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Case Report



Primary Cutaneous Cryptococcosis Caused by Cryptococcus gatti in an Elderly Patient
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Abstract

:

According to the spread of Cryptococcus sp., fungal infections can be classified as primary or secondary. In primary cutaneous cryptococcosis, the fungi are restricted to the skin of the patients, without systemic involvement. The incidence of primary cutaneous cryptococcosis is high in patients with immunosuppression, and this type of infection is rarely observed in patients who are immunocompetent. In the present case report, a patient who is immunocompetent and has systemic comorbidity reported that, after skin trauma, ulcerovegetative lesions appeared in the right upper arm; the etiologic agent was identified as Cryptococcus gatti, serotype B. The cutaneous lesions healed completely after 5 months of fluconazole treatment.
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1. Introduction


Cryptococcosis is an infectious disease caused by encapsulated heterobasidiomycete yeasts, namely Cryptococcus neoformans and C. gatti, which are able to affect the central nervous system, the lungs, the skin, as well as other parts of the body [1]. This fungus mainly infects individuals with immunosuppression and, thus, has been considered an opportunistic pathogen [2]. Patients with neoplasia, collagenosis, transplants, or diabetes or patients under treatment with immunosuppressant drugs are the most susceptible; contrarily, it is rare in individuals who are immunocompetent [3,4,5].



In the past, cryptococcosis was considered to be caused by different varieties of C. neoformans; however, based on its molecular, distribution, clinical presentation, and physiopathological characteristics, two different species have been identified as causing this fungal infection: C. neoformans and C. gattii species complexes [6]. C. neoformans is classified into two varieties, C. neoformans var. grubii (serotype A) and C. neoformans var. neoformans (serotype D), which can recombine, producing AD hybrids [7].



C. neoformans serotype A occurs worldwide and is prevalent in patients with immunosuppression, while serotypes D and AD are commonly found in European patients but have a sporadic global distribution, with their spread possibly correlated with the migration of infected birds, whose feces may contaminate the soil [8,9]. Infections caused by serotypes B and C of the C. gattii species are less common in patients with immunosuppression [10]; therefore, they are considered more virulent than C. neoformans and can cause a spread in infections even in healthy individuals [10,11,12]. Although prevalence is high in tropical and subtropical areas, human cases have also been detected in North America [11,13,14]. Both C. neoformans and C. gattii can be found in the soil, trees, bird feces, fruits, and domestic dust [6]; thus, their transmission generally occurs by inhaling yeast or desiccated basidiospores.



Human infection begins after inhalation of environmental basidiospores or desiccated yeast cells. These forms of fungi arrive in the pulmonary alveoli and in immunocompetent hosts; then, antigen-presenting cells, such as macrophages, become active and elicit cell-mediated immunity [15], ultimately eliminating the fungi or containing them in granulomas. Depending on the host–microbe relationship, cryptococci persist in a latent form within phagocytic cells and granulomas [16]. When the patient who has been infected is suppressed, dormant microorganisms reactivate and cause infection, spreading from the lungs to different tissues and systems, such as the central nervous system [17]. Cryptococcal infection can also occur through the direct inoculation of fungi forms in the skin; this form of infection is highly associated with farmer activities.



Cryptococcal infection is commonly manifested in the central nervous system (CNS) and lower respiratory tract, but the fungi can spread widely. In the CNS, cryptococcal meningitis is frequent in patients infected with HIV; symptoms are nonspecific; progress over weeks; and are similar to other causes of meningitis, including headache, fever, malaise, vomiting, memory loss, and altered mental status [18]. Furthermore, such patients may have meningismus, cranial nerve palsies, and papilledema. Depressed consciousness may be associated with an increase in intracranial pressure that can be a consequence of the obstruction of the cerebrospinal fluid by cryptococci [19]. Furthermore, patients with increased intracranial pressure may experience ocular symptoms, but yeast invasion can cause optic nerve atrophy [20]; although direct ocular infections are rare. Symptoms related to visual alterations include decreased visual acuity, sudden loss of vision, floating, and pain [21].



Pulmonary cryptococcal involvement is more frequently observed among patients with immunosuppression, and infections caused by C. gatti are often identified [22]. Such patients can show only an asymptomatic infection or symptomatic with the presence of pulmonary nodules, leading to acute respiratory distress syndrome [23]. Common symptoms include fever, cough, dyspnea, night sweats, malaise, and chest pain [24]. Pulmonary infection caused by C. gattii may be more severe than with C. neoformans. On radiography, nodules, mass-like lesions, cavitary lesions, inflammatory infiltrates, and pleural effusions can be observed [25], but the severity of the lesions depends on the immunological status of the patient.



Cutaneous cryptococcal infections are polymorphic, making diagnosis extremely difficult; additionally, they are classified as primary and secondary. Primary cutaneous cryptococcosis occurs when the fungi are inoculated directly in the skin through a traumatic injury, and secondary cutaneous cryptococcosis occurs when the fungi spread through the hematogenic pathway. In both clinical forms, the spectrum of lesions is wide, including ulcers, plaques, cellulitis, abscesses, pustules, papules, blisters, and nodules [26].



Other less classical organs may be affected by Cryptococcus sp., such as the bones. Both patients who are immunocompromised and immunocompetent can have bone involvement, especially if they are under corticosteroid treatment [27]. Cryptococcus can also invade and colonize the peritoneum, gastrointestinal tract, and prostate, among other organs.



In 2008, the burden of cryptococcal meningoencephalitis was estimated at around 957,900 cases worldwide per year, with more than 600,000 deaths [28,29], but its incidence decreased with the widespread availability of antiretroviral drugs. Cryptococcosis has been considered an opportunistic infection, and it is estimated that around 220,000 cases of cryptococcal meningitis occur among patients with HIV/AIDS worldwide each year, resulting in nearly 181,000 deaths; however, other patients who are immunocompromised may be susceptible to this infection, such as people with malignant neoplasms, with transplants, and under treatment with immunomodulatory drugs [30]. In Brazil, infections caused by C. neoformans occur in all regions, while C. gattii mainly infects children and young people living in the north and northeast regions of Brazil who are immunocompetent, suggesting that Brazilian States in the Northern macroregion are endemic for C. gatti infection [31]. However, states in the southern region, including Mato Grosso do Sul, Minas Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, and São Paulo, display only sporadic infections caused by C. gatti [32]; however, data about the prevalence and incidence of C. gatti infections in Brazil are rare [33,34].



Therapy depends on the clinical form of cryptococcosis, and on the immunological and health conditions of the patient; however, it is based on the following three main drugs: amphotericin B deoxycholate (and its lipid formulations), flucytosine, and fluconazole, administered alone or in combination. Treatment of cryptococcal meningitis is carried out in three phases: induction (2 weeks), consolidation (8 weeks), and maintenance (6–12 months) with the use of effective fungicidal drugs during the induction phase, such as amphotericin B or, alternatively, with its lipid formulation [35]. Fluconazole (400 mg/kg) is recommended during 6–12 months for patients without meningeal involvement. In patients who are immunocompetent with pulmonary involvement, flucytosine is recommended; however, voriconazole, itraconazole, or posaconazole are interesting alternatives if flucytosine is unavailable or contraindicated [36].



This case report describes a patient who presented a rare form of cryptococcosis, known as localized cutaneous cryptococcosis. Before the appearance of cutaneous lesions, he experienced traumatic events on the skin during labor in agricultural regions, which may facilitate contact between the microbe and the host, infection, and disease development. This patient did not have systemic involvement, suggesting that his immune cells restrained the yeast forms at the site of inoculation. Furthermore, such a patient was refractory to 400 mg of fluconazole administered, but the lesions healed after six months of therapy with 200 mg of fluconazole. Furthermore, this work highlighted the need for early diagnosis in patients who are immunocompetent and immunosuppressed, and show rare forms of cryptococcosis.




2. Case Report


The patient, an 80-year-old man and a retired farmer, reported the appearance of a lesion on his right forearm for six months after repeated skin injuries, which is one way the fungi could inoculate into the skin. He was admitted to the outpatient Dermatology service of the Hospital das Clínicas da Universidade de São Paulo. The lesion presented as ulcerovegetative plates, characterized by infiltrative borders, covered with hematic crusts and blisters with serous content (Figure 1A,B). According to the morphology, the lesions resembled cryptococcosis or paracoccidioidomycosis. The smears of the skin were stained with India ink, and capsulated fungi with leveduriform morphology were visualized, which were compatible with an infection caused by the genus Cryptococcus (Figure 1C, black arrow). A skin biopsy was collected at the margin of the lesion, and a histological study was carried out on skin sections stained with toluidine blue. A large number of birefringent intracellular and extracellular yeasts were observed, suggesting cryptococcal infection (Figure 1D, black arrow). Furthermore, skin smears were cultured in L-canavanine glycine bromothymol blue medium, allowing the isolation of the etiological agent, which was further identified by molecular biology techniques [37] as Crytococcus gattii, serotype B. Briefly, a 300 bp fragment from the D2 region of the 28S fungal ribosome was amplified and sequenced. Identification was performed on the NCBI GenBank website (http://www.ncbi.nlm.nih.gov/, (accessed on 16 September 2021).



From an immunological point of view, the patient was seronegative for HIV infection and for the purified protein derivative (PPD) skin test, demonstrating that he was negative for tuberculosis. All of the following parameters were normal: serum IgG, IgM, and IgA levels. No significant changes were observed in hemogram or in the number of CD4+ and CD8+ T lymphocytes, and B and NK cells. Serum protein electrophoresis and biochemical parameters were in the range of normality. The analysis of cerebrospinal fluid, collected by lumbar puncture, and radiography of the thoracic cavity revealed no significant changes in the patient, suggesting that the fungi were restricted to the skin. On the other hand, immune cells may experience age-related weakness and sometimes senescence in individuals over 60 years old [38], which in fact explain the susceptibility of this patient to C. gattii.



The patient was treated with fluconazole (400 mg/day), but after seven days of treatment, a significant alteration in renal function was observed, and the dose of fluconazole was reduced to 200 mg/day. Complete healing was observed after five months, and treatment was stopped (Figure 1E). The patient is under monthly monitoring, and the skin lesions have healed completely. No systemic involvement has been observed after the third month of interruption of treatment. The patient gave us authorization to publish this case report.




3. Discussion


Infection caused by cryptococcosis etiologic agents occurs primarily by inhalation, and fungi affect the lungs; however, in the majority of cases, infection is self-limited in patients who are immunocompetent. The hematogenic dissemination of fungi to the central nervous system has been documented and generally causes meningoencephalitis [39], but fungi can affect other organs, including the skin [40].



In disseminated cryptococcosis, skin involvement occurs in 10% of cases and can be a localized manifestation or the first signal of systemic disease. Primary cutaneous cryptococcosis is a rare condition in people who are immunocompetent, but it also occurs in patients with immunosuppression and is characterized by skin eruptions, densely parasitized with fungi; additionally, the etiologic agents do not have the ability to spread to the internal organs [41]. Primary cutaneous cryptococcosis has been detected mainly in older men who work in rural areas, are exposed to bird excrement, and have a history of local skin trauma. Furthermore, the upper extremities are the areas of the body that are most affected, and the lesions exhibit progressive centrifugal growth in exposed areas of the skin; additionally, the lesions have an ulcerative-infiltrative morphology, as observed previously [42].



However, even in patients who are immunocompetent, it is important to conduct a thorough laboratorial investigation to observe systemic involvement, considering that, in the medical literature, a case report showed that an immunocompetent patient with primary cutaneous cryptococcosis exhibited meningeal involvement, demonstrating that this patient had disseminated cryptococcosis [43]. Furthermore, another patient with primary cutaneous cryptococcosis presented a relapse in the form of fulminant meningoencephalitis after two years of being cured [39]. These reports, in fact, reinforce the importance of investigating the hematogenic dissemination of Cryptococcus sp., even in patients who are immunocompetent.



In fact, the patient studied here reported numerous skin traumas during his work on a farm, which may have facilitated the access and colonization of the fungi on his skin. Furthermore, all tests performed showed normal blood biochemical parameters, suggesting that internal organs were not affected by C. gatti; no signals of fungi dissemination were observed; and more importantly, no downregulation of host immunity was observed, suggesting that innate and acquired immune responses restricted C. gatti to the skin, as observed in Figure 1A,B. Although a normal number of immune cells has been found in this patient, it is important to highlight that immune functions in the skin decrease in older adults, and it may involve the activity of homing dendritic cells (DCs). Dermal DCs are able to capture antigens in the skin and to interact with lymphocytes to trigger an efficient immune response, thus being vital to the protection of the skin as well as other organs from infection [38]. In older adults, DC function is reduced in terms of migration, phagocytosis, and ability to stimulate T lymphocytes [44], which are essential to eliminating extracellular and intracellular pathogens. Although the patient in this case report showed a normal number of immune cells, the potency of his skin immunity over C. gatti should not be sufficient to eliminate the microbe at the time of skin injury. In addition, the T cell compartment may be in a senescent state [45] and thus not responding adequately to the aggression caused by the fungus.



Although the patient had reported skin trauma, it is important to note that inhalation is the classical mechanism of acquiring cryptococcosis, with subsequent dissemination to the central nervous system, as well as other organs, such as the skin [46]. However, the absence of fungi in other organs suggests that inoculation may be an important way to acquire primary cutaneous cryptococcosis [47]. In fact, the patient studied here reported repeated skin injuries, which can be considered a possible way to acquire a cryptococcal infection.




4. Conclusions


Therefore, the extensive skin lesion observed in the right superior limb of an patient who was immunocompetent could possibly have been caused by contaminated material, since he reported numerous injuries caused by sharp materials on the farm. Skin smears cultured in L-canavanine glycine bromothymol blue medium along with specific stains and molecular biology techniques led to the identification of Cryptococcus gattii as the etiologic agent of the skin lesion, which can infect individuals who are immunocompetent or immunosuppressed. The patient was treated with the antifungal drug fluconazole and exhibited complete remission after five months of treatment. This case report emphasizes that primary cutaneous cryptococcosis is rare in patients who are immunocompetent but may affect older adults due to the natural weakness of their immune system.







Author Contributions


Conceptualization, W.B.J.; Methodology, W.B.J., A.T.S.C., J.B.L., L.F.D.P., and P.R.C.; Formal analysis, W.B.J.; Investigation, W.B.J., L.F.D.P., and P.R.C.; resources, W.B.J.; data curation, W.B.J.; writing—original draft preparation: W.B.J., A.T.S.C., J.B.L., L.F.D.P., and P.R.C.; writing—review and editing, W.B.J. and L.F.D.P. visualization: W.B.J., A.T.S.C., J.B.L., L.F.D.P., and P.R.C.; supervision, W.B.J.; project administration, W.B.J.; funding acquisition, W.B.J. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by HCFMUSP-LIM50. We also thank National Council for Scientific and Technological Development (CNPq) for the grant award to LFDP.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Informed consent was obtained from the patient involved in the study.




Data Availability Statement


Not applicable.




Acknowledgments


The authors thank HCFMUSP-LIM50 for the funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Firacative, C.; Trilles, L.; Meyer, W. Recent Advances in Cryptococcus and Cryptococcosis. Microorganisms 2021, 10, 13. [Google Scholar] [CrossRef] [PubMed]

	



Hsu, E.; Webster, S.M.; Nanes, M. Disseminated Cryptococcosis in An Immunocompetent Host Presenting As Osteomyelitis and Leading to Adrenal Insufficiency. Am. J. Med. Sci. 2022, 363, 75–79. [Google Scholar] [CrossRef] [PubMed]

	



Christianson, J.C.; Engber, W.; Andes, D. Primary cutaneous cryptococcosis in immunocompetent and immunocompromised hosts. Med. Mycol. 2003, 41, 177–188. [Google Scholar] [CrossRef] [PubMed]

	



Pappas, P.G.; Perfect, J.R.; Cloud, G.A.; Larsen, R.A.; Pankey, G.A.; Lancaster, D.J.; Henderson, H.; Kauffman, C.A.; Haas, D.W.; Saccente, M.; et al. Cryptococcosis in Human Immunodeficiency Virus—Negative Patients in the Era of Effective Azole Therapy. Clin. Infect. Dis. 2001, 33, 690–699. [Google Scholar] [CrossRef]

	



Vandersmissen, G.; Meuleman, L.; Tits, G.; Verhaeghe, A.; Peetermans, W.E. Cutaneous Cryptococcosis In Corticosteroid-Treated Patients Without Aids. Acta Clin. Belg. 1996, 51, 111–117. [Google Scholar] [CrossRef]

	



Rathore, S.S.; Sathiyamoorthy, J.; Lalitha, C.; Ramakrishnan, J. A holistic review on Cryptococcus neoformans. Microb. Pathog. 2022, 166, 105521. [Google Scholar] [CrossRef]

	



Muselius, B.; Durand, S.-L.; Geddes-McAlister, J. Proteomics of Cryptococcus neoformans: From the Lab to the Clinic. Int. J. Mol. Sci. 2021, 22, 12390. [Google Scholar] [CrossRef]

	



Florek, M.; Korzeniowska-Kowal, A.; Wzorek, A.; Włodarczyk, K.; Marynowska, M.; Pogorzelska, A.; Brodala, M.; Ploch, S.; Buczek, D.; Balon, K.; et al. Prevalence, Genetic Structure, and Antifungal Susceptibility of the Cryptococcus neoformans/C. gattii Species Complex Strains Collected from the Arboreal Niche in Poland. Pathogens 2021, 11, 8. [Google Scholar] [CrossRef]

	



Xiujiao, X.; Ai’e, X. Two cases of cutaneous cryptococcosis. Mycoses 2005, 48, 238–241. [Google Scholar] [CrossRef]

	



Maciey, S.; Santa Maria, C.; Oshima, S.; Newberry, J. Cryptococcus gattii Meningitis in a Previously Healthy Young Woman: A Case Report. Clin. Pr. Cases Emerg. Med. 2021, 5, 345–349. [Google Scholar] [CrossRef]

	



MacDougall, L.; Fyfe, M.; Romney, M.; Starr, M.; Galanis, E. Risk Factors for Cryptococcus gattii Infection, British Columbia, Canada. Emerg. Infect. Dis. 2011, 17, 193–199. [Google Scholar] [CrossRef] [PubMed]

	



da Lacaz, C.S.; Heins-Vaccari, E.M.; Hernández-Arriagada, G.L.; Martins, E.L.; Prearo, C.A.L.; Corim, S.M.; Martins, M.d.A. Primary cutaneous cryptococcosis due to Cryptococcus neoformans var. gattii serotype B, in an immunocompetent patient. Rev. Inst. Med. Trop. Sao. Paulo. 2002, 44, 225–228. [Google Scholar] [CrossRef] [PubMed]

	



Hurst, S.; Lysen, C.; Cooksey, G.; Vugia, D.J.; Litvintseva, A.P.; Lockhart, S.R. Molecular typing of clinical and environmental isolates of Cryptococcus gattii species complex from southern California, United States. Mycoses 2019, 62, 1029–1034. [Google Scholar] [CrossRef] [PubMed]

	



Lockhart, S.R.; Roe, C.C.; Engelthaler, D.M. Timing the Origin of Cryptococcus gattii sensu stricto, Southeastern United States. Emerg. Infect. Dis. 2018, 24, 2095–2097. [Google Scholar] [CrossRef] [PubMed]

	



Campuzano, A.; Wormley, F. Innate Immunity against Cryptococcus, from Recognition to Elimination. J. Fungi 2018, 4, 33. [Google Scholar] [CrossRef]

	



Hill, J.O. CD4+ T cells cause multinucleated giant cells to form around Cryptococcus neoformans and confine the yeast within the primary site of infection in the respiratory tract. J. Exp. Med. 1992, 175, 1685–1695. [Google Scholar] [CrossRef]

	



Tan, S.; Nasr, G.; Harding, C. Lung Masses as a Presenting Sign of Disseminated Cryptococcus. Cureus 2021, 13, e15185. [Google Scholar] [CrossRef]

	



Jarvis, J.N.; Harrison, T.S. HIV-associated cryptococcal meningitis. AIDS 2007, 21, 2119–2129. [Google Scholar] [CrossRef]

	



Graybill, J.R.; Sobel, J.; Saag, M.; van Der Horst, C.; Powderly, W.; Cloud, G.; Riser, L.; Hamill, R.; Dismukes, W. Diagnosis and management of increased intracranial pressure in patients with AIDS and cryptococcal meningitis. The NIAID Mycoses Study Group and AIDS Cooperative Treatment Groups. Clin. Infect. Dis. 2000, 30, 47–54. [Google Scholar] [CrossRef]

	



Amphornphruet, A.; Silpa-Archa, S.; Preble, J.M.; Foster, C.S. Endogenous Cryptococcal Endophthalmitis in Immunocompetent Host: Case Report and Review of Multimodal Imaging Findings and Treatment. Ocul. Immunol. Inflamm. 2018, 26, 518–522. [Google Scholar] [CrossRef]

	



Beyt, B.E.; Waltman, S.R. Cryptococcal endophthalmitis after corneal transplantation. N. Engl. J. Med. 1978, 298, 825–826. [Google Scholar] [CrossRef] [PubMed]

	



Chen, S.C.-A.; Meyer, W.; Sorrell, T.C. Cryptococcus gattii infections. Clin. Microbiol. Rev. 2014, 27, 980–1024. [Google Scholar] [CrossRef] [PubMed]

	



Zavala, S.; Baddley, J.W. Cryptococcosis. Semin. Respir. Crit. Care Med. 2020, 41, 69–79. [Google Scholar] [CrossRef] [PubMed]

	



Setianingrum, F.; Rautemaa-Richardson, R.; Denning, D.W. Pulmonary cryptococcosis: A review of pathobiology and clinical aspects. Med. Mycol. 2019, 57, 133–150. [Google Scholar] [CrossRef] [PubMed]

	



Chang, W.-C.; Tzao, C.; Hsu, H.-H.; Lee, S.-C.; Huang, K.-L.; Tung, H.-J.; Chen, C.-Y. Pulmonary cryptococcosis: Comparison of clinical and radiographic characteristics in immunocompetent and immunocompromised patients. Chest 2006, 129, 333–340. [Google Scholar] [CrossRef]

	



Noguchi, H.; Matsumoto, T.; Kimura, U.; Hiruma, M.; Kusuhara, M.; Ihn, H. Cutaneous Cryptococcosis. Med. Mycol. J. 2019, 60, 101–107. [Google Scholar] [CrossRef]

	



Zhou, H.-X.; Lu, L.; Chu, T.; Wang, T.; Cao, D.; Li, F.; Ning, G.; Feng, S. Skeletal cryptococcosis from 1977 to 2013. Front. Microbiol. 2015, 5, 740. [Google Scholar] [CrossRef]

	



Desalermos, A.; Kourkoumpetis, T.K.; Mylonakis, E. Update on the epidemiology and management of cryptococcal meningitis. Expert Opin. Pharmacother. 2012, 13, 783–789. [Google Scholar] [CrossRef]

	



Park, B.J.; Wannemuehler, K.A.; Marston, B.J.; Govender, N.; Pappas, P.G.; Chiller, T.M. Estimation of the current global burden of cryptococcal meningitis among persons living with HIV/AIDS. AIDS 2009, 23, 525–530. [Google Scholar] [CrossRef]

	



Gushiken, A.C.; Saharia, K.K.; Baddley, J.W. Cryptococcosis. Infect. Dis. Clin. N. Am. 2021, 35, 493–514. [Google Scholar] [CrossRef]

	



Nascimento, E.; Barião, P.H.G.; Kress, M.R.V.Z.; Vilar, F.C.; Santana, R.D.C.; Gaspar, G.G.; Martinez, R. Cryptococcosis by Cryptococcus neoformans/Cryptococcus gattii Species Complexes in non-HIV-Infected Patients in Southeastern Brazil. Rev. Soc. Bras. Med. Trop. 2021, 54, e01692021. [Google Scholar] [CrossRef] [PubMed]

	



Trilles, L.; dos Lazéra, M.S.; Wanke, B.; Oliveira, R.V.; Barbosa, G.G.; Nishikawa, M.M.; Morales, B.P.; Meyer, W. Regional pattern of the molecular types of Cryptococcus neoformans and Cryptococcus gattii in Brazil. Mem. Inst. Oswaldo Cruz 2008, 103, 455–462. [Google Scholar] [CrossRef] [PubMed]

	



Firacative, C.; Lizarazo, J.; Illnait-Zaragozí, M.T.; Castañeda, E.; Latin American Cryptococcal Study Group. The status of cryptococcosis in Latin America. Mem. Inst. Oswaldo Cruz 2018, 113, e170554. [Google Scholar] [CrossRef] [PubMed]

	



Firacative, C.; Meyer, W.; Castañeda, E. Cryptococcus neoformans and Cryptococcus gattii Species Complexes in Latin America: A Map of Molecular Types, Genotypic Diversity, and Antifungal Susceptibility as Reported by the Latin American Cryptococcal Study Group. J. Fungi 2021, 7, 282. [Google Scholar] [CrossRef]

	



Perfect, J.R.; Dismukes, W.E.; Dromer, F.; Goldman, D.L.; Graybill, J.R.; Hamill, R.J.; Harrison, T.S.; Larsen, R.A.; Lortholary, O.; Nguyen, M.H.; et al. Clinical practice guidelines for the management of cryptococcal disease: 2010 update by the infectious diseases society of america. Clin. Infect. Dis. 2010, 50, 291–322. [Google Scholar] [CrossRef]

	



de Spadari, C.C.; Wirth, F.; Lopes, L.B.; Ishida, K. New Approaches for Cryptococcosis Treatment. Microorganisms 2020, 8, 613. [Google Scholar] [CrossRef]

	



Klein, K.R.; Hall, L.; Deml, S.M.; Rysavy, J.M.; Wohlfiel, S.L.; Wengenack, N.L. Identification of Cryptococcus gattii by Use of l-Canavanine Glycine Bromothymol Blue Medium and DNA Sequencing. J. Clin. Microbiol. 2009, 47, 3669–3672. [Google Scholar] [CrossRef]

	



Lewis, E.D.; Wu, D.; Meydani, S.N. Age-associated alterations in immune function and inflammation. Prog Neuro-Psychopharmacol. Biol Psychiatry 2022, 118, 110576. [Google Scholar] [CrossRef]

	



Romiopoulos, I.; Pana, Z.D.; Pyrpasopoulou, A.; Linardou, I.; Avdelidi, E.; Sidiropoulou, M.; Chatzidrosou, E.; Ioannides, D.; Karagiannis, A.; Roilides, E. Fulminant cryptococcal meningoencephalitis after successful treatment of primary cutaneous cryptococcosis. GERMS 2020, 10, 388–391. [Google Scholar] [CrossRef]

	



Bardhi, R.; Lawrence, K.; Bedford, L.M.; Deirawan, H.; Moossavi, M. Disseminated cryptococcosis presenting with cutaneous involvement in an immunocompromised patient. Dermatol. Online J. 2020, 26, 15. [Google Scholar] [CrossRef]

	



Lu, Y.-Y.; Wu, C.-S.; Hong, C.-H. Primary cutaneous cryptococcosis in an immunocompetent man: A case report. Dermatol. Sin. 2013, 31, 90–93. [Google Scholar] [CrossRef]

	



Nowak, M.A.; Putynkowska, A.; Barańska-Rybak, W.; Czarnacka, K.; Dębska-Ślizień, M.A. Cutaneous cryptococcosis: An underlying immunosuppression? Clinical manifestations, pathogenesis, diagnostic examinations and treatment. Adv. Dermatol. Allergol./Postępy Dermatol. i Alergol. 2020, 37, 154–158. [Google Scholar] [CrossRef] [PubMed]

	



do Amaral, D.M.; de Rocha, R.C.C.; Carneiro, L.E.P.; Vasconcelos, D.M.; de Abreu, M.A.M.M. Disseminated cryptococcosis manifested as a single tumor in an immunocompetent patient, similar to the cutaneous primary forms. An. Bras. Dermatol. 2016, 91, 29–31. [Google Scholar] [CrossRef] [PubMed]

	



Carvalho, A.K.; Carvalho, K.; Passero, L.F.D.; Sousa, M.G.T.; da Matta, V.L.R.; Gomes, C.M.C.; Corbett, C.E.P.; Kallas, G.E.; Silveira, F.T.; Laurenti, M.D. Differential Recruitment of Dendritic Cells Subsets to Lymph Nodes Correlates with a Protective or Permissive T-Cell Response during Leishmania (Viannia) Braziliensis or Leishmania (Leishmania) Amazonensis Infection. Mediat. Inflamm. 2016, 2016, 7068287. [Google Scholar] [CrossRef]

	



Ribeiro, S.P.; Milush, J.M.; Cunha-Neto, E.; Kallas, E.G.; Kalil, J.; Passero, L.F.D.; Hunt, P.W.; Deeks, S.; Nixon, D.F.; Sengupta, D. P16INK4a expression and immunologic aging in chronic HIV infection. PLoS ONE. 2016, 11, e0166759. [Google Scholar] [CrossRef]

	



Patel, P.; Ramanathan, J.; Kayser, M.; Baran, J. Primary cutaneous cryptococcosis of the nose in an immunocompetent woman. J. Am. Acad. Dermatol. 2000, 43, 344–345. [Google Scholar] [CrossRef]

	



Inoue, N.; Endo, Y.; Kabashima, K. Extensive leg ulcer caused by primary cutaneous cryptococcosis in an immunocompromised patient. Eur. J. Dermatol. 2021, 31, 657–658. [Google Scholar] [CrossRef]








[image: Tropicalmed 07 00206 g001 550] 





Figure 1. A male patient with ulcerovegetative plates, characterized by infiltrative borders, covered with hematic crusts and blisters (A,B) shown in the skin smears, stained with India Ink; capsulated fungi (C) and histological sections, stained with toluidine blue, showing the birefringent yeasts (D). The patient responded well to fluconazole (200 mg/kg), and after five months of treatment, the lesions healed completely (E). Bar in C and D = 10 μm. 
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