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Abstract

:

Background: A growing incidence of invasive fungal infections, especially among immunocompromised patients, has given increased significance to microbiological diagnostics of yeast-like fungi. More accurate and faster fungi identification methods that can compete with classical methods are being searched for. In this paper, classical microbiological methods are compared to MALDI–TOF MS (matrix-assisted laser desorption/ionization time-of-flight mass spectrometry). Methods: The diagnostic material was collected from buccal mucosa from 98 adults, including 69 with HIV. Only positive cultures were included in the study. Results: Matching results were obtained in 45 samples, and there were nonmatching results in 35 samples, with the majority of these in the study group, constituting 50% of identifications within this group. A particularly common mistake resulting from the use of classical methods is the false identification of C. dubliniensis as C. albicans. Additionally, C. tropicalis proves to be difficult to identify. Conclusions: Our results and literature data suggest that MALDI–TOF MS should be considered an effective alternative to classical methods in terms of fungi identification, especially among HIV-positive patients, due to the different morphology of fungal colonies.
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1. Introduction


Fast and accurate identification of pathogenic microbes is crucial for effective treatment. Candida albicans remains the most important species among yeast-like fungi pathogenic to people. This species colonizes mucosal surfaces of the human body and is also isolated from infections. Identification of C. albicans from clinical material is usually unambiguous, with plenty of methods allowing for a fast and accurate identification. Nowadays, it has become more common for other Candida species (Candida non-albicans) to be isolated from patients. These microorganisms can be more invasive and less susceptible to antifungal drugs compared to C. albicans [1]. Furthermore, the difficulties associated with the identification of these species can result in mistakes and the possibility of obtaining the wrong results of microbiological tests, subsequently leading to incorrect treatments of patients. Additionally, classical microbiological methods used to identify yeast-like fungi are time-consuming and based on matching cultures’ and strains’ individual characteristics to specific species. Therefore, there is a need for alternative methods to hasten the diagnostics and make the results more reliable than those produced by classical methods used in most laboratories across the world [2].



Immunocompromised patients, including HIV-infected patients, are a special group prone to fungal infections. Fast and precise diagnosis is extremely important in this group as it allows doctors to introduce the correct treatment and minimizes the risk of generalization of the infection [3]. Difficulties in the identification of microorganisms from HIV patients are observed when classical microbiological methods are used. It is possible that there are some morphological differences between fungal colonies isolated from HIV patients and healthy people [4]. As they rely on a morphological assessment of colonies on several types of media, classical microbiological methods strongly depend on the microbiologists’ experience. That is why it could be more effective to leverage more objective methods such as PCR (polymerase chain reaction) or MALDI–TOF MS (matrix-assisted laser desorption/ionization time-of-flight mass spectrometry) in clinical practice more often. Additionally, MALDI–TOF MS requires less time to perform (10–15 min) compared to classical methods, which can take a few days [5,6].



Usually, the first diagnostic step of classical methods is the preparation of a direct smear using material from patients (all except feces). Microscopic assessment of clinical material is often sufficient to confirm a fungal presence, make a preliminary determination of the genus and the approximate quantity. In the case of the oral cavity, a smear can be taken and dyed using the Gram method, with a fungal presence yielding a dark purple color in the aforementioned test [7].



Most fungi pathogenic to humans are grown on the Sabouraud solid medium. This medium is enriched with substances such as chloramphenicol or gentamicin to inhibit bacterial growth and is used to isolate fungi. Sometimes, it is also useful to choose a liquid medium—Sabouraud broth.



Culturing time depends on the fungal species. Incubation is sufficient after 48–72 h, but it is typically prolonged to 7 days. The optimal temperature for the growth of a pathogenic fungal culture is 30 °C.



Several types of media are used to identify grown cultures, allowing us to



	
assess the colony macroscopically—Sabouraud medium; potato or corn medium.



	
assess the fungi (mycelium, hyphae, chlamydospores) microscopically—rice medium; corn medium.



	
assess the biochemical features of the fungi—commercial chromogenic media (ChromAgar Candida Becton Dickinson, Chromogenic Candida Selective Agar ARGENTA).






Sabouraud media enable a macroscopic assessment of colony morphology, including shape, surface, color, and edges. Furthermore, the rice medium leveraging the Dalmau technique enables culture fungi to create mycelium and pseudomycelium. Fungi grow in clusters of oblong cells, along which aciniform or oviform yeast cells can be found, or create chlamydospores placed on the main hyphae and side branches [7].



The chromogenic medium is designed for the initial identification of C. albicans, C. glabrata, C. krusei, and C. tropicalis species [8]. This medium type makes it possible to distinguish fungi based on their morphology (e.g., edges of the colony, different from the center) and color (e.g., from green through purple to white). The colonies’ color depends on the enzymatic activity of the fungi. During the degradation of chromogenic substrates, the enzymes released will color the compounds. C. albicans and C. dubliniensis, two closely related fungi, produce hexosaminidase, while C. glabrata, C. tropicalis, and C. krusei produce fosfatase [8,9]. Furthermore, colonies cultured on isolating media can be assessed under the microscope using lactophenol blue (Cotton-Blue), with fungi obtaining the same color.



Another method that allows fungal identification is culturing in different temperatures. This method is particularly useful for the differentiation between C. albicans and C. dubliniensis. These species are difficult to distinguish using the macroscopic method (both look smooth and creamy), the microscopic method (both produce chlamydospores), or the biochemical method (on CHROMagar, Candida–C. dubliniensis is dark green while C. albicans is green). Unlike C. albicans, C. dubliniensis grows poorly at 42 °C and does not grow at all at 45 °C. In some cases, the previously described classical microbiological methods are not sufficient to ensure the accuracy of identification, implying the need to use alternative methods.



MALDI–TOF MS is a method that uses mass spectrometry to define the NMR (nuclear magnetic resonance) spectrum of genus-specific proteins and compares this with a database. Ribosome proteins play a significant role in this method because they are usually specific to the genus [10]. The sample with the microorganism is mixed with a matrix solution, and then laser ionization is performed. Protein ionization is obligatory, but it does not lead to any changes that could enable genus identification. The next step is assessing the ionized proteins using a TOF (time of flight) analyzer, which measures the time of flight of ions that is specific for a protein with a particular molecular mass [11]. MALDI–TOF MS is fast and precise, but its sensitivity and specificity depend on the database used. Despite still-imperfect databases, the use of MALDI–TOF MS is a current standard in yeast-like fungi identification [12].



The MALDI–TOF test requires culturing. If an immediate identification is needed (e.g., due to a patient’s critical condition), it is possible to perform the test using material collected directly from the patient, but the quality of such a test is lower than when cultured fungi are used [10,13].



As far as the PCR method for fungi identification is concerned, its specificity depends on the used starters, complementary to the DNA sequences of individual fungal species. Additionally, this method allows for qualitative identification of the genetic material. RT PCR is another diagnostic tool that gives the opportunity to perform quantitative identification of the genetic material [14]. As all of the abovementioned classical methods depend on the microbiologist’s skills and experience, they seem less repeatable and objective than automated methods such as MALDI–TOF MS or PCR.



The aim of this study is to compare and verify the consistency between classical methods and MALDI–TOF MS in fungal identification.




2. Materials and Methods


The material was collected using a sterile transport swab set from healthy buccal mucosa from 98 adults (healthy buccal mucosa for 69 HIV individuals and healthy buccal mucosa for 29 healthy individuals). All participants signed the informed consent document, agreeing to take part in the study, and the study gained ethical approval (number: 413/2018). The study group was composed of patients of an infectious diseases clinic. Inclusion criteria to the study group were as follows: all of the participants had to be adults, HIV-infected, in antiretroviral therapy, with no visible lesions on oral cavity mucosa, and clinically stable; participants had to sign an informed consent document before the study. The control group was chosen in a way that it matched the study group in terms of sex and age; it was composed of HIV-negative individuals living in the Lower Silesia region.



The material was then cultured in a laboratory for 24 h on Sabouraud 2 with chloramphenicol (Biomerieux, France) medium. Additionally, the swab was set in a test tube with liquid Sabouraud Broth medium. The incubation was performed for 48 h at 28 °C. After this time, the colonies’ growth was assessed. The incubation was then prolonged to 7 days, and, during that time, the plates with Sabouraud medium were checked every day [7].



Next, a microscopic assessment of the cultured fungi was performed. The shape, size, color, and number of colonies were characterized. Pure single colonies were then cultured on media detecting fungal enzymatic activity—CHROMagar Candida (Becton Dickinson, USA)—to initially identify the species. In the case of any doubts, other methods were introduced, like rice medium Rice Agar (Biomaxima, Poland), which allows us to assess chlamydospores, pseudomycelium, and mycelium. C. albicans and C. dubliniensis produce chlamydospores, C. glabrata does not produce pseudomycelium, and C. tropicalis does not produce chlamydospores. Distinguishing C. albicans from C. dubliniensis was conducted by growing the colonies at different temperatures—37 and 42 °C. Candida albicans grows at 42 °C, whereas Candida dubliniensis grows poorly. Additionally, microscopic slides colored with lactophenol blue (Lactophenol Cotton Blue) were used to assess the micromorphology of the fungi [7,8]. All isolated strains were then analyzed by the MALDI–TOF MS method (Bruker, Poland).




3. Results


	
In the study group (patients with HIV), positive fungal cultures were detected 66 times (95% of the sample), whereas in the control group (healthy people), only 14 times (48% of the sample).



	
All 80 strains (100% of positive cultures) were tested with classical microbiological methods and with MALDI–TOF MS.



	
Altogether, consistency of yeast-like fungi identification isolated from oral cavity swabs between classical microbiological methods and MALDI–TOF MS was obtained in 45 cases (~56%). The analyzed methods presented different results in 35 cases (~44%).



	
Identification in the study group was compatible in half of the strains (33 strains) and incompatible in another half of the strains (33 strains) (Table 1).



	
The consistency of identification between strains isolated from healthy individuals (control group) was greater. Twelve strains were identified to the same species with the classical method and MALDI–TOF, whereas only 2 strains were identified differently (Table 2).



	
Ten strains from the study group were identified only to the genus level using classical methods. Six of them were identified as C. tropicalis, one as C. dubliniensis, one as C. inconspicua, and one as C. parapsilosis by MALDI–TOF MS. One strain was identified as Pseudomonas aeruginosa using MALDI–TOF MS.



	
Among the 25 other cases, the results were different using classical methods and MALDI–TOF MS when it came to species identification. Twenty-three of them came from the study group and two from the control group. The most common difference was the identification of the strains as C. albicans using the classical methods and as C. dubliniensis using MALDI–TOF MS. This situation occurred in 20 cases: 19 from the study group and 1 from the control group. In one case, the situation was the opposite: in the control group, one strain was identified as C. dubliniensis by classical methods, whereas MALDI–TOF MS detected C. albicans.



	
MALDI–TOF MS detected two strains as bacteria: the abovementioned Pseudomonas aeruginosa and Rothia mucilaginosa. In one case, MALDI–TOF MS was not able to perform the identification (Table 3).



	
Colonisation by two different species of Candida fungi was detected in three patients using classical methods. However, during MALDI-TOF MS analysis, it turned out that the isolated fungi were of the same species, so the patients were colonized only by a single species.



	
From 11 Sabouraud media plates that did not show any sign of fungal growth, three turned out to show some colony growth after multiplying the material in Sabouraud broth, a liquid medium. All of them came from the control group.







4. Discussion


As a relatively new diagnostic method, MALDI–TOF MS has been compared by numerous authors to standard microbiological methods [6,15,16]. It is an approved method of bacteria identification, also confirmed in other research studies [17]. Furthermore, MALDI–TOF MS has been used to identify fungi, especially yeast-like fungi. Croxatto et al. (2012) and Chao et al. (2014) have confirmed that this is a highly effective diagnostic method for this group of microorganisms [12,18]. Zhao et al. (2018), Posteraro et al. (2012), Kolecka et al. (2013), and Denis et al. (2016) have proven the quickness and precision of this method, nevertheless emphasizing the need for enlarging the databases used during the analysis, which would help prevent mistakes during the identification process [19,20,21,22].



Comparative studies on identification methods of yeast-like fungi can be found, e.g., Zhao et al. or Rath et al. However, the material used for those studies was collected from other sources, such as blood or the ear canal, potentially leading to different results caused by the characteristics of the studied microorganisms. Yeast-like fungi easily colonize the oral cavity of both HIV-negative and HIV-positive patients. Among HIV-positive patients, enlarged colonization and a higher frequency of infections can be observed. However, the strains isolated from the ear canal or blood, where they are treated as etiological factors of fungemia, can have different characteristics and phenotypic features in classical microbiological tests [19,23]. Other authors compared MALDI–TOF MS with the PCR method, which could be an effective way to verify the species analyses presented in this paper [19,24].



C. dubliniensis and C. albicans are yeast-like fungi with very similar morphological features. Therefore, the differentiation between the two using classical methods is difficult [25]. Many authors find that these species have been frequently misidentified, which can have serious clinical consequences as there are significant differences in their antibiotic susceptibility profiles [25,26]. Moreover, correct differentiation of this species is especially important for immunosuppressed patients, for example, HIV-infected patients, whose oral cavities are frequently colonized with C. dubliniensis [26,27]. In order to properly identify these species, it is necessary to introduce more advanced diagnostic methods that will standardize the tests using a more unified identification system, e.g., RT PCR [28].



Identification accuracy can be improved by different methods, complementing classical microbiological identification. One of them is the incubation of the fungi at different temperatures based on the fact that, unlike C. albicans, C. dubliniensis grows slowly at 42 °C and does not grow at all at 45 °C. Other authors have highlighted the improvement of identification results using the abovementioned method, but this process is not used in routine procedures, and its clinical usefulness is not known. This procedure requires further research to verify its usefulness in clinical practice because, as an inexpensive and easy to implement solution, it can largely improve the precision of classical methods [29,30,31]. Hof et al. considered the identification of fungi by MALDI–TOF MS as an effective diagnostic instrument for differentiation between C. albicans and C. dubliniensis, which was also proved in our research. In Hof’s research, incorrect identification of C. dubliniensis as C. albicans was the most frequent mistake made by classical identification methods [32].



In our paper, we have also shown a significant percentage of incorrect identifications of C. tropicalis, which was detected using classical methods in only one out of eight cases. In six of the cases, it was identified only to the genus. These results highlight the identification problems of this species using classical methods. Moreover, the detection of C. tropicalis can be important due to its different resistance profile in relation to C. albicans, features such as its ability to produce biofilm and its specific influence on other fungal species and their morphology and pathogenicity [33,34,35,36]. Additionally, infections caused by C. tropicalis have significantly higher mortality rates than those produced by other fungal species, which has also been described in the literature [37].



Most identification mistakes using classical methods occurred in the test group. Furthermore, other authors have also pointed out the uncertain identification results using classical microbiological methods in the group of immunocompromised patients [38,39]. Therefore, it is possible to draw a conclusion that fungal morphology among these patients is different and more difficult to evaluate, which worsens the results of species identification.



MALDI–TOF MS is also proposed as a quick diagnostic tool for the determination of antibiotic resistance of yeast-like fungi from the Candida species to, for example, fluconazole. Its application could significantly shorten the waiting time for the results compared to traditionally defined antibiotic resistance [40]. However, some authors have emphasized the difficulties of proper detection of microorganism resistance using this method, which is caused by problems in the interpretation of the obtained spectrum [41].



What is more, MALDI–TOF MS is also an efficient alternative to classical methods in terms of economic factors, as the price of one test is lower than that of classical methods. Additionally, the results are much faster, which has been emphasized by other authors. Identification of fungal species using MALDI–TOF MS takes only 10 to 15 min compared with classical methods, which can take a few days [42]. However, the equipment cost (MALDI analyzer) is very high, which explains why the method is still not commonly used. However, the advantages resulting from microorganism identification by this method are invaluable for the treatment process—faster identification and better precision of the identification method allow doctors to implement targeted therapy in a shorter period of time, possibly saving the patient.



The significant reduction in waiting time is particularly relevant for immunocompromised patients because of the risk posed by fungal infections. These infections are quite common in this population in comparison to people with healthy immune systems. Moreover, the frequent occurrence of non-albicans species, which are often resistant to antibiotics, is another risk factor that can lead to a serious course of infection in HIV-positive patients [43]. The MALDI–TOF MS method allows us to identify antibiotic resistance, which can further help patients with immune deficiency who are at high risk of colonization by multiresistant strains [44]. Additionally, the identification of yeast-like fungi in HIV-positive patients using traditional methods can be more difficult than among HIV-negative people, which implies a strong need to seek alternative methods of diagnosing fungal infections, such as MALDI–TOF MS, for this group of patients.



The limitations of this study were as follows: lack of CD4+ levels of the HIV-positive individuals at the time of the study; lack of quantitative assessment; no verifying methods, such as PCR; lack of some other tests, e.g., antibiotic susceptibility; finally, a limited number of participants. Each of these problems could be solved by implementing some additional procedures and should be considered by authors in their future work.




5. Conclusions


MALDI–TOF MS is an innovative and effective method of identification of yeast-like fungi and should be seen as an alternative to traditional microbiological methods. The crucial advantage of this method is the shortening of waiting time for the test result to approximately 10–15 min. In comparison to classical methods (in which results are available after min. 24–48 h), it allows doctors to make a quick decision on which antifungal treatment to use. However, this method is not free from drawbacks. Thus, a constant extension of the databases used to identify microorganisms is required.
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Figure 1. Strain 1-morphology on Sabouraud 2 with chloramphenicol medium and 40× zoom (Lactophenol Cotton Blue; private collection). 






Figure 1. Strain 1-morphology on Sabouraud 2 with chloramphenicol medium and 40× zoom (Lactophenol Cotton Blue; private collection).
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Figure 2. Strain 4-morphology on Sabouraud 2 with chloramphenicol medium and 40× zoom (Lactophenol Cotton Blue; private collection). 
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Figure 3. Strains 5/1 and 5/2-morphology on CHROMagar Candida and Sabouraud 2 with chloramphenicol medium (private collection). 
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Figure 4. Strain 52/1-morphology on CHROMagar Candida and 40× zoom (Lactophenol Cotton Blue; private collection). 






Figure 4. Strain 52/1-morphology on CHROMagar Candida and 40× zoom (Lactophenol Cotton Blue; private collection).
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Figure 5. Strain 39/2-morphology on CHROMagar Candida and 40× zoom (Lactophenol Cotton Blue; private collection). 
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Figure 6. Identification of yeast-like fungi (Table 3) on CHROMagar Candida (private collection). 






Figure 6. Identification of yeast-like fungi (Table 3) on CHROMagar Candida (private collection).



[image: Jcm 10 01570 g006]







[image: Jcm 10 01570 g007 550] 





Figure 7. Strain 25/2-morphology on CHROMagar Candida and Sabouraud 2 with chloramphenicol medium (private collection). 
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Figure 8. Strain 7K/1-morphology on CHROMagar Candida and Sabouraud 2 with chloramphenicol medium (private collection). 
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Table 1. Comparison of results of fungi identification in the study group (people infected with HIV).
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Study Group/Patients with HIV

	
Number of Strains

	
Classical Methods

	
MALDI–TOF MS




	
Total

	
Single






	
Consistent results

	
33

	
20

	
C. albicans

	
C. albicans




	
5

	
C. dubliniensis

	
C. dubliniensis




	
6

	
C. glabrata

	
C. glabrata




	
1

	
C. krusei

	
C. krusei




	
1

	
C. tropicalis

	
C. tropicalis




	
Inconsistent results

	
33

	
19

	
C. albicans

	
C. dubliniensis




	
1

	
C. albicans

	
C. tropicalis




	
1

	
C. glabrata

	
Cryptococcus laurenti




	
1

	
C. glabrata

	
C. albicans




	
6

	
Candida spp.

	
C. tropicalis




	
1

	
Candida spp.

	
C. dubliniensis




	
1

	
Candida spp.

	
C. inconspicua




	
1

	
Candida spp.

	
C. parapsilosis




	
1

	
Candida spp.

	
Pseudomonas fluorescens




	
1

	
Rhodothorula

	
Rothia mucilaginosa
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Table 2. Comparison of results of fungi identification in the control group (healthy people, not infected with HIV).
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Control Group/Healthy Individuals

	
Number of Strains

	
Classical Methods

	
MALDI–TOF MS




	
Total

	
Single






	
Consistent results

	
12

	
5

	
C. albicans

	
C. albicans




	
6

	
C. dubliniensis

	
C. dubliniensis




	
1

	
C. glabrata

	
C. glabrata




	
Inconsistent results

	
2

	
1

	
C. albicans

	
C. dubliniensis




	
1

	
C. dubliniensis

	
C. albicans
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Table 3. Comparison of identification results between selected strains from study and control group—differences in strain identification by the two methods.
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Strain No.

	
Classical Method—Plate Method CHromAgar/Sabouraud Agar

	
MALDI–TOF MS

	
Comments






	
HIV-positive patients




	
1

	
C. glabrata

	
Cryptococcus laurentii

	
Violet on the CHROMagar substrate/plate

In the preparation with Lactophenol, the cells are round, ovate (Figure 1)




	
4

	
Rhodotorula spp.

	
Rothia mucilaginosa

	
Coral color on Sabouraud Agar;

In the preparation with Lactophenol, round, ellipsoidal cells with a size of 3.5–6.5 µm, proving that they are fungal cells (Figure 2)




	
5/1

	
Candida sp.

	
Candida dubliniensis

	
Creamy matte on a Sabouraud Agar; on ChROMagar, green (lighter than in 5/2 strain) (Figure 3)




	
5/2

	
C. albicans

	
Candida dubliniensis

	
Shiny white on Sabouraud Agar; on CHROMagar, green medium (darker than in the 5/1 strain) (Figure 3)




	
52/1

	
C. glabrata

	
Problems with identification

	
Violet on ChromAgar

In the preparation with Lactophenol, cells similar to Candida glabrata (Figure 4)




	
39/2

	
C. glabrata

	
C. albicans

	
Iridescent with purple edges, like C. glabrata; it is not green, as is the case with C. albicans (Figure 5)




	
57/1

	
Candida spp.

	
C. tropicalis

	
No clear color on the CHROMagar; there is also no sea color, dark blue, or gray-blue to indicate the presence of Candida tropicalis on CHROMagar (Figure 6)




	
57/2

	
C. albicans

	
C. dubliniensis

	
Green on CHROMagar (Figure 6)




	
56/1

	
Candida spp.

	
C. incospicua

	
Shiny white on CHROMagar (Figure 6)




	
19/1

	
Candida spp.

	
C. parapsilosis

	
White on CHROMagar (Figure 6)




	
25/2

	
Problems with identification

	
Pseudomonas fluorescens

	
Poor/inhibition growth on CHROMagar; opalescent on Sabouraud agar (Figure 7)




	
Healthy patients




	
7K/1

	
Candida albicans

	
Candida albicans

	
Light green on CHROMagar;

Shiny white on Sabouraud agar (Figure 8)
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