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Abstract

Background: During the coronavirus disease-19 (COVID-19) pandemic, vulnerable populations must be identified to
prevent increased mortality. Fabry disease (FD) is a rare X-linked lysosomal storage disorder leading to chronic kidney
disease (CKD), cardiomyopathy, pneumonopathy and premature strokes. Little is known whether SARS-CoV-2 infec-
tion bears a particular risk for FD patients.

Methods: During pandemic (02.2020-03.2021) we have regularly followed 104 unvaccinated FD patients. In 61/104,
titre of serum antibodies against SARS-CoV-2 were measured and SARS-CoV-2 PCR test was performed in symp-
tomatic patients or in case of positivity of other family members. The symptoms and duration of COVID-19 were
reported by the patients or the treating physician.

Results: No deaths or intensive care unit hospitalizations occurred. 13/104 (12.5%) were diagnosed with SARS-CoV-2
infection (16.7% (4/24) men 12.2% (6/49) women of classic phenotype, 25% (3/12) of the men and 0% (0/8) of the
women of later- onset phenotype). Of those, 2/13 (15.4%) patients—both kidney transplant recipients—developed
severe COVID-19, were hospitalized, and required a high-flow oxygen mask. The rest either developed mild COVID-19
manifestations (8/13, 61.5%) or were asymptomatic (3/13, 23.1%). 2/13 (15.4%) of the patients experienced Fabry pain
crisis and 3/13 (23.1%) long COVID-19 like symptoms.

Conclusions: Similar to the general population, in FD patients the risk for severe COVID-19 seems to be driven by the
immune system rather than by FD itself. Immunosuppression in kidney transplant recipients represented the highest

risk in this population.
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Background

One of the lessons we have learned during the corona-
virus disease- 19 (COVID-19) pandemic is that vulner-
able populations must be identified and treated early, to
reduce morbidity and mortality. Additionally, detailed
assessment of the immunological status and response
of certain patient populations could, on one hand, pro-
vide useful pathophysiological insights and shed light to
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unknown disease mechanisms and, on the other hand,
indicate appropriate management and therapeutic strate-
gies [1].

Fabry disease (FD) is a rare X-linked glycosphingolipid
storage disease caused by mutations in the a- galac-
tosidase A gene (GLA), which leads to reduced activ-
ity of the encoded lysosomal a-galactosidase A enzyme
(a-Gal A). The a-Gal A defect causes the progressive
accumulation of glycosphingolipid, and especially glo-
botriaosylceramide (Gb3), in body liquids and tissue lys-
osomes [2]. There are two clinical phenotypes, classic and
later-onset. Most of the patients with classic phenotype,
especially males, suffer from the initial symptoms of the
disease already in childhood due to little or no residual
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a-Gal A activity. More specifically, intracellular Gb3
accumulations lead to a variety of signs and symptoms
such as acroparaesthesias, angiokeratoma, gastrointes-
tinal cramping and diarrhoea, hypohidrosis and corneal
dystrophy [3]. Inflammation and fibrosis, following Gb3
accumulations, lead to disease progression with develop-
ment of kidney and heart failure, cerebrovascular disease,
lung problems and, ultimately, early mortality [4, 5]. In
contrast, patients with later-onset phenotype have resid-
ual a-Gal A activity, they lack the early manifestations
seen in classic Fabry patients: males present in adulthood
with cardiac or, less frequently, kidney disease, while
females experience a milder disease course [6]. In gen-
eral, FD females can have a variable phenotypic expres-
sion, from asymptomatic to severe, which is primarily
associated with skewed X-chromosomal inactivation [7].
Over the last years, intravenously administered enzyme
replacement therapy (ERT) with agalsidase alpha or beta
or with oral chaperone therapy have been approved for
the treatment of patients with FD and benefit the disease
course [8]. Despite these therapies, FD patients still suffer
from disease complications, partly because the effective-
ness of the treatment varies among patients and partly
due to irreversible organ damage already present at the
time of diagnosis [9, 10].

COVID-19 primarily affects the respiratory system,
but can involve all organs in the complicated form. Thus,
as multisystemic disease, FD could be vulnerable popu-
lation for severe COVID-19. Therefore, and assuming
higher risk versus the general population, early in the
pandemic, FD expert recommendations enforced special
consideration for patients with FD [11]. However, at that
time point, real-life FD population studies were missing
to confirm the potential vulnerability and indicate prog-
nostic factors for severe infection.

We aimed to investigate, whether FD patients are at
higher risk of developing severe COVID-19 with unfa-
vorable complications such as mortality and hospi-
talization, and to identify its risk factors. Of note, we
conducted this observational study during the pre-vac-
cination time and assessed a complete cohort with no
loss to follow-up. We have screened a large number of
patients for SARS-CoV2 antibodies, and we have con-
ducted polymerase chain reaction (PCR) diagnostics
in symptomatic patients and for contact tracing in all
reported cases.

Methods

Patients and methods

Overall, 104 FD patients (24 classic and 12 later- onset
phenotype men and 49 classic and 19 later- onset pheno-
type women, mean ages 41.71+13.51, 54.25+15.04 and
42.53£16.75 and 39.21 £ 16.80 respectively) were treated
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and followed at the specialized Fabry center between
February 1 2020 and March 30 2021. Written informed
consent was obtained from all patients, in accordance
with the Declaration of Helsinki of 1975 as revised in
2000. The central ethical Committee of the University
of Zurich approved this study and by the Zurich Ethics
Committee (KEK-ZH-Nr. 2014-0534 and 2021-01958).

All patients had a pathogenic GLA-variant. The path-
ogenicity and phenotyping of the variants is shown in
Additional file 1: Table S1 and is based on genotype and
residual a-Gal A activity in males as published in the
International Fabry Disease Genotype/Phenotype Data-
base (http://www.dbFGP.org) for all mutations of this
population.

At the beginning of the pandemic, the treating physi-
cian provided instructions how to reduce risk of infec-
tion with SARS-CoV-2 by educational outreach calls or
personal consultation of patients. All patients were coun-
selled to adhere to the general guidelines and recommen-
dations for avoiding an infection, including hand hygiene,
social distancing, face mask use, restriction of the time
that they stay outside the house and in public places, if
possible, home-office, in case of symptoms, immedi-
ate testing and self-isolation, in case of disease of other
family member, strictly follow the in-house isolation rec-
ommendations. ERT was administered via specialized
home-care nursing staff in all patients, which has been a
common practice for most patients already before pan-
demic. For the administrations and the nurse- patient
contact, the standard hand-hygiene as well as the use
of FFP2/N95 masks were strictly followed. Moreover,
patients and the responsible nurses were instructed to
contact the Fabry center in the case of positive SARS-
CoV-2 testing of the patients, COVID-19- typical symp-
toms and for hospitalizations.

During the observational period, the Fabry center
continued offering clinical patient visits that included
COVID-19- history and blood sampling for measuring
of SARS-CoV-2 IgG antibody levels. Serum samples
were centrifuged and immediately frozen at—80 °C,
until later batch analysis. The SARS-CoV-2 IgG anti-
body levels were determined by applying the com-
mercial Elecsys Anti-SARS-CoV-2 assay (reagent Lot
number: 52691600, Roche Diagnostics, Mannheim,
Germany) to a Cobas €802 immunoassay analyser. One
sample of each patient was used. The determination
method was qualitative. All measurements were carried
out according to the manufacturer’s instructions at the
Institute of Clinical Chemistry, University Hospital of
Zurich. Clinical information on a possible SARS-CoV-2
infection regarding symptoms and their duration were
acquired individually for each patient. Overall, 61 out
of the 104 patients have visited our department during
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the observatory period and blood samples were drawn
from them while the rest were followed up via telemed-
icine according to routine or more frequently if needed.

Patients who developed COVID-19-typical symp-
toms were advised to undergo naso-pharyngeal PCR
testing. The results were reported to the Fabry center
by the patients themselves, home care nurses or family
doctors.

Patients were categorized into risk groups for severe
COVID-19 according to the Fabry-related organ mani-
festations, based on a modified Fabry- specific risk
stratification originally suggested by the international
expert recommendations (Table 1) [11].

All patients were regularly screened for high blood
pressure and chronic kidney disease including the
CKD stage during the annual examinations. In total,
3/102 active patients of our cohort received a kidney
transplant and were under immunosuppression ther-
apy. No other immunosuppressed patient including
steroid treatment belongs to our cohort. The patients
are in treatment (presented in median with interquar-
tile range -IQR) with ERT for the following duration
in years (men classic phenotype: 17.5 [9, 19], women
classic phenotype: 10 [7.5,10.5], later- onset pheno-
type men 11 [7, 14], no later- onset phenotype woman
treated with ERT) and with chaperone for the follow-
ing duration in years (no men of classic phenotype
treated with chaperone, women classic phenotype: 2.65
[1.3,4], later- onset phenotype men 3 [2.75,3.25] and
later- onset phenotype woman 4). Overall, the patients
of the whole cohort based on the complications and the
age- criteria as presented in Table 1 were categorized in
the following risk groups for severe COVID-19: men of
classic phenotype 2A, 20B, 2C (n=24), women classic
phenotype: 21A, 28B (n=49), later- onset phenotype
men 2A, 9B, 1C (n=12) and later- onset phenotype
woman 15A, 4B (n=19).
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SARS-CoV-2 infection was defined as positive naso-
pharyngeal PCR testing or/and presence of serum SARS-
CoV-2 IgG antibodies.

The course of the COVID-19 severity was character-
ized as asymptomatic, mild, moderate, severe or critical
(World Health Organization- WHO categories), accord-
ing to National Institute of Health (NIH) recommenda-
tions [12].

Additionally, the following symptoms were recorded:
fever, cough- dry, shortness of breath, cough (produc-
tive or dry), sore throat, anosmia, ageusia, myalgias/body
aches, lethargy, diarrhea, rash, conjunctivitis, COVID-19
toes/ fingers, abdominal pain, pain crisis or other (includ-
ing generalized weakness, chest pain, headache, dry
throat, non-specific). As “long COVID “ symptoms, the
following symptoms were evaluated (if novel or increased
post-infection): extreme tiredness (fatigue), shortness of
breath, chest pain or tightness, problems with memory
and concentration ("brain fog"), insomnia, dizziness, pins
and needles, joint pain, depression and anxiety, tinni-
tus, earaches, feeling sick, diarrhea, stomach aches, loss
of appetite, a fever, cough, headaches, changes to sense
of smell or taste and rashes, lasting for 4 weeks or more
after the start of acute COVID-19, as suggested by the
National Institute for Health and Care Excellence (NICE)
guidelines [13].

The risk factors for severe COVID-19 were extracted
from medical records and divided in FD-related and
non-FD-related organ manifestations, as summarized in
Table 1. As non-FD-related organ manifestations, all risk
factors for severe COVID-19, as suggested by CDC, were
included. More specifically, we screened medical records
regarding cancer, chronic liver or lung disease, demen-
tia or other neurological conditions, diabetes mellitus,
obesity, blood disorders, smoking (current or former),
non-FD related vascular disease, tuberculosis, all before
the SARS-Co2 infection [14]. Age was considered a

Table 1 Modified Fabry- specific risk stratification for severe COVID-19 originally suggested by the international expert

recommendations [11]

Condition

Risk category

Patients with uncomplicated FD
No existing severe organ damage at heart, lungs, kidney, and CNS

Patients with advanced FD
Patients carrying at least one of the following:

A

. CKD (defined as pathological albuminuria>30 mg/g urinary creatinine or eGFR <60 mL/min/1.73m?2)

Il. Heart involvement: arrhythmia or severe LVH or cardiomegaly
lll. CNS involvement: Stroke or TIA or WML
IV. Pulmonary involvement: FEV1 decrease

V. Age older than 40 years for classic males or older than 55 years for all other disease types

Patients with transplantation

@

FD: Fabry Disease; CNS: Central nervous system; CKD: chronic kidney disease; eGFR: estimated Glomerular Filtration Rate; LVH: Left Ventricular Hypertrophy; TIA:
Transient Ischemic Attack; WHL: White Matter Lesion; FEV1: Forced Expiratory Pressure in 1 Second
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FD-related risk factor, because of shorter life-expectancy
of patients with FD, compared to the general population
[15],

Results

Among the 104 FD patients (24 classic and 12 later- onset
phenotype men and 49 classic and 19 later-onset pheno-
type women) regularly followed by our specialized center
during the pandemic, 13/104 (12.5%) were diagnosed
with SARS-CoV-2 infection and, more specifically, 16.7%
of men (4/24) and 12.2% of women of classic phenotype
and 25% of the men of later-onset phenotype (3/12). No
female with later-onset FD was diagnosed with SARS-
CoV-2 infection (0%, 0/8). Regarding risk stratification
according to Table 1, the infected patients belonged to
the following categories: A 38.5% (5/13: 1 man and 4
women of classic phenotype), B 46.2% (6/13, 2 classic and
2 later-onset men, 2 women of classic phenotype) and C
15.4% (2/13, both men, one of classic and one of later-
onset phenotype, both in early 50 s).

The detailed information regarding genotype, pheno-
type, risk factors (FD-related and -unrelated), COVID-19
manifestations, management and outcome of the patients
are reported in Table 2 for males and Table 3 females.

Overall, from the infected patients, 2/13 (15.4%) devel-
oped severe COVID-19 with hospitalization and oxy-
gen mask; both were kidney transplant recipients on
immunosuppression. The others either developed mild
COVID-19 manifestations (8/13, 61.5%) or were asymp-
tomatic (3/13, 23.1%). No patient died from COVID-19
needed intubation or was admitted to an intensive care
unit. All non-hospitalized patients received symptomatic
treatment such as analgetics and antipyretic, if any. No
Covid-specific treatment was administered in hospi-
talized or non-hospitalized patients as indicated in the
management section of Table 2 and 3.

Of 61 asymptomatic- at the time of blool sampling-
patients who were screened for SARS-CoV-2 IgG anti-
bodies, five (8.2%) showed significant titers but only 2/5
(40%) of them had COVID-19 symptoms with PCR con-
firmation in their medical records over the past months.

Discussion

The impact of SARS-CoV-2 infection in patients with rare
diseases such as FD is unknown. To our knowledge, this
is the first clinical study, which systematically evaluated
SARS-CoV-2 infection in FD patients during pandemic.
Overall, 13 of 104 (12.5%) of the patients of our cohort
were diagnosed with SARS-CoV-2 infection and, only 2
of 13 (15.4%) of them, both kidney transplant recipients,
developed severe COVID-19. However, no patient died
or was admitted an Intensive Care Unit (ICU).
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The results of this study contribute to the discussion
of risk-adjusted management of FD patients during the
pandemic. The debate about the true incidence of SARS-
CoV-2 infection among patients with FD is still ongoing,
and it is unknown, whether FD constitutes a risk factor
for severe COVID-19. Mechanistically, SARS-CoV-2 may
require GLA which is abundantly expressed in upper and
lower airway epithelial cells [16, 17], as an interaction
partner in its life cycle and for the membrane fusion when
entering the host cell [18]. Along the same lines, previ-
ous questionnaire-based studies found low incidence of
SARS-CoV-2 infection among patients with FD (0/129
patients and 0/102 respectively) [19, 20]. However, both
these studies were based on self- reports of the patients
and were focused on the first pandemic wave, so that, in
comparison to the present study which covers the whole
pre-vaccination pandemic time, no laboratory confirma-
tions took place from the study groups [19, 20]. A rela-
tively low COVID-19 incidence in FD may also be due to
avoidance of exposure by shifting in home office, physical
distancing, masking and hand- hygiene. Also indepen-
dently of the pandemic, FD patients tend to reduce social
contacts because of acroparesthesia, fatigue and/or dysp-
nea in response to cardiac and lung involvement.

Other theories regarding mortality and morbidity risk
in FD secondary to COVID-19 infection propose that the
pathophysiological background of FD may partly play a
“protective role” against the cascade of systemic inflam-
mation and organ damage, triggered by the virus [21].
Suggested mechanisms include that the ACE-II receptor,
which is the host cell receptor for SARS-CoV-2, is geneti-
cally regulated by chromosome X, and may be regulated
in a different way in patients with FD [22], or that the
dysfunction of lysosomes in FD may interfere with the
cellular entry of SARS-CoV-2 [23, 24]. Overall, since the
role of ACE-II receptor in SARS-CoV-2 infection is still
controversial, the above-mentioned theories remain to be
further studied.

Regarding COVID-19 severity in patients with FD, on
the one hand and despite the pulmonary pathology of FD
[25], clinical case reports from high incidence countries
suggest that these patients may experience less severe
COVID-19 manifestations [11]. One the other hand,
common disease mechanisms of COVID-19 and FD in
the end- target organs could result in susceptibility to
severe COVID-19, as it has been recently highlighted
by international expert recommendations [11]. Hence,
especially for the maximum risk for severe COVID-
19 (risk category C) we could confirm in our study the
expert recommendations, that the transplant recipients
are the patients of the highest risk. Overall, the genetic
and pathophysiological background of FD may imply
a different response of the patients against SARS-CoV2



Page 5 of 9

(2022) 17:250

Bothou et al. Orphanet Journal of Rare Diseases

sasodind uoneziwAuoue Joy abuel se pajuasaid s| 96y "wnipels aseasiq A3UpIy d1uoayd 1S-ayD ‘@seasip Areuow|nd aA139N11sqo d1uoIy) :ddoD ‘AydosriadAy
JeINDLIIUSA 13 (HAT ‘L 9|qe) 01 bulpiodde K1oba1e) sty DY ‘siedk :A (Adesay Juswade|day swAzug ;Y7 ‘oseasiq Aiged (g4 "uwn|od 1siy dY) Ul PI10UIP ‘sqy :q PUe YD d :e se paiouap si sisoubelp ay1 Jo poyiaw ay |

uolsuanadAH (g DY) ons
ejuwepidipadAH HAT A9 195UQ0
PaJ2A0D3Y SUON 0 QUON  DnewoldwAsy QUON WybBRMIBAQ RS-ayD ‘o-asepisieby  -91e7 /010gyd 0S q/
(eqeqy Sippy
uj uonesijeud
-SOY) UMouNUN uolsusmadAH (ODY)
s|ieyop ajow eIUOW PWILISY sejwyikylie
ND] ou ‘uonez ‘moj-ybry -naud ‘edoy ZzadALsni| HAT uoneiued AOL 195UO
SEIEINREN! SuoN  -ljeudsoy skep 6 usbAxo |eseN EIEVELS -Joulyl 19na4 -]sw sa1aqeIq -sueJ} ASupy ‘0-asepis|eby -2187/5507d'd IS e9
uolsusLadAH
elwepidipadAH Ag| 195U0
pa19A039Y SUON =€ SUON PIIAN seibjelyuy WbeMIBAO (9 D4) HA1 'g-asepis|eby -1e7/7€ L L4d o eg
3|0zeuodn|4
‘sulydion ‘moyy
-ybiy usbAxo
nojou |BSeU ‘au0s sise|pipued |eio
‘uonezijeudsoy -eylawexa( ‘sisud uted Aiqeq
19pIosip  sAep 6 :g aseyd ‘wey ‘eluownaud ODY)
13} pue POOW AQ  -deqoze]/uljjId 40 BUIUSSIOM seluyAye
aAIssa1dap ‘ABle  pamojjoy awloy  -eladld ig 9seyd :g aseyd ‘Aouapynsul
-Y33| ‘onbiiey sAep Q|-uon ASEINY] ejyownaud uolssaidag  DAJeA [eIlIW PlIW
'ss0| 1ybrom -ezijeudsoy -1eal) 9Alod '19A3) 'e20YJ ‘|l wnipeis  ‘HAT ‘uoneiued A9l JIsseD
SEIETNeREN! SYuow € sAep ¢ 1y 9seyd -dng :y aseyd EIEVEIS -leiq Wy 95eyd P09 ddOD -sueJ1l Asupry ‘0-asepls|edby /8€xsiSz Iy d 0S q'ey
elul
-soue ‘anbiey 1ybram
elLUISOUR ‘ayoepeay -Iapun (AUal (g DY) AouaIdyap AS| oIsseD
SEIETNeREWN! SYIUOW- /-S SUON PN ‘350U buluuni -1nd) bupjows |eyjoe pliw ‘d-asepis|eby /8€xsIST Iy d w e¢
ayoepeay (9 Dy)
|ouleladeled ‘anbiey ‘(pjiw) sejuyAyLe Koz
P2J2A0D3Y SUON 0l-8  pueuajoidnq| PN 19A3} 'ybNod uolsusnadAH HATBS-aYD ‘0-asepisieby  Issed /dsyesd St [
ybnod A1p ‘els (ual
PaJ2A0DDY SUON /-G SUON PN -nabe‘eluisouy  -Ind) Buows (VDY) 2UoN  Ag ‘g-asepisieby  dissed /18yc4d 44 el
(swoydwAs OHM
pue uoneinp) (sKep) 03 bujpiodde
61-dINOD uoneinp gl judwabeuew A119A3s  suoneisajiuew s101de) ysi (DY) (s1eak adAjouayd pue
awodnQ -buoq  -@IAOD DY 6L-dINOD 61-dINOD 61-AINOD PpP31e|d1 g4-UON  S4031de} sl g4 ‘adf1) 143 adAjouab 4 (sieak) aby 3usned

a4 Yum syuaned sjew ul payiodal sased 6 1-AIA0D € @lqelL



Page 6 of 9

(2022) 17:250

Bothou et al. Orphanet Journal of Rare Diseases

sasodind uoneziwAuoue Joj abuel se pajuasaid s 96y ‘wnipels aseasiq A3upIy d1uoIyD AS-ayD ‘dseasip Areuow|nd aA11oN11sqo d1uoiy) :ddoD ‘AydosriadAy
JeINDLIIUSA 1Yo :HAT ‘L 9|qeL 01 buipiodde K1oba1e) sty :DY ‘sieak :A (Adesay Juswade|day swAzug ;Y7 ‘osessiq Aiged :g4 "uwn|od 1siy Syl Ul PI10USP ‘Sqy :q PUe YD d :e se paiouap si sisoubelp syl Jo poyiaw ay |

uolssaidag
EWENIEET
-oyiadAH qual (g DY)
-In2) Bupjows SeluYIAYLY 9| oIsseD
Pa19A039Y SUON cl-0l |owelodeied PIW seibjeAn YBIRMISAQ NS-aMD ‘D-osepisieby  /gexsySeLyLd o9 gegl
Ao1
PaJ2A0IdY SUON 0 SUON  dnewoldwAsy QUON  (ased) Bupjows (v DY) PS-a¥D ‘g-asepisieby  IsseD /dsiesd 1z qzl
P3I9A0DIY SUON 0 QUON  dnewoldwAsy SUON SUON (V DY) SUON Az ‘g-asepisieby  dissed/1/L€rd ks qll
sisud uled (SUWIOIpUAS 21|
1uanbaiy asow -sojueg-si91y3
RIVEIVEYYeINN uonen sisuD uled 3|IgowadAH)
ul eaoudsAp -sjujwpe auiyd Klged ‘ssauizzip JIsseD/uoi
pue ybnod -Jow 3|buls ‘D8 [eUIWLOPTR -eynw s 921 ds
Aip 'anbiey Juawedap 'ybnod Aip uopduwnsuod AOL o19np 99||e
P3J9A0J3Y SYuow-9 Pl Aousbiawag PIIN ‘ayoepeayH  |0Yode [BID0SS (V DY) dUON ‘0-asepisieby  ||nuU [pUOIDUNA 6€ el
anbiey (g9
‘seibjeAw eaoude das|s  uonenbeodnue
'ybnod aAdNP 9)eISPOW|N  pue Jasewaded
-o1d skep g'| || wnipeis seluyIAy e
Dggeordn pIo5 dd0D HAT Ag1
SEIEINeREN! SUON o |oweladeleyd PIIN 19A9) Aep-¢  (ased) bupjows nS-ayD ‘0-aseplisieby  disse) /yz/1Dd 39 e6
anbiie}
‘seibjeiyuie
‘seibjeAw
|owe1adRIRyg ‘a310dde Jo $50| 1uswiealy A9|
P2J9A0DDY SUON G—¢  pue usjoldng) PIIN ‘DYdepeayH  Jopun ewyisy (V DY) dUoN ‘o-asepisieby  disse|D/LcyWd 43 eg
(swoydwAs OHM
pue uoneinp) (sKep) 0} Buipiodde s101oe}
6L-dINOD uoneinp gl judwabeuew AJI19A3S  suonelsajiuew ysu pajeps  (Kiobazed ysiy) (sseak adfyousayd pue
awodnQ -6uo1  -ainod ANy 6L-AINOD 61-AINOD 6L-AINOD Q4-UoN  sio1de}su a4 ‘adf1) 143 adAiousb g4 (sieak)aby judneq

4 Yum syusiied sjewsy uj pariodal sased 61-QIAOD € dlgeL



Bothou et al. Orphanet Journal of Rare Diseases (2022) 17:250

infection, which needs to be further investigated. Other
researchers assumed that SARS-CoV-2 infection may
increase the risk for stroke [26] due to the FD pathophys-
iology involving vascular endothelial dysfunction and
activation of chronic inflammatory cascades leading to a
pro-thrombotic state in addition to the pathophysiology
of COVID-19 [21]. Such a hypothesis has not been con-
firmed in our study nor by the previous study of Laney
and coworkers [11].

Importantly, two male patients in their early 50 s, one
classic and one later onset phenotype, both kidney trans-
plant recipients on immunosuppression and both suffer-
ing from cardiac disease, experienced severe COVID-19
and needed hospitalization. The other patients were
either mildly diseased or asymptomatic, so that nobody
died or required ICU admission or COVID-19 specific
treatment. Our observations are in line with the few pre-
viously reported cases of patients with FD infected with
SARS-CoV-2 [11]. Laney et al. reported that two of 22
SARS-CoV-2 infected FD patients died. One of them, a
classic male in late 50 s, kidney transplant recipient, with
left ventricular hypertrophy (LVH), stroke and arrhyth-
mias with implanted pacemaker, the other, classic female
in mid-60 s with, LVH and arrhythmias. The other 20/22
patients experienced mild or moderate COVID-19 and
those hospitalized were either transplant recipients or
older than 65 [11]. In another study, two FD patients with
kidney and lung involvement also suffered from mild
COVID-19 symptoms [27]. Similarly, another death was
reported in a 67-year-old male kidney transplant recipi-
ent on immunosuppression and with diabetes mellitus
[28]. Overall, immunosuppression in the context of organ
transplantation, rather than FD itself, seems to repre-
sent the most critical risk factor for a severe course of
COVID-19 infection.

Our finding, that kidney transplant recipients suffered
most from severe COVID-19 is of particular importance
regarding vaccination strategies. More specifically, it is
known that the different immunosuppressive medica-
tions impair or suppress the response to vaccination
via multiple mechanisms [29]. Especially for vaccina-
tion against SARS-CoV-2 in studies conducted recently
in kidney transplant recipients, it has been shown that
the vaccine immunogenicity can be reduced [30, 31].
Interestingly, a study conducted in 120 organ transplant
recipients reveals that the protective antibody titre can
be partially increased when a third and or more booster
dosages are administered [32]. Of note, as indicated
from Prendecki et al, mRNA vaccines elicit stronger
immune responses compared to adenovirus- based vec-
tor vaccines in kidney transplant recipients [33]. All
the above-mentioned recent findings should be taken
into consideration from the treating physician for the
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preventive measures and the vaccination strategy of
patients with FD and organ transplantation.

The limitations of our study include single center data
and a relatively small size of the patient cohort due to
the nature of the rare disease. Considering also the small
number of patients who were infected during the study
period (n=13) the conclusions of the current study need
further confirmation. Additionally, SARS-CoV-2 anti-
bodies could only be measured in a subset of FD patients
(61 of 104) because the remaining patients did not attend
the hospital during this pre-vaccination pandemic period
and were consulted by phone. Thus, some asymptomatic
COVID-19 infections in these FD patients could have
been missed. Additionally, no anti-NP supplementary
testing was availablein the IgG seropositive patients. Fur-
thermore, no information on virus variance was avail-
able for the infected patients. Furthermore, SARS-CoV-2
antibody titers are known to decrease over time after the
infection, which potentially further decreases the sensi-
tivity for the detection of a past asymptomatic COVID-
19 infection in our patients.

The strengths of this study is a complete follow-up and
a representative observational pre-vaccination period,
where gold standard for COVID-19 infection diagnosis
was applied and hard clinical outcomes were reported
in a genetically and clinically well-defined cohort of FD
patients. The complete follow-up is possible due to Swiss
regulation that the disease-specific therapies prescription
and patients’ follow-up remains reserved for the Fabry
Centre. Thus, helpful information on our experience may
improve clinical management and patients counselling.

Conclusions

In summary, the risk for severe COVID-19 in FD patients
seems to be driven, like in general population, by the
immune system rather than by FD itself. The immuno-
suppression in kidney transplant recipients represented
the highest risk in this population. Further studies on the
lysosomal dysfunction in FD and SARS-CoV-2 infection
could reveal potential protective or modified responses
in those patients and could be of interest for future treat-
ments. However, future clinical studies should focus on
the protective effects and safety of the COVID-19 vac-
cination in patients with FD. As an outlook, the present
study could add to recommendations on prevention and
management strategies for patients with FD during the
ongoing pandemic. FD patients at risk should be pro-
tected by vaccination, wearing mask, by social distancing
and home office, hand disinfection. Patients should be
monitored in case of symptomatology and/or confirma-
tion of SARS-CoV-2 infection.
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