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Abstract: Systemic candidiasis is a frequent opportunistic mycosis that can be life-threatening. Its
main etiological agent is Candida albicans; however, the isolation of non-albicans Candida species has
been increasing. Some of these species exhibit greater resistance to antifungals, so the rapid and
specific identification of yeasts is crucial for a timely diagnosis and optimal treatment of patients.
Multiple molecular assays have been developed, based mainly on polymerase chain reaction (PCR),
showing high specificity and sensitivity to detect and identify Candida spp. Nevertheless, its applica-
tion in diagnosis has been limited due to specialized infrastructure or methodological complexity.
The objective of this study was to develop a PCR assay that detects and identifies some of the most
common pathogenic Candida species and evaluate their diagnostic utility in blood samples and
bronchial lavage. A pair of oligonucleotides was designed, CandF and CandR, based on sequence
analysis of the 18S-ITS1-5.8S-ITS2-28S region of the rDNA of Candida spp., deposited in GenBank.
The designed oligonucleotides identified C. albicans, C. glabrata, C. tropicalis, C. parapsilosis, C. kru-
sei/Pichia kudriazevii, C. guilliermondii/Meyerozyma guilliermondii, C. lusitaniae/Clavispora lusitaniae,
and C. dubliniensis using simplex PCR based on the amplicon size, showing a detection limit of
10 pg/µL of DNA or 103 yeasts/mL. Based on cultures as the gold standard, it was determined that
the sensitivity (73.9%), specificity (96.3%), and the positive (94.4%) and negative (81.2%) predictive
values of the PCR assay with the designed oligonucleotides justify their reliable use in diagnosis.

Keywords: Candida spp.; simplex PCR; diagnostic; molecular identification

1. Introduction

In recent decades, the frequency of opportunistic yeast infections has been increasing,
particularly in intensive care units [1]. This event is associated with the increase of the
population with immunosuppression resulting from various diseases, such as cancer or
HIV-AIDS, use of broad-spectrum antibiotics, organ transplantation, among others [1–4].
The most frequent opportunistic fungal infection is candidiasis, caused by yeasts of the
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genus Candida, which includes more than 200 species; however, only about 10% are rec-
ognized as pathogenic to humans and some animals [1,5]. These fungi can cause super-
ficial infections that affect the skin or mucous membranes and systemic infections that
can spread and be life-threatening [6]. The main etiological agent is Candida albicans;
yet, the isolation of non-albicans Candida species like the C. glabrata complex, C. tropicalis,
the C. guilliermondii/Meyerozyma guilliermondii complex, C. dubliniensis, the C. parapsilo-
sis complex, C. tropicalis, and C. krusei is becoming more frequent [7–12]. The frequency
with which each of the non-albicans species occurs varies between geographical regions.
Nonetheless, it has been reported that among the most common species are C. albicans,
C. glabrata complex, C. tropicalis, C. parapsilosis complex, C. krusei/Pichia kudriazevii, C.
guilliermondii/M. guilliermondii complex, C. dubliniensis, C. lusitaniae/Clavispora lusitaniae,
and C. famata/Debaryomyces hansenii [6,11]. Compared to C. albicans, some of these species
are resistant to antifungal agents, such as C. glabrata and C. krusei/P. kudriazevii, which have
greater resistance to fluconazole. In addition, C. glabrata has developed resistance to other
azoles and echinocandins [13,14]. Different antifungal susceptibility profiles and different
virulence attributes have been demonstrated among species, even among the members
of C. glabrata, C. guilliermondii/M. guilliermondii, and C. parapsilosis complexes [15–19].
Since the pattern of antifungal susceptibility between Candida species may be different, the
rapid identification of yeasts at the species level is crucial for timely diagnosis and optimal
antifungal treatment. Therefore, for diagnostic purposes, multiple molecular assays have
been developed, such as the polymerase chain reaction (PCR) in different formats (simplex,
multiplex, nested, semi-nested, real-time, linked to enzyme immunoassay (PCR-EIA) or
enzymatic restriction (PCR-RFLP)), peptide nucleic acid fluorescent in situ hybridization
(PNA-FISH) and matrix-assisted laser desorption/ionization time-of-flight mass spectrom-
etry (MALDI-TOF MS) [19–21]. The above assays have shown rapidity, high specificity,
and sensitivity in detecting and identifying Candida spp. However, its use in in-hospital
laboratories has been limited due partly to the absence of specialized infrastructure re-
quired or the methodological complexity of some tests. So, it is necessary to develop new
assays to correctly identify Candida species using specific, simple, affordable, and accessible
methodologies for any laboratory.

The objective of this study was to develop a PCR assay that detects and identifies in
a specific and rapid manner some of the most common pathogenic Candida species and
evaluate its diagnostic usefulness in blood samples and bronchoalveolar lavage (BAL).

2. Materials and Methods
2.1. Candida spp. Reference Strains and Clinical Isolates

Eight reference strains (C. albicans ATCC® 18804™, C. glabrata ATCC® 2001™, C. tropi-
calis ATCC® 750™, C. krusei ATCC® 6258™, C. parapsilosis ATCC® 22019™, C dubliniensis
MYA-646, C. lusitaniae ATCC® 34449™ and C. guilliermondii ATCC® 6260™), and 42 Candida
spp. clinical isolates, previously identified by carbohydrate assimilation test, were used
to test the specificity of the PCR assay with the designed oligonucleotides (Table 1). The
clinical isolates were obtained from the fungi collection of the High Specialty Regional
Hospital of Ixtapaluca (Hospital Regional de Alta Especialidad Ixtapaluca) Research Unit.
All isolates and reference strains were grown on Sabouraud Dextrose Agar (Bioxon, Mexico
City, Mexico) and stored at room temperature in a sterile isotonic saline solution.
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Table 1. Clinical isolates of Candida spp. used in this study.

Isolation Species

828 Candida albicans
423 Candida albicans
71 Candida albicans
7 Candida albicans

119 Candida albicans
80 Candida albicans

423 Candida albicans
108 Candida albicans
316 Candida albicans
209 Candida albicans
44 Candida albicans

742 Candida albicans
227 Candida glabrata
149 Candida glabrata
22 Candida glabrata
52 Candida glabrata
28 Candida glabrata

120 Candida glabrata
15 Candida glabrata
18 Candida glabrata

109 Candida glabrata
133 Candida glabrata
4 Candida glabrata

216 Candida parapsilosis
70 Candida parapsilosis
11 Candida parapsilosis

754 Candida parapsilosis
751 Candida parapsilosis
756 Candida parapsilosis
147 Candida parapsilosis
518 Candida parapsilosis
625 Candida parapsilosis
626 Candida parapsilosis
557 Candida parapsilosis
609 Candida parapsilosis
832 Candida tropicalis
266 Candida tropicalis
70 Candida tropicalis

854 Candida tropicalis
73 Candida tropicalis

752 Candida krusei/Pichia kudriazevii
75 Candida krusei/Pichia kudriazevii

2.2. Clinical Samples

For the evaluation of the diagnostic utility of the PCR assay, 50 clinical samples
were included, of which 40 were whole blood and 10 were BAL, from patients who were
requested culture for suspected fungal infection.

2.3. DNA Extraction from Yeasts

For DNA extraction, the reference strains and clinical isolates were cultured in 3 mL of
YPD (1% yeast extract, 2% peptone, 2% dextrose) and incubated at 30 ◦C for 24 h. The yeasts
were retrieved from the culture by centrifugation at 8000 rpm for 1 min, and the supernatant
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was discarded. The DNA from the yeasts was extracted using a Yeast DNA Preparation Kit
(Jena Biosciences GmbH, GE, Jena, Germany), following the manufacturer’s instructions.

2.4. DNA Extraction from Clinical Samples

DNA from all samples was extracted using the QIAamp DNA mini kit (Qiagen, GE,
Hilden, Germany). For quality control of the obtained DNAs, a fragment of the β-globin
gene was amplified as described by Talamaci et al. [22].

2.5. Oligonucleotide Design

An exhaustive sequence search of the 18S-ITS1-5.8S-ITS2-28S regions of all Candida
species deposited in the GenBank database was performed [23]. Subsequently, multiple
alignment with the Clustal Omega program [24] was done, using these sequences. The
alignment was used to design the oligonucleotides by searching for unique regions for
each species, such as insertions, deletions of several nucleotides, or regions with unique
sequences using the Bioedit ver 7.2.5 [25] and GeneDoc ver. 2.7 [26] programs. Once
these regions were located, a pair of oligonucleotides was designed with the Primaclade
program [27]. The PCR conditions using the designed oligonucleotides were established
with the DNA of the reference strains.

2.6. Specificity Evaluation and Detection Limit of the PCR Assay

The specificity of the PCR assay with the designed oligonucleotides was analyzed
using 30 DNAs from Candida spp. isolates, as well as DNA from other pathogenic fungi
(Histoplasma capsulatum, Sporothrix schenckii, Paracoccidioides brasiliensis, Cryptococcus neofor-
mans, Aspergillus fumigatus).

To determine the assay’s detection limit, 500-µL blood aliquots obtained from healthy
and immunocompetent donors were used, which were inoculated with a yeast suspension
to obtain 106, 105, 104, 103, 102, 101, and 100 yeasts/µL. Separately, 500-µL blood aliquots
were inoculated with C. albicans ATCC® 18804™ DNA to obtain concentrations from
20 ng/µL to 10 ag/µL. DNA from all samples was extracted using a QIAamp DNA mini kit
(Qiagen, GE, Hilden, Germany) following the manufacturer’s instructions. PCR assays were
performed with the amplification conditions established for the designed oligonucleotides
and using 6 µL of DNA.

2.7. Evaluation of the Diagnostic Utility of the PCR Assay

The DNA obtained from 50 clinical samples (40 whole blood and 10 bronchial lavages)
from patients diagnosed with a fever of unknown origin or pneumonia was amplified to
evaluate the diagnostic utility of the PCR assay. The parameters of sensitivity (SE), speci-
ficity (SP), and positive and negative predictive values (PPV and NPV) were determined
considering the result of the gold standard (culture).

3. Results
3.1. Oligonucleotides Design

Five sequences of different Candida species were selected from the GenBank or, when
applicable, all sequences found when the number was less than five for a species (Table 2).
A pair of primers were designed, CandF and CandR, based on the analysis of unique
regions for each species, such as insertions, deletions of several nucleotides, or regions with
unique sequences (Figure 1). The sequences and characteristics of the primers are shown in
Table 3.
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Table 2. Sequences of the 18S-ITS1-5.8S-ITS2-28S region of Candida spp. used for multiple alignment
and oligonucleotide design.

Species GenBank Access Number

C. albicans KF241849.1, KF241847.1, MH545917.1, KC905077.1, KC905075.1,
KC905076.1

C. glabrata sensu stricto KP675655.1, KP068740.1, KP675693.1, MH545922.1, KC253980.1,
JN391276.1

C. nivariensis KP068747.1, KP068746.1, KP131740.1

C. bracarensis JN882338.1, KP674833.1, JN882340.1, GU199439.1

C. tropicalis JF709971.1, MH545915.1, JQ008834.1, EU589204.1

C. parapsilosis sensu stricto EU552502.1, EU564205.1, EU552500.1, EU564204.1

C. metapsilosis EU484055.1, KM014585.1, EU564207.1

C. orthopsilosis EU557370.1, EU557371.1, EU552495.1, EU557373.1, EU557372.1

C. krusei/P. kudriazevii KC886644.1, MK394162.1, KF959839.1, KF959838.1

C. guilliermondii/M. guilliermondii sensu stricto U45709.1, MH545918.1

C. fermentati AY187283.1

C. carpophila/C. xestobii U45707.1

C. smithsonii AY518525.1

C. athensensis AY518525.1

C. elateridarum AY518530.1

C. lusitaniae/C. lusitaniae KP131851.1, KY102563.1, AY493434.1, KP131846.1, KP131844.1,
KP131839.1

C. kefyr/Kluyveromyces marxianus KC905771.1

C. famata/D. hansenii GQ376085.1

C. rugosa GU144663.1

C. dubliniensis KP131696.1, KP131697.1, MH545916.1, KC905080.1, KC905078.1,
KC905079.1

C. norvegensis AB278166.1, AB278165.1, AB278169.1, AB278163.1, AB278162.1

C. lipolytica KP132909.1, KP132908.1, KP132907.1

C. sake FJ515167.1, KM384608.1, KM384082.1, KM384081.1

C. pelliculosa KP132885.1, KP132887.1, KP132884.1

C. apícola EU926481.1, EU926480.1, EU926479.1, EU926486.1

C. zeylanoides HE799676.1, HE799675.1, AB278160.1

C. valida KF057628.1, KF057621.1, KF057630.1, KF057617.1

C. intermedia KP131722.1

C. pulcherrima EF449525.1, AY301026.1

C. haemulonii JX459675.1, JX459674.1, KJ706229.1, JX459661.1

C. utilis KP132000.1, KP131999.1

C. humícola HM459599.1, KC118118.1, GU256753.1, JN882338.1, KP674833.1,
JN882340.1, GU199439.1, J515176.1
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Table 2. Cont.

Species GenBank Access Number

C. lambica KF646205.1, KF646196.1, KP132501.1, KF646181.1

C. ciferrii KP132796.1, KP132795.1

C. colliculosa HE799671.1

C. marina KJ707187.1, KJ706412.1, KJ707232.1, KJ707196.1

C. sphaerica HE799667.1

C. holmii KM374151.1

Figure 1. Multiple sequence alignment of region 18S-ITS1-5.8S-ITS2-28S of the eight Candida species
identified by the oligonucleotides CandF and CandR. Blue lines indicate insertions, gray lines indicate
deletions, and red lines indicate nucleotide changes. The pairing site of the CandF and CandR
oligonucleotides is indicated by the green and yellow arrows, respectively. The image was generated
through the MSA Viewer ver. 1.21.0 (https://blast.ncbi.nlm.nih.gov, accessed on 31 December 2021).

Table 3. Oligonucleotides designed for the identification of eight Candida species.

Oligonucleotide
Name Sequence (5′-3′) Identified Candida

Species
Amplicon Size
(pb)

CandF AGCTTGCGTTGATTACGTCCCTGCCC

C. albicans 850
C. glabrata 1000
C. tropicalis 790
C. parapsilosis 731

CandR TTCACTCGCCGCTACTAAGGCAATCCC

C. krusei/P. kudriazevii 800
C. guilliermondii/M.
guilliermondii 1100

C. lusitaniae/C.
lusitaniae 590

C. dubliniensis 810

CandF and CandR oligonucleotides amplified fragments of the expected size for each
species when the DNA of the reference strains was amplified (Figure 2).

https://blast.ncbi.nlm.nih.gov
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Figure 2. Amplification of DNA obtained from reference strains of Candida spp. using oligonu-
cleotides CandF and CandR. M: 100 bp molecular size marker. C-: negative control (water).

3.2. Specificity Evaluation and Detection Limit of the PCR Assay

The DNA analysis of the 42 clinical isolates showed concordance between PCR-
generated amplicon and biochemical identification results (Figure 3). No amplification was
observed when the DNA from H. capsulatum, S. schenckii, P. brasiliensis, C. neoformans, or A.
fumigatus were amplified (Figure 4).

Figure 3. Specificity of the PCR assay with CandF and CandR oligonucleotides using DNA from
clinical isolates of Candida spp. Amplification of DNA from different isolates of (a) Candida albicans
isolates; (b) Candida glabrata isolates; (c) Candida parapsilosis isolates; (d) Candida tropicalis isolates; and
(e) Candida krusei isolates. M—100-bp molecular size marker; C—-negative control (water).
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Figure 4. Specificity of the PCR assay with CandF and CandR oligonucleotides using DNA from
other pathogenic fungi. DNA from other fungi did not amplify the specific fragments of (a) Candida
parapsilosis; (b) Candida lusitaniae or (c) Candida krusei. M—100-bp molecular size marker; C—-negative
control (water).

Amplification of different DNA concentrations showed a detection limit of 10 pg/µL,
as amplicons were detected from a concentration of 20 ng/µL to 10 pg/µL. However, no
amplification was observed at lower concentrations (Figure 5). The same results were noted
with the DNA from the eight Candida species identified by oligonucleotides. The detection
limit using different yeast concentrations was 103 yeasts/mL for each species since the
amplicon was observed between 106 and 103 yeasts/mL but was no longer viewed from
102 yeasts/mL up to 100.

Figure 5. Detection limit of the PCR assay using CandF and CandR oligonucleotides. (a) Ampli-
fication of different concentrations of Candida tropicalis ATCC® 750™ DNA; (b) Amplification of
different concentrations of Candida parapsilosis ATCC® 22019™ DNA. M: 100 bp molecular size marker.
C—-negative control (water).

3.3. Evaluation of the Diagnostic Utility of the PCR Assay

Based on the concordance between the results obtained by PCR and the results from the
gold standard (Tables 4 and 5), six (12%) false-negative results and one (2%) false-positive
result were found. It was determined that the PCR test with the designed oligonucleotides
had a sensitivity of 73.9%, a specificity of 96.3%, and positive and negative predictive values
of 94.4% and 81.2%, respectively.
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Table 4. Detection and identification of Candida spp. in blood and BAL samples.

Sample
Number

Type of
Sample

PCR with Cand Primers Culture
Positive (P)/
Negative (N) Amplicon Size (bp) Species Positive (P)/

Negative (N) Species *

1 blood N N
2 blood N P C. albicans
3 blood N N
4 blood P 731 C. parapsilosis P C. parapsilosis
5 blood P 731 C. parapsilosis P C. parapsilosis
6 blood P 850 C. albicans N
7 blood N N
8 blood P 850 C. albicans P C. albicans
9 blood N N

10 blood N N
11 blood N N
12 blood N P C. glabrata
13 blood P 850 C. albicans P C. albicans
14 blood P 850 C. albicans P C. albicans
15 blood P 731 C. parapsilosis P C. parapsilosis
16 blood P 850 C. albicans P C. albicans
17 blood N N
18 blood P 850 C. albicans P C. albicans
19 blood N N
20 blood N N
21 blood N P C. parapsilosis
22 blood P 731 C. parapsilosis P C. parapsilosis
23 blood N N
24 blood P 790 C. tropicalis P C. tropicalis
25 blood N N
26 blood N N
27 blood N N
28 blood P 850 C. albicans P C. albicans
29 blood N N
30 blood P 850 C. albicans P C. albicans
31 blood N N
32 blood P 850 C. albicans P C. albicans
33 blood N P C. famata/D. hansenii
34 blood P 850 C. albicans P C. albicans
35 blood P 731 C. parapsilosis P C. parapsilosis
36 blood N N
37 blood N P C. albicans
38 blood N N
39 blood P 1000 C. glabrata P C. glabrata
40 blood N N
41 BAL N N
42 BAL N N
43 BAL P 850 C. albicans P C. albicans
44 BAL N N
45 BAL N N
46 BAL N N
47 BAL N N
48 BAL N P C. albicans
49 BAL N N
50 BAL N N

BAL: Bronchoalveolar lavage; * All growth-positive cultures were tested by a commercial Vitek 2 yeast identifica-
tion system.
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Table 5. PCR test with CandF and CandR oligonucleotides compared to gold standard (culture).

Gold Standard (Culture)

PCR with Cand
primers

Present Disease Absent Disease Total

Positive PCR true positives: 17 false positives: 1 individuals with
positive test: 18

Negative PCR false negatives: 6 true negatives: 26 individuals with
negative test: 32

Total sick individuals: 23 non-sick individuals: 27 individuals included: 50

4. Discussion

Candidiasis is one of the most common fungal infections in the immunosuppressed
population. Its diagnosis must be accurate and rapid to allow the establishment of timely
and specific treatment, especially in systemic or invasive infections, in which life can be
compromised [6]. Cultures are considered the gold standard for diagnosing candidiasis;
however, they present several limitations that hinder the proper management of patients.
Among these limitations, it must be mentioned that the sensitivity is relatively low, par-
ticularly in blood samples where the negativity percentage is close to 50%. Additionally,
the isolation of yeasts through culture in bronchial lavages is not that simple. Furthermore,
about 19% of false negatives have been reported in bronchial lavage [28,29]. Another
limitation of the gold standard is the time required to obtain results, requiring at least
three days for isolation plus additional days for the species identification (48–96 h) [29].
That is why molecular methods have gained importance. Even though diverse and novel
procedures have been developed, with various degrees of sensitivity and specificity, their
use in practice has been limited by the need for infrastructure and highly specialized
personnel. Considering the prior, we have designed a pair of primers (CandF and CandR)
that detect and identify the presence of eight of the most common Candida species causing
disease by simplex end-point PCR, without the need to perform amplicon sequencing to
define the species. CandF and CandR were designed based on the 18S-ITS1-5.8S-ITS2-28S
region, taking advantage of the ITS regions intraspecific variability and the conserved se-
quences of the 18S, 5.8S, and 28S regions. In this way, eight of the most frequent pathogenic
species were differentiated (C. albicans, C. glabrata, C. tropicalis, C. parapsilosis, C. krusei/P.
kudriazevii, C. guilliermondii/M. guilliermondii, C. lusitaniae/C. lusitaniae, and C. dubliniensis)
based on the amplicon size, avoiding the sequencing step that is used in other PCR assays
that employ this genomic region as a basis [30]. The oligonucleotides CandF and CandR
proved to be species-specific. They only amplified the DNA of any of the eight Candida
species for which they were designed and did not amplify the genetic material of other
fungal pathogens or human DNA. The detection limit of the designed oligonucleotides was
10 pg/µL, which is comparable to that of other trials reported in the literature [30–33].

The parameters that determine the diagnostic usefulness of the PCR with the CandF
and CandR oligonucleotides were adequate. The sensitivity found (73.9%) indicates that
less than three out of ten patients with candidiasis will not be detected. On the other hand,
96.3% of patients who do not suffer from candidiasis will have a negative result when the
PCR is used with CandF and CandR oligonucleotides. The PPV found (94.4%) indicates
that a PCR test with the designed oligonucleotides has a high probability of association
with candidiasis. At the same time, the NPV (81.2%) shows that 81.2% of patients with
a negative PCR will have a negative culture. These results confirm that a PCR with the
designed oligonucleotides can be used to diagnose patients with fever of unknown origin
who do not respond to antibacterial treatment. Nevertheless, it is essential to mention that
this PCR assay has both advantages and limitations, as with any other assay. Among the
advantages, we can remark the rapid identification of eight of the most frequent pathogenic
species, without the need to perform additional procedures to the amplification, such as
sequencing. Another advantage is that the infrastructure needed to implement this simplex
end-point PCR does not require much highly specialized equipment or infrastructure,
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so it can be easily implemented in any laboratory with the minimum tools to perform a
PCR assay. Likewise, the cost of each assay is lower compared to other methods, such as
real-time PCR. One additional advantage is the time reduction compared to the completion
of a culture and the subsequent identification of the isolated yeast. In a single step, the
PCR with CandF and CandR detects and identifies the yeast at the species level. It is worth
noting that in this study, the species identification was consistent among PCR and Vitek 2,
which is the automated biochemical system used to identify yeasts after their isolation
in cultures.

Among the disadvantages, we can mention that how amplicons are visualized (UV
light) can lead to false-negative results, as low concentrations of template DNA can lead
to little or no visible amplification products. Another limitation is that CandF and CandR
oligonucleotides only identify eight of the more than 20 species known to cause infection
in humans, including C. auris, a yeast that has emerged globally as a multidrug-resistant
pathogen associated with healthcare [34]. Therefore, if the etiological agent is another
species, it cannot be identified, leading to false-negative results. The latter occurred
with sample 33, which did not amplify with the designed oligonucleotides but gave an
isolated yeast biochemically identified as C. famata by conventional methods (culture
and biochemical identification). Besides, another restraint is that the CandF and CandR
oligonucleotides recognize C. glabrata, C. parapsilosis, and C. guilliermondii/M. guilliermondii
only at the complex level, which means that it is not possible to differentiate between
C. glabrata sensu stricto, C. bracarensis, and C. nivariensis. Fortunately, the frequency of C.
bracarensis and C. nivariensis, as well as the species that compose the C. parapsilosis and C.
guilliermondii/M. guilliermondii complexes, is low [35–37].

5. Conclusions

The CandF and CandR oligonucleotides specifically identify eight of the most frequent
Candida species that cause infection (C. albicans, C. glabrata, C. tropicalis, C. parapsilosis, C.
krusei/P. kudriazevii, C. guilliermondii/M. guilliermondii, C. lusitaniae/C. lusitaniae, and C.
dubliniensis) with a detection limit of 10 pg/µL of DNA or 103 yeasts/mL. In addition, the
PCR assay with the CandF and CandR primers showed a sensitivity, specificity, PPV, and
NPV that justify their reliable use in diagnosing systemic candidiasis.

Author Contributions: All authors contributed towards production of this manuscript: Concep-
tualization, E.G.-S. and M.G.F.-D.-L.; methodology, E.G.-S., P.B.-C., E.R.-D.-P. and M.G.F.-D.-L.;
formal analysis, E.G.-S., G.A.-A., P.B.-C., M.d.R.R.-M., E.R.-D.-P., E.D.-E., A.R.S.-C., E.O.H. and
M.G.F.-D.-L.; investigation, E.G.-S., G.A.-A., P.B.-C., M.d.R.R.-M., E.R.-D.-P., E.D.-E., A.R.S.-C.,
E.O.H. and M.G.F.-D.-L.; data curation, E.G.-S., G.A.-A., P.B.-C., M.d.R.R.-M., E.R.-D.-P., E.D.-E.,
A.R.S.-C., E.O.H. and M.G.F.-D.-L.; writing—original draft preparation, E.G.-S., G.A.-A., P.B.-C. and
M.G.F.-D.-L.; writing—review and editing, E.G.-S., G.A.-A., P.B.-C., M.d.R.R.-M., E.R.-D.-P., E.D.-E.,
A.R.S.-C., E.O.H. and M.G.F.-D.-L.; visualization, G.A.-A., M.d.R.R.-M., A.R.S.-C. and M.G.F.-D.-L.;
supervision, G.A.-A., M.d.R.R.-M. and M.G.F.-D.-L.; project administration, M.G.F.-D.-L.; funding
acquisition, M.G.F.-D.-L. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Consejo Nacional de Ciencia y Tecnología (CONACyT) grant
number 216112.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the Hospital Regional de Alta Especialidad de
Ixtapaluca (protocol code NR-005-2017 on 23 January 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: The data presented here are part of the Master’s thesis of E.G.-S. (Programa de
Maestría en Ciencias de la Salud, Escuela Superior de Medicina, IPN) who has a fellowship from
CONACyT (Grant 1025718).

Conflicts of Interest: The authors declare no conflict of interest.



Microorganisms 2022, 10, 374 12 of 13

References
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