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ARTICLE INFO ABSTRACT

Keywords: Fabry disease is an X linked disease caused by pathogenic variants in the GLA gene. The cardiovascular and renal
Fabry disease systems are most affected in Fabry patients and may require heart or kidney transplants in the late stages of the
C_OVID'lg disease depending on severity of manifestations. Enzyme replacement therapy (ERT) has proven to delay pro-
E;c:gn;ansplant gression of Fabry disease considerably, especially when started early in life. Current research has shown that
Aspergillosis individuals who have received cardiac or renal transplants or are currently on dialysis have the greatest prob-
Pneumonia ability of developing severe manifestations of COVID-19. It has also been shown that people who contract
Migalastat COVID-19 experience a rapid increase in cytokine levels which can lead to a prothrombotic state and have a

greater risk in the presence of comorbidities. A history of cardiac or renal transplants as well as the naturally
elevated cytokine levels in Fabry disease make it likely that COVID-19 could have a greater impact on the health
of these patients. We report the case of a 67-year-old male with diabetes mellitus, history of kidney transplant,
and Fabry disease treated late in progression of the disease first with agalsidase beta ERT, then oral migalastat
who developed severe manifestations of COVID-19. The autopsy findings showed acute and organizing hyaline
membrane disease consistent with COVID-19 pneumonia and secondary invasive bronchopulmonary aspergil-
losis with cavitary lesion formation. The sections of the heart showed scattered subendocardial fibrosis, and the
transplanted kidneys showed thyroidization and interstitial nephritis potentially secondary to COVID-19, in
addition to his long-standing renal disease. This case report serves to chronicle complications in a complex
patient with late stage Fabry disease and multiple COVID-19 related complications who succumbed from res-
piratory failure despite the advanced management for the COVID-19 infection.

1. Introduction COVID-19 and Fabry disease affect the body, including but not limited to

increased risk for stroke, risk for cardiovascular and lung disease, severe

Fabry disease is a rare lysosomal storage disease caused by a path-
ogenic variant in the GLA gene. This pathogenic variant results in
deficient a-galactosidase A enzyme and as a result, deficient breakdown
of globotriaosylceramide (GL-3). Improper breakdown leads to accu-
mulation of GL-3, which eventually causes cellular damage, dysfunction,
and organ failure. We report a patient with Fabry disease and other
comorbidities such as diabetes mellitus post renal transplantation who
contracted COVID-19 pneumonia. He developed invasive broncho-
pulmonary aspergillosis with cavitary lesion formation and died from
respiratory failure. Existing literature indicates an overlap in the ways

kidney disease, and inflammation [1]. As these patients may be immu-
nosuppressed from organ transplantation, this poses a unique challenge
as the mainstay of treatment (steroids) with COVID-19 can often cause
reactivation of opportunistic infections such as aspergillosis. The po-
tential nephrotoxicity of some commonly utilized antiviral medications
and the significantly decreased immune responses in recipients of organ
transplants are just two of the many factors to be taken into consider-
ation when treating COVID-19 patients with Fabry disease.
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2. Case report

We report a 67-year-old male who was diagnosed with Fabry disease
at 47 years of age after he was found to have proteinuria and chronic
pain in his arms, legs, and body. Diagnosis was made after GLA
sequencing which found a pathogenic variant in the patient (c.1088G >
A). Shortly after diagnosis, he began intravenous enzyme replacement
therapy (ERT) with agalsidase beta late into the progression of the dis-
ease at the age of 49 years. He reported general improvements in his
symptoms immediately after ERT initiation but continued to experience
pain in his arms and legs which was exacerbated by heat. His other
manifestations of Fabry disease included renal insufficiency, acute pain
crises, anhidrosis, concentric left ventricular hypertrophy, abdominal
pain, depression, angiokeratomas, tinnitus and osteoporosis. Unrelated
comorbidities included hyperlipidemia, hypertension, and diabetes
mellitus type II, managed with metformin and pioglitazone. He even-
tually developed kidney failure as a manifestation of Fabry disease at the
age of 51 years and was placed on peritoneal dialysis for a duration of 6
months followed by renal transplantation, after which his renal function
was stabilized.

He was found to have an amenable mutation for migalastat and
transitioned from agalsidase beta every 2 weeks to oral migalastat on
alternate days at the age of 66 years. The primary reason for this tran-
sition was to reduce social contact related to the bi-weekly infusions of
ERT during the COVID-19 pandemic. Migalastat has been shown to be
effective in reducing GL-3 build-up and stabilizing renal function in
those with an amenable mutation [2,3]. While Migalastat is not rec-
ommended to treat Fabry patients with end stage renal disease, it was
determined that this patient’s renal function was sufficient post-
transplant to benefit from the drug [4]. He tolerated migalastat well
with no adverse side effects and his lysosomal GL-3 levels remained
stable throughout the transition.

Onset of COVID-19 symptoms began with a fever, cough, fatigue, and
difficulty breathing, requiring admission to hospital for two days during
which he received a course of dexamethasone and convalescent plasma.
He was discharged with a supply of oxygen. Nevertheless, symptoms
persisted for 10 days, and he was brought back into the hospital via
ambulance due to shortness of breath and hypoxia with an oxygen
saturation of 77%. A chest x-ray and computed tomography (CT) at the
time revealed COVID-19 pneumonia with ground glass opacities
throughout both lungs (Fig. 1a).

Treatment with remdesivir and dexamethasone was administered for
6 days, and the patient eventually needed intubation for hypoxic res-
piratory failure resulting from COVID-19 pneumonia. He was trans-
ferred to a tertiary care center where he was placed on broad spectrum
antibiotics for sepsis and the decision was made to continue tacrolimus
monotherapy. He was started on high dose steroids with methylpred-
nisolone. His oxygen requirements progressively increased, and he
continued to have high fevers despite broad spectrum antibiotics. He
was also treated in the prone position and paralyzed to ensure adequate
ventilation given his progressively worsening oxygen requirements. CT
of the chest showed a new right upper lobe cavitary nodule (Fig. 1b).

A broad infectious workup was performed, and he was found to be
positive for aspergillus antigen in his sputum, suggesting invasive
bronchopulmonary aspergillosis as the cause of the cavitary lesion. He
was also found to have serum coccidiosis IgM positivity as well as a
positive cytomegalovirus PCR test and was started on broad spectrum
parenteral antifungal and antiviral therapies. Despite these therapies,
the patient became hypoxic on maximal ventilator settings. After dis-
cussion with his family, he was transferred to the inpatient hospice
service and it was decided to withdraw further care, and he was ulti-
mately palliatively extubated.

An unrestricted autopsy was performed by JPZ and RE. The right
lung weighed 1190 g and the left 740 g (N: R = 450 g, L = 425 g). The
subpleural tissue was tan pink, with dark gray-black mottling. The lungs
were consolidated, edematous, and congested throughout all lobes. Cut
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Fig. 1. Computed tomography (CT) of the chest consistent with COVID-19
pneumonia. a: CT showing diffuse ground glass opacities with patchy consoli-
dations of bilateral lungs. b: CT of the chest showing a cavitary lesion of the
right upper lobe. An arrow points to the cavitary lesion.

sections were slightly moist, tan yellow, and showed patchy consolida-
tion. The pulmonary arteries, veins and branches were patent and
showed no pulmonary emboli. On microscopy, the lung tissue showed
evidence of acute and chronic hyaline membrane disease (Fig. 2a). The
alveolar spaces were noted to be filled up with collagen, dead type 2
pneumocytes and dead neutrophils.

Within the lung sections, aspergillus was identified (Fig. 2b), which
contained the classic septated hyphae with the 45 degree branching
angles.

The autopsy reported considerable fibroadipose tissue present in the
calyces, collecting duct, medulla, and renal parenchyma of his trans-
planted kidney (Fig. 3a).

The native kidney was shown to be fibrosed over and replaced with
fibroadipose tissue (Fig. 3b).

In addition, the transplanted kidney showed interstitial nephritis on
microscopy (Fig. 4a).

Microscopy of one of the native kidneys showed complete replace-
ment by fibroadipose tissue (Fig. 4b). The native kidney had been un-
dergoing chronic damage and began to express thyroidization of the
renal parenchyma, mimicking the appearance with pseudo-follicle and
pseudo-colloid formation.

The heart weighed 450 g (M = 300 g, F = 250 g) and was moderately
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Fig. 2. a: Acute and chronic hyaline membrane disease. The right half side of
this Hematoxylin and Eosin (H&E) stained slide is showing an area of acute
hyaline membrane (solid arrow). The lung tissue is infarcted, however some
lumen within the alveoli are still discernable and the hyaline membranes are
recognizable. The left side of the H&E-stained slide is showing an area of
chronic hyaline membrane disease, where the lumen of the alveoli are
becoming occluded with collagen, dead type 2 pneumocytes and dead neutro-
phils (dashed arrow). b: H&E section from the lung infected with aspergillus.
This H&E-stained slide from one of the sections taken from the lung shows
septated hyphae branching at 45 degrees.

enlarged. The epicardium was smooth, thin, and transparent. The heart
chambers were not dilated. One mural thrombus was identified in the
right atrium, and an additional mural thrombus identified in the right
ventricle. The right ventricle measured 0.8 cm in thickness and the left
1.4 cm in thickness, which provided evidence of moderately thickened
muscular tissue. On microscopy, scattered subendocardial fibrosis was
identified within the wall of the heart (Fig. 4c), seen in chronic ischemic
heart disease and the coronary vessels were mildly occluded. These
changes are somewhat nonspecific as this could be related to his long
standing Fabry disease or could be related to the patient’s longstanding
hypertension and diabetes. There were no foamy histiocytes identified,
however histiocytes and fibroblasts were identified in a morphology of
chronic tissue repair as opposed to glycolipid accumulation.

3. Discussion

This case report highlights the complications of COVID-19 in a male

Fig. 3. a: One of the transplanted kidneys. Both kidneys had a similar
appearance, where the renal parenchyma is beginning to atrophy, the majority
of which has been replaced by fibroadipose tissue. b: Appearance of a native
kidney. The kidney was completely fibrosed and replaced with fibroadipose
tissue. The renal parenchyma was completely atrophic.

with late-stage Fabry disease who had several co-morbidities including
immunosuppressant treatment following a renal transplant and diabetes
mellitus. Initial patient reports from the beginning of the COVID-19
pandemic revealed that diabetes was one of the most common comor-
bidities seen in critically affected COVID-19 patients [5,6]. A metanal-
ysis researching the mortality of diabetic patients who contract COVID-
19 found that they had a two-fold increase in both their mortality rates
as well as the severity of their COVID-19 infection when compared to
non-diabetics [7]. Chronic kidney disease is known to be a common
occurrence in late-stage Fabry disease patients [8]. A separate study
reported that patients with kidney disease who contract COVID-19 are
more likely to develop acute renal injuries, which significantly increased
their risk of in-hospital mortality [9,10]. Although treating with
remdesivir is not contraindicated in all patients with Fabry disease, it is
important to consider individual patient renal function as the medica-
tion is potentially nephrotoxic [1,11]. This patient was given remdesivir
and tolerated it well based on his eGFR, blood urea nitrogen, and
creatinine levels.

Fabry disease may also be associated with elevated levels of pro-
inflammatory cytokines [12,13]. The cytokine storms associated with
COVID-19 may then potentially elevate these levels even higher and
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Fig. 4. a: Microscopy of the transplanted kidney. There is evidence of inter-
stitial nephritis, which is shown here with the inflammatory cells working their
way into the interstitium. b: Microscopy of a native kidney. c: H&E stain of
cardiac tissue showing subendocardial fibrosis. A 10x magnification of a focus
on an H&E-stained slide showing cardiac tissue with subendocardial fibrosis.
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puts the patients at greater risk of a clotting related event brought about
by endothelial inflammation and damage [14]. In this patient, fibrin-
ogen levels were highly elevated throughout his inpatient stay, although
it is unknown definitively whether they were due to the combination of
pro-inflammatory cytokines and cytokine storms. He was treated with
enoxaparin sodium.

The inflammatory cells in the transplanted kidney are likely due to
the longstanding glycolipid accumulation within the podocytes,
glomerular epithelial cells, mesangial and tubular cells. Globo-
triaosylceramide (GL-3) accumulation in the smooth muscle cells of the
renal arterioles causes degenerative changes which promotes glomer-
ulosclerosis and interstitial fibrosis in the later stages of Fabry kidney
disease [15,16].

Dexamethasone is a mainstay of treatment in patients with COVID-
19. However, in patients on long-term immunosuppressants, this
carries an added risk of reactivation of opportunistic fungal and viral
infections. His long history of post-kidney transplantation immunosup-
pressants in combination with dexamethasone and methylprednisolone
administration may have contributed to his opportunistic aspergillosis
infection and potential worsening of the systemic inflammatory
response associated with COVID-19.

As with most rare diseases, there is limited research regarding
COVID-19 and Fabry disease. A study of 129 Fabry disease patients in
Italy were followed throughout the COVID-19 pandemic and no patients
were known to be infected, though they experienced interruptions in
their routine assessments due to physical distancing guidelines [17].
Two individuals who had both Fabry disease and COVID-19 in Lima,
Peru were treated with mild symptoms of COVID-19 infection and
recovered with no long-lasting symptoms within 50 days of infection
[18]. Also due to physical distancing guidelines and concerns for
infection, interruptions to treatment and a shift in how patients interact
with healthcare professionals to telemedicine have been reported [19].
Given the complexity of late-stage Fabry disease in a patient who had a
history of kidney transplant and was on immunosuppressants as well as
other risk- increasing co-morbidities such as diabetes mellitus, careful
consideration of the risks of routine treatment may potentially avoid
complications of opportunistic fungal infections and other possible se-
vere manifestations of COVID-19.
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