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Case Report: Fatal Fungemia due to Paracoccidioides lutzii Rosane Christine Hahn, Anderson Messias Rodrigues, Cor Jesus Fernandes Fontes, Andreia Ferreira Nery, Tomoko Tadano, Luiz de Pa´dua Queiroz Ju´nior, and Zoilo Pires de Camargo* Nu´cleo de Doenc¸as Infecciosas e Tropicais, Universidade Federal do Mato Grosso (UFMT), Cuiaba´, MT, Brazil; Universidade Federal de Sa˜o Paulo (UNIFESP), Departamento de Microbiologia, Imunologia e Parasitologia, Disciplina de Biologia Celular, Sa˜o Paulo, SP, Brazil



Abstract. We report the first case of fungemia caused by Paracoccidioides lutzii in a 51-year-old male farm worker from the central-west region of Brazil. The fungus was isolated from blood cultures and the species was confirmed by phylogenetic identification. Despite specific treatment and intensive care, the patient died 39 days after admission.



INTRODUCTION



CASE REPORT



Paracoccidioidomycosis (PCM) is a human systemic mycosis caused by different species of thermodimorphic fungi in the genus Paracoccidioides. It is assumed that the contamination of subjects is caused by inhalation of propagules from the environment,1,2 which leads to a primary pulmonary infection and then disseminates to other organs and systems. Two forms of the disease are distinguished: the acute (subacute) juvenile form and the chronic adult form. Secondary lesions appear frequently in the mucous membranes, lymph nodes, skin, and adrenals.1 Occupations that predispose persons to infection include people involved in activities and exposure to contaminated soil, affecting mainly rural workers during their most productive years of life. Recent studies revealed high genetic variability among isolates that were morphologically identified as Paracoccidioides brasiliensis,3,4 which has led to the recognition and introduction of new pathogenic species. The phylogenetic species embedded in the P. brasiliensis complex include S1 (species 1), PS2 (phylogenetic species 2), PS3 (phylogenetic species 3), and PS4 (phylogenetic species 4), whereas the clade harboring the isolate Pb01 is placed at a relatively large distance from the P. brasiliensis complex and currently is refereed as a new biological species Paracoccidioides lutzii, which is prevalent in the central-west region of Brazil.5 From both therapeutic and epidemiological perspectives, it is essential to identify the Paracoccidioides species. Serological methods based on the detection of circulating antibodies and antigens have been widely adopted for the immunodiagnosis and patients follow-up.6 However, in recent years, we observed a high number of false negative tests using the standard antigenic preparation derived from the fungus B-339 (ATCC 32069; PS3) in double immunodiffusion (DID) or enzyme-linked immunosorbent assay.7,8 This incongruence suggests an antigenic variability in the genus Paracoccidioides and may be related to subjects infected with different phylogenetic species. Here, we describe an atypical case of PCM fungemia, associated with negative serology in a male farm worker and discuss the importance of the early diagnosis for the management of the disease.



On January 31, 2012, a 51-year-old male farm worker living in the central-west region of Brazil (Indianapolis, MT) for roughly 30 years was referred by the public hospital in Barra do Garc¸as, MT, for admission to the Ju´lio Muller University Hospital (HUJM/UFMT) in Cuiaba´, MT, Brazil. The patient was a smoker (70 cigarettes per day) and an alcoholic but presented with no known comorbidities. Clinically, he presented with respiratory failure (RF = 48) and dullness in the middle one-third of the right hemithorax (RHT), with diffuse wheezing, snoring, and universal crackling, particularly in the RHT. The physical exam revealed intense hypoxemia (arterial blood gas PaO2/FiO2 = 180) and signs of chest muscle fatigue. Before orotracheal intubation, the patient reported dyspnea for the first time 6 months before admission. The dyspnea had progressively worsened with productive cough and episodes of hemoptysis, fever, wasting syndrome, and night sweats. No enlarged lymph nodes or oropharyngeal lesions were observed. The patient had sought medical care on numerous occasions but had not received a precise etiological diagnosis. When the respiratory and systemic symptoms worsened rapidly, the patient was admitted to the hospital and referred to the intensive care unit (ICU) for support and etiological investigation. During this period, the following therapeutic regimen was initiated immediately: 50 mg/day of amphotericin B deoxycholate, 4.5 g piperacillin/tazobactam every 6 hours, and 1 g vancomycin every 12 hours. Microscopic examination of tracheal aspirate at the time of admission revealed the presence of Paracoccidioides spp. yeast cells resembling a steering wheel, but the samples were negative for acid-fast bacilli and human immunodeficiency virus (HIV) serology was nonreactive. A chest radiograph showed bilateral, diffuse interstitial alveolar infiltrates (Figure 1). The patient exhibited only partial clinical–radiological improvement, despite ICU support, mechanical ventilation, and prolonged treatment with amphotericin B and other intravenous antimicrobials (600 mg linezolid every12 hours, 2 g meropenem every 8 hours, and 500 U polymyxin B), which were gradually readjusted throughout the patient’s stay in the ICU. Twenty-eight days later, blood samples that were collected upon admission and cultured on Sabouraud dextrose agar plates revealed the presence of Paracoccidioides spp. The first clue that we were dealing with an atypical Paracoccidioides strain was the serological results. Double immunodiffusion tests using antigenic preparation from the standard strain P. brasiliensis B-3399 generated negative results, whereas preparation using the autochthonous strain produced reactivity signals (Figure 2). Despite the specific prescribed treatment
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Figure 3. Paracoccidioides spp. isolated from blood cultures. Macroscopic view of thermodimorphism at (A) 25 °C in potato dextrose agar (PDA) medium and (B) 37 °C in Fava-Netto’s medium.



Figure 1. Thoracic x-ray of patient with paracoccidioidomycosis caused by Paracoccidioides lutzii showing bilateral diffuse infiltrate.



and continuous intensive care support, the patient died 39 days after admission. RESULTS Blood culture isolates suspected of Paracoccidioides spp. were cultivated at 25 °C on Fava-Netto’s semi-solid medium10 and sub-cultured until a pure culture was obtained. The dimorphic nature of Paracoccidioides was shown by converting the fungus to yeast form at 37 °C on Fava-Netto’s semi-solid medium and the mycelial form at 25 °C on potato dextrose agar medium (Difco Laboratories, Detroit, MI) (Figure 3). Genomic DNA was extracted and purified directly from fungal colonies using the Fast DNA kit (MP Biomedicals, Vista, CA) according to the manufacturer’s instructions. Suspected colonies were subjected to HSP70 gene amplification using the primers HSPMMT1 and PLMMT1 as described by Teixeira and others4 to identify an exclusive indel region of P. lutzii. The clinical isolate (no. 9840) presented positive amplification similar to the amplicon found in isolate Pb01 (ATCC MYA-826, positive control) (Figure 4A). The molecular characterization of the mating type idiomorph was carried out by polymerase chain reaction (PCR) using the primers MAT1-1F and MAT1-1R targeting MAT1-1 (a-box), and



MAT1-2F and MAT1-2R targeting MAT1-2 (HMG) as described by Teixeira and others.11 Isolate 9840 is a heterothallic strain harboring the MAT1-1 locus (Figure 4B and C). Three loci were chosen for amplification and sequencing. The 43 kDa glycoprotein (GP43),12 ADP-ribosylation factor (ARF),13 and a-tubulin (TUB1)13 loci were amplified directly from the genomic DNA by PCR as described previously.3 Amplified products were gel-purified using the Wizard SV Gel and PCR Clean-Up System (Promega, Madison, WI) following the manufacturer’s instructions. The PCR fragments were completely sequenced in an ABI 3730 DNA Analyzer (Applied Biosystems, Foster City, CA) using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). The GP43 exon-2, ARF, and TUB1 nucleotide sequences from other isolates belonging to the P. brasiliensis complex were included as reference strains for the phylogenetic analysis. These sequences were previously deposited at GenBank (http://www.ncbi.nlm.nih.gov/genbank/) and described by Matute and others,3 Teixeira and others,4 and Marquesda-Silva and others.7 The nucleotide sequences were aligned using the Simultaneous Alignment and Tree Estimation software (SATe´ 2.2.2).14 The alignments were corrected manually to avoid mispaired bases. Evolutionary analyses were carried out in MEGA515 for the combined data set using the maximum likelihood and neighbor-joining methods. Evolutionary distances were computed using the Kimura 2-parameter model with 1,000 bootstrap replicates. The complete alignment included 81 taxa. The concatenated aligned sequences were 1,090 base pair (bp) long, including 982 invariable characters, 92 (8.44%) variable parsimonyinformative sites, and 16 singletons. Isolate 9840 clustered in the Paracoccidioides lutzii clade with high bootstrap values, confirming the genotyping method based on HSP70 amplification (Figure 5). The GenBank accession nos. for the partial ADP-ribosylation factor, GP43 exon2, and TUB1 genes are KC732776, KC732777, and KC732778, respectively.



DISCUSSION



Figure 2. Immunodiffusion test for paracoccidioidomycosis. In the well center, serum from patient 9840 (S); in the outer wells exoantigen from Paracoccidioides brasiliensis B-339 (AgPb339) and Paracoccidioides lutzii (AgPl).



Fungemia caused by dimorphic fungi in the order Onygenales are rare in clinical presentation; just a few cases have been reported16 –19 and they are frequently associated with an immunosuppressed state, such as HIV infection.20 Other underlying diseases may also be involved and increase the risk of fungemia in human patients.20,21
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Figure 4. Genotyping the Paracoccidioides spp. based on HSP70 marker and MAT locus amplification. (A) Isolate 9840 presented positive HSP70 amplification, similar to the positive control (Pb01). Polymerase chain reaction amplification of MAT1-1 (B) and MAT1-2 (C) idiomorphs.



To the best of our knowledge, this study is the first to report a case of fungemia caused by P. lutzii in an immunocompetent patient, which distinguishes our case from the classical risk group. The criteria used here to define the patient as immunocompetent was based on absence of any underlying disease such as HIV, cancer, tuberculosis, and hepatitis. However, he was alcoholic and presented wasting syndrome, which would be caused by the disseminated fungal infection and/or another non-diagnosed clinical condition. The mechanism by which extrapulmonary dissemination can lead to infection of the bloodstream and subsequent hematogenous dissemination is unknown. Pathogens may cross the blood-brain barrier transcellularly, paracellularly, and/or by infected phagocytes (so-called Trojan horse mechanism). Transcellular traversal of the blood-brain barrier has been shown for several bacterial pathogens22,23 and fungal pathogens, such as Candida albicans24 and Cryptococcus neoformans.25 For a century, the etiological agent of PCM has been attributed to the species P. brasiliensis s.l., which was previously assumed to be a monotypic taxon, although recent publications3,4 support the idea of several cryptic phylogenetically related species in a complex. The real incidence of each phylogenetic species and its implication on ecology and clinical practice is difficult to establish because of a lack of information in the literature in regards to the distribution of these entities. Species 1 (S1) is broadly distributed throughout Latin America3,4,26 and frequently recovered from environmental and clinical cases. Currently, phylogenetic species 3 (PS3) is restricted to clinical cases in Colombia,3,26 and just a few isolates from phylogenetic species 2 (PS2) have been reported in the literature3,26 from Brazil and Venezuela. The geographical epicenter of P. lutzii is the central-west region of Brazil,4 with scattered cases reported outside of this area7,26 and a single strain reported outside Brazil.4 Acquisition of the disease occurs through inhalation of conidia of Paracoccidioides spp. Therefore, the occupation and geographical area of housing were risk factors in our patient for the acquisition of PCM caused by P. lutzii. The geographic areas of the phylogenetic entities in the genus Paracoccidioides have been indicated to overlap. Recently, Arantes and others27 reported environmental nucleic acid sequences belonging to P. lutzii in the hyperendemic region of Botucatu in the southeast region of Brazil,27 an area formerly assumed to have a high prevalence of species S1.2– 4 However, no increase in clinical cases of PCM caused by P. lutzii has been seen in areas others than the central-west region of Brazil, which could be related to differences in the survival and growth of this species in nature, differences in human exposure, or even host



resistance to infection in this area, and the misidentification of this pathogenic species by currently available techniques. Appropriate treatment depends on accurate diagnosis. The gold standard for mycological diagnosis, including PCM, is the isolation of the etiological agent in culture. However, for the isolation of clinical specimens in PCM, the appearance of the first colonies could take months and delay diagnosis. On the other hand, PCM serology has evolved over the years28 and been reported to be an essential tool for rapid diagnosis29,30 and patient follow-up.6,31 Unfortunately, from a seroepidemiological point of view, the diagnosis of PCM caused by divergent phylogenetic species is difficult based on antigenic preparations of the reference strain B-339 (PS3),7,8 and none of the serological tests developed to date are able to clearly diagnosis PCM caused by the five cryptic species, which favors delayed diagnosis and false negative results. Our negative results for the double immunodiffusion test using the antigenic preparation of the B-339 strain are in agreement with previous studies,7,8 which reinforces the idea of antigenic variability in the genus Paracoccidioides. The negative serology should not be interpreted only as the absence of antibodies caused by immunosuppression32 or drug therapy31; thus, we emphasize the need for specific antigenic preparation from autochthonous strains, in addition to the use of the standard preparation of B-339, to improve the sensitivity and specificity of the serological test. We hypothesized that several cases of PCM caused by different phylogenetic species in the genus Paracoccidioides may have been underestimated in Latin America when only preparations derived from the standard strain B-339 were used. Studies evaluating the clinical aspects of the PCM patients and the phylogenetic species must clarify whether there is any correlation between the etiological agent and the clinical manifestation or distinct susceptibility profiles. However, it remains unclear whether there is a correlation between drug susceptibility and clinical outcome in PCM caused by P. brasiliensis or P. lutzii.33 The outcome of fungemia depends on several factors, but earlier diagnosis and treatment may decrease the risk of mortality. Accurate identification of the etiological agent of PCM is important for choosing the best therapeutic method. For the treatment of endemic mycosis, including PCM, itraconazole is the best choice,34,35 but the use of alternative drugs, including sulfonamides, alone or in combination (sulfamethoxazole and trimethoprim),7,36 is frequent in some areas because of its availability from public health services. Notably, empirical treatment of tuberculosis or other pulmonary disorders may decrease the chances of healing and culminate in worsening clinical symptoms.
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Figure 5. Phylogenetic analysis using the maximum likelihood method based on the concatenate data set of ADP-ribosylation factor, GP43 exon 2, and TUB1 genes. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) is shown next to the branches (NJ/ML). The evolutionary distances were computed using the Kimura 2-parameter method. All positions containing gaps and missing data were eliminated.



In conclusion, we report an atypical case of PCM caused by P. lutzii in central-western Brazil. The patient did not present any evidence of immunosuppression and progressed rapidly, dying 39 days after admission and not responding to classical drug administration. Early diagnosis and proper treatment can result in the healing of patients who develop atypical cases. Received August 20, 2013. Accepted for publication April 14, 2014. Published online May 12, 2014. Financial support: A. M. Rodrigues is a fellow and received financial support from the Fundac¸a˜o de Amparo a` Pesquisa do Estado de Sa˜o
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