The remaining 12 RFLP non-VII-1 subtypes 
had a RAPD profile of C. Interestingly, these isolates were only from DNA group V 
(V-7, 1 isolate) or VI (VI-2, 8 isolates; VI-5, 2 isolates; VI-6, 1 isolate). 

DISCUSSION

C. parapsilosis is increasingly implicated as a cause of fungemia in various 
compromised patient populations (second to C. albicans) and is, in many centers, 
the most frequent cause in neonatal ICU patients 1, 6, 14, 15. Its increased frequency as 
an opportunistic pathogen makes examination of the epidemiology and distribution 
of the organism important. 

One aspect of the epidemiology that has not been previously examined is the worldwide 
distribution of various genotypes. Our current results surprisingly showed that one 
subtype, VII-1, appears to be the dominant subtype worldwide, comprising 82.4% of 
the 536 isolates examined by our methods. However, some large geographical areas 
outside the USA, such as Africa, mainland Asia, Eastern Europe and Australia, were 
not sampled, which may have different distributions. In addition, larger numbers 
of isolates from each country, and particularly from multiple sites in each country, 
would be desirable to confirm the VII-1 distribution. However, the uniformity of 
distribution of types within countries, particularly California, Texas and Minnesota 
in the USA, and various sites within other countries, particularly France, Israel and 
Italy, speaks against point source differences within countries. Whether differences 
would become apparent with further sampling of other areas, and whether there will 
be future shifts in subtype dominance, can now be addressed in future research. In 
spite of the predominance of subtype VII-1, there was diversity in the genotypic 
groups of C. parapsilosis isolated from different geographical areas, with isolates 
from Mexico showing a significantly lower proportion of VII-1 isolates. The reasons 
for this difference are unknown, but may relate to varying therapeutic practices or 
other differences in nosocomial practices or equipment. 

p
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Thus subtype VII-1 is not only ubiquitous, but also quite proficient at adapting 
to a variety of environments. It is important to understand what factors may 
promote its virulence and epidemic potential in the hospital setting. We speculate 
that 1 answer may lie in the biofilm the yeast may produce when adhering to
catheters 16, 17. The extracellular slime or biofilm produced may facilitate its attachment 
to and persistence on catheters, facilitate bloodstream entry and make it resistant to 
germicides and antimicrobial agents. Ploidy differences may also explain ability to 
adapt to different environments over time. 

Scherer and Stevens (1987) placed C. parapsilosis in three major groups by RFLP 
as Group V, VI and VII, shown 5, 8 to have 3, 2 and 3 subtypes, respectively. Based 
on this previously described RFLP grouping, we could assign DNA subtypes and 
new subtypes of the 536 isolates examined to these 3 major DNA groups. We found 
15 DNA subtypes that were previously unrecognized for C. parapsilosis, raising the 
total number of DNA subtypes that have been observed during the course of these 
studies to 23 5, 8, 9. 

Because of the predominance of VII-1 among all isolates examined, we created two 
broad groups, VII-1 and non-VII-1, for the purposes of data analyses. The most 
striking result was that isolates from Mexico showed a greater diversity of DNA 
subtype, with 26/82 isolates placed into 8 different DNA subtypes, than isolates from 
other areas. In a previous study, bloodstream isolates from neonates in European 
centers had a predominant subtype, VII-1, suggesting a potential skew in the 
distribution of that type in neonates, bloodstream isolates and/or Europe 9. Expansion 
of that to the current study, now utilizing isolates from babies and adults, and blood 
and non-blood sources, revealed that subtype VII-1 had no predilection for causing 
fungemia in neonates, but occurred equally in adults, and dominated in various body 
sites and geographical localities. 

We observed differences in temporal variations for the United States pre-1995 verus 
post-1995 and for the United States pre-1995 versus Europe pre-1995. It is possible 
that the temporal difference in the US isolates might reflect changes in antifungal 
or germicidal use, but is unknown; however, the lack of differences in the European 
isolates with time makes this speculation less likely. DNA subtype VII-3 is the 
second most frequently recovered subtype (7.5% of isolates). It is possible that it 
may be increasing in occurrence globally, or alternatively, this genotype now may 
be appearing more often in the USA, Mexico and Israel, as just one isolate with this 
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DNA subtype was found in the European isolates. Comprehensive global study has 
been done in C. albicans 11, and, in contrast, that study shows a divergence of types 
over time, whereas our study suggests development of global dominance of a single 
genotype.

Various studies report that C. parapsilosis can be divided into three groups (I, II, III) 
distinguished on the basis of internal transcribed spacer sequence of DNA encoding 
ribosomes 18, RAPD profiles 19, multilocus enzyme electrophoresis, morphotyping 20, 
multilocus sequence typing (MLST) 13 DNA relatedness 21, and DNA hybridization 
with a DNA probe 22. Tavanti, et al. (2005) 13 proposed new species as C. orthopsilosis 
and C. metapsilosis, which are thus far phenotypically indistinguishable from C. 
parapsilosis sensu stricto. DNA sequence correlations with previous RAPD and 
MLST results showed conformity of C. parapsilosis with group I, C. orthopsilosis 
with group II, and C. metapsilosis with group III 13, 18, 21. 

Using the primer described 13 we examined the correlation of our three major DNA 
groups (V, VI, VII) with the RAPD groups (A, B, C, correlating with prior groups I, 
II, III) and used known isolates of each of the 3 species 23. Thus far, all subtype VII-1 
isolates have shown RAPD profiles of group I isolates, which have been previously 
consistent with C. parapsilosis sensu stricto. MLST likewise could not subdivide 
this group 13. Of interest, MLST analysis has suggested C. parapsilosis sensu stricto 
has evolved very recently within the C. parapsilosis family 13; our temporal studies 
in the USA suggest it has become dominant there. We showed that isolates with 
RAPD profiles consistent with group II, C. orthopsilosis 13, 23, appear to comprise a 
majority of our non-VII-1 RFLP groups, with 81 isolates from all three RFLP groups 
(V, VI, VII), splitting into 17 different DNA subtypes. Similarly, MLST also showed 
heterogeneity among the RAPD group II isolates 13. C. metapsilosis appears to be 
rarer, only 2 isolates were found by Tavanti, et al. (2005) 13, and we found only 12 
of our 536 isolates had RAPD profiles indicating RAPD group III, consistent with 
C. metapsilosis. Interestingly, all 12 isolates had the same genotypic RAPD pattern, 
group III, but by the RFLP typing method were found to be heterogeneous, coming 
from RFLP group V or VI and showing 4 DNA subtypes. Thus, it appears that the 
RFLP DNA groups previously proposed 8 do not fully correlate with RAPD groups 
I, II, and III 13, 19.

RFLP has been used for epidemiologic studies 5, 9, 24, and MLST appears to have 
similar potential. Both have discriminatory ability superior to RAPD, and to other 
methods which subdivide this complex into only 3 or a few groups, as both are able 

p



101

101
101
101
101
101
101
101
101
101
101

Molecular epidemiology of C. parapsilosis

89

to subtype RAPD type B/ group II/ C. orthopsilosis, though the inabilities of both to 
subtype the dominant group I/ C. parapsilosis sensu stricto is a formidable obstacle. 
RFLP appears to have essentially equal, possibly slightly greater, discriminatory 
power compared to MLST 23. A DNA probe typing method, using 90% similarity as 
the arbitrary criterion to distinguish strains, was able to differentiate many subtypes, 
and in a limited study with a few international isolates, also found some common 
subtypes in geographically widely dispersed sites 22. A microsatelite method has 
recently been reported that further differentiates group I C. parapsilosis isolates with 
high discriminatory power 25. 

In summary, we found C. parapsilosis DNA subtype VII-1 the most common 
worldwide. The high frequency and geographic distribution of this subtype might 
reflect easier transmission from person-to-person, better adaptation to commensality 
in a human environment, or different susceptibility to antimicrobials than the other 
RFLP types and 2 closely related sibling species. 
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ABSTRACT

An outbreak of Candida parapsilosis fungemia involving 17 neonatal intensive care 
unit (NICU) patients was studied. There were 14 blood culture and nine colonizing 
isolates from other sites available. The hands of NICU healthcare workers (HCW) 
yielded eight isolates. Screening of the isolates by RAPD (random amplified 
polymorphic DNA) method showed only three profiles. Typing by restriction 
fragment length polymorphism (RFLP) revealed all blood isolates were RFLP 
subtype VII-1. Among the nine infant colonizing isolates, there were four different 
RFLP subtypes; four of the isolates were subtype VII-1. Seven of the eight isolates 
from HCW were RFLP subtype VII-1. The majority of infant colonizers were not 
found in the blood, suggesting a possible direct spread of the epidemic subtype VII-1 
strain from HCW hands to infant blood. The source of the infant colonizing strains 
is unclear, but non-VII-1 strains may be largely of maternal origin and VII-1 strains 
from HCW. These findings reinforce prior studies that have implicated HCW hands 
as the source of nosocomial, including neonatal, fungemia. 
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INTRODUCTION

Candida species are important causes of nosocomial infections and these have 
increased in neonatal intensive care units (NICU) 1, 2. Preterm infants are especially 
at risk of developing late onset sepsis, which is responsible for considerable 
morbidity and mortality, and Candida species are important pathogens in this
setting 3-5. Candida parapsilosis (29%) is second to Candida albicans (61%) as the 
most frequently recovered fungus from the NICU 4, 6. However, in some NICUs the 
prevalent Candida spp. has shifted from C. albicans to C. parapsilosis 6. Multiple 
risk factors for C. parapsilosis bloodstream infections of babies in the NICU have 
been identified. These include premature birth, very low birth weight (VLBW; birth 
weight <1500 gram), prolonged hospitalization, indwelling central venous catheters, 
hyperalimentation, the use of intralipids, parenteral nutrition, H2 blockers, and 
broad spectrum antibiotic usage, particularly third generation cephalosporins 3, 4, 

7, 8. Compared to other Candida spp, C. parapsilosis is more associated with the 
environment, suggesting that this yeast might colonize and infect patients directly 
from the environmental sources. Numerous body sites can become colonized; most 
frequently the skin, and sites of insertions of IV or arterial lines could be an important 
risk factor for systemic disease 1, 9. Published studies show that fungal colonization 
was detected in 64% of VLBW infants and thus represents a risk factor for fungemia 
due to C. parapsilosis 9, 10.

Molecular typing methods have been applied to delineate the genetic identity of 
common strains among infected patients. DNA typing methods allow adequate 
discrimination among Candida strains, significantly helping the epidemiologic 
investigation of nosocomial infections 11. The epidemiology of nosocomial C. 
parapsilosis is incompletely defined and may involve sources such as hands of 
healthcare workers (HCW) and hospital environment 12, 13. 

An outbreak of C. parapsilosis fungemia in a NICU in the Chang Gung Childrens’ 
Hospital in Taiwan has been previously reported 4. To study further this outbreak 4, 9, 
we have compared the isolates for identity and similarity by newly applied methods, 
DNA restriction fragment length polymorphism (RFLP) typing and random amplified 
polymorphic DNA typing (RAPD), and studied isolates colonizing the infants, as 
well as the bloodstream isolates, and those of the HCW hands. 
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MATERIALS AND METHODS

Candida parapsilosis isolates
A total of 31 isolates of C. parapsilosis were obtained from the NICU of Chang 
Gung Children’s Hospital, Taiwan. Details of the outbreak have been published 
previously 4, 9, 10. Of these, 14 isolates from blood, and nine from colonizing body 
sites (mouth, skin, urine, rectum, endotracheal), came from VLBW infants in the 
NICU. The remaining eight isolates were recovered from the hands of the HCW in 
the NICU. All isolates of C. parapsilosis were stored in 40% glycerol at -80°C.

RFLP analysis method
Genomic DNA was extracted as described by Scherer and Stevens 14. In brief, 
genomic DNA was isolated from yeast protoplasts by alcohol precipitation, 
treated with RNAase, reprecipitated and solubilized in TE (10 mM Tris HCl, 1 
mM EDTA, pH 7.5 ) 14. DNA was digested with EcoRI and digested samples were 
electrophoresed overnight through 4 mm-thick 0.8% agarose gel (SeaKem Gold, 
FMC BioProducts, Rockland, ME) using a Tris acetate-EDTA (TAE) running buffer 14.
Bands were visualized by ultraviolet (UV) transillumination at 302 nm after ethidium 
bromide staining, and photographed. Band patterns were analyzed using GelPrint 
AQ software version 4.2.1 (Bio Image, Inc., Jackson, MI). Dendrograms were 
generated from this analysis using the Dice method by the unweighted pair group 
method with arithmetic averages (UPMGA) 15. The similarity of the strains in the 
current study was compared with those analyzed previously 14, 16. From this analysis, 
strains with a level of similarity of >85% were considered to be the same; these were 
electrophoresed side by side on the same agarose gel to confirm their identity. We 
considered the strains unique when there was less than 85% similarity 15, 17.

RAPD analysis method
Screening of the C. parapsilosis isolates by PCR for RAPD analysis was performed 
using the previously described RPO2 primer (5’-GCGATCCCCA-3’; Operon 
Technologies, Huntsville, AL) 18. The conditions for amplification have been described 
previously 18.  Briefly, reactions contained genomic DNA, 1.5 U Taq polymerase 
(Promega, Madison, WI), buffer, MgCl2, 200 μM deoxynucleoside triphosphates, 
and 10 μM RPO2 primer. Amplified DNA fragments were electrophoresed through 
a 1% agarose gel containing ethidium bromide with TAE running buffer. Gels were 
photographed and compared as described above.
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RESULTS

Species identification
Seventeen VLBW patients, from the NICU, were diagnosed with C. parapsilosis 
fungemia. Over a five month period, 14 blood isolates obtained from 17 VLBW 
neonates, 9 colonizing isolates obtained from five neonates and eight isolates 
obtained from the hand of healthcare workers in the NICU, were identified as C. 
parapsilosis by previously described biochemical and morphological tests 4, 9, 10.

RFLP DNA Typing
RFLP typing of yeast genomic DNA was used to determine whether there was a 
relationship between isolates recovered from the neonates and those from the hands 
of the healthcare workers to determine whether there was a common source of 
infection.  

Figure 1 Representative photograph of an UV-transilluminated, ethidium bromide-stained agarose gel. 
DNA types of C. parapsilosis obtained by RFLP after EcoR1 restriction of genomic DNA. Lanes from 
left to right: Lanes 1, 2, and 3 RFLP subtype VI-2, from case 16, colonizing strains. Lane 4, RFLP 
subtype VI-2, from the healthcare worker. Lane 5, RFLP subtype V-6, from case 16, colonizing strain. 
Lane 6, RFLP subtype V-5, case 19, colonizing strain. Lane 7, RFLP subtype VII-1, outbreak (blood) 
strain. Molecular weight markers are in lanes labeled with an M, and their corresponding sizes (in kb) 
are given on left side of the figure.

Comparison of the Taiwanese isolates with the previously described C. parapsilosis 
RFLP DNA type strains was done 14, 16. RFLP of the 14 blood isolates from infants 
showed only a single DNA pattern, DNA subtype VII-1 14 (Fig1). Among the nine 
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colonizing isolates from infants, four separate RFLP subtypes were identified. Only 
four of the nine colonizing isolates were subtype VII-1, whereas three isolates belong 
to subtype VI-2. The remaining two isolates were unique and, by comparison with 
previously typed isolates, classified as novel DNA subtypes V-6 and V-7 in group 
V 14. One patient was colonized at four sites and two different DNA subtypes were 
recovered, subtypes VI-2 and V-7. One patient, colonized at a single body site, had 
an unique DNA subtype, V-6.

Eight isolates recovered from the hands of healthcare workers were available for our 
study. Among these isolates, there were two different DNA subtypes. Seven of eight 
of these isolates from the healthcare workers were the same RFLP subtype, VII-1, 
and the remaining isolate was RFLP subtype VI-2. The genetic relatedness of the 
DNA subtypes of all isolates in our study is summarized in the dendrogram shown 
in Fig. 2. 

Figure 2 Dendrogram showing the genetic relatedness of C. parapsilosis isolates studied after EcoR1 
digestion of genomic DNA. The dendrogram was generated after analysis of brightly stained bands 
from RFLP gels. Matches were made using the Dice method and UPMGA linkages 15. The designations 
of the isolate numbers shown in the dendrogram are as follow: BL are blood isolates from the infants, 
HCW are isolates from the hands of the healthcare workers, and CL are the infant colonizing isolates. 
RFLP subtype is noted in the extreme right column.
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RAPD DNA Typing
DNA from 13 of the isolates was screened by RAPD using the primer RPO2. A high 
genomic homogeneity within the VII-1 RFLP subtype group was found. One RAPD 
pattern, profile A (Fig. 3), was obtained from three isolates from healthcare workers 
and two blood isolates from infants, and from two infant colonizing isolates. By 
RFLP method these isolates were all DNA subtype VII-1. A single profile, B, was 
identified for one infant colonizing isolate; this isolate also had a unique RFLP DNA 
subtype, V-6. Five of the isolates, four infant colonizing isolates and one isolate from 
the hands of a healthcare worker, had an identical RAPD profile, as shown in Fig. 3 
(profile C), but had two different RFLP subtypes (four isolates were DNA subtype 
VI-2 and one isolate was DNA subtype V-7).

Figure 3 Representative gel of C. parapsilosis DNA after random primer PCR amplification for RAPD 
analysis. The 3 RAPD profiles are indicated along the bottom of the photograph as A, B or C. Molecular 
size markers, 100 bp ladder, are shown in the left-hand lane.
Lanes 1 to 11 from left to right: lane 1, 03-254; lane 2, 03-266; lane 3, 03-267; lane 4, 03-277; lane 5, 
03-278; lane 6, 03-270; lane 7, 03-259; lane 8, 03-262; lane 9, 03-263; lane 10, 03-264; lane 11, 03-265. 
M, a 1 kb ladder.

DISCUSSION

C. parapsilosis has become an increasing problem over the past two decades and 
is the second most common yeast associated with bloodstream infection in VLBW. 
Previous studies have shown that C. parapsilosis is frequently a cause of clusters 
and a common-source outbreaks in neonates (Table 1) 4, 10, 19-27. These outbreaks 
underscore the importance of appropriate infection control measures for prevention 
of this infection 4, 13, 27 . 
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Table 1 Candida parapsilosis clusters in nurseries and neonatal intensive care units, review of literature.

Reference number / 
year

Patient population No. of patients Type of 
infection

Period Comments

[20]/1993 Preterm and 
extremely low 

1000 g)

5 Fungemia 15 months Two patients died; outbreak controlled 
by selective decontamination of the 
digestive tract with nystatin

Case fatality rate 83%; cross-infection by 
the hands of health care workers 
implicated;

cessation of the outbreak associated with 
long term parenteral fluconazole  
prophylaxis 

[22]/1996 Low birth weight; 
premature; 
prolonged 
hospitalization

5 Fungemia 7 days Glycerin suppositories from a single 
bottle implicated

[24]/2001 Premature infants 3 Fungemia 3 days Nosocomial transmission

1994-2000: 54  
patients

  (9 fungemia)

Strains can persist in wards for years; 
long term use of fluconazole might lead 
to  emergence of  in resistance. 

Sep 2000-Dec 2001 : 
56  patients

  (10 fungemia)

Cross-infections.

2002: 54  patients
  (6 fungemia)

[25]/2005 Fungemia or 
colonization

12 years

5; 12 months Fungal colonization a  risk factor for 
fungemia.  Cross-infection by the hands 
of health care workers,  
hyperalimentation and antibiotics 
implicated

[23]/2000 Very low birth 
weight neonates

3 Fungemia 7  months Topical ointment implicated

[4,10]/1998,1999 Very low birth 
weight neonates

5; 17  Fungemia

14  months Blood pressure transducers implicated

[21]/1995 Mainly very low 
birth weight 
neonates; mean 
birth weight 817 g

58 Fungemia 55 months

[19]/1986 Mean birth 
weight 1,052 g

8 Fungemia

birth weight
 (< 

p

p

b

b



101

101
101
101
101
101
101
101
101
101
101

Genotyping of C. parapsilosis fungemia in neonates

101

re. Infections with C. parapsilosis may be accounted for by exogenous acquisition 
via the hands of healthcare workers or environmental sources 8, 12, 16. However, the 
possible source and transmission route of infections with C. parapsilosis are not 
always easy to identify, and in some instances the epidemiology of C. parapsilosis 
infections remains obscure 4. Of interest epidemiologically are recent outbreaks of 
systemic candidiasis in VLBW in the NICU. Premature neonates have an increased 
permeability of their skin and mucous membranes to exogenous organisms than 
older children. Because of the developmentally immature immune mechanism of 
the VLBW neonate, there is an increased risk of systemic candidiasis in neonates 
colonized during the first week of life 28.
 
The use of molecular methods is relevant because it opens the possibility of 
distinguishing specific strains within a given ubiquitous organism and may thus be 
important for developing rational preventive measures and therapeutic strategies. 
We studied 31 isolates of C. parapsilosis recovered from VLBW neonates and from 
their HCW. Of the 31 isolates examined by RFLP DNA typing, four different DNA 
subtypes were found; VII-1, VI-2, V-6 and V-7. An association was found between 
the isolates recovered from the HCW and the blood isolates from the infants. Our 
study found seven of eight of the isolates from healthcare workers were the same 
type, VII-1, as those from the infants’ blood. These results suggest that the source 
of the outbreak was cross-infection by the hands of the HCW. This conclusion 
is consistent with prior studies 3, 4, 9, 10, 29 that have implicated HCW hands as the 
source of nosocomial, including neonatal, fungemia. A possible direct route of such 
transmission could be contact with patient catheters, since these ICU infants have 
vascular catheter lifelines, HCW manipulate the lines, and C. parapsilosis may form 
biofilms and survive on plastic 30.
 
However, previous analyses have not compared the infant colonizing isolates with 
both the bloodstream isolates and the isolates from the HCW hands 4. Previous 
studies, apparently using less discriminatory methods, have suggested that the 
colonizing strains from different infants share a common genotype, suggesting 
that they may have a common source 9. In contrast, we found that among the nine 
colonizing isolates, four different DNA subtypes. These results suggest that the 
infants’ colonizing strains did not have a common source and were not the source of 
their fungemia. In addition, because of the pattern of the infant-colonizing isolates, 
there was apparently not contamination of the hands of the HCW from the babies. It 
is possible that the subset of VI-2 isolates could reflect transmission in this instance 
of HCW to babies, or vice versa. 
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Additional epidemiological studies are indicated to gain more information about the 
source of the colonizing strains of C. parapsilosis established in the newborns, and 
the source of the colonizing isolates on HCW hands. Maternal isolates could be the 
source of the infants’ colonizing isolates. The environment could be the source of 
the HCW colonizing isolates. More information about possible catheter colonization 
in the infants would be useful. Comparison of the RFLP genotypes of the strains 
investigated in the present study would indicate that there might be greater diversity 
of C. parapsilosis than was previously observed 14, 16. This is evidenced by the newly 
described genotyped subtypes (V-6 and V-7) of C. parapsilosis. In contrast, RAPD 
analysis was less discriminatory and showed only three profiles, similar to previous 
studies 18, 31. A study by Tavanti, et al. 18 suggested that we should no longer speak of 
subgroups, but rather new species, and proposed the new species as C. orthopsilosis 
and C. metapsilosis, which are phenotypically indistinguishable from C. parapsilosis 
sensu stricto. In another study, comparing multi-locus sequence typing (MLST) and 
RFLP, we found RFLP typing of C. parapsilosis suggested RFLP DNA subtype 
VII-1 was co-extensive with C. parapsilosis sensu stricto, as determined by DNA 
sequence 32. DNA sequence correlations with previous RAPD results showed that 
C. parapsilosis sensu stricto were RAPD group I of previous typing systems 18, 33, 

34, corresponding to RAPD group A 32 in the Results above. RFLP may be more 
discriminatory than RAPD for epidemiological purposes, as RFLP could, in the 
present study, distinguish two isolates into different groups that were identical by 
RAPD.

In conclusion, our results suggest that the occurrence of an outbreak of neonatal 
fungemia caused by C. parapsilosis is related to cross-infection via hands of HCW. 
The results also support the proposal that another source of transmission among the 
colonizing strains was present. An additional discovery of this study was the detection 
of two previously unrecognized RFLP DNA subtypes of C. parapsilosis. Further 
epidemiological studies are needed to establish the source of neonatal colonizing 
strains and healthcare workers strains. A prospective study would be useful, culturing 
mothers perinatally seeking C. parapsilosis, serially culturing for C. parapsilosis 
among colonizing isolates from neonates, serially culturing healthcare workers and 
specifically linking individual caregivers to specific infants (if possible) and saving 
neonatal candidemia isolates that may appear, then typing all the C. parapsilosis 
isolates obtained and correlating the typing results with temporal appearance of C. 
parapsilosis from these sources. This should help improve our understanding of the 
epidemiology of candidiasis and facilitate the development of direct and rational 
preventive measures in this high-risk group.
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ABSTRACT

Epidemiologic studies of C. parapsilosis have been performed by molecular methods. 
To compare two prominent methods, 29 isolates, typed by multilocus sequence typing 
(MLST), were typed by restriction fragment length polymorphism (RFLP). Of the 
19 proposed C. parapsilosis sensu stricto isolates (group I by internally transcribed 
spacer (ITS1) sequence), the most commonly encountered species, 17 were RFLP 
type VII-1. The species C. orthopsilosis (8 isolates) and C. metapsilosis (2 isolates) 
consisted of 5 and 1 other RFLP types, respectively; none were VII-1. None of the 
non-VII-1 types were in more than 1 ITS group. VII-1 is the most common RFLP 
type (176/203 in continuing studies), and C. parapsilosis sensu stricto is similarly 
dominant in other studies, and cannot be subtyped by RFLP or MLST. RFLP subtype 
VII-1 and C. parapsilosis sensu stricto appear to be nearly identical; C. orthopsilosis, 
which can be subtyped by MLST, can also be subtyped by RFLP. C. metapsilosis 
appears rarely. 
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INTRODUCTION

Although Candida albicans remains the most common causative species of invasive 
candidiasis, increased rates of isolation of C. parapsilosis have been noted in several 
studies 1, 2. This fungus is emerging as both a colonizer and a pathogen, causing 
nosocomial fungal bloodstream infections, particularly in cancer patients, neonatal 
unit patients and intensive care unit patients 3-5. Thus a useful method for subtyping 
isolates for epidemiological purposes is desirable.

Although several methods have previously been used to type and distinguish isolates 
of C. parapsilosis at the molecular level in order to determine routes of transmission, 
strain persistence or sources during outbreaks or relapses, there is no “gold standard” 
for typing C. parapsilosis. C. parapsilosis is grouped by biochemical testing as a single 
species, whereas three distinct genotypes have been distinguished among clinical 
isolates 6-9. Restriction fragment length polymorphism (RFLP) of C. parapsilosis 
genomic DNA is one of these methods, which is useful for epidemiological purposes 
and has proved to be simple and reproducible. 

In initial studies, Scherer & Stevens 6 used an RFLP typing method and divided 
clinical isolates of C. parapsilosis into three major DNA groups (Roman numeral) 
with five subtypes (Arabic number). In subsequent studies, new subtypes have been 
described, with RFLP subtype VII-1 the most common type 6, 10, 11. Lehmann et al. 9, 
on the basis of randomly amplified polymorphic DNA (RAPD) profiles, observed 
minimal heterogeneity, with only three distinct groups identified among isolates 
of C. parapsilosis. Similarly, Lin et al. 8 reported that the three different groups 
were characterized by differences in isoenzyme profile and internal transcribed 
spacer (ITS) sequence, and were concordant with RAPD groups, I, II, and III. More 
recently, Tavanti et al. 7 used RAPD, and ITS1 sequencing, dividing C. parapsilosis 
into the same three groups as those described by Lin et al. 8. Their success in use of 
multilocus sequence typing (MLST) to differentiate isolates was limited, with only 
group II isolates showing sufficient heterogeneity to be subtyped 7. Similar to ITS 
sequencing and RAPD, the genes COX3, SADH and SYA1 also separated the isolates 
into the three major groups 7. Based on the ITS1 sequence differences Tavanti, et al. 7

suggested that C. parapsilosis groups II and III should be given species status as C. 
orthopsilosis and C. metapsilosis, respectively. The species name C. parapsilosis 
would be retained and correspond to group I isolates. 
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The purpose of the present study was to evaluate the correlation between RFLP and 
MLST typing methods for C. parapsilosis for analysis of its genetic polymorphism. 
It is important to see how these 2 methodologically disparate systems view the 
universe of C. parapsilosis isolates and particularly re the new proposal to split C. 
parapsilosis into 3 species. We wished to address the correlation of the three major 
RFLP groups V, VI and VII and ITS sequence genotypes, I, II and III, which has not 
previously been done. As the RAPD method was previously studied for grouping 
in relation to MLST 7, we also performed independent RAPD analysis to compare 
interlaboratory reproducibility of the results using known isolates of C. parapsilosis, 
C. orthopsilosis and C. metapsilosis.

MATERIALS AND METHODS

Candida parapsilosis isolates
A total of 29 strains of C. parapsilosis, largely originating in our collection and 
supplied to others 7, were examined for this study (Table 1). They include the 
representative strains of the three groups reported by Tavanti et al. 7 7, using previously 
described methods. All isolates were identified initially on the basis of biochemical 
and morphologic tests as C. parapsilosis. These isolates came from Europe (18 
isolates) and North America (11 isolates). Four American Type Culture Collection 
(ATCC) strains were used in this study. Isolates were kept at – 80C in 40% glycerol 
for long term storage. Isolates were grown in yeast extract peptone dextrose (YPD) 
broth at 35ºC on a gyratory shaker prior to DNA extraction. 
  
Restriction digest and gel electrophoresis
Genomic DNA was extracted as previously described 6, 11, 12. Genomic DNA samples 
were digested using 40 U of EcoRI (Roche Diagnostics, Mannheim, Germany) and 
electrophoresed overnight. Resultant bands were stained with ethidium bromide for 
visualization. Photographs were taken and gels analyzed using GelPrint AQ software 
version 4.2.1 (Bio Image, Inc., Jackson, MI, USA). In the reference RFLP system 6, 

11, groups are defined by the brightly stained bands and subgroups are differentiated 
by comparisons using the entire RFLP pattern. Isolates were considered the same or 
related if all the detectable bands from each lane matched. Isolates were considered 
different if any readily detectable band did not match 6, 11. Computer analysis of 
matching bands, and the generation of dendrograms, to establish strain relatedness, 
results in the assignment of the isolates to different subtypes 7. Dendrograms were 
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generated from this analysis using the Dice method by the unweighted pair group 
method with arithmetic averages 13.

RAPD analysis
The primer RPO2 (5’-GCGATCCCCA-3’) (Operon Biotechnologies, Inc., Huntsville, 
AL, USA) was used for RAPD screening of the C. parapsilosis isolates as previously 
described 7. Gels were stained and photographed as described above.

RESULTS

In the present study, genetic diversity was found among the 29 isolates of C. 
parapsilosis examined (Table 1). Comparison of the EcoRI-generated RFLP patterns 
of the 29 C. parapsilosis isolates with those from archival isolates of C. parapsilosis 
from earlier studies allowed their placement within the previously described 
DNA typing scheme 6, 11. The isolates were assigned to 9 different DNA subtypes 
by RFLP and representative patterns generated by RFLP are shown in Fig. 1.

Figure 1 Representative photograph of an ultraviolet-transilluminated ethidium bromide-stained 0.8% 
agarose gel. Restriction fragment length polymorphism patterns generated by EcoRI digestion of C. 
parapsilosis DNA are shown. Lanes 1 to 15 from left to right: Lane 1 03-228, subtype VII-1; lane 2 
03-214, subtype VII-1, lane 3 03-213, subtype VII-1; lane 4 02-203, subtype VII-4; lane 5 90-137, 
subtype V-3; lane 6 90-125, subtype VII-2; lane 7 02-212, subtype VI-4, lane 8 92-181, subtype VII-3; 
lane 9 02-201, subtype VI-3; lane 10 82-33, subtype V-2; lane 11 05-64 , subtype VII-3; lane 12 05-157, 
subtype VII-3; lane 13 05-155, subtype VII-3; lane 14 05-156, subtype VI-5; lane 15 05-158, subtype 
VI-5. Molecular weight markers are in lane M, and their corresponding sizes (in kb) are given on left 
side of figure. 
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A group of 17 isolates was RFLP DNA subtype VII-1 (the most common type). 
The remaining 12 isolates were further differentiated into 8 RFLP DNA subtypes 
(Table 1). The comparison demonstrated that isolates 92-181, 05-64, ATCC96139 
and ATCC96141 were identical, with a unique DNA subtype, VII-3, when compared 
with strains previously typed by RFLP 6, 7, 10-12, 14. Similarly, isolates ATCC96143 
and ATCC96144 were identical, but of a different unique DNA subtype VI-5. The 
remaining six isolates were placed into six different DNA subtypes (Table 1). A 
dendrogram showing strain relatedness is given in Fig. 2. 

C. metapsilosis     05-156   VI-5
C. metapsilosis     05-158   VI-5

C. orthopsilosis 02-201  VI-3
C. orthopsilosis    02-212  VI-4

C. parapsislosis   90-137   V-3
C. parapsilosis     02-203  VII-4

C. orthopsilosis 05-64    VII-3
C. orthopsilosis     92-181  VII-3

C. orthospilosis     05-155  VII-3
C. orthopsilosis    05-157  VII-3

C. parapsilosis     03-207  VII-1

C. parapsilosis     03-359  VII-1

C. parapsilosis     03-206  VII-1

C. parapsilosis     03-221  VII-1

C. parapsilosis     04-62    VII-1

C. parapsilosis     03-208  VII-1

C. parapsilosis     03-213  VII-1
C. parapsilosis     03-214  VII-1

C. parapsilosis     03-212  VII-1

C. parapsilosis     03-216  VII-1
C. parapsilosis     03-217  VII-1
C. parapsilosis     03-218  VII-1
C. parapsilosis     03-220  VII-1

C. parapsilosis     03-228  VII-1
C. parapsilosis     03-238  VII-1

C. parapsilosis     03-209  VII-1

C. parapsilosis     04-135  VII-1

C. orthopsilosis    82-33    V-2

C. orthopsilosis     90-125  VII-2

Figure 2 Dendrogram depicting the relatedness of the 29 isolates examined in this study. 
The dendrogram was generated after RFLP. Matches were made using the Dice method and UPMGA 
linkages 13. The designations of the isolate numbers shown in the dendrogram are as follows: Species 
designation is derived by ITS 7, middle number is the isolate laboratory number, and right column 
shows the RFLP DNA subtype. 

Correlation of RFLP with ITS1 sequence or RAPD group 
Correlation of RFLP DNA subtype with previously reported ITS or RAPD group 
showed that 17 RFLP DNA subtype VII-1 isolates were group I by the two prior 
methods. However, isolates corresponding to 2 non-VII-1 subtypes, subtype VII-
4 and V-3, had been placed into group I previously 7. Group II (C. orthopsilosis) 
can be further differentiated into 4 subtypes by the RAPD technique 7. Of the 8 
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C. orthopsilosis isolates 7 typed by RFLP, 5 different RFLP subtypes were found; 
indicating RFLP also discriminates among isolates in this group. This group appears 
to be more genetically heterogeneous by both techniques. Group III, C. metapsilosis, 
is a relatively rare type in clinical specimens. Both C. metapsilosis isolates used in 
this study were RFLP subtype VI-5 and were group C by RAPD and ITS group III 
per Tavanti et al. 7.

RAPD results 
Twenty of the isolates used in the current study had been previously examined by 
RAPD by Tavanti, et al. 7, who differentiated the isolates by RAPD into groups, A, 
B1 to B4 and C. They placed 11 of the 20 isolates in group A, 7 in group B and 2 in 
group C. Our results showed a difference in the grouping for two isolates, 03-203 
and 90-137 (Fig. 3). Tavanti et al. 7 reported these as RAPD group A, whereas we 
found them to fall into group B. For the remaining 11 isolates, our RAPD groupings 
were concordant as group A, B or C. 

Figure 3 Representative photograph of an ultraviolet-transilluminated, ethidium bromide-stained 
agarose gel. RAPD patterns produced for C. parapsilosis strains with the primer RPO2. RAPD groups 
A (lanes 1 and 2), B (lanes 3 to 11) and C (lanes 12 and 13) are illustrated by brackets below the lanes. 
Lanes 1 to 13 from left to right: Lane 1, 03-359; lane 2, 04-135; lane 3, 90-137; lane 4, 02-203; lane 5, 
92-181; lane 6, 05 -64; lane 7, 02-201; lane 8, 90-125; lane 9, 02-212; lane 10, 82-33; lane 11, 05-155; 
lane 12, 05-156; lane 13, 05-158. Markers, M, represent a 1 kb ladder.
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Table 1 Intra- and inter-laboratory comparison of RFLP, ITS1 group and RAPD types of C. parapsilosis 
group isolates

UK# 1 ITS1 group2 CIMR# EcoRI RFLP subtype 
(CIMR)

RAPD type 
(CIMR)

RAPD type 7

81-029 I 03-206 VII-1   

81-047 I 03-207 VII-1   

81-030 I 03-208 VII-1   

81-034 I 03-209 VII-1   

81-043 I 03-212 VII-1   

73-107 I 03-213 VII-1  A

81-042 I 03-214 VII-1  A

81-040 I 03-216 VII-1  A

103 I 03-217 VII-1  A

73-037 I 03-218 VII-1  A

81-253 I 03-220 VII-1  A

81-041 I 03-221 VII-1  A

74-046 I 03-228 VII-1  A

73-114 I 03-238 VII-1  A

 I 04-62 VII-1 A  

 I 03-359 VII-1 A  

 I 04-135 VII-1 A  

02-203 I 02-203 VII-4 B A

90-137 I 90-137 V-3 B A

90-125 II 90-125 VII-2 B B2

02-212 II 02-212 VI-4 B B3

92-181 II 92-181 VII-3 B B1

02-201 II 02-201 VI-3 B B2

 II 05-64 VII-3 B  

82-33 II 82-33 V-2 B B3

ATCC 
96139 II 05-157 VII-3 B B1

ATCC 
96141 II 05-155 VII-3 B B4

ATCC 
96143 III 05-156 VI-5 C C

ATCC 
96144 III 05-158 VI-5 C C

1 UK#, isolate number in 7 and utilized in the laboratory of those authors; EcoRI, endonuclease used to 
generate RFLP types; RFLP , restriction fragment length polymorphism; RAPD , randomly amplifi ed 
polymorphic DNA; CIMR , California Institute for Medical Research; ITS , internally transcribed 
spacer; ATCC , American Type Culture Collection.
2 ITS1 groups I, II and III have been suggested to be C. parapsilosis sensu stricto, C. orthopsilosis and 
C. metapsilosis 7.
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DISCUSSION

In the present study we used RFLP and RAPD methods for the differentiation of 29 
C. parapsilosis isolates for the purpose of determining whether the three major DNA 
groups distinguished by RFLP correlated with the three major groups observed by 
RAPD or ITS1 sequencing reported by others 7-9. By RAPD, three major groups have 
been described, labeled as A, B and C, 7 and correlate with both ITS1 sequence or 
RAPD groups I, II and III 8, 9. Based on the genetic diversity of each group, two new 
species have been proposed; group I by ITS1 sequencing and RAPD is proposed to be 
considered as C. parapsilosis sensu stricto, group II is proposed as C. orthopsilosis 
and group III proposed as C. metapsilosis 7.

Of interest in the present study, where RFLP DNA subtypes were comprised of more 
than 1 isolate each in this study (DNA subtypes VII-1, VII-3, and VI-5; a total of 
23 isolates), all the isolates of each of these subtypes were placed into only one 
ITS group each, or stated another way, no isolates from 1 RFLP subtype straddled 
>1 ITS group. This suggests that the two typing methods are not unrelated, and the 
groupings not random with respect to each other. It suggests that if more isolates 
were analyzed by both methods, we would find that ITS groups were comprised 
of one or more RFLP groups and that RFLP groups were comprised of only one 
ITS group. However, isolates other than RFLP subtype VII-1 are less commonly 
recovered from patients, which would make such study more difficult. Although the 
three major RFLP DNA groups, V, VI and VII, were not concordant with ITS groups 
I, II and III, RFLP DNA subtype VII-1 was primarily concordant with ITS group 
I, as C. parapsilosis sensu stricto. Furthermore, no VII-1 isolates were placed into 
ITS groups II or III as C. orthopsilosis or C. metapsilosis, respectively. The most 
common genotype encountered: VII-1, C. parapsilosis sensu stricto, and group I, 
by RFLP, ITS sequence, RAPD or MLST, respectively, is dominant among clinical 
isolates and this conclusion is consistent with published and unpublished experience 
with a larger number of isolates typed by only one of the methods. RFLP apparently 
can discriminate a few isolates (e.g., the two isolates in the present study) that are 
grouped among C. parapsilosis sensu stricto. It was of interest that 2 non-VII-1 
isolates had been previously placed into group I, as C. parapsilosis sensu stricto 7.
If, hypothetically, VII-1 isolates exclusively constitute group I, C. parapsilosis sensu 
stricto, then these 2 non-VII-1 isolates, previously found consistent with being C. 
parapsilosis sensu stricto 7, should be ITS group II C. orthopsilosis. In agreement 
with this hypothesis, based on our RAPD analysis these isolates were consistent 
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with being C. orthopsilosis. However, the RAPD band profiles produced do not 
appear identical between the two studies. Because the reproducibility of RAPD 
analysis is dependent upon the careful standardization of the PCR conditions, many 
factors, such as small variations in temperature, in magnesium concentration or 
the genomic DNA/primer ratio during the PCR can significantly affect the RAPD 
results and can produce variability even within the same laboratory 12. These results 
suggest that RAPD analysis is likely useful as a screening tool only for determining 
groupings of these organisms if known type strains of the three species are included; 
determination of species should rely on the ITS sequencing as suggested by Tavanti 
et al. 7. Alternatively, we could suggest that these 2 isolates are intermediate types, 
by our RAPD and RFLP we might have expected them to be C. orthopsilosis, yet 
the ITS method and other RAPD method found these isolates to be consistent with 
group I and C. parapsilosis 7.

Overall, we can conclude that RFLP subtype VII-1, ITS group I and C. parapsilosis 
sensu stricto, has little genetic heterogeneity and cannot be further differentiated to 
any great degree by these methods, which is similar to the conclusions drawn from 
the published studies using MLST 7. In C. parapsilosis, with low level of nucleotide 
sequence variation, analysis of polymorphic microsatellite markers was recently 
able to further differentiate group I C. parapsilosis isolates with a high degree of 
discriminatory power 15. It would be of interest to apply that method to the isolates 
used in the current study, as a well-characterized group of isolates that includes a 
number of group I C. parapsilosis isolates that can’t be resolved with any of the 
methods used in this study. 

In contrast to the homogeneity of the C. parapsilosis sensu stricto isolates, C. 
orthopsilosis can be subtyped to some extent by RAPD or MLST 7 and also consists 
of several RFLP subtypes. Thus, C. orthopsilosis appears heterogeneous by these 
techniques, sufficient to enable the techniques to differentiate isolates. Little can 
be concluded about the status of C. metapsilosis as they are relatively unusually 
encountered in clinical specimens; too few isolates were available. The comparison 
of the two typing methodologies here will contribute to a well-rounded interpretation 
of past and future C. parapsilosis epidemiologic studies using one of the methods. 
A similar methodologic comparative study, utilizing MLST and RFLP methods, has 
been very recently reported 16 for C. albicans, and the similarity of the two assay 
results emphasized for that species. 
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ABSTRACT

Candida parapsilosis, an ubiquous colonizer of humans, has evolved in the last two 
decades from an avirulent commensal to the second or third most frequently isolated 
Candida species. Little is known about the evolution and virulence of C. parapsilosis 
and its sibling species C. orthopsilosis and C. metapsilosis and genomic studies are 
hampered by the absence of a completely annotated genome sequence. We used 
a mixed genome microarray and analyzed genomic DNA of 28 C. parapsilosis, 
17 C. orthopsislosis and 15 C. metapsislosis isolates from different backgrounds, 
infections and patients. All gene fragments of all strains were defined as being 
present or divergent. The results of the microarray analysis correlated with other 
genetic typing methods and indicated that comparative genomic hybridization based 
on a mixed genome array is a powerful method for studying species determination 
of C. parapsilosis, C. orthopsilosis and C. metapsilosis. Based on the observed 
genomic differences it is concluded that C. parapsilosis is highly clonal and that 
its sibling species C. orthopsilosis and C. metapsilosis are less clonal. The genomic 
overlap between the three species is surprisingly low taken into consideration that 
these species cannot be discriminated phenotypically. The genomic differences 
can be used to discriminate unambiguously between the three species and also to 
discriminate between strains within the species . 
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INTRODUCTION

Candida species are the fourth leading cause of nosocomial bloodstream infections 1-3.
Among the Candida species causing nosocomial bloodstream infections, the 
opportunistic yeast pathogen Candida parapsilosis, notorious for forming biofilms 
on catheters and other implanted devices and for nosocomial spread by hand 
carriage, is frequently isolated 2, 4, 5. In some epidemiological studies this fungus 
represented the most prevalent cause of candidaemia 6. It preferentially occurs in 
neonates, transplant recipients, patients who received prior antifungal therapy and 
during parenteral nutrition 6-9. Because of the increased clinical significance of the 
C. parapsilosis complex, accurate species identification is highly desirable to permit 
a more precise determination of host-pathogen relationship, antibiotic resistance 
and particularly of differentiation between nosocomial isolates and commensal or 
transitional isolates. 

C. parapsilosis has long been considered a homogeneous group based on phenotypic 
characterization. Molecular fingerprinting indicated that this group in fact exists of 
three subgroups (group I, II and III) 10-14. Analysis of levels of heterozygosity and 
of mitochondrial genome 15 architecture supported the hypothesis that the three 
different subspecies (representing group I to III) of C. parapsilosis represent distinct 
species. Various studies supported this idea of possible separation of C. parapsilosis 
isolates 16, 17. Recently group II and III isolates therefore have been renamed as the 
new species C. orthopsilosis and C. metapsilosis14. 

Thus far, these sibling species are phenotypically indistinguishable from C. 
parapsilosis sensu stricto. DNA sequence analysis, such as multilocus sequence 
typing, internally transcribed spacer and DNA relatedness, and restriction fragment 
length polymorphism, showed conformity of C. parapsilosis sensu stricto with 
previous group I, C. orthopsilosis with group II and C. metapsilosis with group III 
11, 12, 14. The global distribution of C. parapsilosis and its much higher frequency 
of isolation from clinical material compared to its sibling species, C. orthopsilosis 
and C. metapsilosis indicate a rapid geographic spread of C. parapsilosis. This is 
probably due to its easier transmission from person to person, better adaptation to 
commensality in the human environment, or different susceptibility to antimicrobial 
agents 18. 
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Categorization of yeasts on the basis of their genotypic characteristics is an alternative 
for classification based on phenotypic markers. Genotypic information surpasses 
the resolution achievable with phenotypic markers, giving deeper insights into 
evolutionary relationships between species that are indistinguishable on the basis 
of phenotypic traits. Microarray-based comparative genomic hybridization (CGH) 
has provided novel insights into the diversity and adaptability of several bacterial 
populations 19-24. CGH has major advances over more conventional genotyping 
methods since this simple and robust method can provide insights into the nature 
and size of core genome and divergent (or accessory) genes 19. The method does not 
require prior genome sequence information, allows genomic screening of a large strain 
collection and enables the identification of both conserved and divergent genes 19. 
The low degree of sequence variation observed for C. parapsilosis by microsatellite 
analysis suggests that this species is highly clonal. Low level of nucleotide variation 
may pose problems for current genetic analysis techniques focussing only on selected 
conserved genes (MLST) 2, 14, 25. Therefore we performed CGH to analyze the genome 
composition of these pathogenic organisms. This approach was instrumental in 
analyzing the clonal character of these species and in identifying novel molecular 
markers useful for improved diagnostic methods for these fungi. 

MATERIALS AND METHODS

Candida strains and nucleic acid extraction
Nineteen clinical and environmental strains of C. parapsilosis, 13 of C. orthopsilosis 
and 9 of C. metapsilosis, including bloodstream isolates, clinical isolates from other 
body sites, originating from different geographical locations, were obtained from 
the California Institute for Medical Research (CIMR), San Jose, California, United 
States (Table 1). The isolates from other sites were obtained from cultures of urine, 
respiratory specimens, body fluids, deep and superficial wounds, pus, nails, vagina, 
and other sites. Seven clinical isolates of C. parapsilosis, 2 of C. orthopsilosis and 
4 of C. metapsilosis, from a prospective population-based surveillance study for 
candidemia 26 were obtained from Hospital Universitari Vall d’Hebrón, Universitat 
Autonoma de Barcelona, Spain (Table 1, number 55 to 66). Seven references strains 
were obtained from the American Type Culture collection (ATCC), two strains 
from the Centraalbureau voor Schimmelcultures (CBS) and five strains from the 
University Medical Centre Utrecht (C. albicans A-212, A-241 and Z-26, C. glabrata 
Z1375 and C. tropicalis W1435) (Table 1, column 2). Isolates were stored at -80°C in 
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40% glycerol. Before tests were performed, yeast strains were cultured overnight at 
35°C on Sabouraud Dextrose Agar (SDA). Genomic DNA for array production and 
Cy-dye labelling (see below) was prepared from cell suspensions by beat-beating 
and chloroform phenol extraction 19. 

Microarray construction. 
Three independent shotgun genomic libraries were made: one C. parapsilosis mixed 
genome library of an equimolar mix of eight C. parapsilosis strains, one library 
of one C. metapsilosis strain and one library of one C. orthopsilosis strain (strains 
1-10 in Table 1) as described by others 19, 24, 27. For each library, 10 μg of genomic 
DNA (mixture) was ultrasonically sheared (Branson 250/450 sonifier with a 6-mm 
microtip; output intensity 1, Geneva, Switzerland).

Fragments of approximately 500 bp to 2 kb were separated on a gel, extracted 
(QIAGEN) and end-repaired (DNA Terminator End Repair Kit, Lucigen Corporation, 
Middelton, WI, United States). DNA fragments were cloned into pSMART-LC-
Kan vectors (Clone-SMART; Lucigen). Ligation products were transformed into 
electrocompetent Escherichia coli cells (E.cloni 10G supreme cells; Lucigen) and 
plated on kanamycin (30 μg/ml)-containing tryptone yeast plates. A total of 7296 for 
C. parapsilosis, 1152 for C. orthopsilosis and 1152 for C. metapsilosis recombinant 
clones were arrayed in 96-wells plates. Cloned DNA-fragments were amplified by 
PCR (50 μl) using SMART primers (Lucigen) with 5’-C6 aminolinkers to facilitate 
cross-linking to the aldehyde coated glass slides. PCR products were purified, and 
the correctness of the size was evaluated on agarose gels for random DNA inserts. 
PCR products were dissolved in MilliQ and transferred to 384-well flat bottom plates 
(Nunc), dried and dissolved in 15 μl 3x SSC, pH 7.2 (1x SSC is 0.15 M NaCl plus 
0.015 M sodium citrate). All PCR-products were printed (as spots) on CSS silylated 
slides (European Biotech, Network, Dolembreux, Belgium) by an ESI three-axis 
DB-3 robot (ChipWriter Pro, Biorad, Hercules, CA, United States) at a controlled 
humidity at 55%. Slides were printed in batches of 75 slides. Slides were blocked 
(inactivation of free aldehyde groups) during prehybridisation.

Labeling, hybridization and data acquisition. 
Labelling, hybridization and data acquisition were performed as previous described 
by Leavis et al. 19. Shortly, 0.1 μg DNA was labelled with fluorescent dyes by 
random priming with the Bioprime labeling system (Invitrogen). Reference DNA 
(0.1 μg from an equimolar genomicDNA mixture of the 8 C. parapsilosis, the C. 
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orthopsilosis and the C. metapsilosis strains used for the microarray construction) 
was labelled with Cy3-dUTP. Tester strains were labelled with Cy5 dUTP (final 
Cy concentrations were 0.06 mM; Amersham). For all hybridizations Cy5 and Cy3 
probes were purified by gelfiltration (Autoseq, GE Healthcare), combined with 100 
μg yeast tRNA, dried with Speedvac (30 min, at high temperature), resuspended in 
40 μl Easyhub buffer (Roche, Almere, The Netherlands), and denatured for 2 min at 
100°C. Printed slides were blocked by 3 quick washes at room temperature in 0.45 μm 
filtered pre-hybridization buffer (1% BSA, 5xSSC, and 0.1% sodiumdodecylsulfate 
(SDS)) and prehybridised at 42°C during 45 min in the same buffer while rotating. 
Next the slides were washed 3 times with purified water (MilliQ from Millipre, 
Billerica, MA United States), denatured by dipping for 5 sec in boiling MilliQ 
water, dried with N2-flow, and pre-warmed at 42°C. The Cy5/Cy3-hybridization 
mix was then pipetted on the printed side of the slide, covered with a hybrislib, 
placed in hybridization chambers (Corning Life Sciences B.V., Schiphol-Rijk, The 
Netherlands), and incubated overnight at 42°C in a water bath. Slides were then 
thoroughly washed sequentially in (a) 1x SSC, 0.2%SDS for 10 sec at 37°C, (b) 
0.5xSSC for 10 sec at 37°C and (c) twice in 0.2xSSC, 0.2% SDS for 10 min at room 
temperature. Slides were dried with N2-flow and scanned using a Scanarray Express 
680013 Microarray Analysis System (Perkin Elmers Life Analytical Sciences inc., 
Wellesley, MA, USA). Fluorescence Images for either Cy5 or Cy3 were obtained 
and quantified (median signal and median background per spot) with ImaGene 4.2 
software (Biodiscovery, Marina del Rey, CA, USA)

Data preprocessing 
For each spot median background (b) was subtracted from median signal (s) and 
floored to 0.5 (if s / b < 1 then S = 0.5 otherwise S = s – b + 0.5). This was done for 
both Cy5 (S5) and Cy3 (S3). For total signal normalisation of the (reference) Cy3 
images, average S per slide (avgS3) was calculated for only the Cy3 measurements 
with significant, not saturated signal (s / b > 10 AND s < 63000). A virtual common 
Cy3 reference slide was calculated from the first 11 Cy3 slides by 1st: normalising (n) 
all spots (nS3) of each of the 11 Cy3 slides to the average of the 11 avgS3’s (nS3 = S3 * 
avg(11 avgS3) / avgS3), and 2nd: calculating average Cy3 values per spot (nnS3) from 
the 11 normalised Cy3 slides (nnS3 = avg(11 nS3)). In a similar way also for Cy5 the 
average of 11 avgS5’s was calculated (avg(11 avgS5)), for further use below. The 
virtual common Cy3 reference slide (containing nnS3 values for each spot) was used 
to correct Cy5 spot differences (d) between the slides (for all spots on each slide: dS5 
= S5 / S3 * nnS3). For total Cy5 signal normalisation of the dS5 values, average dS5 
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per slide and per sublibrary were calculated (avg_dS5,para, avg_dS5,ortho, avg_dS5,meta 
and the average of these 3 averages: avg_dS5,all) using only the Cy5 measurements 
with significant, not saturated signal (s / b > 10 AND s < 63000). Total Cy5 signal 
normalisation (nsS5) was performed for all the spots in a slide using the avg_dS5 of 
the sublibrary that yielded the highest % of spots (>60%) with significant signal in 
the specific slide hybridisation. If all libraries yielded low % of significant spots 
(<20%) after hybridisation, avg_dS5,all was used (ndS5 = dS5 / avg_dS5,(para, ortho, meta or all) 
* avg(11 avgS5)). After calculating ndS5 for all spots on each slide, data were filtered 
for quality of the Cy3 reference signal (if s / b ≤ 2 for Cy3 then ndS5 = no-value).
Finally the ndS5 data of all slides (columns) were gathered in a datamatrix and scaled 
per spot (rows), using either the average_ndS5 per row (using only ndS5 > 1000), 
or the max ndS5 per row (if no ndS5 ≤ 1000). Scaling yields ratio’s (R = ndS5 / 
(average_ndS5 or max_ndS5 per row) indicating presence (R=1) or absence (R=0) of 
spot hybridisation.

Data analysis
Complete linkage hierarchal clustering (HCL) with Pearson correlation was 
performed and visualized with TIGR MeV version 3.1 software (http://www.tm4.
org/mew.html) 28. Percentage homologous spots per library were calculated by 
binarizing the R values (per spot and hybridised strain), to 0 (absent) and 1 (present) 
using a cutoff at R=0.5. Genes that showed a common genetic profile between 
C. parapsilosis, C. orthopsilosis and C. metapsilosis clusters, and genes showing 
genetic dissimilarities between and within these species clusters were subjected to 
sequencing and listed in Table 4. Sequencing was done by GATC Biotech (Konstanz, 
Germany) (http://www.gatc-biotech.com). To determine the possible function of a 
given sequence, BLASTN- and BLASTX-searches for Candida (strain SC5314) and 
Bakers-yeast (strain YJM789) in the GenBank Database (http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi) and the CandidaDB database (http://www.pausteur.fr/Galar_
Fungail/CandidaDB/) were performed. 

RESULTS

Construction of the mixed genome microarray
To analyze the genomic composition of C. parapsilosis and its sibling species C. 
orthopsilosis and C. metapsilosis in more detail a mixed genome microarray was 
developed for the three species. Three genomic libraries were constructed (one for 
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each species) containing 1.5 kb random DNA fragments. Genomic DNA from 10 C. 
parapsilosis strains, 1 C. orthopsilosis strain and 1 C. metapsilosis strain was used 
for library construction. The relative overrepresentation of C. parapsilosis was based 
on its more frequent occurrence as a human pathogen and on its high clonality as 
observed in earlier work 2, 18. In total 7296 clones were obtained from C. parapsilosis 
and 1152 clones each from C. orthopsilosis and C. metapsilosis. Although the 
number of clones and their insert lengths (on average 1250 bp) only guarantees a 
5% coverage of the 26Mb diploid Candida genome (or 10% haploid genome; 9.1 
Mb for C. parapsilosis, 1.1 Mb C. orthopsilosis and 1.1 Mb for C. metapsilosis), this 
coverage should be sufficient to analyze overall genome composition, analyze the 
clonal character of the three species and identify discriminating markers for strain 
identification purposes. Clone inserts were amplified and spotted on microarrays. 

Validation of mixed genome microarrays
Microarrays were hybridized with labelled genomic DNA of the strains used for its 
construction. Nearly all spots (97%) showed significant hybridization with the pool 
of strains used to construct the array indicating its usefulness for further analysis. 
The reproducibility of hybridization experiments was shown by analyzing the results 
of replicate experiments. These replicate experiments showed very similar outcome 
(partly shown in Figure 1 and 2) indicating the reproducibility of the comparative 
genome hybridization technology and its reliability for comparative genomic 
studies.

Comparing the genomes of C. parapsilosis, C. orthopsilosis and C. metapsilosis 
To explore the genome diversity among these sibling species we collected several 
strains of C. parapsilosis, C. orthopsilosis and C. metapsilosis (Table 1). Isolates 
were specifically chosen from diverse geographic locations, from different isolation 
body sites and different gender and age in order to have the highest chance of 
optimal genomic variation between the strains. In total 30 C. parapsilosis strains, 
17 C. orthopsilosis strains and 15 C. metapsilosis strains (based on presumptive 
identities determined by conventional typing methods) were analyzed. Furthermore, 
6 C. albicans strains and 1 C. glabrata strain and 1 C. tropicalis strain were used 
as an outlier group. Hierarchical clustering of the hybridization data obtained on all 
isolates shows a clear division of the data sets in 4 clades (Figure 1) representing C. 
parapsilosis, C. metapsilosis, C. orthopsilosis and other Candida species respectively. 
From this analysis it can immediately be concluded that the three -psilosis species, 
despite their identical phenotypic characteristics are completely different from a 
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genomic point of view with showing only 5 % of the genomic fragments in common 
between the three species. The largest part of these common fragments are also 
present in the outlier Candida species and probably represent ribosomal RNA 
genes. Another observation is the low degree of variability within the three species, 
especially within C. parapsilosis, which is represented with most spots and most 
strains in this analysis. C. orthopsilosis and C. metapsilosis show a somewhat higher 
level of genomic diversity compared to C. parapsilosis. The variability within each 
species is also calculated and results are presented in Table 2. This calculation is 
based on the fraction of divergent and constant spots for each genomic library. The 
lowest diversity was observed for C. parapsilosis with 84% of the fragments present 
in all strains. C. metapsilosis showed the highest diversity with 64% of the markers 
present in all strains and C. orthopsilosis takes an intermediate position with 69%. 

Seven clinical isolates identified as C. orthopsilosis (CIMR 02-203, 05-18 (replicate), 
05-163, 82-33 and from Barcelona 020.F02.04 c2), C. metapsilosis (CIMR 03-
262) and C. parapsilosis (CIMR 03-215) were possibly misidentified since the 
array classifies them in the fourth cluster with the outlier species, indicating that 
their genomic composition clearly differs from the other strains representing these 
species. 

Common gene fragments between species 
Four selected spots that were identified as being present in all strains analyzed and 
were grouped in one gene cluster (gene cluster 5; Figure 2.) were used for sequence 
analysis. Obtained sequences were analysed using BLAST searches in the GenBank 
database and the Candida database and this indicated that these fragments all encoded 
ribosomal RNA genes (Table 3, cluster 5) which are known for their high degree of 
sequence conservation between different taxonomic groups. 

A low percentage of the spots showed hybridization with more than one species (Table 
2). In total 7.1% of the spots within the species C. parapsilosis, C. orthopsilosis and 
C. metapsilosis fell into this group. Some of these spots were analyzed and were 
grouped in several gene clusters (gene cluster 1, 3, 4, 12 and 13). Obtained sequences 
were analyzed using BLAST (Table 3). Only 1.6% of all spots was scored present in 
the outlier Candida group and in at least one of the three -psilosis species. 
 
To obtain insight into the genetic differences between the species C. parapsilosis, 
C. orthopsilosis and C. metapsilosis, gene fragments specific for each species were 
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selected (gene cluster 6, 8 and 10). These biomarkers were sequenced, and their 
functions were identified using BLAST. The contribution of the different DNA 
fragments on the CGH-array is summarized in Table 3. Four different biomarkers, 
randomly chosen out of eighty-four percent of 7296 spots (Table 2), were found to 
be uniquely present in C. parapsilosis strains (gene cluster 6). Two biomarkers were 
found to be uniquely present in C. orthopsilosis (gene cluster 10), randomly chosen 
from many candidates, sixty-nine percent of 1152 spots (Table 2). We also found two 
biomakers for C. metapsilosis (cluster 8), randomly chosen from many candidates, 
sixty-four percent of 1152 spots (Table 2).

Table 1
Nr Isolate Geographical 

Origin
Site of
isolation

Gender # Age * Identifi cation by 
conventional test

CHG
indentifi cation

1 CIMR 05-225 Latin America Blood F N C. parapsilosis C. parapsilosis
2 CIMR 02-321 Europe Blood Unknown A C. parapsilosis C. parapsilosis
3 CIMR 05-184 Latin America Blood M C C. parapsilosis C. parapsilosis
4 CIMR 05-173 Latin America Non Blood M A C. parapsilosis C. parapsilosis
5 CIMR 04-110 Middle East Non Blood M Unknown C. parapsilosis C. parapsilosis
6 CIMR 05-226 Latin America Blood M N C. parapsilosis C. parapsilosis
7 CIMR 02-317 Europe Blood Unknown A C. parapsilosis C. parapsilosis
8 CIMR 02-320 Europe Blood Unknown A C. parapsilosis C. parapsilosis
9 CIMR 05-156/ATCC 96143 North America Non Blood Unknown A C. metapsilosis C. metapsilosis
10 CIMR 05-172 Latin America Non Blood M A C. orthopsilosis C. orthopsilosis
11 CIMR 02-315 Europe Blood Unknown A C. metapsilosis C. metapsilosis
12 CIMR 02-319 Europe Blood Unknown A C. metapsilosis C. metapsilosis
13 CIMR 02-324 Europe Non Blood Unknown N C. metapsilosis C. metapsilosis
14 CIMR 03-30 Europe Non Blood M A C. metapsilosis C. metapsilosis
15 CIMR 03-259 Asia Non Blood Unknown A C. metapsilosis C. metapsilosis
16 CIMR 03-262 Asia Non Blood Unknown N C. metapsilosis No C. paorme
17 CIMR03-263 Asia Non Blood Unknown N C. metapsilosis C. metapsilosis
18 CIMR 03-265 Asia Non Blood Unknown N C. metapsilosis C. metapsilosis
19 CIMR 05-17 Middle East Non Blood F A C. metapsilosis C. metapsilosis
20 CIMR 02-201 Europe Blood Unknown N C. orthopsilosis C. orthopsilosis
21 CIMR 02-203 Europe Blood Unknown N C. orthopsilosis No C. paorme
22 CIMR 02-212 Europe Blood Unknown N C. orthopsilosis C. orthopsilosis
23 CIMR 03-292 Middle East Blood F A C. orthopsilosis C. orthopsilosis
24 CIMR 05-18 Middle East Blood M A C. orthopsilosis No C. paorme
25 CIMR 05-163 Latin America Blood M A C. orthopsilosis No C. paorme
26 CIMR 05-210 Latin America Blood F C C. orthopsilosis C. orthopsilosis
27 CIMR 05-219 Latin America Blood M A C. orthopsilosis C. orthopsilosis
28 CIMR 06-25 North America Blood Unknown N C. orthopsilosis C. orthopsilosis
29 ATCC 14053 North America Blood Unknown Unknown C. albicans C. albicans
30 ATCC 64550 Unknown Non Blood Unknown Unknown C. albicans C. albicans
31 ATCC 22019 South America Non Blood Unknown Unknown C. parapsilosis C. parapsilosis
32 Z1375 Europe Unknown Unknown Unknown C. glabrata C. glabrata
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33 W1435 Europe Unknown Unknown Unknown C. tropicalis C. tropicalis
34 A-212 Europe Unknown Unknown Unknown C. albicans C. albicans
35 A-241 Europe Unknown Unknown Unknown C. albicans C. albicans
36 Z-26 Europe Unknown Unknown Unknown C. albicans C. albicans
37 CIMR 03-206 Europe Non Blood Unknown A C. parapsilosis C. parapsilosis
38 CIMR 03-207 Europe Non Blood Unknown A C. parapsilosis C. parapsilosis
39 CIMR 03-214 Europe Non Blood Unknown A C. parapsilosis C. parapsilosis
40  CIMR 03-215 Europe Non Blood Unknown A C. parapsilosis No C. paorme
41 CIMR 03-216 Europe Non Blood Unknown A C. parapsilosis C. parapsilosis
42 CIMR 03-217 Europe Non Blood Unknown A C. parapsilosis C. parapsilosis
43 CIMR 03-228 Europe Non Blood Unknown A C. parapsilosis C. parapsilosis
44 CIMR 90-137/92B North America Non Blood M A C. parapsilosis C. parapsilosis
45 CIMR 90-125/ 88B North America Non Blood M A C. orthopsilosis C. orthopsilosis
46 CIMR 05-155/ATCC 96141 North America Blood Unknown A C. orthopsilosis C. orthopsilosis
47 CIMR 05-157/ATCC 96139 North America Non Blood Unknown A C. orthopsilosis C. orthopsilosis
48 CIMR 05-158/ATCC 96144 North America Non Blood Unknown A C. metapsilosis C. metapsilosis
49 CIMR 05-64 North America Blood Unknown A C. orthopsilosis C. orthopsilosis
50 CIMR 82-33 North America Unknown F A C. orthopsilosis No C. paorme
51 CIMR 03-087 Europe Non Blood Unknown A C. parapsilosis C. parapsilosis
52 CIMR 03-028 Europe Non Blood F A C. parapsilosis C. parapsilosis
53 CIMR 03-310 Middle East Blood M A C. parapsilosis C. parapsilosis
54 017.F.02.01 Europe Blood F A C. metapsilosis C. metapsilosis
55 020.F02.04 c2 Europe Blood F A C. orthopsilosis No C. paorme
56 085.G02.01 Europe Blood M N C. metapsilosis C. metapsilosis
57 105.S02.01 Europe Blood M C C. orthopsilosis C. orthopsilosis
58 149.D02.01 Europe Blood F N C. metapsilosis C. metapsilosis
59 160.E03.01 c1 Europe Blood F A C. metapsilosis C. metapsilosis
60 042.M.02.121 Europe Blood M A C. parapsilosis C. parapsilosis
61 050.A.02.021 Europe Blood M A C. parapsilosis C. parapsilosis
62 057.Y.02.011 Europe Blood F N C. parapsilosis C. parapsilosis
63 069.J.02.011 Europe Blood F A C. parapsilosis C. parapsilosis
64 071.J.02.011 Europe Blood F A C. parapsilosis C. parapsilosis
65 090.G.02.131 Europe Blood F A C. parapsilosis C. parapsilosis
66 100.G.02.021 Europe Blood F A C. parapsilosis C. parapsilosis
67 CBS 8757 Unknown Unknown M Unknown C. albicans C. albicans
68 CBS 2213 Europe Juice of 

Fagus sp. 
(beech tree)

Plant Unknown C. parapsilosis No C. paorme

Strain 1 to 10 are the strains used to fabricate the micro-array
# F= female, M= male
* A= adult, C= child, N= neonate
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Figure 1 Hierarchical clustering of 62 Candida strains. The dendrogram on the x axis shows the 
clustering of the strains. Cluster I represent C. parapsilosis, cluster II represents C. orthopsilosis, 
cluster III represents C. metapsilosis and cluster IV represents Candida others. The collared bar at the x 
axis shows the identification of strains before CHG; light blue C. parapsilosis, purple C. orthopsilosis, 
yellow C. metapsilosis, dark blue C. albicans, green C. tropicalis and red C. glabrata. Red represents 
the presence, and green the absence of a gene. Colored bars on the right, genes unique to C. parapsilosis, 
C. orthopsilosis and C. metapsilosis; blue bars, genes that are unique for C. parapsilosis; purple bars, 
genes that are unique for C. orthopsilois and yellow bars, genes that are unique for C. metapsilosis. 
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Figure 2 Hierarchical clustering of 62 Candida strains of 90 selected genes. Genes were selected 
based on common genes within groups, common genes between the groups, differentiated genes within 
groups and differentiated genes between groups. The dendrogram on the x axis shows clustering of the 
strains. Cluster I represent C. parapsilosis, cluster II represents C. orthopsilosis, cluster III represents 
C.metapsilosis and cluster IV represents Candida others. The different bars onthe x axis have the 
following means: 1. Strains previously typed by RFLP. 2. Strains used to fabricate the microgram. 3. 
Blood, red; non-blood, green. 4. Age; adults, purple; children, green and neonates, light blue. 5. Female, 
pink; male; pink, dark blue, male. 6. Geographical location; Europe, blue; Latin America, purple; North 
America, green; Middle East, red; Asia, yellow; South America, pink and unknown origin, black. 
7. Replicates of strains, each replicate shows similar color. 8. Identification of strains before CHG, 
identical to figure 1. Red represents the presence, and green the absence of a gene. Colored bars on 
the right, genes unique to C. parapsilosis, C. orthopsilosis and C. metapsilosis; blue bars, genes that 
are unique for C. parapsilosis; purple bars, genes that are unique for C. orthopsilois and yellow bars, 
genes that are unique for C. metapsilosis. The y axis on the right displays gene clusters specific for 
each species.
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Table 2
Hybridised group of strains (nr of strains/group)

% spots 
per library 
yielding:

Library 
(nr spots)

C. parapsilosis 
(29)

C. orthopsilosis 
(13)

C. metapsilosis 
(14)

C. other 
(16)

C. pa+or+me 
(56)*

C. all 
(72)

R>0.5 for 
100% of 
group of 
hybridised 
strains

C. parapsilosis  
(7296)

84,1% 2,8% 0,0% 1,3% 0,0% 0,0%

C. orthopsilosis 
(1152)

3,3% 69,3% 1,2% 1,6% 0,4% 0,1%

C. metapsilosis 
(1152)

7,1% 4,2% 63,8% 1,3% 1,6% 0,8%

* C. parapsilosis, C. orthopsilosis and C. metapsilosis

Discriminating fragments between strains within species
Specific DNA fragments were identified showing a variable hybridisation efficiency 
within each cluster of C. parapsilosis, C. orthopsilosis and C. metapsilosis species 
(Fig 2, gene cluster 7, 9 and 11). These biomarkers were sequenced, and their functions 
were identified using homology search with BLAST. The contribution of the different 
DNA fragments on the CGH-array is summarized in Table 3. Nine different DNA 
fragments for C. parapsilosis (Table 3, gene cluster 11) that could potentially serve 
as selective markers to identify individual strains in the C. parapsilosis clade (clade 
I, fig 1 and 2), three different DNA fragments for C. orthopsilosis (Table 3, gene 
cluster 9), the second clade and six different DNA fragments for C. metapsilosis 
(Table 3, gene cluster 7) were detected for the third clade. 

Panel of clinical Candida species isolates 
In separate experiments, a panel of clinical Candida species; including C. albicans, 
C. tropicalis and C. glabrata, were submitted to the array identification system. These 
isolates were previously identified with conventional laboratory test by the Medical 
Microbiology, University of Utrecht, The Netherlands. In order to examine whether 
this DNA microarray could detect and discriminate genes of other Candida species, 
genomic DNA samples of C. albicans, C. glabrata and C. tropicalis were Cy5-
labelled and hybridized to the DNA microarray, respectively. As shown in Figure 1, 
the hybridization patterns of the C. parapsilosis, C. orthopsilosis and C. metapsilosis 
and the other Candida species were significantly different from one another, reflecting 
the genomic differences among these organisms. Few hybridization signals were 
detected for the genome of C. albicans, C. glabrata and C. tropicalis, indicating 
that the number of conserved genes between C. parapsilosis, C. orthopsilosis, C. 
metapsilosis and the other Candida species used for hybridization is small and the 
other Candida species are evolutionarily distant from each other and from the C. 
para-, ortho and metapsilosis species. 
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DISCUSSION

C. parapsilosis is an ever-increasing cause of fungaemia in patients with various 
disorders, such as premature neonates and post surgical patients or those undergoing 
hyperalimentation therapy employing central venous catheters (CVC) 29. There still 
is no golden standard for inventorying strain variation for this medically important 
species. The CGH approach can be used to determine the genetic relationship 
between the species C. parapsilosis, C. orthopsilosis and C. metapsilosis and more 
importantly identify, specific markers for these species at the group-or isolate level. 
At present there is little genomic sequence information on the parapsilosis group. 
The development of a C. parapsilosis microarray may enable: finding key genes in 
whole genomes by looking at overall patterns of gene expression. Understanding the 
biology of this pathogenic yeast may lead to insight in the pathogenesis of fungal 
infections, clarifying outbreak sources and ultimately it may make it possible to 
define proper preventive measures 12. 

In this investigation, we performed CGH to study the genome composition and 
population dynamics among a set of C. parapsilosis, C. orthopsilosis, C. metapsilosis 
some other Candida strains using a mixed genome array (MGA) constructed from 
a shotgun library of ten Candida strains (8 C. parapsilosis, 1 C. orthopsilosis, 1 C. 
metapsilosis) from different ecological backgrounds. DNA-DNA hybridizations of 
68 epidemiologically different isolates (28 C. parapsilosis, 17 C. orthopsilosis and 
15 C. metapsilosis and 8 other Candida species) to the array revealed four distinct 
clades showing a very low number of divergent genomic fragments with in each 
clade (C. parapsilosis, C. orthopsilosis and C. metapsilosis). A forth clade contained 
the other Candida species, showing very high divergence with the 3 spot libraries of 
C. parapsilosis, C. orthopsilosis and C. metapsilosis.

CGH does not require prior genome sequence information, allows genomic screening 
of a large strain collection and enables the identification of new genes. In addition, 
this method provided a sufficiently high resolution to discriminate between closely 
related species in combination with cluster analysis (figure 1). That C. parapsilosis, 
C. orthopsilosis and C. metapsilosis merit species status at the genomic level seems to 
us to be unequivocally proved. Earlier reports considered the differences between the 
sibling species were compatible with the delineation of species rather than subgroups 
11, 12, 14. The results of this study on the C. parapsilosis group were surprising in that 
C. parapsilosis demonstrated such a striking contrast between the closely related 
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species C. orthopsilosis and C. metapsilosis. The results presented here show that 
for all three species we can conclude spots of the C. parapsilosis clade are highly 
conserved in that C. parapsilosis strains, which is the same for C. orthopsilosis and 
C. metapsilosis. CGH analysis showed strong clonality for the C. parapsilosis sensu 
stricto group, 84% of constant genes, and a larger degree of genetic diversity for 
C. orthopsilosis and C. metapsilosis, 69% and 64% respectively, of constant genes 
(core genome).

Occasional low heterozygosities in the C. parapsilosis microarray pattern is 
compatible with the conclusion that C. parapsilosis is predominantly aneuploid rather 
than strictly haploid or diploid 30. C. orthopsilosis and C. metapsilosis, showing much 
higher heterozygosities, make a prima facie case for diploidy in these species 14.
These findings are in agreement with earlier genotyping studies 2, 14. We also used 
hierarchical clustering to explore the relation of the different strains based on their 
gene complement (Figure 1.) Although the strains fell into distinct groups in the 
dendrogram, we were not able to correlate these groups with geographic origin, age 
and gender. Although genetic relatedness is reflected by shared gene content and 
high similarity in overall CGH profiles, when global and local gene conservation 
profiles are examined it is also possible to observe significant differences in gene 
content between strains of the same CGH cluster/clonal complex. The prevalence of 
various spots across the genome varies substantially for each group.

With CGH DNA fragments were identified that could potentially be selective markers 
for C. parapsilosis (clade I, cluster 6), C. orthopsilosis (clade II, cluster 8) and C. 
metapsilosis (clade III, cluster 10). In addition, specific markers were identified that 
were variably present within each clade. (clade I, cluster 7; clade II, cluser 9 and 
clade II, cluster 11). While we do not cover the whole core genome of the –psilosis 
species and because of the absence of the annotated genome sequence it is difficult to 
say much about the specific DNA fragments we found for the each specific species. 
However, most of the sequenced DNA fragments are found in C. albicans. However, 
in the future a small array can be constructed, which contains specific markers for 
the different species to correctly speciate isolates belonging to the C. parapsilosis, 
C. orthopsilosis and C. metapsilosis. 

Early and accurate identification of individual strains within the C. parapsilosis group 
is the most important and critical step in providing adequate antifungal treatment in 
time. The evolution of drug resistance is of particular concern from the perspective 
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of public health. Of concern are recent reports of reduced azole and echinocandin 
susceptibility in this species 8, 31-36. In addition, we found genetic variation within 
the C. parapsilosis group of our strain collection was attributable to genes which 
might play a role in antibiotic resistance (Table 3, cluster 7, 9 and 11). The ATP-
binding cassette (ABC) family of transport proteins are essential for many processes 
in the cell and mutation in these genes cause or contribute to several human genetic 
disorders. 37. Azole resistance in Candida albicans can be due to upregulation of 
multidrug transporters belonging to ABC transporters, such as CDR1, 2 and 4 38, 

39. Drug resistance protein play an important role in conferring antibiotic resistance 
on pathogens and might have several functions; expression of efflux pumps that 
reduce drug accumulation, alteration of the structure or concentration of antifungal 
target proteins and alteration of membrane sterol composition 40. Other variable 
loci within the C. parapsilosis group are the arsenite transporter, which plays a 
role in detoxification in yeast, presumably by arsenite extrusion from the cells or 
sequestation in vacuoles as the glutathione conjugate 41; the bile transporter also 
belongs to the ABC transporter family and is essential for detoxification by transport 
these compounds into the vacuoles of yeast 42 and the cell wall protein Wap1 may play 
a role in the formation, development and /or maintenance of the biofilm structure or 
interaction with the host defense immune system 43. 

 While the majority of C. parapsilosis infections were reported to be due to group I 
isolates, epidemiological investigation of C. orthopsilosis and C. metapsilosis may 
be important, since difference in susceptibility to fluconazole in C. metapsilosis 
and to caspofungin in C. parapsilosis 44. Recently, Lockhart et al. 45 reported 
statistically lower MIC distributions of C. orthopsilosis and C. metapsilosis for 
amphothericin B and echinocandins compared to C. parapsilosis, as apposed to the 
results with fluconazole, for which they were significantly higher. The observed high 
susceptibility for caspofungin of C. parapsilosis sensu stricto and the “paradoxical 
effect” seen in this isolate are poorly understood and may be amenable to analysis 
by our CGH 44, 46. However, it might not be easy to find specific genes, which play a 
role in antibiotic resistance between the three species. If we obtain the phenotyping 
strain data concerning resistance to various antibiotics, correlation with differential 
genes expression might become clear. 

In addition, we found genetic variation within the C. parapsilosis and C. orthopsilosis 
clade of our strain collection attributable to the genes where we would expect these 
should be conserved genes. These are cytosolic ribosomal acidic protein P2B, 
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mitochondrial lactate fericytochrome c oxidreductase and enoyl-CoA hydratase 
isomerase (Table 3, cluster 9 and 11). 

Despite the low level of cross reactivity still detectable in the identification of 
genetically related species using our MGA method, the signals obtained provided 
effective discrimination of the C. parapsilosis group. The majority of the isolates 
were detected unambiguously in concordance with the results obtained with standard 
diagnostic microbiology laboratory identification methods, suggesting that this 
system could efficaciously complement the diagnostic routine, providing a rapid and 
sensitive tool for the identification of Candida species. Furthermore, the system was 
validated by using a selected panel of clinical fungal isolates previously identified 
with conventional laboratory tests, which were blindly submitted to the array 
identification system. The recent completion of the C. albicans genome sequencing 
project has provided the means of using comparative genomic hybridization 
analysis. Thus, with a view to identifying genes that may be absent or divergent in C. 
parapsilosis, C. orthopsilosis and C. metapsilosis in order to attempt to explain the 
difference in virulence between the three species. Even thought the CGH microarray 
method is apparently a powerful method for genomic comparison of related strains, 
including unsequenced strains, this technique has several limitations. First it is not 
possible to detect the genes that are not spotted on the microarray. 

In conclusion, a CGH approach possibly enhances the development of novel tools 
that rapidly identify strains from the increasingly common species, C. parapsilosis, 
C. orthopsilosis and C. metapsilosis. CGH microarray analysis of the C. parapsilosis 
group confirmed that C. parapsilosis is highly clonal and that its sibling species C. 
orthopsilsosis and C. metapsilosis are less clonal. These differences cannot only be 
easily used to discriminate unambiguously between C. parapsilosis, C. orthopsilosis 
and C. metapsilosis, but also to discriminate between species within C. parapsilosis, 
C. orthopsilosis and C. metapsilosis. A similar approach should be feasible for the 
other Candida species (C. albicans, C. tropicalis etc.).



Chapter 6

140

REFERENCES

1. Jarvis WR. Epidemiology of nosocomial fungal infections, with emphasis on Candida species. 
Clin Infect Dis 1995;20(6):1526-30.

2. Lasker BA, Butler G, Lott TJ. Molecular genotyping of Candida parapsilosis group I clinical 
isolates by analysis of polymorphic microsatellite markers. J Clin Microbiol 2006;44(3):750-9.

3. Edmond MB, Wallace SE, McClish DK, Pfaller MA, Jones RN, Wenzel RP. Nosocomial bloodstream 
infections in United States hospitals: a three-year analysis. Clin Infect Dis 1999;29(2):239-44.

4. Kuhn DM, Mikherjee PK, Clark TA, et al. Candida parapsilosis characterization in an outbreak 
setting. Emerg Infect Dis 2004;10(6):1074-81.

5. Pfaller MA, Messer SA, Hollis RJ. Variations in DNA subtype, antifungal susceptibility, and 
slime production among clinical isolates of Candida parapsilosis. Diagn Microbiol Infect Dis 
1995;21(1):9-14.

6. Girmenia C, Martino P, De Bernardis F, et al. Rising incidence of Candida parapsilosis fungemia 
in patients with hematologic malignancies: clinical aspects, predisposing factors, and differential 
pathogenicity of the causative strains. Clin Infect Dis 1996;23(3):506-14.

7. Levy I, Rubin LG, Vasishtha S, Tucci V, Sood SK. Emergence of Candida parapsilosis as the 
predominant species causing candidemia in children. Clin Infect Dis 1998;26(5):1086-8.

8. Almirante B, Rodriguez D, Cuenca-Estrella M, et al. Epidemiology, risk factors, and prognosis of 
Candida parapsilosis bloodstream infections: case-control population-based surveillance study of 
patients in Barcelona, Spain, from 2002 to 2003. J Clin Microbiol 2006;44(5):1681-5.

9. Weems JJ, Jr. Candida parapsilosis: epidemiology, pathogenicity, clinical manifestations, and 
antimicrobial susceptibility. Clin Infect Dis 1992;14(3):756-66.

10. Lehmann PF, Lin D, Lasker BA. Genotypic identification and characterization of species and 
strains within the genus Candida by using random amplified polymorphic DNA. J Clin Microbiol 
1992;30(12):3249-54.

11. Lin D, Wu LC, Rinaldi MG, Lehmann PF. Three distinct genotypes within Candida parapsilosis 
from clinical sources. J Clin Microbiol 1995;33(7):1815-21.

12. Roy B, Meyer SA. Confirmation of the distinct genotype groups within the form species Candida 
parapsilosis. J Clin Microbiol 1998;36(1):216-8.

13. Scherer S, Stevens DA. Application of DNA typing methods to epidemiology and taxonomy of 
Candida species. J Clin Microbiol 1987;25(4):675-9.

14. Tavanti A, Davidson AD, Gow NA, Maiden MC, Odds FC. Candida orthopsilosis and Candida 
metapsilosis spp. nov. to replace Candida parapsilosis groups II and III. J Clin Microbiol 
2005;43(1):284-92.



101

101
101
101
101
101
101
101
101
101
101

Genomic diversity within the C. parapsilosis group

141

15. Rycovska A, Valach M, Tomaska L, Bolotin-Fukuhara M, Nosek J. Linear versus circular 
mitochondrial genomes: intraspecies variability of mitochondrial genome architecture in Candida 
parapsilosis. Microbiology 2004;150(Pt 5):1571-80.

16. Kurtzman CP, Robnett CJ. Identification and phylogeny of ascomycetous yeasts from analysis 
of nuclear large subunit (26S) ribosomal DNA partial sequences. Antonie Van Leeuwenhoek 
1998;73(4):331-71.

17. Cassone A, De Bernardis F, Pontieri E, et al. Biotype diversity of Candida parapsilosis and its 
relationship to the clinical source and experimental pathogenicity. J Infect Dis 1995;171(4):967-
75.

18. van Asbeck EC, Clemons KV, Markham AN, Stevens DA, group Cpge. Molecular Epidemiology 
of the Global and Temporal Diversity of Candida parapsilosis. Scandinavian Journal of Infectious 
Diseases 2008;In press.

19. Leavis HL, Willems RJ, van Wamel WJ, Schuren FH, Caspers MP, Bonten MJ. Insertion 
sequence-driven diversification creates a globally dispersed emerging multiresistant subspecies 
of E. faecium. PLoS Pathog 2007;3(1):e7.

20. Salama N, Guillemin K, McDaniel TK, Sherlock G, Tompkins L, Falkow S. A whole-genome 
microarray reveals genetic diversity among Helicobacter pylori strains. Proc Natl Acad Sci U S A 
2000;97(26):14668-73.

21. Israel DA, Salama N, Krishna U, et al. Helicobacter pylori genetic diversity within the gastric 
niche of a single human host. Proc Natl Acad Sci U S A 2001;98(25):14625-30.

22. Porwollik S, Wong RM, McClelland M. Evolutionary genomics of Salmonella: gene acquisitions 
revealed by microarray analysis. Proc Natl Acad Sci U S A 2002;99(13):8956-61.

23. Lindsay JA, Moore CE, Day NP, et al. Microarrays reveal that each of the ten dominant lineages 
of Staphylococcus aureus has a unique combination of surface-associated and regulatory genes. J 
Bacteriol 2006;188(2):669-76.

24. Vlaminckx BJ, Schuren FH, Montijn RC, et al. Determination of the relationship between group A 
streptococcal genome content, M type, and toxic shock syndrome by a mixed genome microarray. 
Infect Immun 2007;75(5):2603-11.

25. Taylor JW, Fisher MC. Fungal multilocus sequence typing--it’s not just for bacteria. Curr Opin 
Microbiol 2003;6(4):351-6.

26. Almirante B, Rodriguez D, Park BJ, et al. Epidemiology and predictors of mortality in cases 
of Candida bloodstream infection: results from population-based surveillance, barcelona, Spain, 
from 2002 to 2003. J Clin Microbiol 2005;43(4):1829-35.

27. Borucki MK, Kim SH, Call DR, Smole SC, Pagotto F. Selective discrimination of Listeria 
monocytogenes epidemic strains by a mixed-genome DNA microarray compared to discrimination 
by pulsed-field gel electrophoresis, ribotyping, and multilocus sequence typing. J Clin Microbiol 
2004;42(11):5270-6.



Chapter 6

142

28. Saeed AI, Sharov V, White J, et al. TM4: a free, open-source system for microarray data 
management and analysis. Biotechniques 2003;34(2):374-8.

29. Krcmery V, Barnes AJ. Non-albicans Candida spp. causing fungaemia: pathogenicity and 
antifungal resistance. J Hosp Infect 2002;50(4):243-60.

30. Fundyga RE, Kuykendall RJ, Lee-Yang W, Lott TJ. Evidence for aneuploidy and recombination 
in the human commensal yeast Candida parapsilosis. Infect Genet Evol 2004;4(1):37-43.

31. Brito LR, Guimaraes T, Nucci M, et al. Clinical and microbiological aspects of candidemia due to 
Candida parapsilosis in Brazilian tertiary care hospitals. Med Mycol 2006;44(3):261-6.

32. Clark TA, Slavinski SA, Morgan J, et al. Epidemiologic and molecular characterization of an 
outbreak of Candida parapsilosis bloodstream infections in a community hospital. J Clin Microbiol 
2004;42(10):4468-72.

33. Moudgal V, Little T, Boikov D, Vazquez JA. Multiechinocandin- and multiazole-resistant Candida 
parapsilosis isolates serially obtained during therapy for prosthetic valve endocarditis. Antimicrob 
Agents Chemother 2005;49(2):767-9.

34. Sarvikivi E, Lyytikainen O, Soll DR, et al. Emergence of fluconazole resistance in a Candida 
parapsilosis strain that caused infections in a neonatal intensive care unit. J Clin Microbiol 
2005;43(6):2729-35.

35. Pfaller MA, Boyken L, Hollis RJ, Messer SA, Tendolkar S, Diekema DJ. Global surveillance 
of in vitro activity of micafungin against Candida: a comparison with caspofungin by CLSI-
recommended methods. J Clin Microbiol 2006;44(10):3533-8.

36. Pfaller MA, Boyken L, Hollis RJ, et al. In Vitro Susceptibility of Invasive Isolates of Candida 
spp. to Anidulafungin, Caspofungin, and Micafungin: Six Years of Global Surveillance. J Clin 
Microbiol 2008;46(1):150-6.

37. van Veen HW, Konings WN. The ABC family of multidrug transporters in microorganisms. 
Biochim Biophys Acta 1998;1365(1-2):31-6.

38. Karababa M, Coste AT, Rognon B, Bille J, Sanglard D. Comparison of gene expression profiles of 
Candida albicans azole-resistant clinical isolates and laboratory strains exposed to drugs inducing 
multidrug transporters. Antimicrob Agents Chemother 2004;48(8):3064-79.

39. Franz R, Michel S, Morschhauser J. A fourth gene from the Candida albicans CDR family of ABC 
transporters. Gene 1998;220(1-2):91-8.

40. Sanglard D, Odds FC. Resistance of Candida species to antifungal agents: molecular mechanisms 
and clinical consequences. Lancet Infect Dis 2002;2(2):73-85.

41. Rosen BP. Families of arsenic transporters. Trends Microbiol 1999;7(5):207-12.
42. Petrovic S, Pascolo L, Gallo R, et al. The products of YCF1 and YLL015w (BPT1) cooperate for 

the ATP-dependent vacuolar transport of unconjugated bilirubin in Saccharomyces cerevisiae. 
Yeast 2000;16(6):561-71.



101

101
101
101
101
101
101
101
101
101
101

Genomic diversity within the C. parapsilosis group

143

43. Perez A, Pedros B, Murgui A, Casanova M, Lopez-Ribot JL, Martinez JP. Biofilm formation 
by Candida albicans mutants for genes coding fungal proteins exhibiting the eight-cysteine-
containing CFEM domain. FEMS Yeast Res 2006;6(7):1074-84.

44. van Asbeck E, Clemons KV, Martinez M, Tong AJ, Stevens DA. Significant differences in drug 
susceptibility among species in the Candida parapsilosis group. Diagn Microbiol Infect Dis 
2008.

45. Lockhart SR, Messer SA, Pfaller MA, Diekema DJ. Geographic distribution and antifungal 
susceptibility of the newly described species Candida orthopsilosis and Candida metapsilosis, in 
comparison to the closely-related species Candida parapsilosis. J Clin Microbiol 2008.

46. Chamilos G, Lewis RE, Albert N, Kontoyiannis DP. Paradoxical effect of Echinocandins 
across Candida species in vitro: evidence for echinocandin-specific and candida species-related 
differences. Antimicrob Agents Chemother 2007;51(6):2257-9.





7
SIGNIFICANT DIFFERENCES IN DRUG 
SUSCEPTIBILITY AMONG SPECIES IN 
THE CANDIDA PARAPSILOSIS GROUP

E. C. Asbeck1,2, K. V. Clemons1, M. Martinez1, A. Tong1, D. A. Stevens1

1Division of Infectious Diseases, Santa Clara Valley Medical Center, and California Institute for Medical Research, 
San Jose, CA 95128 USA and Division of Infectious Diseases and Geographic Medicine, Stanford University, 

Stanford, CA 94305; 2Eijkman-Winkler Institute for Medical and Clinical Microbiology, 
University Medical Center Utrecht (UMCU), Utrecht, The Netherlands

Diagn Microbiol Infect Dis. 2008 Sep;62(1):106-109



Chapter 7

146

ABSTRACT

Candida parapsilosis family has 3 proposed species: C. parapsilosis sensu stricto, 
C. orthopsilosis and C. metapsilosis. C. parapsilosis sensu stricto had significantly 
higher caspofungin and anidulafungin MICs than C. orthopsilosis or C. metapsilosis; 
C. metapsilosis was least susceptible to fluconazole. C. parapsilosis sensu stricto 
more frequently displayed (37%) paradoxical growth in caspofungin (P ≤ 0.02). 
These species susceptibility differences could affect therapeutic choices.
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Candida parapsilosis is the 2nd or 3rd most frequently isolated yeast species 
from the blood in various global regions 1-6. This species is particularly associated 
with bloodstream infections in very low birth weight neonates 1, 7, 8, but is also 
frequently seen in catheter-associated candidemia and patients receiving intravenous 
hyperalimentation 9-11. C. parapsilosis has previously been separated into three groups 
(I, II, III or A, B, C, respectively) by ITS region sequencing or RAPD methodologies 
6, 8, 12-14. Recently, Tavanti et al. 14, owing to sufficient DNA sequence non-homology, 
suggested that these 3 groups be reclassified as separate species C. parapsilosis 
sensu stricto, Candida orthopsilosis, and Candida metapsilosis, respectively, which 
are thus far phenotypically indistinguishable. 
 
Most systemic antifungal agents, including azoles, polyenes, flucytosine and 
echinocandins have recognized activity in the treatment of C. parapsilosis infections 
2, 4, 15-17. Caspofungin (CAS), and 2 recently introduced agents, micafungin and 
anidulafungin (ANI), belong to the echinocandin antifungal class, which has potent 
activity against Candida spp. both in vivo and in vitro 11, 15-17. Of the Candida spp, 
concerns have been raised about resistance most notably with C. parapsilosis 15-17. 
 
Turbid growth of some Candida spp. isolates has been observed in our laboratory, 
paradoxically, in some high concentrations of CAS, above the minimal inhibitory 
concentration 18. The cause of this paradoxical growth remains unclear; however, 
compensatory up-regulation of chitin synthesis, a cell wall component, appears to be 
the mechanism of this phenomenon 19 . 
 
The purpose of the present study was to determine the susceptibility patterns of 
the species C. parapsilosis sensu stricto, C. orthopsilosis and C. metapsilosis to 3 
antifungal agents. ANI was included to study a 2nd echinocandin. These data were 
analyzed to compare the susceptibility patterns of individual species. We also report 
here studies of paradoxical growth among these 3 closely related species. 
 
Ninety-five clinical isolates identified as C. parapsilosis by routine laboratory 
methods 5 were used in these studies. These isolates came from Europe (23 isolates), 
Asia (8), North America (44), Latin America (9) and the Middle East (11) and were 
obtained from the following clinical sources: 50 isolates were blood or central 
venous catheter isolates (29 C. parapsilosis sensu stricto, 19 C. orthopsilosis and 
2 C. metapsilosis), 41 were from other body sites (21 C. parapsilosis sensu stricto, 
11 C. orthopsilosis and 9 C. metapsilosis) and 3 (2 C. parapsilosis sensu stricto and 
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1 C. metapsilosis) were from healthcare workers’ hands. The site of 1 isolate (C. 
parapsilosis sensu stricto) was not recorded. Each isolate tested was from a unique 
individual.
 
Molecular typing of all isolates was performed by randomly amplified polymorphic 
DNA (RAPD) analysis using the RPO2 primer (5’-GCGATCCCCA-3’) 6, 8, 14. Fifty-
three strains of C. parapsilosis sensu stricto, 30 strains of C. orthopsilosis and 12 
strains of C. metapsilosis, defined by their RAPD profiles, were included in this 
study. 
 
The antifungals tested were CAS, fluconazole (FLC), and ANI. Susceptibility was 
determined using a broth macrodilution method, utilizing an 80% turbidity endpoint 
(CLSI, 2002). The entire group of isolates, or a sampling strategy utilizing randomly 
selected subsets, was tested. All isolates tested against ANI were included in the 
sample of isolates tested against CAS. The range of 2-fold dilutions tested were 
FLC, 0.5 to 64 μg/mL; CAS, 0.39 to 50 μg/mL; ANI, 0.03 to 16 μg/mL. 
 
Statistical analysis of the antifungal susceptibility test results was done by non-
parametric Kruskal-Wallis analysis of variance followed by a Dunn’s test for 
multiple comparisons or a Mann-Whitney U test. Differences in paradoxical effect 
were determined by χ2. A P value of < 0.05 was considered significant. 

We analyzed the in vitro activities of CAS, FLC and ANI against C. parapsilosis 
sensu stricto, C. orthopsilosis and C. metapsilosis (Table 1 and Figure 1). C. 
parapsilosis sensu stricto isolates were significantly less susceptible in vitro to 
CAS (P < 0.001 and < 0.01, respectively) or ANI (P < 0.001 for both) than were 
isolates of C. orthopsilosis or C. metapsilosis. However, C. metapsilosis isolates 
were less susceptible to FLC than C. orthopsilosis or C. parapsilosis sensu stricto 
(P <0.05 or 0.001, respectively). Why C. parapsilosis sensu stricto is less susceptible 
to CAS or ANI than C. metapsilosis and C. orthopsilosis remains unknown, but these 
interspecies differences might be explained by structural difference in the cell wall 
components, a reduced affinity for the glucan synthase protein complex or variation 
in the regulatory network of this complex. The differences in FLC susceptibility may 
also reflect differing affinity of azoles for the key ergosterol-synthesizing enzyme, 
14-demethylase, or other enzymes in this pathway. 

Although the purpose of this study was to compare the three species within the 
dilution ranges of each of three drugs, looking, in addition, across drugs we note C. 
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parapsilosis sensu stricto was significantly more susceptible to CAS than to ANI 
(P <0.001). This echinocandin difference could explain differences in susceptibility 
among echinocandins attributed to C. parapsilosis as a family 11, 20, and differences 
in outcome of this family in clinical trials of candidiasis 21, 22.

Table 1 Susceptibility of C. parapsilosis, C. orthopsilosis and C. metapsilosis to FLC, ANI and CAS.
species MIC (μg/ml)

No.a
FLC

Noa
ANI

Noa
CAS

Range Median GM Range Median GM Range Median GM

C. parapsilosis 53 (≤0.5-64) 1 1.07 15 (1-4) 2 2 19 (≤0.39-1.6) ≤0.39 0.54

C. orthopsilosis 30 (≤0.5-64) 2 2 28 (≤0.03-4) 0.38 0.38 29 (≤0.39) ≤0.39 ≤0.39

C. metapsilosis 12 (2-8) 4 3.36 12 (0.13-0.5) 0.25 0.30 12 (≤0.39) ≤0.39 ≤0.39

GM = Geometric mean 

aNumber of isolates tested

Figure 1 Antifungal susceptibility of C. parapsilosis, C. orthopsilosis and C. metapsilosis to FLC 
(panel A), CAS (panel B) and ANI (panel C). Horizontal bars represent the median.
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These species differences could explain susceptibility patterns previously attributed to 
C. parapsilosis; for example, relative resistance among Candida spp. to echinocandins 
15-17.They could also explain variations in the species’ global distribution 6. Patterns of 
use of antifungal agents could be an explanation of the emergence of more resistant 
non-albicans Candida spp. 3, 4, 11, 23. Species susceptibility profiles provide important 
information for the development of recommendations for empirical antifungal 
therapy and could affect therapeutic choices 2-4. Susceptibility comparisons to other 
available antifungal agents may now also be of interest. 

In the current study we noted a high frequency of a paradoxical effect (as defined in 
Stevens et al., 2004) to CAS of 37% (7 of 19) C. parapsilosis sensu stricto isolates 
tested. This is a higher frequency than for C. albicans, where this phenomenon 
occurs in 17% of 101 isolates (unpublished data) 19. The CAS concentration at which 
the paradoxical effect was noted varied among the isolates of C. parapsilosis sensu 
stricto, with two starting at 6.25 μg/mL, three at 12.5 μg/mL and one each at 25 or 
50 μg/mL. In contrast to C. parapsilosis sensu stricto, the paradoxical effect was 
less frequently observed with C. orthopsilosis isolates (3% of 29 isolates tested)(P < 
0.002) and was not observed with the C. metapsilosis isolates (P < 0.02). The CAS 
concentration at which the paradoxical effect began for C. orthopsilosis isolates 
varied, with 1 each starting at 1.6, 3.13 and 6.25 μg/mL. Despite their close genomic 
similarities, only C. parapsilosis sensu stricto seems to have a high capability to 
avoid CAS inhibition in vitro in this manner. An intriguing recent study 24 however, 
emphasized that the frequency of the paradoxical effect with CAS was greater in 
biofilms than planktonic growth, and was even observed in the former condition 
with C. metapsilosis. 
 
The paradoxical effect was not noted with either of the other drugs, confirming an 
earlier impression of differences between CAS and ANI 18. However, a recent large 
population survey has reported the paradoxical effect to be seen, less frequently, with 
anidulafungin as well 25. Differences between laboratories in the reported frequencies 
of this effect among species 18, 19, 25 can result from different test conditions and 
definitions. 
 
In conclusion, significant differences in drug susceptibility occur among the sibling 
species. The frequency of the paradoxical effect to CAS in C. parapsilosis sensu 
stricto (37%) is higher than even C. albicans. Species differences could explain 
susceptibility patterns previously attributed to C. parapsilosis, and emerging 
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epidemiological differences in the species’ global distribution 6. Species susceptibility 
profiles could affect therapeutic choices.
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ABSTRACT

Since caspofungin inhibits fungal cell wall β-glucan synthesis and the fungal cell 
wall plays an important role in the recognition of Candida by phagocytic cells, we 
studied phagocytosis in the presence of caspofungin. The aim of this work was to 
investigate the effect of pre-treatment of Candida parapsilosis with caspofungin on 
phagocytic mechanisms (opsonisation, oxidative burst, phagocytosis and killing). 
C. parapsilosis grown in the presence of caspofungin at concentrations above the 
minimal inhibitory concentration (MIC) were more difficult to opsonise and to 
phagocytose. C. parapsilosis exposed to any concentration of caspofungin below 
and above the MIC was more difficult to kill. Caspofungin-treated C. parapsilosis 
impaired the oxidative burst. Overall, it appears that caspofungin treatment of C. 
parapsilosis alters the capacity of polymorphonuclear leukocytes to phagocytose and 
delays killing of the organism. This may allow C. parapsilosis to persist in tissues.
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INTRODUCTION

Although Candida albicans remains the most common causative species of invasive 
candidiasis, the incidence of Candida parapsilosis has increased in the past two 
decades 1-4. C. parapsilosis is an opportunistic microorganism causing systemic 
fungal infections in very low birthweight neonates, post-surgical patients, and 
patients with intravenous hyperalimentation and indwelling invasive devices 5-8. 
Most at-risk patients have some degree of immunosuppression.

Innate immunity plays a primary role in host defense against microbial infections, 
and phagocytic killing is a primary mechanism through which the immune system 
eliminates pathogenic fungi 9-11. Thus, polymorphonuclear leukocytes (PMNLs) and 
macrophages are essential for an effective antifungal response, and impairment of 
their function predisposes an individual to fungal infections 12. Previously, we have 
shown that incubation of bacteria with antibiotic agents can have profound effects on 
phagocytosis and killing 13-15. There has been considerable interest in the interaction 
between antifungal agents and host cells because of the increasing number of 
immunocompromised patients in whom even a marginal influence on host response 
may have a significant effect on outcome 11, 16.

Caspofungin is an echinocandin that acts by inhibition of fungal β-1,3-glucan and 
β-1,6-glucan synthesis 17, 18. It prevents fungal growth by decreasing the stability of 
the cell wall 18. C. parapsilosis tends to be associated with higher minimal inhibitory 
concentrations (MICs) for caspofungin 19-24. However, caspofungin is generally 
effective in infections caused by C. parapsilosis 17, 18, 25-27. There are minimal data 
available regarding the development of echinocandin resistance in fungi in the 
clinical setting. Recently, Moudgal et al. 28 reported failure of caspofungin treatment 
of C. parapsilosis infections.Owing to the effect of caspofungin on the integrity 
of the cell wall, expression of surface molecules that link to cleavage products of 
complement could be altered, which may have direct consequences for phagocytosis, 
especially where it is evident that complement-mediated opsonisation is a crucial 
step in ingestion and intracellular killing 16.

The objective of this study was to examine the effect of caspofungin on C. parapsilosis 
and subsequent interactions with PMNLs. Here we show that C. parapsilosis exposed 
to concentrations above the MIC are more difficult to opsonise, phagocytose and kill.
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MATERIALS AND METHODS

Isolates
The clinical isolate C. parapsilosis 02-320 was used in this study and was obtained 
from the California Institute for Medical Research (San José, CA). The isolate was 
sent to the Eijkman-Winkler Institute (Utrecht, The Netherlands) for further analysis. 
Long-term storage of the isolate was done by freezing at –80 °C in 40% glycerol. 
The isolate was identified to species level by standard methods described previously 
29-31, with molecular genotyping. Before tests were performed, the strain was plated 
on Sabouraud dextrose agar (SDA) and incubated at 35 °C for 24 h.

Susceptibility testing
Broth macrodilution and microdilution testing for caspofungin was done using the 
test conditions specified by the Clinical and Laboratory Standards Institute (CLSI) 32

in RPMI 1640 with 0.165 M morpholinepropanesulfonic acid (MOPS) using an 80% 
turbidity endpoint. Caspofungin as pure powder was provided by Merck Research 
Laboratories (Haarlem, The Netherlands). Ten milligrams of caspofungin was 
dissolved in sterile water and the stock solution was stored at –80 °C. A freshly 
thawed stock solution was used for each experiment. MICs were determined after 24 
h and 48 h of incubation.

Yeast inoculum preparation
Yeast were harvested from the plate and washed by centrifugation once with phosphate-
buffered saline (PBS). The pellet was suspended with RPMI 1640 with MOPS and 
adjusted to an optical density at 660 nm (OD660) of 0.1. Tubes were prepared using 
the same CLSI method, but using a 5 mL final volume. After incubation for 24 h 
without and with caspofungin (concentrations of 0.39, 6.25 or 12.5 μg/mL), yeast 
were washed by centrifugation three times with RPMI 1640 and the absorbance at 
660 nm (A660) was determined and adjusted to yield a final cell density of ca. 5 × 
106 colony-forming units (CFU)/mL (OD660 = 0.1), unless otherwise stated. The cell 
number of each inoculum was verified using a plate count method.

Opsonins
Serum from healthy individuals was pooled and stored in small aliquots at –70 
°C. Shortly before use, aliquots were thawed and diluted in RPMI 1640 to a final 
concentration of 10%, unless otherwise stated.
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Polymorphonuclear leukocytes (PMNLs)
Human PMNLs were isolated from the blood of healthy volunteers using a Ficoll/
Histopaque gradient with sodium heparin as anticoagulant (Greiner, Alphen a/d Rijn, 
The Netherlands), as described previously 33. In brief, heparinised blood was diluted 
with an equal volume of PBS (pH 7.4), layered onto a gradient of Ficoll-Paque PLUS 
(Amersham Biosciences, Piscataway, NJ) and Histopaque-1119 (Sigma-Aldrich, 
Zwijndrecht, The Netherlands) and centrifuged for 20 min at 400 × g. Neutrophils 
were collected from the Histopaque layer. Washing was performed with RPMI 1640 
containing 25 mM HEPES (N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid), 
L-glutamine (BioWhittaker, Walkersville, MD) and 0.05% human serum albumin 
(Sanquin, Amsterdam, The Netherlands). After the cell suspensions were washed, 
they were subjected to a hypotonic shock with water for 30 s to lyse remaining 
erythrocytes.

Deposition of iC3b on C. parapsilosis
C. parapsilosis yeast (2 × 106 cells/mL) with or without caspofungin (0.19, 0.39, 6.25 
or 12.5 μg/mL) were incubated in 50 μL of HBS2+ (HEPES-buffered saline, 20 mM 
HEPES, 140 mM NaCl, 5 mM CaCl2 and 2.5 mM MgCl2) containing 10% human 
serum in 2.0 mL Eppendorf tubes for 5 min or 15 min at 37 °C. The reaction in each 
tube was stopped by adding 1 mL of ice-cold PBS. Suspensions were centrifuged for 
1 min at 13,000 rpm. The supernatants were removed and pellets were suspended 
in 50 μL of a solution of fluorescein isothiocyanate (FITC)-conjugated (Fab′)2 anti-
human C3 (Protos Immunoresearch, Burlingame, CA) (20 μg/mL in PBS) 34. After 
30 min incubation on ice, samples were centrifuged and washed as described above. 
Antibody binding to 10,000 yeast cells was measured by flow cytometry.

Yeast labelling
Yeast cells used in the phagocytosis assay were mixed (100/100) (v/v) with FITC 
(Sigma-Aldrich, Steinheim, Germany) (1 mg/mL in 1 M sodium carbonate buffer 
(pH 9.6)) and PBS and incubated at 37 °C for 1 h under constant shaking at 200 rpm. 
Yeast cells were washed by centrifugation with RPMI 1640 twice 12.

Fluormetric phagocytosis assay
FITC-labelled C. parapsilosis 02-320 (2 × 106 cells/mL) grown in RPMI 1640 with 
MOPS, with or without caspofungin (0.39, 6.25 or 12.5 μg/mL) were mixed with 
10% fresh autologous serum and incubated for 5 min and 15 min on a shaking plate 
at 37 °C (150 rpm). The pellet of the pre-opsonised yeast was suspended in 50 μL 
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of RPMI 1640 and incubated with 50 μL of purified PMNLs (1 × 106 cells/mL) in 
96-well microtitre plates. Phagocytosis was stopped after 15 min by addition of 250 
μL of ice-cold RPMI 1640 and the plate was centrifuged at 4 °C at 1200 rpm for 10 
min. Allophycocyanin (APC)-conjugated CD11b monoclonal antibody 12 (Becton 
Dickinson, San José, CA) served as a marker for human PMNLs. The pellet of each 
well was suspended with 5 μL (250 μg/mL in PBS) and was incubated at 4 °C for 30 
min, followed by addition of 250 μL of RPMI 1640 to each well and centrifugation 
at 4 °C at 1200 rpm for 10 min. The cell pellet was suspended in 250 μL of RPMI 
1640 supplemented with 1% paraformaldehyde solution and stored on ice for 30 
min. Analysis of the samples was performed with a flow cytometer (FACSCalibur; 
Becton Dickinson, Mountain View, CA) 12. The phagocytic index was calculated as 
described by Vidarsson et al. 35.

Chemiluminescence
Chemiluminescence was measured in a luminometer (Berthold Technologies, 
Vilvoorde, Belgium) equipped with a multivessel carousel transporter and kept at a 
temperature of 37 °C, similar to the method previously described 33. Caspofungin-
treated (concentrations of 0.39, 6.25 and 12.5 μg/mL) or untreated C. parapsilosis 
(2 × 107 cells/mL) were mixed with 2.5% fresh autologous serum and incubated for 
15 min at 37 °C. No serum was used for the non-opsonised control. The pellet of the 
opsonised yeast was suspended in 120 μL of RPMI 1640. PMNLs (100 μL; 106/mL) 
were suspended in glucose/PBS (5 mM) (pH 7.4) and mixed with 600 μL of luminol 
(6 μM final concentration) and the reaction was initiated by the rapid introduction of 
120 μL of pre-opsonised yeast. PMNLs were incubated for 30 min (37 °C). RPMI 
1640 was used as a negative control and experiments were performed in duplicate. 
The chemiluminescence in counts per minute and as the area under the curve was 
measured.

CFU killing assay
PMNLs (2 × 106 cells/mL) were incubated in a 96-well plate with pre-opsonised yeast 
(1 × 106 cells/mL) with 0.39 μg/mL or 12.5 μg/mL caspofungin for 5, 15, 45 or 60 
min in 37 °C with shaking (200 rpm). Control wells contained only C. parapsilosis 
without caspofungin. After incubation at 37 °C, wells were placed on ice to stop the 
reaction and were washed by centrifugation three times with RPMI 1640 at 4 °C at 
1200 rpm for 10 min. After the washing procedure, 40 μL of 0.5% (25 mM) sodium 
deoxycholate solution (in PBS) was added to the pellet and incubated at 37 °C for 4 
min. The number of viable yeast in each sample was determined by plating samples 
from serial dilutions on SDA plates in duplicate.
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After 48 h incubation at 35 °C, the number of CFU was determined. Each assay was 
repeated at least three times. Percent killing was determined using the number of 
CFU at the 5 min time point as no killing. The number of CFU from the later time 
points (15, 45 and 60 min) was divided by the number of CFU from the 5 min time 
point, multiplied by 100 to calculate the percentage killed.

Statistical analysis
Data were expressed as mean ± standard error of the mean (S.E.M.). Statistical 
significance was determined by an analysis of variance (ANOVA) test followed 
by a Bonferroni for multiple comparisons after testing for normal distribution. All 
statistical analysis was carried out with GraphPad Prism (Version 5 GraphPad) 
software. A P-value of <0.05 was considered significant.

RESULTS

Effect of caspofungin on the growth of C. parapsilosis
The susceptibility of C. parapsilosis isolate 02-320 to caspofungin was determined by 
MIC testing. The caspofungin MIC for the isolate was ≤0.39 μg/mL, however turbid 
growth was seen at concentrations of 6.25 μg/mL and 12.5 μg/mL. To determine 
whether this effect was reproducible, a follow-up experiment of macrodilutions 
was done. Macrodilution gave the same MIC. The same results were obtained using 
either pure caspofungin or caspofungin for clinical use (Cancidas®).

Growth of C. parapsilosis was dependent on the concentration of caspofungin. Fig. 
1 shows that caspofungin inhibited growth compared with the control. However, 
there was more growth at the highest concentration of caspofungin than at lower 
concentrations. Moreover, red fluorescent propidium iodide (20 μL of a 0.74 mM 
solution in PBS) was used to identify live and dead yeast with the aid of a flow 
cytometer 36. Drug-treated yeast cells showed 25% viable cells at a concentration of 
0.39 μg/mL, 37% viable cells at a concentration of 6.25 μg/mL and 73% viable cells 
at a concentration of 12.5 μg/mL compared with non-caspofungin-treated controls 
(data not shown). In addition, yeast cell morphology was assessed. Morphological 
changes such as inhibition of pseudohyphae formation and the rounding and 
clumping of yeast cells were pronounced after treatment with caspofungin in every 
tested concentration (data not shown).
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Figure 1 Effect of various concentrations of caspofungin on the growth of C. parapsilosis.

iC3b deposition on caspofungin-treated C. parapsilosis
C. parapsilosis yeast were exposed to different caspofungin concentrations or were 
left untreated and were incubated with 10%, 5%, 2.5% and 1.25% pooled human 
serum. A control was performed without serum. The amount of iC3b deposition on 
the yeast cells was determined by the use of flow cytometry. 

Figure 2 Deposition of iC3b on C. parapsilosis treated with high (6.25 μg/mL or 12.5 μg/mL) and low 
(0.39 μg/mL) caspofungin concentrations and incubated with different concentrations of human pooled 
serum (HPS).
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At the 2.5% concentration of serum, iC3b deposition on C. parapsilosis treated with 
a high dose (6.25 μg/mL or 12.5 μg/mL) of caspofungin was lower compared with 
that on the C. parapsilosis exposed to a low caspofungin concentration (0.39 μg/mL) 
or no drug (P < 0.05) (Fig. 2). However, this effect could be overcome by increasing 
the serum dose.

Caspofungin can inhibit opsonophagocytosis
In the experimental system used, when phagocytosis takes place viable yeast with 
green fluorescence are absorbed in polymorphonuclear neutrophils labelled with blue 
APC-tagged CD11b antibody, and both fluorescents can be measured simultaneously. 
FITC-labelled C. parapsilosis yeast, pre-exposed to different concentrations of 
caspofungin, were incubated with 5% or 10% human pooled serum for 15 min, the 
time point at which maximal deposition of opsonic iC3b occurred (data not shown), 
followed by incubation with a suspension of PMNLs for 15 min at 37 °C. Significantly 
lower levels of phagocytosis of C. parapsilosis yeast pre-treated with caspofungin 
(0.39, 6.25 and 12.5 μg/mL) were noted compared with the non-caspofungin-treated 
controls (P < 0.05) at a serum concentration of 5% (Fig. 3). At a serum concentration 
of 10%, a significant difference was noted only for yeast treated with caspofungin at 
6.25 μg/mL or 12.5 μg/mL compared with the non-caspofungin-treated controls (P < 
0.05). In addition, a significantly lower level of phagocytosis of yeast was noted for 
those treated with caspofungin at 6.25 μg/mL compared with 0.39 μg/mL at serum 
concentrations of 5% or 10 % (P < 0.05).

Figure 3 Phagocytosis by polymorphonuclear leukocytes (PMNs) of C. parapsilosis yeast pre-treated 
with caspofungin (0.39, 6.25 and 12.5 μg/mL) and of non-caspofungin-treated controls incubated with 
different concentrations of human pooled serum (HPS).
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Caspofungin-treated C. parapsilosis markedly inhibits oxidative burst production
The oxidative burst activity of phagocytes after interaction with C. parapsilosis 
was measured with a luminometer. As illustrated in Fig. 4, these experiments 
showed an inhibition of oxidative burst production of phagocytes interacting with 
the caspofungin-treated C. parapsilosis compared with the drug-free control. The 
oxidative burst-decreasing effects of the caspofungin-treated yeast at a concentration 
of 0.39 μg/mL were statistically significant (P < 0.05) from controls. In contrast, 
other concentrations showed a burst-decreasing effect, but the difference was not 
statistically significant compared with the control.

Figure 4 Inhibition of oxidative burst production of phagocytes interacting with C. parapsilosis treated 
with various concentrations of caspofungin compared with non-caspofungin-treated controls.

Effect of pre-incubation of C. parapsilosis with caspofungin on intracellular 
killing
Pre-incubation of C. parapsilosis with caspofungin at both concentrations tested 
(0.39 μg/mL and 12.5 μg/mL) delayed killing by PMNLs (Fig. 5). After 15 min, 
more intracellular killing was observed for the untreated control yeast compared with 
C. parapsilosis exposed to caspofungin: 47% (± 10 S.E.M.) of the untreated control 
yeast were killed after 15 min compared with 18% (± 10 S.E.M.) of the 0.39 μg/mL 
caspofungin-treated yeast and 31.4% (± 10 S.E.M.) of the 12.5 μg/mL caspofungin-
treated C. parapsilosis, respectively. Although these differences were not statistically 
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significant, maximal killing of C. parapsilosis pre-exposed to caspofungin appears 
to have been delayed until 45 min, whereas killing of the control yeast reached a 
maximum after 15 min.

Figure 5 Effect of pre-incubation of C. parapsilosis with caspofungin at two concentrations on killing 
by polymorphonuclear leukocytes (PMNs) compared with non-caspofungin-treated controls.

DISCUSSION

In the present study, we observed progressive growth of 70% of C. parapsilosis 
isolates in the presence of at least two drug dilutions above the MIC (data not shown). 
Turbid growth at higher caspofungin concentrations, which is the paradoxical effect 
described previously for other echinocandins 37, 38, was reproducible in replicate 
experiments. iC3b deposition on C. parapsilosis that had been grown in various 
concentrations of caspofungin was evaluated. Treatment of C. parapsilosis with high 
concentrations of caspofungin resulted in reduced iC3b deposition. Pre-treatment of 
C. parapsilosis at all concentrations of caspofungin also appeared to have an inhibitory 
effect on phagocytosis of the yeast by PMNLs. Caspofungin pre-treatment of yeast 
moderately inhibited induction of the oxidative burst in PMNLs. A delay and slight 
impairment of intracellular killing was observed within the first 15 min incubation 
of the C. parapsilosis cells pre-treated with caspofungin at concentrations of 0.39 
μg/mL or 12.5 μg/mL. In this study, we tested another strain showing paradoxical 
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activity and a strain showing no paradoxical activity. Similar results were obtained 
for the strain showing paradoxical activity compared with the strain described in 
the previous study (data not shown). These effects were not observed for the strain 
showing no paradoxical activity (data not shown).

Other investigators have shown an interaction between host phagocytic cells and 
azoles and echinocandins, including caspofungin, that resulted in enhanced killing of 
the fungi 11, 16, 39. Interestingly, our studies demonstrate that after growth suppression 
by caspofungin, C. parapsilosis dose-dependently impairs initial killing by 
phagocytic cells. Our finding that caspofungin inhibition of growth of the organism 
can impair key mediators of innate immunity suggests that this might allow Candida 
spp. to persist longer in its host. A similar phenomenon has also been described for 
bacteriostatic antibiotics where increase in survival of the bacteria in human whole 
blood, human wound fluid or a mouse wound infection was observed after antibiotic-
induced bacteriostasis 40.

As caspofungin MICs against C. parapsilosis are higher compared with other Candida 
spp., this may be disadvantageous for clinical therapy 41. Paradoxical growth has 
been noticed in 80% (8/10) of C. parapsilosis isolates we have tested and in 90% 
(9/10) reported by Chamilos et al. 41. The clinical relevance of the paradoxical effect 
of caspofungin is not certain, These concentrations can be high but achievable in 
humans 37, 42-44. However, Clemons et al. 42 showed that the paradoxical effect by C. 
albicans was not reproducible in vivo and indicated that the behaviour of isolates in 
vitro does not necessarily reflect the efficacy of caspofungin in vivo.

The complement system plays an important role in resistance against disseminated 
and cutaneous candidiasis 45. Antibodies protective against candidiasis require 
efficient deposition of complement on the fungal surface 46. The greater iC3b 
deposition on non-caspofungin-treated C. parapsilosis might reflect the involvement 
of glucan in the deposition of iC3b. Caspofungin-treated yeast had somewhat less 
iC3b deposited on the cell surface at the lower serum concentrations, which may 
reflect a reduction in the amount of glucan present in the cell wall. However, a higher 
serum concentration can overcome this effect. The involvement of glucan in the 
deposition of C3 has been reported with Blastomyces dermatitidis, where glucan-
deficient mutants show greatly reduced C3 deposition 47. A recent study, reported in 
abstract form, also suggested that caspofungin alteration of glucan content resulted 
in modulation of the host response to Aspergillus, with pre-treatment of conidia and 
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germlings with caspofungin inducing less inflammatory tumour necrosis factor-alpha 
(TNFa) or CXCL2 by macrophages, whereas the hyphae treated with caspofungin 
caused an enhancement of the response, suggesting that glucan mutes the response 48.

In this study, Candida was grown in the presence of different caspofungin 
concentrations and residual caspofungin was removed from the Candida cells by 
centrifugation prior to performing the phagocytosis assays. Thus, no collaborating 
effect between PMNLs and free caspofungin occurred, unlike previous studies 
where there was no pre-incubation of fungus (i.e. yeast, conidia, hyphae, etc.) with 
caspofungin, and where PMNLs, fungus and antifungal were added together at the 
same time and incubated 20, 39. Reduction of phagocytosis obtained at lower serum 
concentrations is likely the result of reduced opsonisation of the caspofungin-treated 
C. parapsilosis.

Caspofungin had an inhibitory effect on the oxidative burst production by PMNLs. 
The unique mitochondrial respiratory network of C. parapsilosis might play an 
important roll in its decreased susceptibility to the echinocandins 49. Chamilos et 
al. 49 observed a decrease in caspofungin MICs after simultaneous inhibition of 
all respiratory pathways. In the current study, caspofungin pre-exposure does not 
generate intracellular oxidative species in the fungal cells and therefore the fungal 
cells are less prone to oxidative killing of neutrophils. In contrast, in a previous 
study using C. albicans treated with therapeutic concentrations of caspofungin, 
enhancement of the oxidative burst of phagocytes was observed 50. Reduction of 
intracellular killing of the treated C. parapsilosis cells compared with the untreated 
cells likely also reflects the reduced oxidative burst induced by the caspofungin-
treated yeast cells. Interestingly, Meshulam et al. 51 found no increase or decrease in 
neutrophil killing of C. albicans blastospores when cilofungin, also an echinocandin, 
was simultaneously incubated with neutrophils and yeast.However, pre-incubation 
of yeasts with serum containing cilofungin resulted in ca. 90% decrease in killing 
of five of the six C. albicans strains tested 51. In contrast, Chiller et al. 39 described 
no significant collaboration between PMNLs and caspofungin against Aspergillus, 
which is similar to the results reported by Roilides et al. 11 with cilofungin. The 
differences in results, which contrast to our own observations, may be partly due to 
differences in methodology or the selection of the yeast target. Thus, in our current 
studies it is possible that the caspofungin-induced alteration in the cell wall could 
reduce penetration of the fungicidal oxygen species (O–

2, H2O2) or other molecules 
such as defensins and thus diminishes their effect.
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In summary, we have found that growth of C. parapsilosis with caspofungin prior 
to exposure of the yeast to opsonisation or PMNLs alters the responses, diminishing 
iC3b deposition, phagocytosis, the oxidative burst and killing. These data suggest 
that some drugs, such as caspofungin, may be functioning at odds with the innate 
immune system rather than in synergy to achieve fungicidal killing. Further studies 
are needed to determine whether this is a class effect of the echinocandins and 
whether a greater set of strains and other species of Candida behave similarly. Also, 
the clinical relevance remains to be determined by vivo studies.
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ABSTRACT

Mannose binding lectin (MBL) is an important host defense protein against 
opportunistic fungal pathogens. This carbohydrate-binding protein, an opsonin and 
lectin pathway activator, binds through multiple lectin domains to the repeating 
sugar arrays displayed on the surface of a wide range of clinically relevant microbial 
species. We investigated the contribution of MBL to antifungal innate immunity 
towards C. parapsilosis in vitro. High avidity binding was observed between MBL 
and C. albicans and C. parapsilosis. Addition of MBL to MBL deficient serum 
increased the deposition of C4 and C3b and enhanced the uptake of C. albicans, 
C. parapsilosis and acapsular C. neoformans by polymorphonuclear cells (PMNs). 
Compared to other micro-organisms, such as Escherichia coli, Staphylococcus 
aureus and Cryptococcus neoformans, C. parapsilosis and Candida albicans were 
potent activators of the lectin pathway. Our results suggest that MBL plays a crucial 
role in the innate immunity against infections caused by yeast by increasing uptake 
by PMN.
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INTRODUCTION

Mannose binding lectin 1, a plasma protein of hepatic origin that belongs to the family 
of calcium-dependent collagenous lectins (collectin), is an important protein of the 
innate immune system 1-6. This carbohydrate-binding protein binds mannose and N-
acetylglucosamine (GlcNAc) sugars and their derivates present on the surface of a 
wide range of clinically relevant microbial species and has the ability to distinguish 
self from nonself 4, 5, 7, 8. 

MBL initiates the lectin pathway of complement using attached mannose binding 
lectin-associated serine proteases (MASP-2) in an antibody- and C1q- independent 
manner 5, 7, 9. MASP-2 is indistinguishable in specificity from the convertases found 
in the classical and alternative of complement activation and permits cleavage of 
C4 and C2 to form a C3 convertase 3, 5, 7, 10. Once it has bound, MBL is able to 
deploy a variety of anti-microbial activities, such as microbial opsonization and/or 
microbial lysis via membrane attack complexes 8, 11. However, it is unclear whether 
MBL acts as a direct opsonin or is merely enhances other complement pathways 
and/or antibody-mediated phagocytosis 5. 

MBL deficiency, due to variation in the MBL gene, is one of the most common 
immunodeficiencies 5, 12 and is associated with impaired phagocytosis by 
polymorphonuclear leukocytes and with an increased burden of infections, especially 
in immunocompromised individuals 13-15. 

The clinically relevant opportunistic micro-organism C. parapsilosis is now the 
second or third most common cause of systemic fungal infections after C. albicans 
16-19. It is especially prevalent in very low birth weight neonates, transplant patients, 
post-surgical patients, patients receiving intravenous hyperalimentation and patients 
with indwelling invasive devices 20-23. Most patients at risk have some degree of 
immunosuppression. MBL has been shown to play a role in the first -line defense 
against C. albicans 9. The fungal cell wall, which consists mainly of polymers of 
N-acetylglucosamine (chitin), glucose (β-glucan) and mannose (mannan) 15, 24 is a 
candidate ligand for MBL and may be capable of activating the lectin complement 
pathway. 

In this study we evaluated the role of MBL in the opsonophagocytosis of C. 
parapsilosis. MBL was found to be a crucial opsonin for optimal phagocytosis of C. 
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parapsilosis, C. albicans and acapsular C. neoformans. Sera of patients with MBL 
deficiency have decreased opsonic capacity. 

METHODS

Microbial strains
A clinical isolate of Candida parapsilosis strain 05-173 (California Institute for 
Medical Research, San Jose, CA), as a reference Candida albicans strain ATCC 
14053 (American Type Culture Collection), the thinly (<0.5 mm) encapsulated 
Cryptococcus neoformans strain NIH 37 (National Institute of Health, Bethesda, MD) 
and an acapsular mutant of C. neoformans, CAP 67 (E.S. Jacobson, Medical College 
of Virginia) Staphylococcus aureus Mu 50 (Japanese Collection of Staphylococcus 
Cultures (JCSC)), S. aureus KV 39 and KV 68 (clinical isolates from University 
Medical Centre Utrecht), Escherichia coli ATCC 25922 and E. coli ATCC 35218 
(American Type Culture Collection) were used. In addition, Saccharomyces 
cerevisiae was used as a standard reference for the functional MBL test. Isolates 
were stored at -80°C in 40% glycerol. Before tests were performed, yeast strains 
were cultured overnight at 35°C on Sabouraud Dextrose Agar (SDA) and bacterial 
strains were cultured overnight at 37°C on blood agar and then kept at 4°C. 

Binding of MBL 
Micro-organisms (2 x 107 cells/mL) were incubated with 5 μg/mL of purified human 
MBL (90%) (HSR 003; Staten Serum Institut; MBL was purified in a two-step 
process by, affinity chromatography and gel filtration, with selecting for functionally 
active and oligomeric MBL. MASPs remain associated and co-elute with MBL 6) 
in a total volume of 50 μL of veronal-buffered saline pH 7.4, containing Ca2+ and 
Mg2+ plus 0.05% BSA (VSB2+), on a shaking plate (150 rev/min) at 37°C for 30 min. 
Organisms were spun down for 5 min at 15000 rpm and the pellets were washed with 
VSB2+ before suspension with mouse anti-MBL monoclonal antibody (mAbs) (10 
μg/mL in VSB2+; HYB131-010; Antibody shop, Staten Serum Institute, Copenhagen, 
Denmark). After a 30-min incubation on ice, samples were centrifuged and washed 
as described above and were resuspended in FITC-labelled goat anti mouse IgG 
(DakoCytomation, Glostrup, Denmark) (80 μg/mL in PBS) and incubated on ice 
for 30 min. Suspensions were centrifuged and washed as described above. Samples 
were analyzed by flow cytometry (FACSCaliber, Becton Dickinson; Mountain 
View, CA) with measurement of mean fluorescence intensity (MFI). Experiments 

b

D

p

p

P



101

101
101
101
101
101
101
101
101
101
101

The role of mannose binding lectin as an opsonin for C. parapsilosis

179

were done in duplicate and repeated at least three times. Negative controls were 
established for MBL binding by the omission of MBL. In order to evaluate whether 
the binding observed by C-type lectin interactions, inhibition experiments using a 
calcium chelating agent 20 mmol/L EDTA was added to the MBL solution 5 min 
before the addition of MBL to the micro-organisms. 

Deposition of C4, and C3b 
MBL-deficient serum was obtained from a subject who was homozygous for the 
LYPB haplotype of the MBL gene and had undetectable levels of serum MBL (< 
0.05 μg/mL). Serum IgG was depleted from the MBL-deficient serum using a HiTrap 
Protein G column (GE Healthcare, Uppsala, Sweden) 25. The freshly prepared MBL-
deficient serum samples were aliqouted and stored at -70°C until use. Informed 
consent was obtained from the donor. 

Micro-organisms (2 x 106 cells/mL) were incubated in 50 μl HBS2+ (Hepes-buffered 
saline, 20mM Hepes, 140 mM NaCl, 5 mM CaCl2 and 2.5 mM MgCl2) containing 
10% MBL-deficient serum supplemented with anti-C1q mAb (50 μg/mL; Sanquin, 
Amsterdam, The Netherlands) to inhibit the classical pathway 26 and with or without 
purified human MBL (2.5 μg/mL), in a sterile 96 well plate incubated for 2, 5, 
15 and 30 minutes at a shaking plate (150 rev/min) at 37°C. The reaction in each 
well was stopped by adding 150 μL of ice-cold PBS. Suspensions were washed 
and centrifuged for 10 min at 3500 rpm. The supernatants were removed, and the 
pellets were suspended with 50 μL of a solution of murine monoclonal anti-human 
C4d (Quidel, San Diego, CA) (4 μg/mL in PBS). After a 30-min incubation on ice, 
the samples were centrifuged and washed as described above and the pellets were 
resuspended in FITC-labelled goat anti-mouse IgG (DakoCytomation, Glostrup, 
Denmark) (80 μg/mL in PBS) and were incubated on ice for 30 min. Suspensions 
were centrifuged and washed as described above and measured by flow cytometry. 
C4d deposition was evaluated in duplicate and repeated at least three times. 

C3b deposition was analyzed by incubation of the organisms with 10% MBL-deficient 
sera in HBS2+, after which surface-bound C3b was detected with FITC-conjugated 
(Fab′)2 anti-human C3 (Protos Immunoresearch, San Francisco, CA) (20 μg/mL in 
PBS). Detection of C3b deposition was the same as for deposition of C4d. 

Preparation of Polymorphonuclear Leukocytes
Human polymorphonuclear (PMN) cells were isolated from the blood of healthy 
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volunteers using a Ficoll/Histopaque gradient with sodium heparin as anticoagulant 
(Greiner, Alphen a/d Rijn, The Netherlands) as described previously 27.
In brief, heparinized blood was diluted with an equal volume of PBS (pH 7.4), 
layered onto a gradient of Ficoll-Paque PLUS (GE Healthcare, Uppsala, Sweden) 
and Histopaque-1119 (Sigma-Aldrich, Steinheim, Germany), and centrifuged for 
20 minutes at 400 x g. Neutrophils were collected from the Histopaque layer and 
washed with RPMI 1640 containing 25 mM Hepes (N-2-hydroxyethylpiperazine-N’-
2-ethanesulfonic acid), L-glutamine (BioWhittaker, Walkerswille, MD) and 0.05% 
human serum albumin (Sanquin, Amsterdam, The Netherlands) (RPMI/HSA). The 
neutrophils were then subjected to a hypotonic shock with water for 30 s to lyse 
remaining erythrocytes.      

Fluorometric phagocytosis assay
Phagocytosis was performed using Fluorescein isothiocyanate (FITC)-labelled 
micro-organisms, MBL-deficient serum and freshly isolated human neutrophils. 
In brief, organisms were mixed (100/100: vol/vol) with FITC (Sigma-Aldrich, 
Steinheim, Germany) (1 mg/mL in 1 M sodium carbonate buffer, pH 9.6) and 
incubated at 37°C for 1 h under constant shaking at 200 rpm. Organisms were 
washed with RPMI 1640 medium twice. For each separate experiment, organisms 
were cultured and labelled with FITC. Aliquots of FITC-labelled micro-organisms 
(50 μl of 2x106cells/mL) were transferred in 96-wells microtiter plates. The pellets 
were tumbled with 20% MBL-deficient serum in the presence of 100 μg/mL anti-
C1q mAb, with or without purified human MBL (5 μg/mL, final concentration) and 
incubated for 15 min on a shaking plate at 37°C (150 rev/min). The pellet of the 
pre-opsonised organisms was suspended in 50 μL of RPMI 1640 and incubated with 
50 μL purified PMNs. Phagocytosis was stopped after 15 min by addition of 250 μL 
ice cold RPMI 1640 and the plate was centrifuged at 4°C at 1200 rpm for 10 min. 
Allophycocyanin (APC)-conjugated CD11b MAb (Becton Dickinson, San Jose, 
CA) served as a marker for human PMN 28 for the phagocytosis of yeast. The pellet 
from each well was suspended in 5 μL (250 μg/ml in PBS) and was incubated at 
4°C for 30 min, followed by the addition of 250 μL of RPMI 1640 to each well and 
centrifugation at 4°C at 1200 rpm for 10 min. The cell pellet was suspended in 250 
μL RPMI 1640 supplemented with 1% paraformaldehyde solution (PFA) and stored 
on ice for 30 min. Analysis of the samples was performed with a flow cytometer. 
Phagocytosis of the FITC-labelled micro-organisms was evaluated by determining 
the proportion of labelled PMNs expressed as a percentage of the total population of 
PMNs. The maximum percentages, obtained within an experiment were assigned a 
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value of 100% with all other percentages within the same experiment expressed as 
a relative percentage of this maximum. Negative controls for opsonophagocytosis 
were established by incubating organisms in RPMI 1640 containing neither serum 
nor purified human MBL in the opsonization step. 

Haemolytic MBL assay
A haemolytic MBL assay was used to study MBL activation by different micro-
organisms. This assay was previously described by Kuipers et al 3 and makes use 
of micro-organism-induced MBL activation in a dilution series of pooled human 
serum, followed by subsequent C5b-6- mediated bystander haemolysis of chicken 
erythrocytes. As a surplus of all down stream components of the lectin pathway are 
provided by a standardized concentration of MBL-deficient serum in this assay, the 
complement activation by bound MBL is the rate limiting step.

In brief, different microbial concentrations were added in 50 μl per well in a 96 
well microtiter plate, and serially diluted in vertical rows (two-fold dilutions). As 
the source of MBL, human pooled serum (HPS, stored in aliquots as previously 
described) from healthy workers of our laboratory was diluted 1:32 in VSB2+ and 
50 μg/mL anti-C1q mAb 26, incubated on ice for 15 minutes, and then serially 
diluted (10-0.5) in VSB2+ (final concentration of 1/100 HPS). Samples (50 μL) of 
each dilution were tested for haemolytic activity, using chicken erythrocytes (50μL 
of a mixture of MBL-deficient serum and 109 chicken erythrocytes in VSB2+). The 
microtiter plates were placed in a water bath at 37°C for 1 h and then centrifuged 
for 10 min, 2500 rpm. Supernatant of each sample was transferred to a flat-bottom 
plate containing 200 μL Super Q per well. Haemoglobin release was measured in an 
ELISA reader at 405 nm. Percentages of haemolysis were calculated using controls 
for 100% (water lysed) and 0% (buffer incubated) haemolysis. After incubation, the 
degree of bystander erythrocyte lysis was translated into the number of active sites 
per erythrocyte (Z-value) using the equation of Borsos and Rapp 29. Titters were read 
at Z=0.300. To measure the alternative pathway activation by the different micro-
organisms, the experiment s described above was performed with HPS in EGTA-
VB (8mM ethylene glycol bis-(β-aminoethyl ether) –N,N,N’,N’-tetraacetic acit 
with 2.5 mM Mg 2+) preventing classical and lectin pathway activation by removing 
Ca2+. Direct haemolysis of the erythrocytes by microbial products was excluded by 
incubating microorganisms and erythrocytes together with MBL-deficient serum 
only. All experiments were repeated at least three times.



Chapter 9

182

Statistical analysis
Statistical significance was determined by unpaired Student’s t test, using GraphPad 
Software program (Prism 5; GraphPad Software, Inc., San Diego, Calif.). P values 
of <0.05 were considered to be statistically significant. 

RESULTS

Binding of MBL to different pathogens
A striking difference in binding patterns of MBL to the different micro-organisms 
was found (Figure 1). Binding of MBL to C. albicans, C. parapsilosis and in a 
lesser extend to acapsular C. neoformans was found. Almost no binding of MBL 
was observed to S. aureus, E. coli and encapsulated C. neoformans. No binding was 
observed in the absence of Ca2+ (data not shown) and when purified MBL was not 
added. 

Figure 1 Ca2+- dependent interaction between mannose-binding lectin (MBL) and C. parapsilosis and 
reference strains C. albicans, C. neoformans, S. aureus and E. coli. 
Micro-organisms were incubated in the presence of 5 μg/mL purified human MBL in VSB2+. . After 
incubation with mouse anti-MBL monoclonal antibody and FITC-labeled goat anti mouse IgG, binding 
of MBL to these micro-organisms was analyzed by flow cytometry. Results are expressed as median 
fluorescence intensity (MFI). Data are the mean ± SEM of 3 separate experiments. Solid bars, addition 
of human purified MBL; open bars, no addition of human purified MBL.
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C4 and C3b deposition on the various pathogens
With C. albicans, C. parapsilosis and of acapsular C. neoformans deposition of 
the cleavages product C4 was detected after 2 min of incubation in MBL-deficient 
serum and was significantly enhanced by the addition of MBL at 2 min up to 10 
min (P <0.005 or P<0.05, unpaired Student’ t test of MFI) (Figure 2). Deposition of 
C4 was maximal at 5 min, whereas in the absence of MBL C4 deposition attained 
its maximal amount slowly over the time course measured. In contrast, addition of 
purified MBL to MBL-deficient serum did not increase C4 deposition significantly 
to the capsulated strains of C. neoformans, S. aureus and E. coli.

Figure 2 Time-dependent C4 deposition on C. parapsilosis and reference strains C. albicans, C. 
neoformans, S. aureus and E. coli in MBL-deficient serum supplemented with exogenous purified 
human MBL. 
Micro-organisms were incubated with 10% MBL-deficient serum with or without 2.5 μg/mL purified 
human MBL, at 37°C over a time course of 10 min. Results are expressed as median fluorescence 
(MFI). Data are the mean ± SEM of 3 separate experiments. *P < 0.05 and ** P< 0.005 unpaired 
Student’s t test of MFI.

Experiments with antibody to C3b (anti-C3b) showed that the addition of purified 
human MBL enhanced the deposition of C3b on Candida species and, to a lesser 
degree, C3b deposition on acapsular, encapsulated C. neoformans and S. aureus 
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(Figure 3). With Candida species, acapsular C. neoformans and S. aureus, C3b 
deposition was detected after 2 min of incubation in serum, with enhancement of 
deposition in the presence of MBL, reaching significance at 5 up to 30 min for C. 
albicans (P < 0.05 unpaired Student’ t test) and at 15 and 30 min for C. parapsilosis, 
acapsular C. neoformans and S. aureus (P < 0.005 or P < 0.05 unpaired Student’ t 
test). An increase in C3b deposition was observed for capsulated C. neoformans, 
reaching significance only at 30 min (P < 0.05 unpaired Student’ t test).

Figure 3 Time-dependent C3b deposition on C. parapsilosis and reference strains C. albicans, C. 
neoformans, S. aureus and E. coli in MBL-deficient serum supplemented with exogenous purified 
human MBL. 
Micro-organisms were incubated with 10% MBL-deficient serum with or without 2.5 μg/mL purified 
human MBL, at 37°C for 30 min. Results are expressed as median fluorescence (MFI). Data are the 
mean ± SEM of 3 separate experiments. *P < 0.05 and ** P< 0.005 unpaired Student’s t test of MFI.

Opsonophagocytosis of different pathogens
Opsonophagocytosis of C. albicans and C. parapsilosis was enhanced by 
preincubation in the presence with purified MBL compared to preincubation with 
MBL-deficient serum alone, reaching significance at 2.5% up to 20% serum for C. 
albicans (P <0.05, unpaired Student’ t test of % gated) and at 2.5% and 5% serum for 
C. parapsilosis (P <0.05, unpaired Student’ t test of % gated) (Figure 4). 
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We noted less opsonophagocytosis in the presence with purified human MBL and the 
acapsular strain of C. neoformans compared to Candida spp., although significance 
was reached at 10% and 20% serum (P <0.05, unpaired Student’ t test of % gated). The 
capsulated strain of C. neoformans showed no opsonophagocytosis with or without 
adding purified human MBL. S. aureus and E. coli showed no opsonophagocytosis 
in the lowest concentration with or without adding purified human MBL. But MBL 
appears to play a role in the higher serum concentrations, reaching a significance 
at 20% serum for S. aureus ( P <0.005, unpaired Student’ t test of % gated). 
When downstream complement components were inactivated by heating at 56°C, 
opsonophagocytosis was eliminated under all conditions tested (data not shown). 

Figure 4 Opsonophagocytosis of C. parapsilosis and reference strains C. albicans, C. neoformans, S. 
aureus and E. coli by human polymorphonuclear (PMN) cells. 
Micro-organisms were labelled with fluorescein isothiocyanate (FITC) and preincubated in the absence 
(control) or presence of 20% mannose-binding lectin (MBL)-deficient serum supplemented with 5 μg/
mL human purified MBL, for 20 min. The yeast:phagocyte ratio was 2:1. Phagocytosis was analyzed 
by the use of flow cytometry and expressed as percentage of micro-organisms-ingested PMN. Data are 
the mean ± SEM of 3 separate experiments. *P < 0.05 and ** P< 0.005 unpaired Student’s t test of 
phagocytosis % gated.
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Haemolytic assessment of complement activity via the lectin pathway
The haemolytic assay was used to characterize the different micro-organisms as 
a weak or potent activator of the MBL arm of the complement system at a 1/32 
dilution of HPS, since no activation of the alternative pathway was observed with 
this dilution (data not shown). In this assay, the number of microbes and the MBL 
concentration were varied. Addition of the inhibitory antibody directed against C1q 
eliminated the contribution of the classical pathway. The following organisms were 
ranked, in order of decreasing MBL-activating ability, S. cerevisiae, C. albicans, C. 
parapsilosis, encapsulated, and acapsular strain of C. neoformans and S. aureus and 
E. coli (Table 1.). The C. neoformans strains, S. aureus strains, E. coli strains did not 
activate MBL at this serum concentration. 

Table 1 Differential lectin pathway activating properties of S. cerevisiae, C. albicans, C. parapsilosis, 
C. neoformans, E. coli and S. aureus via MBL

Microbial strain Concentration at Z=0.3 (CFU/well)

S. cerevisiae 3.39 x 105

C. albicans 4.0 x 105

C. parapsilosis 4.9 x 106

C. neoformans encapsulated > 1 x 107

C. neoformans acapsular > 1 x 107

E. coli > 1 x 108

S. aureus > 1 x 108

Z value stands for the amount of haemolysis in the haemolytic assay, a measure of the mean number of 
MBL activating sites per chicken erythrocyte. CFU: Colony forming units

DISCUSSION

Mannose binding lectin (MBL), is a calcium-dependent plasma lectin that binds a 
wide range of micro-organisms 5. In the present study, we evaluated the role of binding 
of MBL at the subsequent deposition of C4 and C3b on the microbial cell wall. Also 
the role of MBL in opsonophagocytosis by PMN was studied. Well-characterized 
C. parapsilosis strain, C. albicans, E. coli, S. aureus and C. neoformans were 
used. These data demonstrate that MBL binds to C. parapsilosis, C. albicans and 
acapsular C. neoformans. MBL binding leads to activation of the lectin pathway of 
complement, demonstrated by deposition of C4 and C3 fragments and to enhanced 
opsonophagocytosis by PMNs. MBL is an important opsonin for phagocytosis of 
Candida species and acapsular C. neoformans. It lacks the function as an opsonin 
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for phagocytosis of encapsulated C. neoformans. Indeed, MBL plays a much less 
important role in the process of opsonisation of the S. aureus and E coli strains 
used. The lack of MBL activation of S. aureus, E. coli and C. neoformans could be 
advantangeous to the organism in allowing it to remain hidden from the MBL arm 
of the complement system (i.e., protected from lectin pathway-induced complement 
activation). Serum MBL levels would be unlikely to influence these organisms 
colonization/infection, compared to the yeast, which are strong activators of the 
MBL arm of the complement system. These data suggest the importance of MBL in 
the first-line defense against Candida species and acapsular C. neoformans.

Previously, studies have shown that MBL binds with high avidity to C. albicans and 
C. parapsilosis as well as to encapsulated C. neoformans, through mannan, a major 
component of fungal cell walls 4, 30, 31. Micro-organisms, as observed in the present 
study, fall into three groups. S. aureus, E. coli and encapsulated C. neoformans 
did not bind to MBL, acapsular C. neoformans bound MBL only weakly and both 
Candida species showed strong MBL binding. MBL has recently been shown to 
bind to C. albicans via its lectin domain, resulting in fungi agglutination on their 
hyphea outgrowths 9. Capsules have an important role in protecting organisms in 
vivo against complement attack, by making them resistant to phagocytosis 13, 32. The 
acapsular form of C. neoformans has exposed carbohydrate residues on its surface 
that are suitable for interaction with lectin-like receptors 30. Thus, the levels of MBL 
required for opsonophagocytosis may depend on the availability of binding epitopes 
on the infectious agents. 

The opsonophagocytosis assay and the complement-deficient sera used in these 
experiments allowed us to measure MBL dependent opsonization, because the 
classical pathway was blocked with anti-C1q 7. MBL increased the uptake of C. 
albicans, C. parapsilosis and acapsular C. neoformans by PMNs in serum. Since 
phagocytosis was not observed by binding of MBL in the absence of down-stream 
complement factors (data not shown), phagocytosis was enhanced via C3b-
dependent opsonization recognized by complement receptors on PMNs. Thus, 
MBL is an opsonin only in the presence of complement. In contrast to our results, 
Ip and Lau 9, using dendritic cells, reported that MBL binding does not lead to 
opsonophagocytosis, possibly due to the interference of MBL with the recognition 
of C. albicans by C-type receptors on dendritic cells, which mediate phagocytosis. 
Neth et al. 33 demonstrated that an MBL-mediated increases in opsonic C3 fragments 
enhanced opsonophagocytosis of S. aureus by neutrophils. However, Cunnion et 
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al. 34 showed similar to us, that MBL-mediated complement activation, did not 
enhance S. aureus phagocytosis. They used hypo-γ-globulin serum, which had been 
affinity-depleted of MBL, whereas Neth et al. 33 used serum from adult individuals 
who were genetically deficient in MBL, but which could contain immunoglobulins. 
Bacterial strain differences could account for the differences find in these reports 4. 
Comparable to our results with E. coli, previous experiments also have shown that 
MBL contributed little to opsonophagocytosis of gram-negative micro-organisms 35-

37. Recently, Brouwer et al. 38 reported MBL binding on the surface of S. pneumoniae, 
S. aureus and E. coli, but did not observe any significant contribution of MBL to 
opsonophagocytosis of these organisms. Comparable to our results, Brouwer et al. 
38 indicates that the lectin pathway of complement activation did not contribute to a 
large extent of the opsonophagocytosis of these bacteria. 

Also it was shown that in MBL transgenic mice MBL plays an important role in the 
innate immunity 39. In contrast to our observations, Shi et al. 40 reported that MBL-
initiated opsonophagocytosis by both neutrophils and macrophages is an important 
first-line host defense against S. aureus in mice. Mice that do not have a functional 
MBL complement pathway are highly susceptible to infection with S. aureus. In that 
study, decreased phagocytosis of S. aureus by peritoneal macrophages in MBL-null 
mice was reported 40. However, we only did in vitro studies, which may or may not 
explain the susceptibilities of MBL deficient individuals to these organisms. Further 
studies are needed to define the role of MBL in the defense against these bacteria. 

Previously, it has shown, that Neisseria meningitidis, the causative agent of 
meningococcal disease, is a strong activator of MBL 3. This is in line with clinical 
studies, which showed that MBL is associated with an increased risk of mucosal 
acquired infections including meningococcal disease 41. However, the role of MBL as 
an opsonin may thus critically depend on the microbial species involved, interspecies 
variation and the type of phagocytes present. A number of clinical studies have 
reported that MBL deficiency predisposes to Candida infections. Recently, Till et 
al. 42 described that patients with peritonitis with an early abdominal yeast infection, 
most commonly caused by C. albicans and C. parapsilosis 43, had lower MBL 
plasma levels than patients without such abdominal yeast infections. The incidence 
of abdominal yeast infections in patient with MBL variant genotype was significantly 
higher to those with no MBL variant genotype 42. MBL present in the vaginal cavity 
has been found to act as recognition molecules for C. albicans that colonize the 
cervicovaginal mucosa, which suggest that the lectin pathway plays an important 
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role against Candida infection 44. Low levels of vaginal MBL in patients with 
recurrent vulvovaginal candidiasis (VVC) might predispose to Candida infections 45.
It has been proposed that MBL activity is critical in early life, when maternally 
acquired protection is decreasing and actively acquired immunity is still low 5, 39, 46. 
MBL plasma concentrations at birth may be low due to both gene-polymorphisms 
and younger gestational age 47-49. Thus MBL activity may play an important role in 
innate defense of C. parapsilosis in premature babies.

In conclusion, the present study demonstrated the important role of MBL-mediated 
complement activation in opsonophagocytosis of C. parapsilosis, C. albicans 
and acapsular C. neoformans. MBL enhances opsonization of C. parapsilosis, C. 
albicans and acapsular C. neoformans, via the lectin pathway, which depends on the 
presence and availability of MBL binding epitopes. The binding of MBL by these 
yeasts and subsequent complement activation and opsonophagocytosis observed in 
our study may explain the observed increased risk of infections caused by these 
micro-organisms in MBL-deficient individuals. 
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Candida bloodstream infections remain the most frequent life-threatening fungal 
disease and are now recognized as a major cause of hospital-acquired infection. It is 
now the fourth most common organism recovered from cultures among hospitalized 
patients in the USA 1-4. Some years ago Candida albicans accounted for 70% to 80% 
of the Candida isolates recovered from infected patients 5-7. However, infections 
due to non-albicans species have emerged over the past two decades, and a shift 
from C. albicans to species such as Candida glabrata, Candida parapsilosis and 
Candida tropicalis has occurred 7, 8. In the past two decades C. parapsilosis has 
emerged as a major opportunistic pathogen and is now the second or the third most 
common cause of candidiasis after C. albicans. Early reports of C. parapsilosis 
describe the organism as a relatively non-pathogenic yeast of the normal flora of 
healthy individuals, that is of minor clinical significance 9. Important factors which 
have contributed to the increasing incidence of C. parapsilosis are the use of support 
systems, such as parenteral nutrition and central venous catheters 10-12. This increase 
may relate to frequent colonization of the skin, ability to proliferate in glucose- 
containing solutions, and an increased adherence to plastic devices. The increased 
incidence of candidemia due to C. parapsilosis is associated with extended hospital 
stay and increases the cost of medical care. Its spectrum of clinical manifestations 
entails fungemia, endocarditis, peritonitis, arthritis and endophthalmitis 9. Serious 
outbreaks of nosocomial fungemia are caused by C. parapsilosis, especially among 
very low birth weight neonates in neonatal intensive care units (NICU’s) 13. Unlike 
other Candida species, C. parapsilosis has been found on the hands of health care 
workers, resulting in subsequent nosocomial infection associated with handling of 
central venous catheters 14-16. C. parapsilosis is a particular problem since it tends to 
grow as a biofilms on implanted medical devices, conferring almost total resistance 
to antifungal drugs 17. The ability to grow as a biofilm is directly related to clinically 
significant disease, which is a unique attribute of C. parapsilosis 18. When nosocomial 
clusters appear, identification of a common source of infection and determination of 
genetic relatedness among the strains are important for infection control. 

The main purpose of the studies outlined in this thesis was to gain insight about the 
clinical pathogen C. parapsilosis. Due to the rapid increase in it as a cause of clinical 
disease, and because of lack of knowledge about this fungal pathogen, we studied 
several important aspects of C. parapsilosis. Firstly, chapter 2 we review the recent 
literature of C. parapsilosis infections including the most important aspects of this 
increasingly frequent clinical important pathogen. 
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The first objective of this thesis was to study the molecular epidemiology of C. 
parapsilosis.

It is unclear whether the emergence of pathogenic isolates of C. parapsilosis in various 
clinical institutions is due to the genetic diversity and the virulence of some strains, 
or to widespread favorable environmental conditions persisting in compromised 
hosts 19. Due to problems in the traditional classification of yeast within the genus 
Candida, molecular techniques are needed to classify, identify and differentiate 
medically important yeast subspecies. Detailing the genotypic characteristics is not 
only important for a more appropriate taxonomy, it could also greatly contribute 
to our understanding of the epidemiology and the pathogenic mechanisms of this 
emerging pathogen 9. Various DNA typing studies report that C. parapsilosis can 
be divided into three groups based on internally transcribed spacer (ITS) sequences 
of DNA within the ribosomal cassette, random amplification of polymorphic 
DNA (RAPD), restriction fragment length polymorphism (RFLP), electrophoretic 
karyotype patterns, multilocus enzyme electrophoresis, morphotyping, multilocus 
sequence typing (MLST) and DNA relatedness 20-25. 

Scherer and Stevens 25 described a useful method for the extraction of DNA from 
the yeast of Candida spp., followed by digestion and restriction endonucleases and 
electrophoresis of DNA fragments. C. parapsilosis isolates typed in this manner 
could be placed in 3 major DNA groups with, initially, 5 subtypes. As more isolates, 
were studied, greater genotypic diversity became apparent. To expand the previous 
studies, we collected a large number of isolates from a variety of geographically 
diverse locales to examine the global epidemiology of C. parapsilosis and assess the 
discriminatory capabilities of RFLP and RAPD typing methods (chapter 3). In this 
study 15 new subtypes were observed, with one dominant subtype, VII-1 (82% of 
536 C. parapsilosis isolates). In contrast to the conserved restriction fragment profiles 
in strains from the previous groups I and III, a polymorphism within group II was 
observed. 21, 22, 24. The prevalence of C. parapsilosis RFLP type VII-1 has apparently 
risen in the USA and current isolates show variation in distribution of types in some 
non-USA localities. There were no differences in distribution of types comparing 
babies versus adults, bloodstream isolates vs. colonizing or environmental isolates. 
RAPD typing showed 3 major profiles, but was less discriminator compared to RFLP 
typing. Dominance of these C. parapsilosis group I isolates, and its geographic 
spread, might be due to a clonal mode of reproduction, shown by the low nucleotide 
variability observed within the species 22, 26, 27. 
C. parapsilosis has been particularly associated with blood stream infections 
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in very low birth weight neonates 13, 28-35. In many neonatal intensive care units 
(NICU), C. parapsilosis has emerged as the predominant pathogen causing invasive 
infection, and significantly increases the morbidity and mortality of severely ill 
infants who require care in a NICU 14, 16, 36-40. Changes in neonatal intensive care 
practices may be associated with the emergence of C. parapsilosis as an important 
pathogen in very low birth weight infants 41. Cross-transmission between patients, 
especially among neonates through the hands of healthcare workers likely plays an 
important role in the spread of C. parapsilosis and contribute to the high isolation 
rate of C. parapsilosis. Several reports show that outbreaks are caused by direct 
interaction between healthcare workers and the newborn, through the placement or 
manipulation of catheters, being the site through which C. parapsilosis entered the 
bloodstream 13, 14, 31, 42 These outbreaks underscore the importance of appropriate 
infection control measures for prevention of these infections. 

Strain typing facilitates tracing of sources and routes of transmission of infection 
outbreaks. In chapter 4 we studied, by the use of two typing methodologies RFLP 
and RAPD, from an outbreak of C. parapsilosis fungemia in a NICU in the Chang 
Gung Children’s’ Hospital in Taiwan. In that study, we have compared the isolates 
(isolates colonizing the infants, as well as the bloodstream isolates, and those of 
the health care worker’s (HCW) hands) for identity and similarity. We found that 
the occurrence of an outbreak of neonatal fungemia caused by C. parapsilosis is 
related to cross-infection via hands of HCW. C. parapsilosis is the most common 
species of Candida to be isolated from the hands of HCW, especially those who 
wear gloves. HCW manipulate these lines, and C. parapsilosis may form biofilms 
and survive on plastic. Thus, it is likely that contamination of prosthetic devices with 
this organism occurs via the hands of HCW. Previous studies, apparently using less 
discriminatory methods, have suggested that the colonizing strains from different 
infants share a common genotype, suggesting that they may have a common 
source43. Our results support the proposal that another source of transmission among 
the colonizing strains was present. Maternal isolates also could be the source of the 
infants’ colonizing isolates. Many newborn babies acquire a Candida flora from the 
maternal vagina at the time of birth or during gestation. Vaginal candidiasis occurs in 
up to 56% of pregnant women, especially in the last trimester 44. There is obviously 
a possibility of direct transmission during birth by vaginal route, although there still 
remain questions concerning the role played by ecologic niches, represented by other 
ecologic niches, represented by other sources such as contamination by fomites and 
even other maternal sources 45. This environment could also be a source of the HCW 
colonizing isolates. 

b

b

b

s
b

p

b

b



101

101
101
101
101
101
101
101
101
101
101

Discussion and conclusion

199

C. parapsilosis strains have historically been categorized as group I, II and III on the 
basis of molecular fingerprinting using RAPD or ITS methods 21, 27. Recently, Tavanti 
et al. 22 reported that the C. parapsilosis family represent three different species: 
C. parapsilosis sensu stricto, C. orthopsilosis (formerly C. parapsilosis group 
II), and C. metapsilosis (formerly C. parapsilosis group III). Analysis of genomic 
heterozygosity and mitochondrial genome architecture supports this hypothesis 46. 
The purpose of the study presented in chapter 5 was to evaluate the correlation 
between RFLP and MLST typing methods or C. parapsilosis for analysis of its 
genetic polymorphism. To compare these two prominent methods, 29 isolates, typed 
by MLST, were typed by RFLP. It is important to see how these 2 methodologically 
disparate systems view the universe of C. parapsilosis isolates and particularly with 
respect to the new proposal to split C. parapsilosis into 3 species. Of the 19 proposed 
C. parapsilosis sensu stricto isolates (group I by internally transcribed spacer (ITS1) 
sequence), the most commonly encountered species, were RFLP type VII-1 (n=17). 
The species C. orthopsilosis (8 isolates) and C. metapsilosis (2 isolates) consisted 
of 5 and 1 other RFLP types, respectively; none were VII-1. None of the non-
VII-1 types were in more than one ITS group. VII-1 is the most common RFLP 
type (176/203 in continuing studies), and C. parapsilosis sensu stricto is similarly 
dominant in other studies. C. parapsilosis sensu stricto shows too little sequence 
diversity to be typeable by MLST and RFLP. RFLP subtype VII-1, C. parapsilosis 
sensu stricto, appears to be nearly identical; C. orthopsilosis, which can be subtyped 
by MLST, can also be subtyped by RFLP. C. metapsilosis is a relatively rare type in 
clinical specimens. Since we studied only two C. metapsilosis isolates, we cannot yet 
comment on the possible level of genetic diversity within this species. 

From these studies (chapter 3, 4, and 5) comparison of the RFLP genotypes of 
the strains investigated would indicated that there might be greater diversity of C. 
parapsilosis than was previously observed. Comparing two prominent methodologies, 
RFLP may be more discriminatory than RAPD for epidemiological purposes, as 
RFLP could, in the present study, distinguish two isolates into different groups that 
were identical by RAPD. Understanding the genetic diversity of the yeast may lead 
to more insight in the pathogenesis of infections caused by C. parapsilosis, and 
ultimately may make it possible to define proper preventive measures 24. 

A sequencing project of C. parapsilosis nuclear genome would be important for 
better understanding the biology of this pathogenic yeast species at the molecular 
level. An ideal strain typing system would not only detect similarities and differences 
between clinical yeast isolates at the subspecies level, but would also provide 
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markers for medically important properties such as resistance to antifungal agents 
and expression of particular virulence attributes. Currently, no single method of strain 
typing encompasses all of the features that would be considered to make it an ideal. 
Microarray-based systems, offer an attractive outlook of strain typing, may have 
a high level of sensitivity, specificity and throughput capacity, without requiring 
a priori knowledge of specific sequences 47. For typing purposes, microarray can 
be directed to identify the presence and quantity of different sequence variants of 
specific genes and regions. The opportunity to extend the number of detectable 
species in combination with the rapid assay procedure makes this an array-based 
method an interesting tool for the rapid and parallel detection of fungal pathogens 48.
Comparative phylogenomic analysis was conducted in chapter 6 to gain further 
insight into the genomic diversity of the C. parapsilosis group and to identify 
specific markers for these species. At present there is little genomic information 
on the C. parapsilosis group. We prepared and used a mixed whole-genome C. 
parapsilosis microarray, and hybridized 28 isolates of C. parapsilosis, 17 of C. 
orthopsilosis and 15 of C. metapsilosis isolates from different isolated, infections 
and patients. Our micro array data correlated with other genetic typing methods and 
indicated that comparative genomic hybridization based on a mixed genome array 
is a powerful method for studying species determination of these sibling species 
and for comparative genome analysis. The results of this study were surprising 
in that C. parapsilosis demonstrated such a striking contrast between the closely 
related species C. orthopsilosis and C. metapsilosis. Based on genomic differences 
it is concluded that C. parapsilosis sensu stricto is highly clonal and that its sibling 
species C. orthopsilosis and C. metapsilosis are less clonal. These differences cannot 
only be easily used to discriminate unambiguously between C. parapsilosis, C. 
orthopsilosis and C. metapsilosis, but also to discriminate between species within 
C. parapsilosis, C. orthopsilosis and C. metapsilosis. However, in the future, a small 
array can be constructed, which contains specific markers for the different species to 
correctly determine to the species level whether isolates belong are C. parapsilosis, 
C. orthopsilosis or C. metapsilosis. A similar approach should be feasible for 
identifying the other species of Candida. 

The second and third objective of this thesis was to focus on antifungal susceptibility 
and host response, which are two important aspects of C. parapsilosis infection
and pathogenesis.
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The emergence of yeast species with decreased susceptibility to contemporary 
antifungal regimens demonstrates the need for new antifungal agents 49, 50. The 
echinocandin class of antifungals offer an alternative to the standard regimens of 
azole or polyene agents and may provide additional advantages of reduced toxicity 51.
Caspofungin, micafungin and anidulafungin, which are echinocandins antifungal 
agents, compromise cell wall structural integrity through non-competitive inhibition 
of the synthesis of 1,3-ß-D-glucan, which is responsible for the biosynthesis of the 
principal cell wall component glucan, by targeting the putative catalytic subunit 
Fks1p 52-56. C. parapsilosis have higher MIC’s 10-100 fold higher than those observed 
for C. albicans, thus showing reduced echinocandins susceptibility 55, 57, 58. Also, C. 
orthopsilosis and C. metapsilosis also have higher MIC’s for echinocandin drugs 59-61.
Although the higher MIC’s for the C. parapsilosis group do not appear to result in 
clinical differences in therapeutic response there is a concern that such strains may 
be predisposed to higher-level resistance, which may result in treatment difficulties. 
This is not a minor concern, as C. parapsilosis is one of the most common non-
albicans Candida species isolated from blood worldwide 57, 58, 62. A naturally occurring 
amino acid polymorphism in the highly conserved Fks1p hot spot 1 region from C. 
parapsilosis relative to other Candida species has been suggested to be responsible 
for the reduced echinocandin susceptibility of these species 63. In chapter 7 and 8 
we focused on treatment and antifungal susceptibility of C. parapsilosis especially 
with respect to the new class of antifungals, the echinocandins.

In chapter 7 we determined the susceptibility patterns of the related sibling species 
C. parapsilosis sensu stricto, C. orthopsilosis and C. metapsilosis to fluconazole, 
caspofungin and anidulafungin. C. parapsilosis had significantly higher caspofungin 
and anidulafungin MICs than did C. orthopsilosis or C. metapsilosis, and C. 
metapsilosis was the least susceptible of the species to fluconazole. Although C. 
parapsilosis is not considered prone to developing antifungal resistance 49, 64-68, 
this observation showed us that significant differences in drug susceptibility occur 
among the sibling species. Thus, for antifungal susceptibility testing it is important 
to identify the organism to species level, so that appropriate comparisons can be 
made. Differences in antifungal susceptibility might be explained by comparison 
of traits and mechanistic pathways across species lines rather than within a single 
species. The evaluation and quantification of antifungal drug susceptibility data are 
important to the medical and clinical community.
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The so-called “paradoxical effect” refers to growth of echinocandin-susceptible 
organisms at highly elevated drug concentrations far in excess of the MIC 69. 
Paradoxical growth of some isolates of C. albicans, has been observed in high 
concentrations of caspofungin that are theoretically achievable in humans 70, 71. We 
(chapter 7) studied the paradoxical growth among the sibling species C. parapsilosis 
sensu stricto, C. orthopsilosis and C. metapsilosis. Thirty-seven percent of the C. 
parapsilosis sensu stricto isolates tested displayed paradoxical growth in the presence 
caspofungin. Despite close similarities among sibling species, only C. parapsilosis 
sensu stricto seems to have high capability to avoid caspofungin inhibition; only 
3% of isolates of C. orthopsilosis showed paradoxical growth and no isolates of C. 
metapsilosis. Although the paradoxical effect is not completely understood, studies 
have pointed towards involvement of the protein kinase C cell wall integrity and 
calcineurin pathways as well as increases in cell wall chitin content as potential 
mechanisms behind the effect 72. Whereas this effect has also been observed in vivo, 
further studies are warranted to determine the clinical implications, which remain 
unclear. Determining the mechanisms responsible for the paradoxical effect may 
increase our understanding of the fungal response to cell wall damage and allow for 
improved treatment strategies.

Host defense against fungi depends on phagocytosis, where complement, which 
is part of the nonspecific or innate immune system plays a supportive role. 
Polymorphonuclear leucocytes (PMN) require complement for maximal chemotaxis, 
opsonization, phagocytosis and fungicidal activity. Deposition of C3b on the surface 
of many invasive pathogens is essential for phagocytic host defenses and complement 
mediated lyses 73, 74. C. parapsilosis is an important etiologic agent of disseminated 
and invasive candidiasis. The incidence of disseminated and invasive candidiasis 
has paralleled the use of modern medical procedures that adversely affects the 
immune system and highlights the difficulty of treating disseminated and invasive 
candidiasis. 

In chapter 8 and 9 we studied the complement system. Three pathways, the classical, 
the alternative and the lectin pathway, lead to activation of the complement cascade 
and subsequent cleavage of complement factor C3, a central event in the activation 
of the complement system 75. Microbial opsonization facilitates their adherence to 
erythrocytes and, subsequently, microbial transport to one of the fixed organs of 
phagocytosis where intracellular killing of most of the microbes takes place. 

p

p

p

p
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In chapter 8 we investigated the effect of the echinocandin caspofungin C. 
parapsilosis on subsequent interactions with PMN. Since caspofungin inhibits the 
fungal cell wall β-glucan synthesis, and the fungal cell wall plays an important 
role in the recognition of Candida by phagocytic cells, we studied phagocytosis in 
the presence of caspofungin. Pre-treatment of C. parapsilosis with caspofungin at 
concentrations above the MIC were more difficult to opsonize and to phagocytose. 
C. parapsilosis exposed to concentrations of caspofungin below or above the MIC 
was more difficult to kill. Caspofungin-treated C. parapsilosis markedly induced a 
markedly lower oxidative burst. Overall, caspofungin treatment of C. parapsilosis 
alters the capacity of PMNs to phagocytose and kill the organism. Thus, treatment of C. 
parapsilosis with caspofungin may decrease the ability of the innate immune system 
to clear this pathogen. Hence, echinocandin therapy might be expected to increase 
pathogenicity or at least fungal persistence, which could result in treatment failure. 
As a result of the in vitro data with the echinocandins and in particular caspofungin, 
it is not clear that caspofungin deserves to be the drug of first choice for treating 
infections with this organism. Whether the higher MIC’s for caspofungin will affect 
clinical outcomes is unknown. The available in vivo human data that correlate with 
the in vitro susceptibility data for the echinocandins for C. parapsilosis. There are 
data, however, that support the efficacy of echinocandins for treatment of invasive 
candidemia 

In the final chapter (chapter 9) we focused on the role of mannose binding lectin, an 
innate immunity molecule, towards antifungal defense of C. parapsilosis.

The human collectin, mannose binding lectin (MBL) is an important host protein of 
the innate immune system that also includes pentraxins, and surfactant protein A and 
D. With multiple carbohydrate-recognition domains, MBL is able to bind to sugar 
groups displayed on the surface of a wide range of micro-organisms (bacteria, viruses, 
fungi and protozoa) and thereby provide first-line defense. It is recognized to have 
a role in processes as diverse as complement activation, promotion of complement-
independent opsonophagocytosis, modulation of inflammation, recognition of 
altered self-structures and apoptotic clearance 76. MBL activates a novel third 
pathway of complement activation, the lectin pathway, which is an antibody- and C1 
independent. As described in chapter 9, in contrast with many other micro-organisms 
like Escherichia coli, Cryptococcus neoformans and Staphylococcus aureus, MBL 
supports C4 and C3 deposition and phagocytosis of C. albicans, C. parapsilosis and 
acapsular C. neoformans. We used purified human MBL added to MBL-deficient 
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serum and then added to the yeast. Compared to other micro-organisms, such as E. 
coli, S. aureus and C. neoformans, we found that C. parapsilosis and C. albicans 
were potent activators of the lectin pathway. Surprisingly other studies showed no 
effect of MBL on complement activation on certain organisms tested. Differences in 
the reports could be due to differences in methodology. In addition, organism strain 
differences could account for the differences in several studies. 
Our results suggest that MBL plays a crucial role in the innate immunity against 
infections caused by yeast by increasing PMN uptake of the organisms. In patient 
studies looking at the effect of MBL deficiency on infection and infection parameters, 
a distinction ought to be made between bacterial and yeast infections. Steric hidrance 
by MBL may effectively inhibit the spread of C. parapsilosis and C. albicans by 
blocking access to appropriate receptors. Further research targeted at the relative 
importance of various mechanisms in the host defense against the fungal pathogen 
will help to identity the possible role of MBL replacement or adjunctive therapy in 
the clinical situations that render individuals susceptible to fungal infections. 

C. parapsilosis has emerged as a major pathogen in the past two decades. Earlier 
studies on different aspects of C. parapsilosis may have been made more difficult 
because C. parapsilosis is a group of three sibling species. Thus, comparisons of traits 
may have been across species lines rather than within a single species. Because we 
are now able to distinguish these species, it will be important for future studies first 
to identify the organism to species level, so that the appropriate comparisons can be 
made. Our knowledge of this pathogen and its siblings is an incomplete, yet evolving 
story, much as the pathogen itself is emerging. Therefore, comprehensive studies of 
its epidemiology, pathogenesis and resistance must be performed. Epidemiological 
investigations of infection outbreaks in hospitals are highly desirable to identify the 
source and route of infection in order to eradicate it. Such investigations require 
accurate strain typing, because in candidemia it is problematic to distinguish between 
an endogenous source of infection and infection transmitted exogenously from other 
infected patients or even health care workers.
Identification of a fungal pathogen to the species level rather than antifungal 
drug susceptibility testing is presently a crucially important step in the selection 
of the adequate antifungal agents and also presents a promising platform for the 
detection of pathogenicity factors or genes that confer resistance 48. The combined 
information about the species and resistance would then lead to more efficient 
therapies, while reducing the unwanted selection pressure of antifungal agents at 
the same time 48 In conclusion, future studies within the C. parapsilosis group will 
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continue to investigate the molecular epidemiology, and host defense mechansims 
of C. parapsilosis and its related species. Undoubtedly, the knowledge gained will 
contribute to better understanding the genetic diversity of the yeast and may lead to 
insight in the pathogenesis of fungal infections, and ultimately may make it possible 
to define proper preventive measures. 
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De gist Candida is de belangrijkste veroorzaker van gedissemineerde en invasieve 
infecties bij patiënten met een verminderde afweer. Candida veroorzaakt infecties 
in de bloedbaan, een Candidemie, en wordt mn. in de Verenigde Staten gezien als 
één ernstige oorzaak infecties die patienten met een lage weerstand kunnen oplopen. 
Van alle micro-organismen die bloedbaan infecties veroorzaken komt Candida in 
de VS op de 4e plaats en op de 8e plaats in Europa. Wereldwijd is er de afgelopen 
jaren een toeneming van, C. albicans die tot enkele jaren geleden ongeveer 70-
80% van de infecties veroorzaakte, naar andere Candida soorten opgetreden. Onder 
deze non-albicans soorten is C. parapsilosis momenteel de tweede of derde meest 
voorkomende soort die een candidemie veroorzaakt. Hoogst waarschijnlijk is het zo 
dat weliswaar C. albicans infecties percetieel afnemen maar niet absoluut. Het aantal 
infecties door C. parapsilosis neemt toe. In vroegere studies werd C. parapsilosis 
omschreven als een zeer weinig pathogeen organisme dat tot de normale flora 
(voornamelijk darmflora) van gezonde individuen behoort en die zelde klinische 
symptomen veroorzaakt. Belangrijke factoren die bijdragen aan de stijgende 
incidentie van C. parapsilosis is het gebruik van moderne medische procedures, 
zoals intraveneuze lijnen, en het gebruik van intraveneuze voeding. De stijgende 
incidentie van C. parapsilosis infecties is geassocieerd met langdurige ziekenhuis 
opnames en de toegenomen mogelijkheden die de medische zorg met zich meebrengt. 
Deze belangrijke opportunistische gistsoort veroorzaakt verschillende infecties die 
kunnen verschillen van de minder ernstige monduitslag tot een levensbedreigende 
aandoening als bloedbaan infecties, endocarditis (infectie van de hartklep) 
endopthalmitis (infectie van het oog), infectieuze artritis (infectie van gewrichten) en 
peritonitis (infectie van het buikvlies), die vaak geassocieerd zijn met ingewikkelde 
ingrepen of de aanwezigheid van intraveneuze katheters. 

De studies die zijn beschreven in dit proefschrift zijn uitgevoerd om meer inzicht 
te krijgen in de afweer van het lichaam tegen deze gisten en in de moleculaire 
epidemiologie van C. parapsilosis. Door meer kennis te krijgen hoe C. parapsilosis 
doordringt- en verspreid in het lichaam van de patiënt, kan meer inzicht worden 
verkregen in de pathogenese van C. parapsilosis, en bestaat de mogelijkheid om 
toename van infecties veroorzaakt door C. parapsilosis tegen te gaan. De rol 
van complement en witte bloedcellen (beide onderdeel van het niet-specifieke 
afweersysteem) in de pathogenese van C. parapsilosis werden in dit proefschrift 
bestudeerd samen met verschillende typeringsmethoden en de nieuwe methode de 
mixed genome DNA microarray om hiermee mogelijk virulente en minder virulente 
gisten te kunnen onderscheiden.
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Hoofdstuk 2 geeft een algemene inleiding over de gistsoort C. parapsilosis en 
beschrijft de epidemiologie, de virulentie factoren, de afweer van de gastheer tegen 
deze gist, de klinische aspecten, methode voor het differentiëren van verschillende 
stammen en de behandeling van deze ziekteverwekker (pathogeen)

Candida infecties in de bloedbaan veroorzaakt door C. parapsilosis zijn de afgelopen 
twee decennia in vele ziekenhuizen wereldwijd enorm toegenomen. Deze toename 
verschilt per land en per ziekenhuis. In hoofdstuk 3 evalueren we de wereldwijde 
verspreiding van C. parapsilosis. Een groot aantal C. parapsilosis stammen werd 
getypeerd, met behulp van twee verschillende technieken restriction fragment length 
polymorphism (RFLP) en random impliciet polymorphic DNA (RAPD), technieken 
die geschikt zijn voor de het aantonen van verschillen binnen een soort. Ook al wordt 
C. parapsilosis met de standaard laboratorium testen als een enkele soort gezien, 
het bestaan van drie verschillende substypen (genotype) binnen C. parapsilosis is 
in meerdere studies aangetoond. In deze studie werden met behulp van RFLP 15 
nieuwe subtypes aangetoond, binnen deze 3 genotypes, met een dominant subtype 
VII-1 (82% van 536 C. parapsilosis isolaten). Binnen een soort kunnen er bepaalde 
stammen zijn die geassocieerd zijn met een bepaald type infectie, een bepaalde groep 
patiënten, of die in een bepaald gebied voorkomen. De incidentie van C. parapsilosis 
RFLP type VII-1 is gestegen in Noord-Amerika en sommige isolaten tonen variatie in 
verspreiding van bepaalde RFLP subtypen in sommige landen buiten Noord Amerika. 
Uit deze studie bleek er geen relatie te bestaan tussen de verspreiding van bepaalde 
subtypes bij neonaten (pasgeborenen) of volwassenen of tussen isolaten afkomstig 
uit bloed of koloniserende/omgeving isolaten. Het aantonen van zulke relaties zou 
kunnen leiden tot een beter begrip van de epidemiologie van C. parapsilosis, en kan 
tevens een aanzet zijn tot bijvoorbeeld het vinden van moleculaire markers voor 
belangrijke eigenschappen als virulentie. Uiteindelijk kan dit leiden tot verbeterde 
therapeutische voorschriften.

In vele neonatale intensive care units is C. parapsilosis het meest voorkomende 
pathogeen dat ernstige bloedbaan infecties veroorzaakt. Dit kan uiteindelijke 
leiden tot mortaliteit (sterfte) bij deze groep patiënten. Vele eerdere studies 
vermeldden epidemieen in neonatale intensive care units, zoals ook een uitbraak 
van C. parapsilosis in de neonatale intensive care unit in het Chang Gung Childrens’ 
Hospital in Taiwan. Aan de hand van deze studie vergelijken we in hoofdstuk 4, 
(onschuldige op de huid- en slijmvliezen voorkomende) stammen die slechts 
koloniseerde met stammen afkomstig uit de bloedkweek en met stammen afkomstig 
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van de handen van de verpleegkundige. Hiervoor werd opnieuw gebruik gemaakt 
van de typeringstechnieken RFLP en RAPD. In dit hoofdstuk werd aangetoond dat 
de epidemie van sepsis bij neonaten door C. parapsilosis waarschijnlijk veroorzaakt 
werd door kruisinfectie via de handen van de verpleegkundige. Echter de stammen 
waren van een andere transmissie bron afkomstig, nl. van de moeder. In dit hoofdsruk 
wordt tevens een overzicht gegeven van uitbraken bij neonaten in neonatale intensive 
care units. Het aantonen van de verhoogde hoeveelheid epidemieën bij neonaten in 
deze setting moet leiden tot urgentie van goede infectie controle handelingen zoals 
het wassen van handen, zorgvuldig zijn met infusen ect. 

Recentelijk is beschreven dat er veel genetische diversiteit tussen de drie genotypen 
bestaat en is er besloten de drie genotypen van C. parapsilosis onder te verdelen 
in drie verschillende soorten, C. parapsilosis sensu stricto, C. orthopsilosis en 
C. metapsilosis. Er bestaan veel verschillende technieken voor het aantonen van 
verschillen binnen de soort C. parapsilosis, zoals de al eerder genoemde RFLP 
en RAPD technieken maar ook internal transcriped spacer (ITS) en multilocus 
sequence typing (MLST). In hoofdstuk 5 analyseren wij de correlatie tussen drie 
verschillende typeringsmethode, RFLP, ITS en MLST, de genetische polymorphism 
(genetische verschillen) van C. parapsilosis. Het is van belang om te zien hoe twee 
toch verschillende technieken C. parapsilosis onderverdelen en nog belangrijker op 
basis waarvan C. parapsilosis kunnen verdelen in drie verschillende soorten. 

De resultaten van deze drie hoofdstukken (hoofdstuk 3, 4 en 5) aangehoudenen aan 
dat er meer diversiteit binnen C. parapsilosis bestaat in vergelijking met vroegere 
studies. Door het begrijpen van deze genetische diversiteit van C. parapsilosis hopen 
we meer inzicht te krijgen in de pathogenese van C. parapsilosis en dat we daardoor 
uiteindelijk kunnen zorgen voor betere preventieve maatregelen.

In hoofdstuk 6 gebruiken we vergelijkende fylogenetische analyse om meer inzicht 
te krijgen in de genetische diversiteit binnen de C. parapsilosis familie. Hybridisatie 
van 28 C. parapsilosis, 17 C. orthopsilosis en 15 C. metapsilosis isolaten van diverse 
achtergronden, en verschillende continenten, op een microarray, gefabriceerd met 
acht C. parapsilosis stammen, een C. orthopsilosis stam en een C. metapsilosis 
stam, toonde een groot verschil in clustering. In een microarray worden duizenden 
stukjes DNA die samen het gehele genoom van C. parapsilosis vormen een voor 
een bestudeerd. De microarray toonde vier verschillende clades, die een laag aantal 
verschillen in genen toonden in iedere clade. Iedere clade werd gekenmerkt door de 
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aanwezigheid van een aantal specifieke spots (DNA fragment), waarvan een deel werd 
gesequenced. C. parapsilosis is erg clonaal in tegenstelling tot C. orthopsilosis en C. 
metapsilosis. Deze verschillen kunnen niet alleen gebruikt worden om onderscheid 
te maken tussen C. parapsilosis, C. orthopsilosis en C. metapsiosis maar ook binnen 
een de soorten C. parapsilosis, C. orthopsilosis en C. metapsilosis. In de toekomst 
kan een microarray gemaakt worden met specifieke markers voor iedere soort om 
op basis van deze methode C. parapsilosis, C. orthopsilosis en C. metapsilosis goed 
te kunnen onderscheiden. Op basis van de resultaten van de clustering kunnen we 
zeggen dat fylogenetische analyse op basis van een microarray een goed en krachtig 
systeem is om micro-organismen te determineneren

Met het huidige grote aantal antifungale (antischimmel) middelen heeft de klinicus 
een ruimere keus voor behandeling van Candida infecties. Behalve met de in vitro 
gevoeligheidsbepaling is het bij deze keuze van therapie van groot belang dat er 
rekening wordt gehouden met de ernst van de infectie en vooral de exacte determinatie 
tot op stamniveau van de geïsoleerde verwekker. Op basis van effectiviteit, weinig 
bijwerkingen en de lage kosten mag fluconazol nog steeds worden beschouwd worden 
als het middel van keuze bij Candida-infecties, hoewel volgens sommige artsen en 
studies, de echinocandines een andere groep, toch duidelijk de voorkeur hebben bij 
de behandeling van invasieve candidemie. Een van de beperkingen bij toepassingen 
van fluconazol is het voorkomen van primaire resistentie, zoals wordt gezien bij 
Candida krusei en Candida glabrata. C. parapsilosis is over het algemeen gevoelig 
en kan goed met fluconazol worden behandeld. Caspofungine behoord samen 
met anidulafungine en micafungine tot de nieuwe groep antifungale middelen: de 
echinocandinen, die als functie hebben de remming van de β-D-glucaansynthese in 
de celwand van gisten en schimmels. Echinocandines hebben duidelijk voorkeuren 
boven azolen (bijv. fluconazol of voriconazol) voor wat betreft de interacties met 
andere medicaties. C. parapsilosis is minder gevoelig voor de echinocandines dan 
andere Candida soorten. Een opvallend verschijnsel bij caspofungine werd recentelijk 
aangetoond. Paradoxale groei van sommige Candida soorten bij hoge concentraties 
caspofungine, concentraties boven de minimale remmende concentratie, die normaal 
dus de groei remmen. 

In hoofdstuk 7 beschrijven we de in vitro gevoeligheidsbepaling van de individuele, 
sterk gerelateerde species, C. parapsilosis sensu stricto, C. orthopsilosis en C. 
metapsilosis van de antifungale middelen fluconazol, caspofungine en anidulafungine. 
C. parapsilosis was minder gevoelig voor caspofungine en anidulafungine in 



Chapter 10

218

tegenstelling met C. orthpsilosis en C. metapsilosis. C. metapsilosis toonde 
verminderde gevoeligheid voor fluconazol. Ondanks het feit dat C. parapsilosis 
in het algemeen geen resistentie vertoond tegen antifungale middelen, suggereert 
deze observatie, verschillen in gevoeligheid voor bepaalde antifungale middelen 
zijn. Verschillen in, in vitro, gevoeligheidsbepalingen tussen de verschillende 
stammen kunnen effect hebben op de therapie keuze. Ook namen we verschillen in 
paradoxale groei weer tussen deze drie sterk gerelateerde Candida soorten (groei in 
de aanwezigheid van hoge concentraties van het middel). 

Ons immuun systeem is er op gericht zo snel mogelijk binnengedrongen 
ziekteverwekkers, zoals Candida spp, op te sporen en te verwijderen. Wanneer 
een micro-organisme ons lichaam binnendringt, zijn het de componenten van het 
aangeboren (“innate”) immuunsysteem die direct een infectie van de ziekteverwekker 
proberen op te ruimen. Witte bloedcellen, zoals neutrofielen granulocyten zijn de 
belangrijkste cellen in de afweer tegen Candida infecties. Neutrofiele granulocyten 
zorgen voor fagocytose (opeten) en het intracellulair doden van Candida. 
Neutrofielen kunnen micro-organismen het best herkennen wanneer deze beladen 
zijn met herkenningsmoleculen (opsoninen). Een van de belangrijkste opsoninen 
zijn de eiwitten van het complement systeem. Het humane complement systeem 
bestaat uit 30 verschillende eiwitten die alleen als een cascade geactiveerd kunnen 
worden. Deze activatie kan langs verschillende activatie routes verlopen. C3 is een 
van de complement eiwitten die een centrale rol speelt in het complement systeem.

Er kunnen verschillende interacties optreden tussen antifungale middelen en het 
afweermechanisme, die van invloed kunnen zijn op het verloop van de infectie, 
positief, maar ook negatief. Omdat fagocytose door neutrofielen granulocyten, 
monocyten en macrofagen een belangrijke rol spelen in het afweersysteem tegen 
ernstige infecties veroorzaakt door gisten, is het van belang te kijken naar de invloed 
van caspofungine (omdat patiënten bij tekenen van een infectie vaak met dit middel 
worden behandeld) op het opname proces van C. parapsilosis. In hoofdstuk 8 kijken 
we naar het effect van caspofungine, op verschillende belangrijke processen (zoals 
opname van gisten door neutrofielen granulocyten en intracellulaire killing) door 
het afweer systeem. Het zou kunnen zijn dat het antifungale middel de fagocytose 
bevordert of zelfs tegen gaat. We tonen aan dat bij stammen die zijn behandeld met 
hoge concentraties caspofungine (waardes boven de minimale remmende concentratie 
(MIC of MRC= minimal inhibitory concentration; minimaal in groei remmende 
concentratie), moeilijker C3 depositie (een onderdeel van het complementsysteem) 
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en opname van C. parapsilosis door neutrofielen granulocyten plaatsvindt. Het 
is uiteraard van belang de pathogeniciteit van de infectie C. parapsilosis beter te 
begrijpen voor uiteindelijk een snellere en effectiever behandeling. In dit hoofdstuk 
hebben we aangetoond dat caspofungine dat in vitro hele goede effectiviteit heeft 
tegen gisten menselijke afweersysteem tegen kan werken. De klinische relevantie 
hiervan blijft echter onduidelijk.

Het complement systeem kan op drie manieren worden geactiveerd. Een van deze 
routes is de lectine route, met mannose-bindend lectine (MBL) als hoofdrolspeler. 
MBL is één van de belangrijke eiwitten die een rol spelen in het complement 
systeem. MBL bindt gemakkelijk aan de suikers mannose, N-acetylglucosamine en 
fucose. Deze suikers kunnen voorkomen aan de buitenkant van bacteriën, virussen, 
parasieten en gisten. Als deze binding tot stand is gebracht, wordt de lectine route 
geactiveerd. 
C. parapsilosis heeft een celwand dat is opgebouwd uit eiwitten en suikers 
(monosacchariden). Door middel van gezuiverd MBL toe te voegen aan het serum 
van MBL deficiënte patiënten konden we de rol van MBL als opsoninen in in vitro 
studies bij diversen micro-organisme onderzoeken, zoals beschreven in hoofdstuk 
9. Toevoeging van gezuiverd MBL leidt tot meer MBL binding, meer C4 en C3b 
depositie en betere opname van C. parapsilosis. Bij bacteriën, zoals Escherichia 
coli en Staphylococcus aureus, maar ook bij de gist Cryptococcus neoformans bleek 
MBL een minder grote rol te spelen. Uit de resultaten van deze studie blijkt MBL, 
een belangrijke rol te spelen als opsonine dat zorgt voor een versnelde opname van 
C. parapsilosis en C. albicans door fagocyten. C. parapsilosis en C. albicans bleken 
veel sterkere MBL activatoren te zijn in vergelijking met de bacteriën E. coli, S. 
aureus en C. neoformans. Kortom MBL speelt mogelijk een belangrijke rol in het 
humane afweersysteem tegen infecties die worden veroorzaakt door Candida. 

Er blijven echter op verschillende gebieden nog een velen vragen te beantwoorden 
over dit snel opkomende pathogeen. Zoals een gouden standaard techniek die 
geschikt is voor het aantonen van verschillen binnen de C. parapsilosis familie, 
die tevens simpel, reproduceerbaar en weinig kosten met zich meebrengt en dus 
routinematig kan worden gebruikt. Moleculair epidemiologisch onderzoek van 
ziekenhuis epidemieen veroorzaakt door C. parapsilosis is van groot belang, om 
de bron en de route van overdracht te achterhalen om dit te kunnen voorkomen. 
Voor adequate behandeling van een C. parapsilosis infectie is identificatie van dit 
pathogeen op species niveau een van de belangrijkste factoren. Juiste identificatie 
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zal ook bijdragen aan de detectie van virulentiefactoren en genen die zorgen voor 
resistentie van C. parapsilosis tegen een bepaald antifungaal middel. De ontwikkeling 
van een microarray met specifieke markers voor C. parapsilosis, C. orthopsilosis en 
C. metapsilosis zal ons hopelijk betere inzichten geven in het identificeren van het 
juiste pathogeen en uiteindelijk leiden tot meer inzicht in de pathogenese van dit 
snel opkomende pathogeen, wat uiteindelijk zal leiden tot betere behandeling en 
preventieve maatregelen. 







ACKNOWLEDGEMENTS



Chapter 10

224

I would like to acknowledge everyone who contributed, professionally or personally 
to the realization of this thesis.

Professor Verhoef, zeer gewaardeerde promotor, toen ik bij u met de vraag kwam of 
u een adres wist in Amerika om onderzoek te doen, werd er door u onmiddellijk actie 
ondernomen en binnen een week had ik een prachtige plek bij Stanford University. 
Terug vanuit Amerika gaf u mij de mogelijkheid om bij u promotieonderzoek te 
doen, waar ik u tot op de dag van vandaag dankbaar voor ben. Dank voor het in 
mij gestelde vertrouwen. U heeft mij op de juiste momenten gestimuleerd en op 
het goede spoor gehouden. Ik ben trots dat ik als tweede van de familie bij u mag 
promoveren!

Professor Hoepelman, zeer gewaardeerde promotor, tijdens mijn co-schap in 
Nicuraqua, waar ik door u terecht ben gekomen, heb ik mijn eerste wetenschappelijk 
ervaringen opgedaan. Dit heeft mij gestimuleerd om door te gaan met wetenschappelijk 
onderzoek. Met de snelheid hoe u mijn manuscripten nakeek, gaf mij de motivatie 
om door te schrijven en dit proefschrift tot een eind te brengen. Veel dank voor de 
mogelijkheid om promotieonderzoek te doen. Veel dank voor u kritische blik op 
mijn proefschrift, de discussies en u motiverende enthousiasme, dat voor mij heel 
belangrijk is geweest. 

Jelle Scharringa, mijn rechterhand, ik ben je enorm veel dank verschuldigd. Je 
nauwkeurigheid en vakkundige aanpak van de experimenten staan als pijlers onder 
dit proefschrift. Zonder jou geen proefschrift. Veel dank voor gezelligheid in het 
laboratorium. En wie weet komt er toch nog ooit een Candida groep in het EWI, of 
we het hele EWI over gaan nemen dat betwijfel ik. Dank voor alles!

Dr. Stevens, thank you for giving me the opportunity to work in your great group of 
excellent people. I admire your research qualities, invaluable ideas and enthusiasm. 
Your way of working was enormously stimulating for me. You have been an excellent 
teacher. Thanks for all the energy you put into me.

Dr. Clemons, from day one you have been an excellent coach and teacher. You 
showed me that science could be fun. Your contributions to this thesis are invaluable, 
professionally and personally. Thank you for everything!

j



101

101
101
101
101
101
101
101
101
101
101

225

Marife, Rachana, Ann-Jay, Xavi and Jomar thank you for all the help at the CIMR, 
fi nding my way in the laboratory and helping me with research work. Thanks for 
everything.

Alle EWI-collega’ bedankt voor de leuke sfeer op de afdeling. Een leuke plek om te 
werken. Nogmaals veel dank.
Piet Aerts, dank voor je hulp bij de MBL proeven en je behulpzaamheid in het 
wegwijs maken in het lab 602. Erik bedankt voor je hulp en inzet op ieder moment 
dat het nodig was. Annette dank voor al je gezelligheid eeuwige energie en voor 
je wetenschappelijke input en praktische hulp op vele momenten. Kamergenoten: 
Annette, Heidi, Jovanka, Ilse, Armand, Neeltje, Antoni, Marleen en Dodi bedankt 
voor de gezelligheid.

Bjorn Herpers, dank voor je kritische blik, het meedenken, je hulp en inzet over de 
MBL proeven. 

Frank Coenjaards, helaas hebben onze wegen zich moeten splitsen. Toch heb ik 
veel steun gehad aan je kritische blik op mijn werk. Ik had graag langer met je 
samengewerkt. Veel dank voor al je inzet.

Martien Caspers, Frank Schuren en Roy Montijn, experts op het gebied van 
micro-arrays. Dank jullie wel dat ik de kans heb gekregen om bij TNO te komen 
werken. Veel dank voor het wegwijs maken van de micro-array technieken en de 
analyses, maar ook voor alle hulp en de gezelligheid. Martien in een woord je bent 
fantastisch, bedankt voor je enthousiasme, je talent en de discussies op het gebied 
van microarray’s. Als ik je nodig had was je er, zelfs in de avonduren, bedankt. Ook 
de andere EWI medewerkers op TNO bedankt voor de hulp in het lab, het spotten 
van de slides en de gezelligheid.

Yfke, dank voor de hulp bij allerlei zaken. Alleen jij ben in staat om orde te scheppen 
in een chaos!

Peter en Annet van der Starre, veel dank ben ik aan jullie verschuldigd, voor het 
altijd klaar staan en de goede opvang tijdens mijn periode in Amerika. Zonder jullie 
steun was er nooit een proefschrift geweest. 

Acknowledgements



Chapter 10

226

Mijn paranimfen, lieve Lot en Ot, dank voor jullie vriendschap. Lot dank voor 
de dagelijkse suggesties en steun. Ot je droom komt uit, dag een vanaf mijn 
promotietraject wou jij graag mijn paranimf zijn, ik voel me enorm vereerd! Het is 
een eer dat jullie bij de verdediging van mijn proefschrift willen zijn!

Anna, ik ben trots op je dat je mijn zus bent. Zoveel talenten, zo artistiek. En natuurlijk 
de voorkant van dit boekje, een ontwerp van mijn eigen kunstenaar. Ga zo door, ik 
sta volledig achter je. 

Pappie, mammie, jullie staan aan de basis van dit resultaat. Heel veel dank voor 
de liefdevolle steun, het vertrouwen en de mogelijkheden, die jullie mij geboden 
hebben om dit te bereiken.

Reinier, mijn rots in de branding, dank voor al je begrip en steun en voor je gezonde 
blik op het leven. 







CURRICULUM VITAE



Chapter 10

230

The author of this thesis was born on May 20, 1981 in Nijmegen, The Netherlands.
In 1998 she graduated from high school (HAVO, Doorn) and in 1999 she graduated 
from high school (VWO, Utrecht) and started to study medicine the same year at the 
University of Utrecht. From July until November 2002 she was research-assistant 
in a prevalence study to gain more insight into the etiology, bacterial resistance and 
risk factors for symptomatic UTI in the region of Leon, Nicaragua. From December 
2004 until March 2005 she worked in the St. Mary’s hospital in Mumias, Kenya for 
an extracurricular internship for her study medicine.
In 2005 she worked on a research project, to gain more insight into the global 
distribution and epidemiology of Candida parapsilosis at the California Institute 
of Medical Research, Stanford Medical School, California, United States. After 
receiving her degree in medicine in May 2006, she started working as fulltime 
research-resident at the Eijkman Winkler Institute under Prof. J. Verhoef and 
Prof. I.M. Hoepelman (UMC Utrecht). The present work has resulted in several 
publications, a number of presentations at international conferences and this thesis. 
From May 2008 until February 2009 she worked as a resident at the Department of 
Obstetrics and Gynaecology of the Academic Medical Center in Amsterdam. Since 
February 2009 the author works as a resident at the Department of Obstetrics and 
Gynaecology of the Spaarne Hospital in Hoofddorp.





L



LIST OF PUBLICATIONS AND ABSTRACTS



Chapter 10

234

PUBLICATIONS

van Asbeck EC, Clemons KV, Martinez M, Tong AJ, Stevens DA. Signifi cant 
differences in drug susceptibility among species in the Candida parapsilosis group. 
Diagn Microbiol Infect Dis. 2008 Sep; 62(1):106-109. 

van Asbeck EC, Clemons KV, Markham AN, Stevens DA. Molecular epidemiology 
of the global and temporal diversity of Candida parapsilosis. Scand J Infect Dis. 
2008 Jun 3:1-8.

van Asbeck EC, Huang YC, Markham AN, Clemons KV, Stevens DA. Candida 
parapsilosis fungemia in neonates: genotyping results suggest healthcare 
workers hands as source, and review of published studies. Mycopathologia. 2007 
Dec;164(6):287-93.

van Asbeck EC, Hoepelman AIM, Scharringa J, Verhoef J. The echinocandins 
caspofungin impairs the innate immune mechanism against Candida parapsilosis. 
Int J Antimicrob Agents. 2009 Jan;33(1):21-6.

van Asbeck EC, Hoepelman AIM, Scharringa J, B.L. Herpers, Verhoef J. Mannose 
binding lectin plays a crucial role in innate immunity against yeast by enhanced 
complement activation and enhanced uptake of polymorphonuclear cells. BMC 
Microbiology 2008 Dec: 8(1):229.

van Asbeck EC, Markham AN, Clemons KV, Stevens DA. Study of the correlation 
between restriction fragment length polymorphism (RFLP) and multilocus sequence 
(MLST) typing methods for Candida parapsilosis. Accepted for publication in 
Mycology.

Matute AJ, Hak E, Schurink CA, McArthur A, Alonso E, Paniagua M, van Asbeck 
E, Roskott AM, Froeling F, Rozenberg-Arska M, Hoepelman IM. Resistance of 
uropathogens in symptomatic urinary tract infections in León, Nicaragua. Int J 
Antimicrob Agents. 2004 May;23(5):506-9.

p

b



101

101
101
101
101
101
101
101
101
101
101

235

ABSTRACTS

van Asbeck EC, Huang YC, Markham AN, Clemons KV, Stevens DA. Candida 
parapsilosis fungemia in neonates genotyping, and review of published studies 
results suggest healthcare workers hands as source. 16th International Society 
Human Animal Mycology (ISHAM), Paris; 2006: Abst. P-565.

van Asbeck EC, Markham AN, Clemons KV, Stevens DA. Study of the correlation 
between restriction fragment length polymorphism (RFLP) and multilocus sequence 
(MLST) typing methods for Candida parapsilosis. 16th International Society Human 
Animal Mycology (ISHAM), Paris; 2006: Abst. P-0564.

van Asbeck, E.C., Clemons, K.V., Martinez, M., Tong, A., Stevens, D.A. Signifi cant 
differences in drug susceptibility among species in the C. parapsilosis (Cp) group. 
47th Intersicience Conference on Antimicrobial Agents and Chemotherapy, Chicago, 
2007, Abstract no. M-534

Stevens, D.A., van Asbeck, E.C., Clemons, K.V. Candida parapsilosis: epidemiology 
and typing. XII International Congress of Mycology, International Union of 
Microbiological Societies, Istanbul, 2008, Abstract no. MIP-73.

List of publications and abstracts






