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ABSTRACT
[bookmark: _Hlk193390344]Aims: This study aims to measure the accuracy of routine techniques for identifying fungi in mycology laboratories in Lomé, Togo.
Study design: It was a descriptive-analytical study.
Place and Duration of Study: The study was carried out at the Mycology Laboratories of the Sylvanus Olympio and Campus University Hospitals in Lomé-Togo and at the Parasitology-Mycology Laboratory of the Pitié Salpêtrière Hospital in Paris, France, from March 2023 to April 2024.
Methodology: Fungal isolates were initially identified using routine laboratory techniques. All isolates were then reanalyzed using Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF MS), and the results were compared to assess concordance and improvements in species identification.
Results: Among the 249 isolates analyzed, MALDI-TOF MS showed a 51.81% concordance with conventional methods. Additionally, 26.10% of isolates initially identified only at the genus level were further classified at the species level using MALDI-TOF MS. The technique also corrected the identification of 17.27% of strains previously misidentified by conventional methods and successfully characterized 3.61% of isolates that could not be identified using routine techniques. Although 1.20% of isolates remained unidentified by MALDI-TOF MS, the method significantly enhanced fungal identification rates by 46.98%, increasing overall identification accuracy from 51.81% to 98.79%.
[bookmark: _Hlk196368242]Conclusions: These findings highlight the need to upgrade mycology laboratories with advanced diagnostic tools like MALDI-TOF MS, expand fungal diagnostic capabilities, and provide continuous training for laboratory personnel. Strengthening these capacities will improve the accuracy of fungal identification and enhance the therapeutic management of patients with mycoses.
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1. INTRODUCTION
[bookmark: _Hlk193403195]Superficial mycoses are mucocutaneous infections primarily caused by dermatophytes and yeasts of the Malassezia genus. In some cases, they are caused by, yeasts from the Candida and Trichosporon genera(Sossou et al, 2024; Lipner and Scher, 2019). These infections are among the most prevalent globally, affecting 20% to 25% of the population (Lombardi et al., 2020).
Over the last two decades, their incidence has risen considerably (Kiki-Barro et al., 2017; Lipner and Scher, 2019) due to various risk factors such as international travel, contact with pets, and the use of immunosuppressive drugs (Lombardi et al., 2020). This increase is compounded by the emergence of previously unknown pathogenic species in human infections, as well as new forms of clinical manifestations(Cassagne et al., 2013; Lombardi et al., 2020).
Accurate identification of fungal pathogens is crucial for effective patient management, particularly in the context of rising fungal infections globally. In low-income settings, the diagnosis of these infections primarily relies on , which are often supplemented with morphological or biochemical identification techniques. However, these conventional diagnostic approaches present several significant challenges. In low-income countries like Togo, the large diversity of fungal species responsible for superficial mycoses poses significant challenges for identification using traditional culture-based methods. The technical infrastructure for reliable biological confirmation of these fungi is often inadequate. Additionally, the introduction of advanced diagnostic tools, which offer greater reliability, speed, specificity, and affordability, remains a major hurdle in these regions(Birhanu, 2023; Cassagne et al., 2013). In the absence of such techniques, traditional methods remain the primary tools used for this identification. However, these conventional approaches present several limitations, including delayed results reduced accuracy, and difficulties in identifying emerging and re-emerging fungal species(Pham et al., 2024), with the corollary of inappropriate management of these mycoses (Bastides, 2010; Pham et al., 2024). In developed countries, however, the use of new techniques such as MALDI ToF mass spectrometry  has provided a promising alternative for improving the biological confirmation of mycoses(Simon, 2021). According to Lacroix et al., who evaluated two mass spectrometry systems for the identification of Candida species, mass spectrometry is more accurate (98.3%) than routine techniques (96.5%), and also facilitates the identification of rare or emerging species(Normand et al., 2021; Simon, 2021), with exceptional performance levels, sensitivity and specificity of 94.6% and 99% respectively (Blaize et al., 2021; Normand et al.,2021). Other powerful methods such as polymerase chain reaction (PCR) have been used by other to improve the identification of fungi authors (Ansari S, Hedayati MT, Zomorodian K, Pakshir K, Badali H, Rafiei A, Ravandeh M, 2016).This study was initiated  to measure the accuracy of routine techniques for identifying fungi in mycology laboratories in Lomé, Togo                                                                                                                                                                                                                                                                                                                                                                                            
2. [bookmark: _Hlk193403527]MATERIAL AND METHODS
2.1. Study design, period, population and sites of the study
This descriptive-analytical study was conducted from March 2023 to April 2024. Patients were enrolled across four dermatology departments in Lomé, Togo, between June 2022 and March 2023. Various samples of lesions suspected of superficial mycoses were collected, as depicted in Figure 1. The samples included nail clippings, scalp scrapes, skin scales, and vaginal swabs. For each patient, a detailed information sheet was meticulously recorded. The study involved the dermatology departments of the following institutions, all located in Lomé, the capital of Togo: Centre Hospitalier Universitaire (CHU) Sylvanus Olympio, CHU Campus, Gbossimé Dermatology Center, and Centre Médical des Armées de Lomé (CMA, Gendarmerie). The collected samples underwent initial analysis using traditional identification methods. Subsequently, the isolates were sent to the Parasitology-Mycology Laboratory at Pitié-Salpêtrière Hospital in Paris for advanced identification via MALDI-TOF mass spectrometry.
2.2. [bookmark: _Hlk193403787]Sample collection
Samples were taken under aseptic conditions from lesions on the skin, nails and scalp (Figure. 1), either by scraping the scales from the edge of the lesion (skin), or by cutting and scraping with a scalpel (nails), or by scraping the scales from the scalp and plucking the affected hair with forceps. Where Pityriasis versicolor was suspected, samples were taken using adhesive cellophane, followed by direct observation under a light microscope.
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Figure 1: Clinical lesions collected and fungi isolated (Source(Sossou et al., 2024))
A: Onychomycosis of the thumb (hand) (due to Candida albicans)
B: Hyperkeratosis of foot (due to Neosytalidium dimidiatum)
C: Intertrigo of toe (foot) (du to Trichosporon sp.) 
D: Scalp ringworm (du to Microsporum audouinii)
E: Epidermophytia (due toTrichophyton mentagrophytes)
F: Pityriasis versicolor (due to Malassezia sp.) 
G: Onychomycosis of toes (foot) (due to Curvularia sp.)                                 
2.3. Routine mycological examination
[bookmark: _Hlk193405640]In the mycology laboratories of the two university hospitals, samples collected in a sterile Petri dish were processed as follows: One part was used for direct examination in physiological saline solution (for swabs) or in 10 % potassium hydroxide solution for 20-30 min (for other types of samples) using light microscopy. The second part was seeded on Sabouraud dextrose agar (SDA) medium supplemented with chloramphenicol 0.5 g/l (SC medium) and on SDA medium supplemented with chloramphenicol 0.5 g/l and cycloheximide 0.4 g/l (SAC medium) respectively, and incubated at 25 °C(Lombardi et al., 2020; Pham et al., 2024). Cultures were monitored visually every day for 30 days. For each positive culture, the fungal species were identified based on the results of direct examination such us the growth rate, colonies, and all phenotypical characteristics of the isolates (Tsuchida, et al., 2023). For fungi of the Candida genus, the use of specific chromogenic media (Candi select®) (BIOMEDICAL PRO, Lomé-Togo) enabled further discrimination between the different species while for fungi of the Malassezia genus, identification was done based on results of the direct examination only. Isolates were then stored in glycerol at -80 °C for up to three months, then transported to Paris for sub-culture and confirmation by MS.
2.4. [bookmark: _Hlk193404304]Mass spectrum preparation
All the procedure were performed using the methods previously described(Normand et al., 2021; Singhal et al., 2015). Identification by MS was carried out on fresh colonies on SC/SAC media. For protein extraction, for yeasts, two to five colonies were picked using a 1 μL öse and for filamentous fungi, the colony was gently scraped from the surface of the culture using a scalpel blade or rubbed with a sterile swab. The product thus collected was then suspended in a mixture of 300 μl of demineralized water and 900 μl of absolute ethanol ( 70 % ethanol solution). After centrifugation at 12,000 rpm for two minutes, the cell pellet was havested and resuspended in 20 μL of 70 % formic acid and incubated  for 5  minutes incubation. 20 μL of 100 % acetonitrile was added to the suspenssion(Normand et al., 2021; Singhal et al., 2015). After mixing, and a further 5 min incubation, the preparation was centrifuged again at 12.000 rpm for 2 min, then 1 μL of its supernatant was deposited on a target at a spot location and dried. One (1) μL of matrix solution (alpha-cyano-4-hydroxycinnamic acid [HCCA; Bruker Daltonics]) at 10 mg/ml was then added to the protein deposit and dried. The complexes formed between the proteins and the matrix were vaporised by a laser beam. As the target is read by the mass spectrometer, the excited matrix becomes positively charged, and this charge is rapidly transferred to the proteins, which, ionized, migrate through an evacuated tube, according to their mass-to-charge ratio (m/z)(Blaize et al., 2021; Normand et al., 2021). At the end of their migration, the time of flight is recorded by a detector and converted into m/z by a computerized system. The operation is repeated a large number of times for each extract to obtain a cumulative spectrum whose intensities are sufficient to meet the requirements of the equipment supplier(Blaize et al., 2021).
2.5. [bookmark: _Hlk193404399]Data management and analysis
The spectra obtained were compared with the online database created by Sorbonne University and dedicated to the identification of yeasts and filamentous fungi: MSI2 (https://msi.happy-dev.fr/). MSI-2 platform scores were used to assess the reliability of SM identification(Becker et al., 2019) According to the criteria established by the MSI-2 platform, a score of 20 or higher indicates a satisfactory level of confidence in fungal identification. This threshold ensures that the identification is reliable and minimizes the risk of misclassification, providing a robust basis for further analysis and interpretation(Simon, 2021).
2.6. Statistical analysis
All data were meticulously entered into Microsoft Excel (version 2016) and subsequently analyzed using Epi Info software (version 7.2.2.6). To evaluate the consistency and reliability of the results obtained from the two methods, the rate of agreement was calculated, providing a quantitative measure of concordance. This assessment aimed to determine the level of alignment between the two approaches, ensuring the validity of the findings.
3. [bookmark: _Hlk193404692]RESULTS
3.1. General characteristics of the clinical fungi isolates
A total of 538 samples were collected, including 114 Malassezia samples identified directly through tape stripping, along with 154 negative cultures (Figure 2). Of these, 270 isolates were sent to Hôpital Pitié-Salpêtrière for MALDI-TOF MS analysis. During transportation, 21 isolates (7.77 %) became contaminated between their initial identification in Lomé and their arrival in France for characterization. These contaminated samples had initially been identified using routine methods as dermatophytes (n = 14), yeasts (n = 4), Fusarium spp. (n =1), mucor (n = 1), and a mold of the genus Neoscytalidium (n = 1). However, MALDI-TOF MS analysis revealed that these isolates belonged to the genus Aspergillus (n = 18) and Penicillium/Talaromyces (n = 3) .249 isolates selected for comparison
21 contaminated crops (7.77 %)
270 isolates identified at RM and
sent for MS
154 negative cultures
424 cases cultivated on SC and/or SAC
538 samples collected
114 cases of Malassezia identified by direct examination without culture
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Figure 2: Overview of sample selection
3.2. [bookmark: _Hlk193404826]Comparison between routine morphological identification method and Mass Spectrometry
Of the 249 isolates analyzed, complete concordance between the two identification methods was observed in 51.81 % (129/249) of cases (Table 1). MALDI-TOF MS provided additional insights, successfully identifying 9 isolates (3.61 %) that could not be identified in Lomé and further specifying the species of 65 isolates (26.10 %) initially classified under broader taxonomic categories, including Candida, Trichosporon, Trichophyton, Aspergillus, Penicillium/Talaromyces, Fusarium, Exophiala, Cladosporium, Rhizopus, and Trichoderma, as well as groups such as Dematiaceae and Mucor. The analysis conducted at Hôpital Pitié-Salpêtrière in Paris corrected the identification of 43 isolates (17,27 %) (Table 2).
	Table 1: List of fungi species correctly identified by both techniques
	Identification by RM[footnoteRef:1]a [1: a Routine Method] 

	Identification by MS[footnoteRef:2]b [2: b Mass Spectrometry] 

	Number
	Proportion (%)

	C. albicans
	C. albicans
	85
	65.89

	C. tropicalis
	C. tropicalis
	19
	14.73

	C. parapsilosis
	C. parapsilosis
	4
	3.10

	T. rubrum
	T. rubrum
	5
	3.88

	Microsporum audouinii
	Microsporum audouinii
	1
	0.78

	Microsporum canis
	Microsporum canis
	1
	0.78

	Neoscytalidium dimidiatum
	Neoscytalidium dimidiatum
	12
	9.30

	Aspergillus terreus
	Aspergillus terreus
	2
	1.55

	Total
	
	129
	100,00





Table 2 : Routine methods mass spectrometry identification (n=249).
	Désignation
	Number
	Proportion (%)

	Strictly concordant identifications between RM and MS
	129
	51.81
	

	Isolates not identified with RM but with MS
	9
	3.61
	

	Isolates identified at genus level in RM and confirmed at species level in MS
	65
	26.10
	

	Isolates unidentified in RM or MS
	2
	0.80
	

	Isolates identified with RM but not with MS
	1
	0.40
	

	Rectification of RM results by MS
	43
	17.27
	

	Total
	249
	100.00
	


4. [bookmark: _Hlk193404965]DISCUSSIONS
Mass spectrometry remains one of the most reliable techniques that has revolutionized the identification of microorganisms, including fungi, and several studies have highlighted its performance, ranging from the substantial reduction in identification time to the accuracy of identification and the minimization of the cost of the technique(Becker et al., 2019; Blaize et al., 2021; Osa et al., 2021; Singhal et al., 2015; Tsuchida et al., 2023). The aim this our study is to improve the identification of fungi isolated from samples received and analyzed by the routine method in two medical mycology laboratories in Togo and to enable capacity building through this North-South collaboration.
Indeed, the identification concordance rate of 51.81 % between the results of the MS analysis and those of the two laboratories shows the inadequacy of the identification of the fungi responsible for superficial mycoses in Togo: in one case out of two, the fungal pathogen is not correctly identified. This inadequacy calls for a strong advocacy for mycology laboratories in low incomes countries to be supported by adequate equipment to bring them into line with current requirements for fungal pathogen identification. Several authors have already looked at this comparison, including Boualem et al, 2013, who in France found a 91.5 % species concordance between the two methods for yeast isolates identified in the clinical laboratories of Dijon and Lille(Sendid et al., 2013) and Lacroix et al, who in 2014 noted a 98.3% species concordance for Candida isolates isolated in 8 hospital laboratories in France(Lacroix et al., 2014). This concordance drops slightly in terms of performance when it comes to filamentous fungus isolates. Indeed, in study of Ranque et al., aimed at validating the effectiveness of a standardized MALDI-TOF mass spectrometry (MS) identification procedure on a large sample of filamentous fungi routinely identified in university hospital laboratories, a correct filamentous fungus identification performance of 89 % was found (Ranque et al., 2014).
This relatively low concordance found in our series could be explained in one hand by the always inadequate technical conditions in the laboratory, but above all by the storage and transport of isolates, arguments supported by the 7.77 % (21/270)  of cases of contamination by Aspergillus and Penicillium noted in our study (Figure 2). In other hand, it is also recognized that the accuracy of identification by MS depends on the quality of the spectra, which in turn is closely linked to, among other factors, the culture conditions, the protein extraction method, the method of sample deposition on the target and the nature of the matrix(Calderón-Celis et al., 2018; Topić et al., 2023), all parameters that can modify the reliability of the spectra obtained, which could also explain our concordance rate.                                                                                                                                                                                                                                                                                                                                                                                                                              
The added value of MS in substantially improving the identification of fungi has been demonstrated by several studies, including that of Ranque et al. in 2014, who noted an increase in reliability from 31 % to 61 % due to the contribution of MS(Desoubeaux et al., 2010; Ranque et al., 2014)  . MS also contributed to a better characterization of isolates from samples of superficial fungal diseases in our study. Indeed, 3.61 % (9 isolates) of fungi not identified by RM were identified by MS; similarly, with MS plus-value, the isolates identification was rectified in 17.27 % (43/249), and species were specified in 26.10 % (65/249) of isolates which had genus previously identified by RM (Table 2). MS therefore increased the reliability of identification of the isolates in our study by 46.98 %, corroborating the data of Ranque et al, 2014. This approach also enabled the technical staff of these laboratories to review the macroscopic and microscopic aspects of the identified fungi by MS in order to assimilate them so as to put them to use in the diagnostic approach in routine procedure.
In our study, 0.80 % (2/249) of isolates could not be identified by either RM neither MS, nor a further 0.40 % (1/249) could not be identified by MS. Most of these were filamentous fungi of the mold type. This may be due, on the one hand, to the limitations of RM to identify certain rare or emerging fungal species(Bastides, 2010; Simon, 2021) and, on the other hand, to the lack of completeness of the spectral library for these types of fungi as discussed by Markus et al., 2018, who compared the performance of 3 spectral libraries: Bruker, “National Institutes of Health” (NIH) and Mass Spectrometry Identification (MSI), to routine and molecular methods. The failure of these three libraries to identify 20 % of molds was attributed to their limitations and the imperfect nature of their spectra. Another determinant of fungal strain identification performance is the purity of the isolates. Indeed, to obtain optimal identification by MS, one of the conditions remains the purity of the culture to be identified, as performance in identifying fungal species by MS requires a pure culture (Nonnemann et al., 2019; Markus et al., 2018), which may have been lacking in our various cultures submitted for analysis by MS.
5. [bookmark: _Hlk193405073]CONCLUSION
This study showed that the identification of fungal strains isolated by MR in the two medical mycology laboratories in Lomé was less than 52 % concordant with MS. This last technique improved this identification by increasing the level of reliability by almost 47 %.  To allow Togo's mycology laboratories offer better diagnosis of the pathogens involved in superficial mycoses.  a plan needs to be put in place to upgrade the technical facilities of existing laboratories in order to improve mycological identifications. This could be done in the following points: i) In the short term, continue the mycological confirmation of strains isolated by MR, with SM through the preparation of targets sent by post to Paris for identification, thanks to collaboration with the Parasitology and Mycology laboratory at the Pitié Salpêtrière Hospital in Paris (France); ii) In the medium term, to increase the number of diagnostic facilities offering mycological services, and to continuously build the capacity of the technical staff of these laboratories through the ongoing transfer of skills via this collaborative North-South approach; iii) In the long term, to acquire a mass spectrometer in order to optimize on-the-spot identification of mycoses and improve the care of patients suffering from mycosis in Togo.
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