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Abstract 

      Introduction:  In this study we aimed to assess the agglutinin-like sequence gene family of Candida spp. isolated 

from localized and systemic infections from immunocompromised patients admitted in the  National Institute of 

Cardiovascular Diseases ,,Prof. C.C. Iliescu’’ (CCI) in Bucharest, Romania. 

Material and methods: From October 2015 to July 2018 seventy one specimens of Candida non albicans (NAC) 

(wound secretion, sputum, blood, urine, rectal, tracheal secretion and vaginal secretion) were collected from 

immunocompromised patients admitted to the  National Institute of Cardiovascular Diseases ,,Prof. C.C. Iliescu’’ 

(CCI) in Bucharest, Romania  

Results: The highest number of NAC was for C. glabrata strains 18 (25%) and C. tropicalis 14 (20%) and the 

lowest number was for C. parapsilosis 3 (4%) with  significant differences (P<0.05) between non albicans 

Candida spp. The obtained data showed the highest perevalence for ALS8 gene (80.28%) followed by ALS9 

(48%), ALS7 ALS4 (35%), ALS3 (33%), ALS2 (18%) and the lowest ALS1 gene (10%) with significant 

differences (P<0.05)  between ALS genes. 

Conclusions:  The obtained results showed a high percentage of NAC isolates belonging to C. glabrata and C. 

tropicalis isolates and a lower number to C. parapsilosis isolated from immunocompromised patients. Regarding 

the frequence of ALS genes molecular diagnosis have demonstrated that the highest percentages were founded for 

ALS8 (80.28%) and the lowest for ALS1 (10%). 
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1. Introduction 

       Candida spp. infection is initiated by the adherence of the organism to host tissues or to medical-

device surfaces, often leading to biofilm formation (CHANDRA& al., [1]). The adherence mechanisms to 

different cellular types or surfaces by Candida ssp. are complex and still not completely understood 

(JANAINA& al., [2]). The yeast cell wall is the site for physicochemical interactions between the 

microorganism and host surfaces, leading to its adherence. It was shown that the cell wall surface of C. 

glabrata exhibits a different degree of hydrophobicity compared to the C. albicans cell wall (HAZEN et 

al.,[3]; KIKUTANI  & MAKINO S et al., [4]). Interestingly, whereas the surface hydrophobicity of C. 

albicans appears to be extremely sensitive to specific growth conditions, the cell-surface hydrophobicity of 

numerous isolates belonging to C. glabrata was found to be comparatively stable under the same growth 

conditions demonstrating that cell hydrophobicity alone is not a predictor of adhesion (CAMACHO et al ., 

[5]; PGANAGODA  ET al.,[6] ). Silva et al., (2010) have demonstrated an association between initial 



adhesion of C. parapsilosis and the hydrophobicity of the acrylic surfaces (SILVA et al., [7]). Luo and 

Samaranayke (2002) reported a higher level of adhesion to silicone in the presence of urine in C. glabrata 

strains compared to C. tropicalis or C. parapsilosis (LUO & SAMARANAYAKE, [8]). In C. glabrata 

strains ALS genes were found to have a two-fold greater tendency of adhesion to denture acrylic surfaces 

compared to C. albicans (NEGRI et al., [9]). Furthermore, it  was reported that C. glabrata harbors a higher 

adherence index to urinary epithelial cells than those reported in all NCAC species (LOIS & ERNESTO, 

[10]; AOKI et al., [11]).  

Regarding the epithelial and endothelial adhesion ability, there are only few studies for NAC species for 

e.g. it was demonstrated  that  adhesion of C. glabrata occurs via Epa (epithelial adhesin) proteins, which 

bind to glycosyl ligands on epithelial and endothelial cells (ZUPANCIC et al., [12]). C. parapsilosis is more 

closely related to C. albicans than to C. glabrata. Adhesion properties of C. parapsilosis have been less 

well studied than those of C. albicans and C. glabrata, but agglutinin-like sequence (ALS) orthologs have 

been identified (BUTLER et al., [13]). ALS proteins are an eight-member family of cell surface adhesins 

(Als1–7p and Als9p) which are GPI-linked to β-1-6 glucans in the fungal cell wall (HOYER et al., [14]). 

The ALS protein family has conserved amyloid-forming regions, and Als1p, Als3p, and Als5p contain the 

same heptapeptide amyloid-forming sequence (OTTO et al., [15]. Indeed, it is now understood that the 

formation of amyloids is an intrinsic property of yeast cell adhesin proteins (RAMSOOK et al., [16]), and 

the activation of discrete amyloid nanodomains within adhesins is required for cellular attachment (LIPKE 

et al., [17]). It was reported that the deletion of the ALS5, ALS6, or ALS7 increase adhesion ability (ZHAO 

et al., [18]), indicating that the Als proteins can have opposing roles in mediating fungal attachment to 

mucosal surfaces. However, the role of certain ALS proteins during epithelial interaction remains 

controversial, with conflicting reports regarding the contribution of Als1p, Als2p, and Als4–6p (ZHAO et 

al., [19]; KAMAI et al., [20]; MURCINO et al., [21]). 

           In this context the purpose of our study was the molecular characterization of ALS genes as adhesion 

virulence factor in NAC strains isolated from localized and systemic infections from immunocompromised 

patients admitted in the  National Institute of Cardiovascular Diseases ,,Prof. C.C. Iliescu’’ (CCI) in 

Bucharest, Romania. 

2. Material and methods  

2.1.  Clinical strains 

              A total number of 71 non-albicans Candida spp. strains, i.e., C. glabrata (n=18), C. tropicalis 

(n=14), C. krusei (n=11), C. lusiti (n=5), C. famata (n=10), C. parapsilosis (n=3), C. kefyr (n=4) and C. 

guilliermondi (n=6) were isolated from patients addmited to the National Institute of Cardiovascular 

Diseases ,,Prof. C.C. Iliescu’’ (CCI) in Bucharest, Romania from different clinical samples (wound 

secretion, sputum, blood, urine, rectal, tracheal and vaginal secretion) from October 2015 to July 2018. 

The strains were cultured at 37°C for 18 h in Sabouraud’s dextrose broth in order to obtain the standardized 

cell suspension (108 cells/ml in PBS). All samples were cultured on Sabouraud Dextrose agar (SDA) and 

incubated aerobically at 37°C for 24-48 hours. Candida spp. isolates were identified depending on their 

morphological features on the CHROM agar medium (HATA et al., [22]), germ tube and chlamydospore 

formation (HAMESTER et al., [23]) and also using the Vitek 2 compact system. 

2.2. Molecular characterization of ALS genes of the investigated strains. 

The genetic support of the adherence genes (ALS 1 – ALS 9) was screened by simplex and multiplex 

PCR, using a reaction mix of 20 µl (PCR Master Mix 2x, Thermo Scientific) containing 1 µl of Candida 

DNA extracted using the protocol of small scale isolation of DNA from yeast cells (Invitrogen, Life 

Technologies). Primer sequences and their specificity and amplification programs are listed in table (1 

and 2). The amplification products were visualized by 1% agarose gel electrophoresis stained with the 

specific weight marker (100pb, Thermo Scientific). 
Table 1. The amplification program used in the PCR reactions. 

Adherence genes  Amplification program 



denaturation annealing final extension cycles 

ALS2; ALS4; ALS5; ALS6; ALS7; ALS8;  94° 5min 60° 30 sec 72° 30sec 35x 

ALS1; ALS3; ALS9 94° 5min 55° 30 sec 72° 30sec 30x 

 
Table 2. Nucleotide sequences of the primers used and the size of the obtained amplicons. 

Products Size Primer Sequences primers Genes 

183 bp F: CCT ATC TG CTA AGA CTG CAC C  

R: ACA GTT GGA TTT GGC AGT GGA 

ALS1 F 

ALS1 R 

ALS1 

362 bp F: GCT GGC ACC AAC ACA GTT AC  
R: CGA TAA CCA GCG GGG ACA TT 

ALS 2F 
ALS 2 R 

ALS 2 

167bp F: ACC TGA CTA AAA CTG CAC CAA  

R :GCA GTG GAA CTT GCA CAA CG 

ALS 3 F 

ALS 3 R 

ALS 3 

190bp F: GTG CTG GTG ACA CAT TCA CG  
R: ATG GCT TTG GTG TCA GCA GT 

ALS 4 F 
ALS 4R 

ALS 4 

826 bp F: TGC TGT GTT GGG TTG GTC AT 

 R: AC CGT TAG ATG CGG CA TCA C 

ALS 5 F 

ALS 5 R 

ALS 5 

224 bp F: AGC TTG GAC GGA ACA CTA GC  

R: GTG AC GTA CCA AAC GCT CT 

ALS 6 F 

ALS 6R 

ALS 6 

880 bp F: CTA TTG CCA GTC CCG GTG AT  

R: TGG AGT CGG GAA ATG AAG GG 

ALS 7 F 

ALS 7 R 

ALS 7 

475 bp F: TTA CAA ACC CTG AGT CCG CC  

R: TGG GGT TCC TGG TCC CTT AT 

ALS 8 F 

ALS 8R 

ALS 8 

108 F: TGA CTC ATT GAC ATG GAC TAG AT 
R: GAA TTT GCA CAA TAA CAG TGT CTA TG 

ALS 9 F 
ALS 9 R 

ALS 9 

 

Statistical analysis 

              The X2 (Chi-squared) test method used to test theories on the differences between the 

percentages, a level of significance of α=0.05 was considered statistically significant. 

3. Results and Conclusion 

             71 clinical strains of NAC were isolated from different sites of immunocompromised patients in 

CCI and have shown that the higher number of non albicans  Candida  (NAC) was for C. glabrata 18 

(25%) and C. tropicalis 14 (20%) and the lower number for C. parapsilosis 3 (4%) with high significant 

difference (P<0.05)  between NAC strains  (table 3).    
 

Table 3. The distribution of NAC isolated from immunocompromised patients. 

Non-albican candida Number Percentage 

(%) 

X2 df P value 

C. glabrata 18 25 23.37 7 0.002** 

C. tropicalis 14 20 

C. krusei 11 15 

C.lusiti 5 07 

C. famata 10 14 

C. parapsilosis  3 4 

C.kefyr 4 6 

C. guilliermondi 6 8 

Total  71 100 



 

            Similar to our results VINITA & MAMATA in 2014 [24] have shown high percentages of C. 

glabrata (27%), C. tropicalis (23%) and low percentages was for C. parapsilosis (5%). DEORUKHKAR 

et al., in 2013 [25] revealed very similar percentages with our data in NAC isolated from urine. 

Conversely,  HOYER et al., in 2001; [26] reported  a high prevalence in a hospital unit of C. tropicalis 

(52.17%) and low number for C. glabrata and C. parapsilosis (0.86%). Shyamala and Paradekar in 2015  

have shown a  higher percentages of NAC for C. tropicalis (29.4%) and low number for C. glabrata 

(12.7%) (SHYAMALA & PARADEKAR, [27]).  

            Candidiasis is the common infection seen as community as well as hospital associated 

infections. It is the major problem affecting mainly immunocompromised patients and newborn 

(SHYAMALA & PARADEKAR, [27]).  Although C. albicans used to be the predominant isolated 

species from various clinical specimens, recently data highlights an increase of NAC species such as 

C. tropicalis, C. glabrata, C. krusei, C. parapsilosis and C. dubliniensis (LOKHART & al., [28]).  

Although it was known to cause muco-cutaneous infections, nowadays there is rise in septicemia and 

other life threatening infections (TROFA & al., [29]).   
              C. glabrata was the most common NAC isolated in the present study. Infections caused by C. 

glabrata are difficult to treat especially due to its resistance to many azole group of antifungal agents. 

Importantly,  C. glabrata infections are common in immunocompromised hosts and diabetes mellitus 

patients (DEORUKHKAR & SAINI al, [25]).  Candida spp. can elicit infections in immunocompetent 

as well as immunocompromised individuals but the incidence of candidiasis is higher in 

immunocompromised hosts (DEORUKHKAR, [30]. Superficial candidiasis is characteristically 

chronic and recurrent and at times, may be the indication of beginning of severe forms of this fungal 

infection (MARTINEZ & al.,[31]).  

             Disseminated candidiasis (DC) is a devastating disease associated with high morbidity and 

mortality rates in both immunocompetent and immunosuppressed critically ill patients 

(DEORUKHKAR & SAINI al, [25]). Until recently, C. albicans was considered the predominant 

species causing candidiasis in most of the countries.  

               NAC species are generally considered members of the normal microbiota of cutaneous and 
mucocutaneous surfaces and only rarely are incriminated as agents of infection. However, in the last 

few decades many researchers have reported the  isolation and significance of NAC  species (VINITHA 

& MAMATA, [24]). NAC species appear better adapted to the urinary tract environment and several 

studies reported that >50% of urinary tract infections belong to NAC species (AlVAREZ et al., [32]). 
Paul et al., in 2007 have demonstrated that  C. tropicalis represent  the most prevalent fungal isolate 

from urine specimens (PAUL et al., [33]). Seven cases of C. utilis candidemia in neonatal ICU patients 

were recorded within a period of 2 months in 2016 (KAUR & al.,[34]). Presence of indwelling urinary 

catheters, advanced age, diabetes mellitus, and pregnancy are major risk factors associated with 

candidiasis (DEORUKHKAR & SAINI al, [25]). 

             Regarding the frequency of ALS genes revealed by analyzed NAC isolates in decreasing order 

it was obtained: ALS8 (80.28%) followed by ALS9 (48%), ALS7 and ALS4 (35%), ALS3 (33%), 

ALS2 (18%) and ALS1(10%) with high significant different (P<0.05)  between ALS genes (table 4) .  

Table 4. Distribution of obtained ALS genes in analyzed NAC strains. 

Genes  Total 

number  

Percentage (%) X2 df P value  

ALS1 71 10 84 6 0.001*** 

ALS 2 18 



ALS 3 33 

ALS 4 35 

ALS 7 35 

ALS 8 80.28 

ALS 9 48    

 

  

 

            The ALS (agglutinin-like sequence) gene family in Candida spp. encodes cell-surface 

glycoproteins imvolved in adhesion of the organism to host surfaces. The ALS gene family is the largest 

family among known adhesins in NAC (BELL M. HOYER & al., [35]). It is known that ALS family 

members interact with several substrates, including host cells and proteins. In vitro studies showed that 

the expression of ALS1 increases during  biofilm development suggesting that the ALS family plays a 

role in biofilm formation (GREEN & al., [36]). As whole genome sequencing efforts advance, 

sequences are available for an ever-larger number of fungi, as well as multiple isolates from the same 

species, providing the opportunity to compare the strain diversity. Because ALS genes often contain 

extensive tracts of randomly repeated sequences, they are extremely difficult to assemble correctly 

using automated methods.  

  Each ALS locus encodes numerous alleles, with sequence variation occurring primarily in the tandem 

repeat and C-terminal domains (SOON-HWAN et al., [37]). Several studies showed NAC strain were 

higher biofilm producers than C. albicans and that the source of isolates might influence the biofilm 

production, in which more invasive isolates (blood and peritoneal dialysis fluid) show greater biofilm 

productivity (ARIANE et al., [38] ). Sequence similarities and system analysis revealed that C. 

dubliniensis includes all C. albicans ALS proteins except ALS3 and ALS5 (JACKSON et al., [39]). 

Recent crystallographic solution of the structure of the ALS adhesine domain revealed a peptide-

binding cavity that is responsible for the adhesine interaction between C. albicans and oral epithelial 

cells (GRIGORIEV & al ., [40]).   

The present study revealed a high percentage of NAC isolates belonging to C. glabrata and C. tropicalis 

isolates and a lower number to C. parapsilosis isolated from immunocompromised patients. Regarding 

the frequence of ALS genes molecular diagnosis we report here that the highest percentages were found 

for ALS8 (80.28%) and the lowest for ALS1(10%). These data suggest that the products of these genes 

significantly contribute to the overall virulence of NAC strains isolated from localized or systematic 

infections, presumably by facilitating the adherence to cellular and inert substrata. Further analysis is 

needed to study the sequence variation of these virulence genes in different geographically or clinically 

related isolates. 

  

Acknowledgements: The authors gratefully acknowledge the financial support of the research project 

no. 52 PCCDI/2018, Multidisciplinary and complex platform for the integrative and systematic 

research of the identity of the tangible and non-tangible cultural heritage of Romania. Subproject 3- 

New technologies for preservation, conservation, recovering and restauration of the cultural heritage”. 

 

References  

1. CHANDRA, KUHN DM, MUKHERJEE PK, HOYER LL, MCCORMICK T, GHANNOUM MA. Biofilm formation by 

the fungal pathogen Candida   albicans: development, architecture, and drug resistance. J. Bacteriol. 183, 5385–

5394,(2001) 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuhn%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=11514524
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mukherjee%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=11514524
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoyer%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=11514524
https://www.ncbi.nlm.nih.gov/pubmed/?term=McCormick%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11514524
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghannoum%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=11514524


2. JANAINA C O, SARDI CRISTIANE, DUQUE JOSÉ F, HÖFLING REGINALDO B, GONÇALVES.   Genetic and 

phenotypic evaluation of Candida albicans strains isolated from subgingival biofilm of diabetic patients with 

chronic periodontitis. Med Mycol 50 (5): 467-475,(2012).    

3. HAZEN, KEVIN C, BALBINA J, PLOTKIN, DENISE M, KLIMAS. Influence of growth conditions on cell surface 

hydrophobicity of Candida albicans and Candida glabrata. Infect. Immun.54, 269–271,(1986).                                           

4.  KIKUTANI  H and MAKINO S.. The murine autoimmune diabetes model: NOD and related strains. Adv. 

Immunol. 51, 285–322, (1992). 

5. CAMACHO  DP, GASPARETTO  A, SVIDZINSKI  TI .The effect of chlorhexidine and gentian violet on the adherence 

of Candida spp. to urinary catheters. Mycopathologia163, 261–266,(2007). 

6. PGANAGODA GJ , ELLEPOLA AN, SAMARANAYAKE LP. Adhesion of Candida     parapsilosis to epithelial and 

acrylic surfaces correlates with cell surface hydrophobicity. Mycoses 44, 29–35,(2001). 

7. SILVA S , NEGRI M , HENRIQUES M , OLIVEIRA R , WILLIAMS D, AZEREDO J. Silicone colonisation by non-

Candida albicans Candida  species in the presence of urine. J. Med. Microbiol. 59, 747–754, (2010) 

  8. LUO  G and  SAMARANAYAKE L P . Candida glabrata, anemerging fungal pathogen, exhibits superior relative 

cell surface hydrophobicity and adhesion to denture acrylic surfaces compared with Candida albicans. APMIS 110, 601–

610. (2002). 

9. NEGRI M, GONÇALVES V, SILVA S, HENRIQUES M, AZEREDO J, OLIVEIRA R. Crystal violet expedite method for 

quantification adhesion to epithelial cells. Br. J. Microbiol. 67, 120–125, (2010).   

10.LOIS L H  and ERNESTO C. Candida albicans Agglutinin- like Sequence (ALS)Family Vignetters AReview of ALS 

Protein Structure and Function .Frontiers in Microbiology,7(280):1-16. (2016). 

11. AOKI W1, KITAHARA N, MIURA N, MORISAKA H, KURODA K, UEDA M Profiling of adhesive properties of the 

agglutinin-like sequence (ALS) protein family, a virulent attribute of Candida albicans. FEMS Immunol Med 

Microbiol. 2012 Jun;65.121-124. (2012). 

12.  ZUPANCIC ML, FRIEMAN M, SMITH D, ALVAREZ RA, CUMMINGS RD, CORMACK BP. Glycan microarray 

analysis of Candida glabrata adhesin ligand specificity. Mol Microbiol. 68(3):547-59, (2008). 

13. BUTLER G, RASMUSSEN MD, LIN MF, SANTOS MA, SAKTHIKUMAR S, MUNRO CA, RHEINBAY E, 

GRABHERR M, FORCHE A, REEDY JL, et al. Evolution of pathogenicity and sexual reproduction in eight Candida 

genomes. Nature. 459(7247):657-62, (2009). 

14. HOYER L.L.; COTA E. Candida albicans agglutinin-like sequence (Als) family vignettes: A review of Als protein 

structure and function. Front. Microbiol. 7, 280. (2016).  

15. OTOO, H.N.; LEE, K.G.; QIU, W.; LIPKE, P.N. Candida albicans Als adhesins have conserved amyloid-forming 

sequences. Eukaryot. Cell 7, 776–782. (2008). 

16. RAMSOOK, C.B.; TAN, C.; GARCIA, M.C.; FUNG, R.; SOYBELMAN, G.; HENRY, R.; LITEWKA, A.; 

O’MEALLY, S.; OTOO, H.N.; KHALAF, R.A.; et al. Yeast cell adhesion molecules have functional amyloid-forming 

sequences. Eukaryot. Cell 9, 393–404. (2010).   

17. LIPKE, P.N.; RAMSOOK, C.; GARCIA-SHERMAN, M.C.; JACKSON, D.N.; CHAN, C.X.; BOIS, M.; KLOTZ, 

S.A. Between amyloids and aggregation lies a connection with strength and adhesion. New J. Sci. 815102, (2014). 

18. ZHAO, X.; OH, S.H.; YEATER, K.M.; HOYER, L.L. Analysis of the Candida albicans Als2p and Als4p adhesins 

suggests the potential for compensatory function within the Als family. Microbiology, 151, 1619–1630, (2005). 

19. ZHAO, X.; OH, S.H.; HOYER, L.L. Deletion of ALS5, ALS6 or ALS7 increases adhesion of Candida albicans to 

human vascular endothelial and buccal epithelial cells. Med. Mycol. 45, 429–434, (2007). 

20. KAMAI, Y.; KUBOTA, M.; KAMAI, Y.; HOSOKAWA, T.; FUKUOKA, T.; FILLER, S.G. Contribution of Candida 

albicans Als1 to the pathogenesis of experimental oropharyngeal candidiasis. Infect. Immun. 70, 5256–5258,  (2002). 

21. MURCIANO, C., MOYES, D.L.; RUNGLALL, M.; TOBOUTI, P.; ISLAM, A.; HOYER, L.L.; NAGLIK, J.R. 

Evaluation of the role of Candida albicans agglutinin-like sequence (Als) proteins in human oral epithelial cell 

interactions. PLoS ONE, 7, e33362 (2012).22. HATA DJ, LESLIE HALL, ANNETTE W  FOTHERGILL, DAVISE H 

LARONE, NANCY L WENGENACK . Multicenter evaluation of the New VITEK2 Advanced colorimetric yeast 

Identification card. J. Clin. Microbio., 45(4): 1087-1092 (2007).   

 

23. HAMESTER M ,   Wanderley L , Brustolin  J  and Fuentefria AM. Incidence of Candida spp. in oral cavity of elderly 

with removable, total orpartial, dental prosthesis in the City of Coronel Freitas, State of Santa Catarina, Brazil. Revista 

Panamericana de Infectología., 12(1): 17-22 (2010).  

24. VINITHA M., & MAMATHA B. Distribution of Candida albicans and the Non-Albicans Candida Species in 

Different Clinical Specimens from South India. International Journal of Microbiological Research 5 (1): 01-05 (2014).    

25. DEORUKHKAR S., & SAINI S. Non albicans candida species: its isolation pattern, species distribution, virulence 

factors and antifungal susceptibility profile. International Journal of Medical Science and Public Health. 2(3), (2013).      

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.ncbi.nlm.nih.gov/pubmed/?term=Camacho%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=17436118
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gasparetto%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17436118
https://www.ncbi.nlm.nih.gov/pubmed/?term=Svidzinski%20TI%5BAuthor%5D&cauthor=true&cauthor_uid=17436118
https://www.ncbi.nlm.nih.gov/pubmed/?term=Panagoda%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=11398638
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellepola%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=11398638
https://www.ncbi.nlm.nih.gov/pubmed/?term=Samaranayake%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11398638
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20299506
https://www.ncbi.nlm.nih.gov/pubmed/?term=Negri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20299506
https://www.ncbi.nlm.nih.gov/pubmed/?term=Henriques%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20299506
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20299506
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20299506
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azeredo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20299506
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12529012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Negri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20973406
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gon%C3%A7alves%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20973406
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20973406
https://www.ncbi.nlm.nih.gov/pubmed/?term=Henriques%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20973406
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azeredo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20973406
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20973406
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aoki%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22321066
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kitahara%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22321066
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miura%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22321066
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morisaka%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22321066
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuroda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22321066
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ueda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22321066


26. HOYER L L , R HOYER FUNDYGA , J E HECHT, J C KAPTEYN, F M KLIS, AND J ARNOLDL L ET AL . 

Characterization of Agglutinin-like Sequence Genes From Non-albicans Candida and Phylogenetic Analysis of the ALS 

Family. Genetics Society of America. Genetics 157: 1555–1567 (2001).   

27. SHYAMALA R & PARANDEKAR P K . Prevalence of Non-albicans candida and its drug susceptibility pattern 

isolated from a tertiary care hospital, Karnataka. Ann ALS of Pathology and Laboratory Medicine, 02(01), (2015).    

 28. LOKHART S. Current epidemiology of Candida infection. Clin Microbiol Newsl 36: 131-36. (2014). 

29. TROFA D., GÁCSER A., NOSANCHUK J.D. Candida parapsilosis, an emerging fungal pathogen. Clin Microbiol 

rev; 21: 606-25. (2008).  

30. DEORUKHKAR S.C. Changing Trends in Epidemiology of Candidiasis and Role of Non-Albicans Candida Species. 

Advance techniques in Clinical Microbiology. 1(1:3), (2016).       

31.  MARTINEZ  L.R. Candidosis, a new challenge. Clin Dermatol 28: 178-184 (2010).    

32. AlVAREZ –LERMA F , Nolla Salas J, León C, Palomar M, Jordá R, Carrasco N, Bobillo F EPCAN  F. Candiduria 

in critically ill patients admitted to intensive care medical units. Intensive. Care. Med. (2003).   

33. PAUL N,  MATHAI E, ABRAHAM OC, MICHAEL JS, MATHAI D. Factors associated with candiduria and related 

mortality. J. Infect., 55: 450-455 (2007).     

34. KAUR, JASVIR KAUR, POONAM SHARMA , SARBJEET SHARMA J. Emergence of non-albicans Candida 

species in critical care patients of a tertiary care hospital. Indian J Microbiol Res3(4):398-400 (2016).       

35. BELL M HOYER LL, SCHERER S   L.. Identification of Candida albicans ALS2 and ALS4 and localization of ALS 

proteins to the fungal cell surface. (1998).    

36. GREEN CB, CHENG G, CHANDRA J, MUKHERJEE P, GHANNOUM MA, HOYER LL C. B. RT-PCR detection 

of Candida albicans ALS gene expression in the reconstituted human epithelium (RHE) model of oral candidiasis and in 

model biofilms. Microbiology; 150: 267–75, (2004).     

37. SOON-HWAN OH,  GEORGINA CHENG1 ,  JENNIFER A. NUESSEN1 ,  ROBERT JAJKO1 ,  KATHLEEN M. 

YEATER1 ,  XIAOMIN ZHAO1 ,  CLAUDE PUJOL2 ,  DAVID R. SOLL2 , LOIS L. HOYER1 Functional specificity 

of Candida albicans ALS3p proteins and clade specificity of ALS3 alleles discriminated by the number of copies of the 

tandem repeat sequence in the central domain. Microbiology 151, 673–681. doi: 10.1099/mic.0.27680-0. (2005).   

38. ARIANE BRUDER-NASCIMENTO, CARLOS HENRIQUE CAMARGO, ALESSANDRO LIA MONDELLI, 

MARIA FÁTIMA SUGIZAKI, Terue Sadatsune, and Eduardo Bagagli. Candida species biofilm and Candida albicans 

ALS3 polymorphisms in clinical isolates Brazilian Journal of Microbiology 45, 4, 1371-1377. (2014).    

39. JACKSON AP, GAMBLE JA, YEOMANS T, MORAN GP, SAUNDERS D, HARRIS D, ASLETT M, BARRELL 

JF, BUTLER G, CITIULO F, COLEMAN DC, DE GROOT PW, GOODWIN TJ, QUAIL MA, MCQUILLAN J, 

MUNRO CA, PAIN A, POULTER RT, RAJANDREAM MA, RENAULD H, SPIERING MJ, TIVEY A, GOW NA, 

BARRELL B, SULLIVAN DJ, BERRIMAN M.. Comparative genomics of the fungal pathogens Candida dubliniensis 

and Candida albicans. Genome Res. 19, 2231–2244. (2009). 

40. GRIGORIEV, ROMAN NIKITIN , SAJEET HARIDAS , ALAN KUO, ROBIN OHM, ROBERT OTILLAR, 

ROBERT RILEY, ASAF SALAMOV, XUELING ZHAO, FRANK KORZENIEWSKI, TATYANA SMIRNOVA, 

HENRIK NORDBERG, INNA DUBCHAK, AND IGOR SHABALOV.MycoCosm portal: gearing up for 1000 fungal 

genomes. Nucleic Acids Res. 42,D699–D704. doi: 10.1093/nar/gkt1183 (2014). 

                                  

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Scherer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9644209

