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Can COVID-19 impact the natural history of
paracoccidioidomycosis? Insights from an atypical chronic
form of the mycosis
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Antunes Patzina', Gil Benard %', José Angelo Lauletta Lindoso " ¢

ABSTRACT

Paracoccidioidomycosis (PCM) is a systemic fungal infection caused by Paracoccidioides
spp. It can occur as an acute/subacute form (A/SAF), a chronic form (CF) and rarely as a mixed
form combining the features of the two aforementioned forms in an immunocompromised
patient. Here, we report a 56-year-old male patient with CF-PCM who presented with atypical
manifestations, including the development of an initial esophageal ulcer, followed by central
nervous system (CNS) lesions and cervical and abdominal lymphatic involvement concomitant
with severe SARS-CoV-2 infection. He was HIV-negative and had no other signs of previous
immunodeficiency. Biopsy of the ulcer confirmed its mycotic etiology. He was hospitalized
for treatment of COVID-19 and required supplemental oxygen in the intensive unit. The
patient recovered without the need for invasive ventilatory support. Investigation of the extent
of disease during hospitalization revealed severe lymphatic involvement typical of A/SAF,
although the patient’s long history of high-risk exposure to PCM, and lung involvement
typical of the CF. Esophageal involvement is rare in non-immunosuppressed PCM patients.
CNS involvement is also rare. We suggest that the immunological imbalance caused by the
severe COVID-19 infection may have contributed to the patient developing atypical severe
CF, which resembles the PCM mixed form of immunosuppressed patients. Severe COVID-19
infection is known to impair the cell-mediated immune response, including the antiviral
response, through T-lymphopenia, decreased NK cell counts and T-cell exhaustion. We
hypothesize that these alterations would also impair antifungal defenses. Our case highlights
the potential influence of COVID-19 on the course of PCM. Fortunately, the patient was

timely treated for both diseases, evolving favorably.
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INTRODUCTION

First described in 1908 by Adolpho Lutz, paracoccidioidomycosis (PCM) is a
systemic granulomatous disease caused by fungi of the Paracoccidoides brasiliensis
complex (P. brasiliensis and P. lutzii)'. The disease comprises two well defined
clinical presentations: an acute/subacute form (A/SAF), which develops soon after
exposure to Paracoccidioides spp., preferentially in adult males?, and a chronic
form (CF), which develops many years or decades after exposure to the fungi, due
to the reactivation of subclinical foci, and occurs more frequently in adult males®?.
The factors that drive these different outcomes are unknown, but likely involve the
host’s immune response. Both in its A/SA and C forms, this mycosis can affect
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multiple organs: the A/SAF mainly affects those associated
with the reticuloendothelial system (lymph node chains,
spleen, liver and bone marrow) and the skin, and the CF
mostly impacts the lungs, larynx, upper respiratory tract,
adrenals, skin, and central nervous system'2,

The disease caused by SARS-CoV-2, the agent of
COVID-19, ranges from a mild or asymptomatic respiratory
infection to severe respiratory distress®. After reaching
tropical areas, COVID-19 was expected to overlap with
local endemic infectious diseases. However, the literature
only reports seven patients with ongoing PCM who
developed COVID-19, and all cases from a single health
center*®. Interestingly, six of these patients had the A/SAF
and only one had the CF. This situation may simply reflect
the epidemiological characteristics of the patients treated
in this center, rather than an immune alteration induced
by SARS-CoV-2 that would promote the development of
the A/SAF or exacerbation of the PCM. It is likely that a
significant proportion of Brazilian patients with PCM were
exposed to or developed COVID-19%°. However, this co-
infection was rarely mentioned in the literature, probably
because the two infections did not influence each other’s
courses. PCM and COVID-19 can share clinical signs
related to pulmonary involvement, and both are influenced
by patients’ immune responses. SARS-CoV-2 infection was
shown to increase the risk of invasive fungal infections,
probably by altering the host’s cellular immune response.
The association with invasive aspergillosis or severe
mucormycosis has frequently been described in patients
with COVID-198. In this article, we reported the rare case of
a patient with a CF of PCM that involved the esophagus, and
whose mycotic disease evolved atypically with CNS lesions
and some manifestations that mimic those of the A/SAF. We
hypothesize that the atypical course of PCM in this patient
could be ascribed, at least in part, to the immunological
imbalance caused by the severe SARS-CoV-2 co-infection.

CASE REPORT

This study was approved by the Research Ethics
Committee of the Emilio Ribas Infectology Institute (report
N°5.310.289).

A 56-year-old white male who had been living in a rural
area (Mairipora city) of the Sao Paulo State for over 30
years, searched for at a health care center complaining about
3-month progressive dyspepsia and dysphagia, which were
followed by a 17 kg weight loss and the development of
multiple cutaneous lesions in the cephalic segment. He also
reported a history of dry cough that had persisted for at least
a year, which he attributed to his cigarette smoking habit
(15 packs per year). He underwent a digestive endoscopy,
which revealed no specific alterations in his stomach and
duodenum but did show an esophageal ulcerated lesion with
imprecise limits, friable to the touch. The ulcer was then
biopsied. Subsequently, the patient’s dyspnea worsened,
he tested positive for SARS-CoV-2, and was referred to
our service. On admission, he presented the following
vital signs: 84% oxygen saturation (SatO2) in room air,
100/60 mmHg blood pressure, 82 beats/min heart rate, and
20 breaths/min respiratory rate. He had cutaneous lesions
in the temporomandibular area, lower lip, ear lobe, right
nasal wing and jaw, compatible with those commonly
caused by PCM (Figure 1). No lymph node enlargements
were palpable on admission. A laboratory screening found
the following results: hemoglobin, 12.1 g/dL; leukocytes,
12,300/mm3; platelets, 447,000 mm?; C-reactive protein:
288 mg/dL and a negative HIV serology. The sputum
culture and acid-fast bacilli smear yielded negative results,
as well as the PCR for Mycobacterium tuberculosis. A
computed tomographic (CT) scan of the patient’s chest
revealed extensive consolidations in the upper right lobe
and in both lower lobes, some of which were excavated,
along with areas of ground glass opacities, diffuse septal

Figure 1 - Ulcerated and ulcer-crusted facial lesions in the temporomandibular area, lower lip, ear lobe, right nasal wing and jaw.
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thickening and small right pleural effusion (Figures 2A,
2B and 3C). The abdominal CT scan revealed multiple
necrotic mesenteric and gastro-hepatic lymph nodes,
which measured up to 3.7 cm, and nodular thickening of
both adrenal glands. The cranial CT scan found multiple
ring-enhancing lesions, which were more pronounced in
the splenium of the left corpus callosum (Figure 3). During
hospitalization, the patient was transferred to the ICU to
receive supplemental O2 and piperacillin/tazobactam (total,
7 days) to treat the respiratory COVID-19 syndrome. No
invasive ventilatory support was required. His respiratory
condition improved and after 7 days he returned to the
ward to continue treatment. At that time, lymph node
enlargements in the left submandibular region had become
palpable. A lymph node biopsy revealed a granulomatous
inflammation and the Grocott stain technique revealed
structures compatible with Paracoccidioides sp. infection.
At that same time, we received the report of the prior
esophageal ulcer biopsy, which also showed a loose,
granulomatous-like inflammation with giant cells and yeast-
like cells, suggestive of Paracoccidoides sp. A serology test

for PCM was then performed and yielded a highly positive
result (1:128). Treatment with liposomal amphotericin B
was started (5 mg/kg/day), which resulted in marked
clinical improvement after 3 weeks. He was discharged
after 41 days of hospitalization receiving sulfamethoxazole/
trimethoprim (800 mg/160 mg every 8h), with resolution
of the skin and mucosal lesions, and improvement of the
respiratory symptoms. During the outpatient follow-up,
a cranial nuclear magnetic resonance revealed complete
resolution of the CNS parenchymal lesions, and a chest
CT scan showed marked improvement of the pulmonary
parenchyma alterations, with only residual lesions left,
mainly in the right lower lobe (Figures 2D, 2E and 2F).
Marked improvements in the superficial and gastrointestinal
lymphatic involvement were also noted.

DISCUSSION

We presented the case of a patient who developed an
atypical chronic form of PCM and was hospitalized due to a
severe SARS-CoV-2 co-infection. Several points regarding

Figure 2 - Mixed from PCM in a 56-year-old man. High-resolution computed tomography scan (CT) before (A,B,C) and after treatment
(D,E,F); A) CT at the level of the upper lobes, depicting patchy ground-glass attenuation, ill-defined opacities, airspace consolidation
and cavitary lesions; B) CT at the level of the carina, showing irregular airspace consolidations with associated cavitations, nodules
surrounded by ground glass, and interlobular septal thickening; C) CT at the lower lobe level, showing bilateral consolidations with
associated multiple confluent nodules; D) CT at the level of the upper lobes, showing mosaic attenuation and septal thickening;
E) CT at the level of the carina, depicting septal thickening and peripheral ill-defined opacities; F) CT al the lower lobe level, showing
architectural distortion, residual peripheral consolidations and traction bronchiectasis.
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Figure 3 - High-resolution computed tomography scan of the
brain showing a ring-enhancing lesion in the splenium of the
left corpus callosum.

the clinical presentation and possible pathogenesis of this
case deserve to be mentioned. First, esophageal involvement
rarely occurs in non-immunocompromised patients with
PCM—we were able to retrieve only seven cases of this
occurrence in the literature, all except one in patients with
the CF of PCM"-'2, The typical pattern in the CF of PCM is
the development of oropharyngeal lesions, which represents
the farthest localization reached by the fungal spread
through the lymphatic route'. In these cases, the fungi arise
from the primary pulmonary foci and spread through the
intrapulmonary lymph nodes, hilar nodes, and subsequently
the paratracheal nodes, reaching the mucosa through inverse
lymphatic flow. Radiology imaging evidences compromised
deep lymphatic chains underlying the mucosa and other
localized lesions'*'6, For unknown reasons, in the patient
described here, the lymphatic spread alternatively drove the
fungi to the esophagus, sparing the oropharyngeal mucosa.
In the single report of an A/SAF patient with esophageal
lesions in the literature, this involvement was, differently
from the esophageal lesions of CF patients, probably due
to contiguous spread, since the lesions were described as
secondary to mediastinal lymph node enlargement that
fistulized to the esophagus'2.

Second, in the case we reported, the CNS was also
affected by the mycosis, which is rare: CNS involvement
in PCM cases is only reported for 12.5% of the patients in
large case series'” '8, However, this type of involvement is
being diagnosed more frequently in recent times, due to the
advances of and improved accessibility to neuroimaging,
provided the possibility of CNS involvement is kept in
mind and actively sought'®. CNS involvement may occur
in up to 25% of PCM cases in CF?°. Although the A/SAF
is considered a more disseminated disease than the CF,
CNS involvement appears to be more commonly associated
with the latter, and in most cases previous lungs or upper
respiratory tract involvement by the mycosis can be detected,
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signaling the mycotic nature of the SNC manifestations'”.
CNS-related manifestations vary depending on lesion type
(parenchymatous or meningeal), extent and location'®°,
The prompt diagnosis of CNS involvement is important
for decisions on treatment, due to the inability of some
antifungal drugs to penetrate the brain-blood barrier. In the
case we reported, this was the rationale behind selecting a
sulfa drug instead of itraconazole for the post-amphotericin
B treatment. Although itraconazole should be the first-line
choice according to the Brazilian guidelines, the selected
sulfa drug penetrates the CNS more easily'. Noteworthy,
our patient did not presented neurological symptoms or
evidence of enhancing mass effects or perilesional edema,
which suggests poor immunological reactivity. Potential
reasons for this dampened immunoreactivity are discussed
below.

The third point refers to the clinical form presented by
our patient, a 56-year-old male smoker who resided in a
rural area that is endemic for PCM in the Sao Paulo State
for over 30 years. Due to his gardening hobby, he had
a prolonged history of high-risk exposure to the fungus
typical of the CF of PCM. However, surprisingly, an
investigation of the extension of the disease, made during
the patient’s hospitalization, revealed that he had not only
typical symptoms of the CF of PCM, such as pulmonary
involvement, but also features commonly found in the
A/SAF, such as the enlargement of several superficial and
deep lymphatic chains. Cases with concomitant clinical
features of the CF and A/SAF of PCM had been described
earlier, but commonly involved patients with a baseline
immunosuppressive condition, such as Aids, cancer/
chemotherapy or iatrogenic immunosuppression?'.

The mechanisms driving PCM to the A/SAF or
CF are still poorly known, mainly because of the
difficulty in determining when the initial infection with
Paracoccidioides sp. occurred in a given patient, and
because the experimental models poorly mimic these
events?2, On the other hand, the immunological pattern
that ultimately results from the development of either form
has been better described in the literature. Distinct T cell
reactivities are associated with the clinical outcomes of
the disease. While the A/SAF is associated with overt Th2
immune responses and dampened Th-1 responses, the CF
is associated with Th17 responses at the site of infection,
with detectable but likely insufficient Th-1 responses, and,
in its more severe cases, with a bias to Th-2 responses?*24,

The accumulation of information on patients with
the mixed-form PCM shows that, although some clinical
manifestations suggest an A/SAF of PCM, the illness is
usually the result of reactivation of a chronic, subclinical
infection instead. Currently, the accepted view is that the
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A/SAF of the disease results from the failure of the host’s
immunity system in controlling the fungus spread from
the early steps of the infection, which denotes a complete
inability to mount effective Th-1 immune responses. On the
other hand, in CF cases, there is partial control of fungus
proliferation in the early phase of the disease, but later on
(in years or even decades), the surviving fungi proliferate
and spread, to cause the CF of the disease. In this case,
there is certain degree of immune responsiveness, and,
usually, a less uncontrolled disease compared with that of
the A/SAF'22324 Therefore, the mechanism underlying the
mixed form cases would be that these patients have a basal
immunosuppressive condition which overrides the partial
immunoreactivity and control of the disease displayed by the
CF patients, allowing the fungus to proliferate and spread
unrestrictedly as in the A/SAF of the disease. Therefore, we
propose the hypothesis that a severe COVID-19 infection
may have contributed to the development of an atypical and
severe CF of PCM in our patient, similar to the mixed-form
PCM described in immunosuppressed patients. In fact,
besides experiencing well-recognized detrimental effects
on innate immunity, which result in the abnormal release
of inflammatory cytokines and other altered inflammatory
responses, patients with severe COVID-19 experience
T lymphopenia and a decrease in their number of NK
cells?525, Both of these cell types play crucial roles in the
cell-mediated immune response to the fungus displayed
by PCM patients®*?’. Furthermore, patients with severe
COVID-19 have an increased proportion of TCD4+ and
TCD8+ cells exhibiting exhaustion phenotypes, which
have been associated with impaired antiviral responses®2°:
It is likely that the COVID-19 patients’ T cell-mediated
antifungal responses will also be impaired. Evidencing this
immune down regulation, COVID-19 has been associated
with an increased risk of opportunistic fungal infections
such as candidiasis, aspergillosis and, to a lesser extent,
pneumocystis and mucormycosis®.

CONCLUSION

We reported the case of a patient with severe
SARS-CoV-2 infection and exacerbation of the clinical
manifestations of an ongoing CF PCM, which resembled
the mixed form of PCM described in immunosuppressed
patients. This form of PCM may be related to the down
regulation of the cell-mediated immune response caused
by the severe SARS-CoV-2 infection. Therefore, different
from the previous reports of COVID-19 in patients with
PCM, our patient’s case suggests that this viral disease can
influence the course of PCM in some patients. Our patient
also presented other unusual manifestations of this mycosis,

Rev Inst Med Trop Sao Paulo. 2023;65:e57

such as CNS and esophageal involvement. Fortunately, he
was timely and appropriately treated for both diseases,
evolving favorably.

CONFLICT OF INTERESTS

The authors declare that they have no conflict of
interests.

FUNDING

The authors declare that no funds, grants, or other
forms of support were received for the preparation of this
manuscript. GB is a senior researcher from CNPq.

REFERENCES

1. Shikanai-Yasuda MA, Mendes RP, Colombo AL, Queiroz-Telles
F, Kono AS, Paniago AM, et al. Brazilian guidelines for the
clinical management of paracoccidioidomycosis. Rev Soc Bras
Med Trop. 2017;50:715-40.

2. Franco M, Montenegro MR, Mendes RP, Marques SA, Dillon
NL, Mota NG. Paracoccidioidomycosis: a recently proposed
classification of its clinical forms. Rev Soc Bras Med Trop.
1987;20:129-32.

3. Adil MT, Rahman R, Whitelaw D, Jain V, Al-Taan O, Rashid F,
etal. SARS-CoV-2 and the pandemic of COVID-19. Postgrad
Med J. 2021;97:110-6

4. Macedo PM, Freitas DF, Varon AG, Lamas CC, Ferreira
LC, Freitas AA, et al. COVID-19 and acute juvenile
paracoccidioidomycosis coinfection. PLoS Negl Trop Dis.
2020;14:e0008559.

5. Macedo PM, Benko LM, Falcdo EM, Nosanchuk JD, Almeida-Paes
R, Valle AC. COVID-19 in patients with paracoccidioidomycosis.
PLoS Negl Trop Dis. 2023;17:e0011322.

6. Peman J, Ruiz-Gaitan A, Garcia-Vidal C, Salavert M, Ramirez P,
Puchades F, et al. Fungal co-infection in COVID-19 patients:
should we be concerned? Rev Iberoam Micol. 2020;37:41-6.

7. Oliveira, Goldenberg S, Rotondi AV. Blastomicose sul-americana
do esdfago. An Paul Med Cir. 1962;83:113-21.

8. Ziliotto Junior A, Kiinzle JE, Takeda FA. Paracoccidioidomicose
em esofago: apresentag@o de um caso. Rev Inst Med Trop Sao
Paulo. 1980;22:261-4.

9. Machado Filho J, Miranda JL. Consideragdes relativas a
blastomicose sul-americana: localizagdes, sintomas iniciais,
vias de penetragdo e disseminacao em 313 casos consecutivos.
Hospital (Rio de Janeiro). 1960;58:99-137.

10. Rego AP, Lima NS, Martins G, Oliveira CA, Bethem N.
Blastomicose do es6fago. J Bras Med. 1980;38:40-1.

11. Mendes RP. The gamut of clinical manifestations. In: Franco
M, Lacaz CS, Restrepo-Moreno A, Del Negro G, editors.

Page 5 of 6



12.

13.

14.

15.

17.

18.

20.

Souza et al.

Paracoccidioidomycosis. Boca Raton: CRC Press; 1994.
p.233-52.

Macedo PM, Almeida-Paes R, Almeida MA, Coelho RA, Oliveira
Filho MA, Medeiros DM, et al. Fatal septic shock caused by
Paracoccidioides brasiliensis phylogenetic species S1 in a
young immunocompetent patient: a case report. Rev Soc Bras
Med Trop. 2018;51:111-4.

Castro CC, Benard G, Ygaki Y, Shikanai-Yasuda M, Cerri GG.
MRI of head and neck paracoccidioidomycosis. Br J Radiol.
1999;72:717-22.

Tuder RM, el Ibrahim R, Godoy CE, De Brito T. Pathology of the
human pulmonary paracoccidioidomycosis. Mycopathologia.
1985;92:179-88.

Yamaga LY, Benard G, Hironaka FH, Castro LG, Funari
MG, Castro CC, et al. The role of gallium-67 scan in
defining the extent of disease in an endemic deep mycosis,
paracoccidioidomycosis: a predominantly multifocal disease.
Eur J Nucl Med Mol Imaging. 2003;30:888-94.

. Mendes RP, Marcondes J, Souza LR, Barraviera B, Pereira

PC. Estudo clinico do comprometimento linfatico na
paracoccidioidomicose. Rev Soc Bras Med Trop, 1986;19
Suppl:93.

Pedroso VS, Vilela MC, Pedroso ER, Teixeira AL.
Paracoccidioidomicose com comprometimento do sistema
nervoso central: revisdo sistemadtica da literatura. Rev Soc Bras
Med Trop. 2009;42:691-7.

Rosa Junior M, Amorim AC, Baldon IV, Martins LA, Pereira
RM, Campos RP, et al. Paracoccidioidomycosis of the central
nervous system: CT and MR imaging findings. AJNR Am J
Neuroradiol. 2019;40:1681-8.

. Oliveira VF, Magri MM, Levin AS, Silva GD. Systematic

review of neuroparacoccidioidomycosis: the contribution of
neuroimaging. Mycoses. 2023;66:168-75.
Castro CC, Yamaga LY, Benard G, Shikanai-Yasuda

Page 6 of 6

21.

22.

23.

24.

25.

26.

27.

28.

29.

MA, Cerri GG. MRI of central nervous system (CNS)
paracoccidioidomycosis (PCM). In: VII Encontro Internacional
sobre Paracoccidioidomicose; 1999. Campos do Jordao, Brasil.
p-116.

Benard G, Duarte AJ. Paracoccidioidomycosis: a model for
evaluation of the effects of human immunodeficiency virus
infection on the natural history of endemic tropical diseases.
Clin Infect Dis. 2000;31:1032-9.

Benard G. Pathogenesis and classification of paracocidioidomycosis:
new insights from old good stuff. Open Forum Infect Dis.
2020;8:0faa624.

Benard G. An overview of the immunopathology of human
paracoccidioidomycosis. Mycopathologia. 2008;165:209-21.

Castro LF, Ferreira MC, Silva RM, Blotta MH, Longhi LN,
Mamoni RL. Characterization of the immune response in
human paracoccidioidomycosis. J Infect. 2013;67:470-85.

Tan L, Wang Q, Zhang D, Ding J, Huang Q, Tang YQ, et al.
Lymphopenia predicts disease severity of COVID-19: a
descriptive and predictive study. Signal Transduct Target Ther.
2020;5:33.

Zhou Y, Fu B, Zheng X, Wang D, Zhao C, QiY, et al. Pathogenic
T-cells and inflammatory monocytes incite inflammatory
storms in severe COVID-19 patients. Natl Sci Rev. 2020;7:998-
1002.

Peragoli MT, Soares AM, Mendes RP, Marques SA, Pereira PC,
Rezkallah-Iwasso MT. Studies of natural killer cells in patients
with paracoccidioidomycosis. J Med Vet Mycol. 1991;29:373-
80.

Mohammed RN, Tamjidifar R, Rahman HS, Adili A,
Ghoreishizadeh S, Saeedi H, et al. A comprehensive review
about immune responses and exhaustion during coronavirus
disease (COVID-19). Cell Commun Signal. 2022;20:79.

Chen Z, John Wherry E. T cell responses in patients with
COVID-19. Nat Rev Immunol. 2020;20:529-36.

Rev Inst Med Trop Sao Paulo. 2023;65:e57



	ABSTRACT
	INTRODUCTION
	CASE REPORT 
	DISCUSSION
	CONCLUSION
	CONFLICT OF INTERESTS
	FUNDING
	REFERENCES

