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ABSTRACT 

During the COVID-19 pandemic, opportunistic yeast infections of the 

Candida genus have increased. In a period of eight months (September 

2021 to April 2022), 102 clinical yeast isolates were received, of which 

7 were identified as Candida lusitaniae (6.86 %), but only one strain of 

this pathogen was associated with a patient of COVID-19. Another 10 

patients had COVID-19 (10 %) and they had yeast infections, with 2 

fatal cases occurring, one due to Candida auris and the other due to 

Candida parapsilosis. Candida auris was associated in 4 cases, 

Candida albicans in 4 and Candida duobushaemulonii in 1 case. The 

seven Candida lusitaniae isolates came from 5 immunocompromised 

patients with different invasive co-infections. 2 patients were adults, 

one with COVID-19 and the other with decompensated type 2 diabetes mellitus. The other 3 

cases were premature neonates with neonatal bacterial sepsis. In the five hospital units in 

different geographical areas, control measures were established to prevent the spread of the 
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pathogen and for an additional period of three months, no additional cases were recorded. 

Isolates were identified by phenotypic tests, biochemical tests (Vitek 2, version 9.1) and 

molecular tests (PCR and sequencing of the internal spacer region (ITS) of ribosomal DNA 

(rDNA). Phylogenetic analysis of this region allowed determining the evolutionary 

relationship among Candida lusitaniae isolates. The excellent reliability of the Vitek system 

stands out, with a probability of 94 to 97% for the identification of the species involved. No 

resistant strain was detected, all were sensitive to the 6 antifungals: fluconazole, 

voriconazole, caspofungin, micafungin, amphotericin B and fluocitosina Special importance 

is given, in the microscopic characteristics found, as well as the existence of subgroups, 

which may be related, with the variable behavior of the biochemical characteristics and 

geographic areas. 

 

KEYWORDS: Humans, COVID-19, Candida lusitaniae, Candida parapsilosis, Candida 

auris, Candida albicans, Candida duobushaemulonii, Antifungals.  

 

1. INTRODUCTION  

Candida lusitaniae is an opportunistic yeast that frequently develops resistance to 

amphotericin B.
[1-3]

 It was described in 1989 as an emerging pathogen, affecting 

immunocompromised patients.
[4-6] 

In 2015, the hospital epidemiological surveillance network 

(RHOVE) in Mexico registered 5 species of medical importance of the genus Candida, 

isolated from cases of fungemia.
[7]

 Candida albicans ranked first with 1,830 cases, followed 

by Candida tropicalis with 393, Candida glabrata with 203, Candida parapsilosis with 186, 

and Candida krusei with 107 cases. Candida lusitaniae is not among the registered species 

and publications on this pathogen are scarce.
[8]

 

 

A review in 2015, on invasive candidiasis, did not register any clinical case due to Candida 

lusitaniae, indicating a frequency of 0.65% as an agent of onychomycosis.
[9]

 In a recent study 

in 2019, a global frequency of 3.7 %
[10] 

was reported, similar to that found in other 

countries.
[11] 

In recent years, there seems to be an increase in clinical cases. There is evidence 

of nosocomial transmission in neonatal intensive care units and it is suggested that these 

neonates are at increased risk of infection with this pathogen.
[12]

 

 

The purpose of this work is to communicate the findings of seven isolates of Candida 

lusitaniae, obtained from five clinical cases, highlighting the morphological, biochemical, 

and molecular characteristics, as well as the susceptibility to antifungals, to contribute with 
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timely information, which allows establishing measures of control, which prevent its 

dispersion and transmissibility in hospital units. 

 

2. MATERIAL AND METHODS 

2.1. Biological material and information on isolates and patients 

The Institute of Epidemiological Diagnosis and Reference (InDRE) in a period of 8 months 

(September 2021 to April 2022), received 102 clinical isolates of yeasts, from different 

geographical areas of the country. Seven strains arrived with the determination of Candida 

lusitaniae, identified by Vitek 2, version 8.1, which were obtained from five patients with 

fungemia. Two cases corresponded to adults, one with COVID-19 infection and the other 

with decompensated type 2 diabetes mellitus with a serum glucose of 1066 mg/100 mL. The 

other 3 cases were premature neonates with various concomitant bacterial infections. The 

patients were treated with fluconazole. The epidemiological data of these cases are presented 

in Table 1. 

 

Table 1: General information on key, diagnosis, age, sex, type of sample and identified 

species. 

Isolation key 
No. Case/ 

Diagnosis 

Age and 

sex 
Source Entity Specie* 

MYC-124-21 1/ Covid-19 45 M Urine culture 
México 

City 

Candida 

lusitaniae 

MYC -126-21 

2/ Type 2 diabetes 

mellitus. Metabolic 

acidosis. 

23 M Urine culture 
México 

City 

Candida 

lusitaniae 

MYC -44-22 
3/ R/N. Premature 

34.6 Weeks 

37 Days 

F 
Peripheral heme Guanajuato 

Candida 

lusitaniae 

MYC -94-22 
4/R/N.Premature 

31.2 Weeks. Sepsis 

31 Days 

F 
Catheter tip Jalisco 

Candida 

lusitaniae 

MYC -95-22 
4 / R/N. Premature. 

31.2 Weeks. Sepsis 

31 Days  

F 
Peritoneal fluid Jalisco 

Candida 

lusitaniae 

MYC -112-22 
5/R/N. Premature. 

Gastroschisis 

40 Days  

F 
Blood culture Tabasco 

Candida 

lusitaniae 

MYC -113-22 
5/ R/N. Premature. 

Gastroschisis 

40 Days  

F 
Catheter tip Tabasco 

Candida 

lusitaniae 

ARG-0PS-12 Reference strain - 
Quality control 

program 

Malbran 

Institute 

Candida 

lusitaniae 

(*) The strains were identified by biochemical tests (Vitek 2, version 9.1). 

 

2.2. Vitek 2 system version 9.01 (identification and susceptibility to antifungals)  

For identification, a cell suspension was prepared for each isolation, from colonies isolated 

with 48 hours of incubation in Sabouraud dextrose agar (aSd), adjusted to a turbidity 
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equivalent to a range of 1.8 to 2.0 units on the McFarland scale. For antifungal susceptibility 

tests, a dilution of the previous suspension was made, adding 288 ul to a volume of 3 ml of 

0.5% isotonic saline solution. Two control strains were used: sensitive strain (Candida 

parapsilosis ATCC 22019) and resistant strain (Candida krusei, OPS-ARG-13-2021). 

 

2.3. Molecular identification 

Genomic DNA (gDNA) was extracted from the reference strain (OPS-ORG-12) and from 7 

isolates (MYC-124-21, MYC-126-21, MYC-44-22, MYC-94-22, MYC-95- 22, MYC-112-22 

and MYC-113-22), from 1 ml of a cell suspension in saline solution, adjusted to an optical 

density of 3.0 on the MacFarland scale. Additionally, the lysed material was purified with the 

QIAamp® DNA Mini kit extraction kit (QIAGEN, Hilden, Germany), as previously 

published.
[13]

  

 

The molecular identification of Candida lusitaniae was carried out by means of a simple and 

low-cost pan-fungal PCR, directed at the internal transcribed spacers (ITS1-ITS2) of the 18S, 

5.8S and 28S ribosomal cistron, using the primers ITS1F (5´-TCCGTAGGTGAACCTGCGG 

-3´) and ITS4R (5'-TCCTCGCTTATTGATATGC-3'), to obtain an amplification product of 

approximately 400 bp. The reaction and cycling conditions were the same as those previously 

described.
[13,14]

 The PCR products were sequenced using the Sanger method.
[15]

 The identity 

of the isolates was determined with the nBLAST tool, available in the NCBI database 

(http://www.ncbi.nlm.nih.gov/blast). The intra-species variability of Candida lusitaniae was 

determined by a phylogenetic analysis of the ITS region (ITS1-ITS4). The maximum 

likelihood phylogenetic tree of the ITS region was built with nine non-redundant sequences 

extracted from GenBank, a reference sequence from Candida lusitaniae and 7 sequences 

obtained in this work, using the Jukes-Cantor nucleotide substitution model and 1000 

replicas, within the MEGA 6.0 program.
[16]

 

 

3. RESULTS 

3.1. Morphological characteristics  

The seven strains of Candida lusitaniae developed well in the culture media used, except in 

mycosel agar, where they were inhibited by cycloheximide. The morphology in (aSd) and 

Biggy (Ab) agar was similar in both media, consistent with spherical, white and/or black 

colonies with a wet appearance and smooth surface (Figure 1A). The microscopic image 

alone reveals single cells (yeast), some with blastoconidia, without formation of 

pseudohyphae or hyphae. 

http://www.ncbi.nlm.nih.gov/blast
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In maize flour agar, the strains have a similar behavior and present two reproduction phases: 

initial stage, where the yeasts, between 24 and 48 hours of growth, form pseudohyphae and 

hyphae, some branched and with the presence of spherical or pear-shaped blastoconidia sides 

(Figure 1B, 1C). Advanced stage, which occurs between 72 and 96 hours, is characterized by 

greater branching and abundant formation of lateral blastoconidia, which cover most of the 

hyphae, with the appearance of clusters (Figure 1C). 

 

 

Figure 1: A. Candida lusitaniae. Colonies on Biggy agar, 48 hours, incubated at 30
 o

C. B. 

Candida lusitaniae, initial reproduction at 24 o'clock, with formation of pseudohyphae 

and branching hyphae, with occasional lateral blastoconidia, 40 X. C. Candida 

lusitaniae, reproduction at 48 o'clock hours, a greater formation of lateral blastoconidia 

occurs, 40 X. D. Candida lusitaniae, late reproduction between 72 and 96 hours, with the 

presence of abundant blastoconidia, forming lateral clusters, covering all the hyphae, 40 

X. 

 

3.2. Biochemical characteristics 

The results of the biochemical tests with the Vitek 2 system are shown in Table 2. The seven 

clinical strains were identified as Candida lusitaniae, with a reliability of identification from 

very good to excellent and a probability of 94 to 97%. The reference strain, Candida 

lusitaniae (OPS-ARG-12), from Argentina showed acceptable reliability and a probability of 

88%. Among the 46 substrates (sources of carbon, nitrogen, and enzymatic activities) 

handled by the team, sixteen substrates allow us to highlight differential characteristics in the 

biochemical behavior between these seven isolates and the reference strain (Table 2). 

Candida lusitaniae exhibits moderate metabolic activity, hydrolyzing in general about 30 of 

these substrates. Some of them are decisive for the identification and differentiation with 

other Candida species, such as rhamnose, raffinose, cellobiose, N-acetyl glucosamine and 

esculin. 
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Table 2: Variability in the biochemical behavior of Candida lusitaniae, in relation to the 

different isolation sources. 

Substrate 

Number of 

case 

MYC-

124-21 

1 

MYC-

126-21 

2 

MYC-

44-22 

3 

MYC-

94-22 

4* 

MYC-

95-22 

5* 

MYC-

112-22 

6** 

MYC-

113-22 

7** 

OPS-

ARG-12 

8 

Tyrosine - - - + + - - + 

L-Malate - - + + + + + + 

Xylitol + + + - - (+) (-) + 

D-Sorbitol + + + + + + + - 

DL-Lactate + + + - - (+) + + 

Arginine + + + - - - - + 

D-Galactose - - + - - - (+) - 

Citrate + + - + + - - + 

Glycerol - - (-) - - + + + 

Gentiobiosa + + + + + + + - 

L-Sorbose + + + + + + + - 

Esculin + + + + + + + - 

L-Rhamnose + + + + + + + + 

Raffinose - - - - - - - - 

Cellobiose + + + + + + + + 

N-Acetyl 

glucosamine 
+ + + + + + + + 

(*) Isolates 4 and 5 come from case 4.; (**) Isolates 6 and 7 come from case 5. 

 

3.3. Susceptibility to antifungals  

The seven clinical isolates of Candida lusitaniae were markedly sensitive to the 6 

conventional antifungals: fluconazole (0.5 ug/mL), voriconazole (0.12 ug/mL), caspofungin 

(0.25 ug/mL), micafungin (0.12 ug/mL), amphotericin B (0.5 ug/mL), and fluorocytosine (1 

ug/mL). The sensitive reference strain, Candida parapsilosis (ATCC 22019), was consistent 

with the criteria established by the Clinical and Laboratory Standards Institute (CLSI) and the 

European Committee on Antibiotic Susceptibility Testing (EUCAST). 

 

The minimum inhibitory concentration (MIC) was also determined by the agar dilution 

method for the control strains: Candida parapsilosis ATCC 22019, a sensitive strain, and 

Candida krusei (OPS ARG 13), a resistant strain, in accordance with the conditions 

previously described.
[10]

 The sensitive strain Candida parapsilosis showed an MIC for 

fluconazole of 4 ug/ml, while the resistant strain Candida krusei showed an MIC of 16 ug/ml, 

results that are consistent with the cut-off points established for fluconazole by the CLSI and 

the EUCAST.
[10]
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Table 3: Results of susceptibility to conventional antimycotics, Mexican isolates of 

Candida lusitaniae. 

Isolation key 

Fluconazole 

ug/mL 

MIC 

Voriconazole 

ug/mL 

MIC 

Caspofungin 

ug/mL 

MIC 

Micafungin 

ug/mL 

MIC 

Amphoteri-

cin B, ug/mL 

MIC 

5-fluocytosine 

ug/mL 

MIC 

MYC -124-21 </= 0.5 S </= 0.12 S 0.25 S 0.12 S 0.5 S </= 1 S 

MYC -126-21 </= 0.5 S </= 0.12 S 0.25 S 0.12 S 0.5 S </= 1 S 

MYC -44-22 </= 0.5 S </= 0.12 S 0.25 S 0.12 S 0.5 S </= 1 S 

MYC -94-22 </= 0.5 S </= 0.12 S 0.25 S 0.12 S 0.5 S </= 1 S 

MYC -95-22 </= 0.5 S </= 0.12 S 0.25 S 0.12 S 0.5 S </= 1 S 

MYC -112-22 </= 0.5 S </= 0.12 S 0.25 S 0.12 S 0.5 S </= 1 S 

MYC -113-22 </= 0.5 S </= 0.12 S 0.25 S 0.12 S 0.5 S </= 1 S 

ARG-0PS 12 </= 0.5 S </= 0.12 S 0.25 S 0.12 S 0.5 S </= 1 S 

Candida 

parapsilosis 

ATCC 22019 (*) 

2 S </= 0.2 S 0.5 S 0.5 S 0.5 S </= 1 S 

Candida krusei 

OPS-ARG-12 

(**) 

NA </= 0.12 S </= 0.12 S 0.12 S 0.5 S NA 

(*) Candida parapsilosis. Determination of sensitivity to Fluconazole by the agar dilution 

method. MIC = 4 ug/mL, sensitive. 

(**) Candida krusei. In the fluconazole and flucytosine columns, no values appear, because 

this species has intrinsic natural resistance to fluconazole. In the case of fluorocytosine, the 

species may acquire resistance during treatment. Determination of sensitivity to Fluconazole 

by the agar dilution method. MIC = 16 ug/mL, resistant. NA = Not applicable. 

 

3.4. Molecular characteristics 

Pan-fungal PCR targeting the ITS region of the rDNA cistron allowed amplification of the 

expected product of approximately 400 bp for isolates MYC-124-21, MYC-126-21, MYC-

44-22, MYC-94- 22, MYC-95-22, MYC-112-22 and MYC-113-22 (Figure 2). The identity of 

the amplicon was confirmed by sequencing. The sequences of the seven isolates exhibited 

between 99 and 100 % similarity, with respect to the identity of the reference sequence of 

Candida lusitaniae (OPS-ARG-12), also sequenced in this work. The maximum identity with 

other sequences of the same species deposited in the Gen Bank was also observed. The 

obtained sequences were deposited in the Gen Bank database (GB accession numbers: 

OP080715 to OP080721, respectively). 
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Figure 2: Pan-fungal PCR amplification product (ITS1-ITS2) of Candida lusitaniae. 

 

Positive amplification: C+ (positive control, Candida auris), #1 (MYC-124-21), #2 (MYC-

126-21), #3 (MYC-44-22), #4 (MYC-94-22), #5 (MYC-95-22), #6 (MYC-112-22), #7 

(MYC-113-22) and #8 (positive control, Candida lusitaniae, panel, OPS-ARG-12). Negative 

amplification: C- (negative control), M: 1Kb Plus DNA molecular weight marker, its 

migration is shown on the right side in base pairs (bp). 

 

The comparison of the seven sequences, by means of a multiple local alignment, within the 

MEGA 6.0 program, showed the genetic variability among the clinical isolates of Candida 

lusitaniae studied. This intra-species variability was corroborated by phylogenetic analysis of 

the ITS1-ITS4 region with the construction of a Maximum Likelihood tree. The phylogenetic 

tree showed that the seven Candida lusitaniae isolates were distributed into three sub-groups 

(Figure 3). The first group is shared by the sequences of case 5 (MYC-112-22 and MYC-113-

22) from Tabasco and case 1 (MYC-124-21) from CDMX; the isolates from case 1 belong to 

the same patient but come from different sources, which suggests that they originate from the 

same strain and share identity with the sequence isolated in the center of the country, 

belonging to an adult who had COVID-19. In the second group, the sequence of case 2 

((MYC-126-21) from México City that presented with severe decompensated ketoacidosis 

was grouped together with the reference strain from Argentina (OPS-ARG-12), used in this 

study. While Like group 3, it is shared by the sequences of case 4 (MYC-94-22 and MYC-95-

22) isolated in Jalisco and the sequence of case 3 (MYC-44-22) identified in Guanajuato, 

both regions located geographically to the west of the Mexican Republic (Figure 3). 
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Figure 3: Phylogenetic analysis of the ITS region of the rDNA of Candida lusitaniae in 

Mexico. 

 

Maximum likelihood phylogenetic tree of the ITS1-ITS2 regions of the 18S gene, 5.8S and 

the partial region of the 28S gene (320nt), built with the Jukes and Cantor evolutionary model 

with 1000 replicates, within the MEGA6.0v program. In the tree, the key to the isolates is 

indicated, followed by the name of the microorganism and the source of isolation (Blood 

culture (BC); catheter (CA); urine culture (UR); peritoneal fluid PF)). Candida lusitaniae 

reference sequence (OPS-AR6-12). Candida auris (MYC-67-21 with GB accession number: 

MZ648437) was used as an outgroup. Three different groups are observed within Candida 

lusitaniae, coming from isolates of human origin from different entities of the Mexican 

Republic. 

 

4. DISCUSSION 

In Mexico, recent studies on the etiology of candidiasis,
[9,17-18]

 indicate a low frequency of 

Candida lusitaniae of 0.14 % in invasive conditions,
[9]

 occasionally it has been isolated from 

onychomycosis,
[9]

 esophageal candidosis,
[17]

 one case of fungemia, in a hospitalized 

patient
[18] 

and one case of lower respiratory tract infection.
[8]

 In the last two years, during the 

COVID-19 pandemic, infections by this species seem to have increased. In a period of eight 

months (September 2021 to April 2022), 102 clinical yeast isolates were received, of which 

seven were identified as Candida lusitaniae, with a frequency of 6.86 %. 

 

However, of the five patients with Candida lusitaniae isolation, only one had COVID-19. Of 

the 102 patients, 11 patients had COVID-19 pneumonia and all of them had opportunistic 
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yeast infections of the Candida genus (10.78 %), with 2 fatal cases occurring. The Candida 

species isolated in these patients were: Candida auris, 4 cases; Candida parapsilosis, 1 case; 

Candida duobushaemulonii, 1 case, and as already mentioned, Candida lusitaniae in another 

case. 

 

It is likely that the appearance of the first case of infection by the emerging species Candida 

auris,
[19] 

and the detection of the first outbreak, which occurred in Monterrey, Nuevo León,
[20]

 

affecting several private medical units, resulted in an alert on cases of fungemia,
[21]

 to 

monitor the dispersion and control of Candida auris in the country. These prevention 

measures in the Health Sector have led to strict medical surveillance in the medical units, 

causing greater communication between the medical area and the laboratory. In the case of 

Candida auris, it has been described that some strains have been misidentified as Candida 

lusitaniae.
[22]

 For this reason, clinical isolates of this species must be sent to the reference 

laboratory to confirm their existence. determinative and avoid mistaken identifications of 

Candida auris. 

 

In this work, we have had the opportunity to study the morphological, biochemical, 

physiological, and molecular characteristics of Candida lusitaniae. These characteristics are 

useful for early and timely identification. The results are highly reliable, to establish 

preventive and control measures for its transmissibility and dispersion in medical units. This 

yeast grew excellent in conventional culture media. In Biggy agar it presents differential 

characteristics, with other species of Candida, particularly with Candida auris, Candida 

lusitaniae significantly reduces ammonium citrate and bismuth, producing frank amounts of 

bismuth sulfide, forming dark brown colonies, while Candida auris reduces weakly these 

salts, first forming white colonies, which later present a light brown button in the center. Both 

species are inhibited by cycloheximide, present in mycosel agar, Candida lusitaniae does not 

grow at 42 
o
C, while the two clades of Candida auris (I and IV) that circulate in Mexico, 

grew well at this temperature. 

 

The phylogenetic analysis of the ITS region of the rDNA in this study also indicates that the 

two species Candida auris and Candida lusitaniae are clearly different from each other. This 

information agrees with that previously reported in phylogenetic analyzes by other authors.
[20]

 

This analysis allowed to confirm once again the genetic variability observed between this 

same species, which was reported in a previous study.
[10]
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Therefore, the analysis of genetic variability allowed the identification of three sub-groups 

within the Mexican isolates of Candida lusitaniae, of human origin and from different 

entities of the Mexican Republic, in accordance with what was previously reported.
[10, 11]

 

Particularly, for the sequences corresponding to premature neonates, from the states of 

Tabasco and Jalisco, México, respectively, spatio-temporal variability was observed between 

the studied strains of this species, even when the source of isolation is different, peritoneal 

fluid (very rare) and the other blood culture, it was possible to identify different subgroups, in 

accordance with what was reported by other authors.
[11] 

It is noteworthy that the isolates of 

group 3, corresponding to the west of the country, behave differently, compared to the other 

two groups from the center and south of Mexico. However, the isolates from Mexico City 

were not grouped within the same branch in the phylogenetic tree, evolutionarily they are 

close to each other. 

 

The automated Vitek 2 equipment identified the seven isolates of Candida lusitaniae without 

any problem, with a very good level of identification and a probability between 94 and 97 %. 

Regarding the reliability of the identification methods, it is probable that erroneous 

identifications have occurred in automated equipment with previous versions.
[23] 

The update 

of Vitek 2, in its versions 8.1 and 9.1, has revealed a highly accurate identification, in 

addition to advances in mycology (phenotypic methods)
[24]

 and molecular biology,
[24] 

allow a 

greater knowledge of this species, establishing clear differences taxonomic, with the species 

Candida parapsilosis, Candida albicans,
[10]

 Candida tropicalis
[25]

 and Candida auris. 

 

No antifungal resistant strain was found, the seven strains showed high susceptibility to 

fluconazole, voriconazole, caspofungin, micafungin, amphotericin B and 5-flucytosine. The 

five patients were treated with fluconazole alone with good response and there were no 

deaths. In a previous study by us,
[10]

 which included three clinical fungemia isolates and two 

environmental ones, the strains were highly sensitive to itraconazole. Other authors
[26] 

also 

found that all their isolates were sensitive to amphotericin B, the rapid and accurate 

identification of Candida species will contribute to taking the appropriate measures for its 

control.
[27]

 

 

5. CONCLUSIONS 

Candida lusitaniae is currently considered a strict sensu species. The phylogenetic analysis of 

the seven isolates clearly separates three subgroups; We had already observed this behavior 

in a previous study.
[10]

 The subgroups are probably related to the geographical region, as well 
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as the variations observed in the biochemical and molecular characteristics. The prevention of 

infections associated with health care requires reliable, timely and comprehensive results 

between the medical area and the laboratory studies.  
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