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ARTICLE INFO ABSTRACT

Article history: Introduction: The impact of SARS-CoV-2 in rare disease populations has been underreported. Gaucher disease
Received 13 July 2021 (GD) is a prototype rare disease that shares with SARS-CoV-2 a disruption of the lysosomal pathway.

Received in revised form 3 August 2021 Materials-methods: Retrospective analysis of 11 patients with Type 1 GD who developed COVID-19 between
Accepted 7 August 2021 March 2020 and March 2021.

Available online xxxx Results: Seven male and 4 female patients with Type 1 GD developed COVID-19. One was a pediatric patient (8

years old) while the remainder were adults, median age of 44 years old (range 21 to 64 years old). Two patients
Keywords: . e . . . . . . .
Caucher disease required hospitalization though none required intensive care or intubation. All 11 patients recovered from
SARS-CoV-2 COVID-19 and there were no reported deaths.

Conclusions: Our case series suggests that GD patients acquired COVID-19 at a similar frequency as the general

population, though experienced a milder overall course despite harboring underlying immune system dysfunc-

tion and other known co-morbidities that confer high risk of adverse outcomes from SARS-CoV-2 infection.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

The emergence of the SARS-CoV-2 virus pandemic from the winter
of 2019 into 2021 has led to a devastating impact on human health,
especially among patients with chronic disorders. SARS-CoV-2 infec-
tion is associated with higher morbidity and mortality compared to
seasonal influenza [1]. While certain demographics such as older
adults and those with chronic co-morbidities appear to be more sus-
ceptible to complications, COVID-19 has overall been a heterogenous
disease process ranging from a lack of symptoms to development of
severe acute respiratory distress syndrome and multi-organ failure.
Risk factors associated with poor outcomes of SARS-CoV-2 include
male sex, obesity, diabetes mellitus, cardiovascular disease, hyperten-
sion, chronic kidney disease, chronic lung disease, and immunodefi-
ciency [2]. Particularly, the association between the aforementioned
conditions and impairment of the innate and adaptive immune sys-
tems has been thought to lead to an inadequate host response to
the pathogen.

Rare genetic diseases affect millions of Americans and the impact
of SARS-CoV-2 infection in these underserved patient populations is
not known. Many genetic disorders involve immune dysregulation
[3] and may increase the risk of severe COVID-19 infection especially
when co-existing with other comorbid conditions. It is also possible
that some genetic disorders may involve mutations that allow the
host immune system to evade SARS-CoV-2. For example, one small
case series assessing patients with primary antibody deficiencies
found that 3 of the 5 patients with combined variable immunodefi-
ciency (CVID) experienced severe manifestations of COVID-19 requir-
ing ICU admission and resulting in one death, while two patients
with agammaglobulinemia both had milder courses with full recov-
ery [4]. Albeit limited in extrapolation by the sample size, it is possi-
ble that lacking B lymphocytes in agammaglobulinemia is protective
against severe COVID-19 compared to harboring dysfunctional B lym-
phocytes as seen in CVID [5].

1.1. Gaucher disease

Gaucher disease (GD) is a prototype of a rare genetic disorder whose
underlying physiology, like the novel coronavirus, involves the lyso-
somal system. Both also share the central role of proinflammatory my-
eloid cells to the causal insult [6-8]. GD exemplifies many of the issues
affecting the larger umbrella of inherited lysosomal diseases [9] for
which the potential associations with SARS-CoV-2 remain undefined.

GD is caused by biallelic pathogenic variants in GBA1, the gene
encoding lysosomal glucocerebrosidase (GCase, acid 3-glucosidase, EC
3.2.1.45). These variants lead to variable degrees of defective
glucocerebrosidase function along with the lysosomal accumulation of
excess glucosylceramide (glucocerebroside, Gb1, GL1) and its down-
stream immune-active metabolite glucosylsphingosine (lyso-Gb1,
Lyso-GL1). Diverse co-morbidities of GD, such as metabolic syndrome,
malignancies, neurodegenerative disease, splenectomy and pulmonary
involvement raised immediate concern early in the pandemic for an ad-
verse outcome form SARS-CoV-2 infection [10]. The lipids accumulating
in GD are proinflammatory and underlie impaired macrophage function
and immune dysregulation involving multiple myeloid cell lineages that
result in chronic metabolic inflammation [11,12]. Interestingly, the lat-
ter involves B cell proliferation mediated via type 2 Natural Killer Type
(NKT) cells with Tgy phenotype and provide B cell help [11]. There are
two main available therapies for GD with the goals of improving visceral
and hematological symptoms as well as preventing irreversible compli-
cations. Enzyme replacement therapy (ERT) involves the administration
of recombinant glucocerebrosidase targeted to macrophages via the
macrophage mannose receptor and substrate reduction therapy (SRT)
works upstream to inhibit glucosylceramide synthase to decrease the
excessive production of glucosylceramide [13].
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1.2. GD and SARS-CoV-2

Recently, we reported that GD does not appear to confer a height-
ened risk for severe effects of SARS-CoV-2 infection [14]. There still re-
mains limited characterization, however, of SARS-CoV-2 infection in
GD. Herein, we aimed to define the clinical spectrum of SARS-CoV-2 in-
fection in our cohort of GD patients, report outcomes, and assess the po-
tential risk factors for moderate or severe infection. We describe 11
patients with Type 1 GD and polymerase chain reaction (PCR) positive
SARS-CoV-2 diagnosed from March 2020 to March 2021. These observa-
tions may be useful to guide monitoring and stratification to optimize
management for SARS-CoV-2 in patients with GD and likely, other
rare lysosomal diseases.

2. Methods

We conducted a retrospective, observational study involving chart
review from March 2020 to March 2021. The cases described were de-
rived from those followed at Yale National Gaucher Disease Treatment
Center (n = 11). Our center follows one of the world's largest cohorts
of Type 1 GD patients comprising 167 total patients. Patients were
assessed by frequent calls or by video visit and individualized testing
was performed when possible. All patients in this case series had con-
firmed nasopharyngeal SARS-CoV-2 PCR positive test. A detailed
COVID-19 symptomology history was obtained. Available data was ex-
tracted from the electronic medical record including demographic, co-
morbidities, pertinent medications, and calculated body mass index. If
available, laboratory data was collected including complete blood
count (CBC), C-reactive protein (CRP), Erythrocyte sedimentation rate
(ESR), D-dimer, ferritin, and liver enzymes. Due to pandemic restric-
tions for phlebotomy and imaging, it was not feasible to collect compre-
hensive, uniform data sets for all patients.

3. Results

Table 1 lists the characteristics of the 11 patients which included 6
adult males, 4 adult females and 1 pediatric male patient. The patient
discussed in Case 1 was hospitalized at Yale-New Haven Hospital
which allowed for access to continuous data points, medication dosing,
and information otherwise not available in the other cases. Cases 1-6
are described below with Tables 1 and 2 summarizing pertinent infor-
mation across all 11 patients.

3.1. Case 1

A 45-year-old male with Type 1 GD on enzyme replacement therapy
(ERT), chronic myeloid leukemia (CML) in remission on nilotinib, his-
tory of osteonecrosis, hypertension and diabetes developed symptoms
in April 2020 of fever, dyspnea, cough, fatigue, diarrhea, loss of taste
and smell. He had no known sick contacts. Due to worsening dyspnea,
he was hospitalized 9 days after symptom onset with positive RT-PCR
testing confirming positive SARS-CoV-2. His chest x-ray imaging re-
vealed bilateral infiltrates (Fig. 1). On admission, nilotinib was stopped
and broad-spectrum antibiotics vancomycin and piperacillin-
tazobactam were started though discontinued after 48 h. He was treated
with a 5-day course of hydroxychloroquine (400 mg twice daily loading
dose followed by 200 mg twice daily) and a 1 dose of tocilizumab (8
mg/kg). He required supplemental oxygen (3 I/min) that was success-
fully weaned off. He was able to receive his ERT while inpatient and
was discharged on hospital day 6. He was evaluated by telemedicine
visit within one week of his discharge and he reported resolution of
symptoms. At 4 weeks from symptom onset, there was a sustained nor-
malization in C-reactive protein (CRP), ferritin and D-dimer which were
all elevated during the active stage of infection (Fig. 2). Serum cytokines
on admission, which includes interleukin 1 beta (IL-13), interleukin 2
(IL-2), interleukin 2 (IL-2), interleukin 17 (IL-17) and interferon
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Table 1
Clinical characteristics.*
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Patient Age Sex Ethnicity BMI (kg/m?) GBA1 genotype DS3 SSI Treatment Splenectomy Co-morbidities

1 45 M White/Caucasian 245 N370S/84GG 1.74 3 ERT No Hypertension, Diabetes, CML
2 55 M White/Caucasian 27.8 N370S/N370S 2 10 ERT No Hypertension, OSA

3 59 M White/Caucasian 32 N370S/N370S 0.4 2 SRT No Recurrent pericarditis

4 32 F White/Caucasian 20 N370S/N370S 3 6 ERT No

5 44 F White/Caucasian 244 N370S/N370S 0 2 SRT No PCOS,FMF

6 38 M White/Caucasian 27 N370S/L444P 134 5 SRT No MGUS

7 44 F White/Caucasian 39 N370S/R47X 0 8 ERT No Hypertension, Diabetes, OSA, NAFLD
8 52 F White/Caucasian 35.96 N370S/L444P 8 4 ERT Yes Pulmonary hypertension

9 64 M White/Caucasian 27.17 N370S/N370S 3 7 SRT No

10 21 M White/Caucasian 20 N370S/N370S 5.67 3 SRT No

11 8 M White/Caucasian N/A L444P/K118N 3 7 ERT No Hydrocele

* BMI = Body mass index; The Zimran Severity Score Index (SSI) and Disease Severity Scoring System DS3) are two validated measures for staging severity of Gaucher Disease Type 1
namely in adult patients with higher numbers indicating increased severity; CML = chronic myeloid leukemia, OSA = obstructive sleep apnea, PCOS = polycystic ovary syndrome; FMF =
Familial Mediterranean Fever, MGUS: monoclonal gammopathy of undetermined significance, NAFLD = non-alcoholic fatty liver disease.

gamma (IFN-vy), were elevated (Fig. 3). The increased cytokine levels
were consistent with elevation of inflammatory markers, including C-
reactive protein (CRP), ferritin and D-dimer. Longitudinal analysis of
these cytokines showed stable or decreased levels of IL-1f, IL-2R, IL-2,
IL-17 and IFN-v levels after 4 days of admission concurrent to decreases
in surrogate inflammatory markers, such as CRP, ferritin and D-dimer.
IL-6 on admission was less than 5 pg/mL but transiently increased to
126 pg/ml following receipt of tocilizumab. This observation is consis-
tent with previously reported findings attributed to impaired clearance
after drug saturation of the IL-6 receptor [15]. Similarly, he had initial
mild elevations in alkaline phosphatase (normal lab range 39-117
[U/L), alanine aminotransferase (ALT, normal lab range 12-78 U/L) and
aspartate aminotransferase (AST, normal lab range 5-37 U/L) that also
normalized within one month (Fig. 4). Available data 1 year prior to
SARS-CoV-2 infection was notable for a ferritin level, aminotransferases
and alkaline phosphatase that were within normal range. (See Fig. 4.)

3.2. Case 2

A 55 year-old male with Type 1 GD on ERT and hypertension devel-
oped symptoms in late March 2020 of high fevers, fatigue, diarrhea,

Fig. 1. Chest x-ray imaging with bilateral pulmonary infiltrates in Case 1.

Table 2
SARS-CoV-2 infection related parameters.*
Patient Lympho-penia Thrombo-cytopenia Liver test Ferritin ~ CRP D-dimer Symptoms COVID-19 specific Hospitalization Oxygen
abnormalities elevation elevation elevation therapy Requirement

1 Yes Yes Yes Yes Yes Yes fever, dyspnea, Hydroxychloroquine  Yes Yes
cough, fatigue, Tocilizumab
diarrhea, anosmia,
ageusia

2 Yes Yes N/A Yes Yes Yes fever, fatigue, Hydroxychloroquine, Yes No
diarrhea, profound Azithromycin
weight loss

3 No Yes N/A N/A No N/A fever, cough, None No No
delirium, lethargy

4 Yes Yes N/A Yes Yes No fever, chills, fatigue, None No No
diarrhea, headaches,
myalgias

5 Yes Yes N/A Yes No fever, chills, None No No
diarrhea, headaches

6 No No N/A Yes Yes No cough, headache, None No No
chest tightness,
anosmia, ageusia

7 No No N/A N/A N/A N/A Asymptomatic None No No

8 No No N/A N/A N/A N/A Asymptomatic None No No

9 No No N/A N/A N/A N/A Asymptomatic None No No

10 No No N/A N/A N/A fever, fatigue, None No No

N/A headache, myalgia
11 No No N/A N/A N/A N/A Asymptomatic None No No

* Laboratory values represent those on initial presentation. Lymphopenia defined by absolute lymphocyte count <1.0 x 1000/uL. Thrombocytopenia defined as Platelet count <150 and
reduced from patient's baseline. Liver test abnormalities defined by having any of the following: Total bilirubin >1.2 mg/dL, Alkaline phosphatase >122 U/L,Alanine transferase (ALT) >34
U/L, or Aspartate transferase (ALT) >33 U/L. Ferritin elevation defined as >400 ng/mL. CRP elevation defined as high sensitivity CRP >0.4 mg/L. D-dimer elevation >0.50 mg/L with age

adjustment as necessary.
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Fig. 2. Laboratory marker trends in Case 1.

weakness, and weight loss,10 days after exposure to an infected co-
worker. His SARS-CoV-2 infection was confirmed by PCR testing on
day 3 from symptom onset with a notably normal chest x-ray per-
formed on day 5. He was admitted to the hospital on day 6 for
closer monitoring though he did not have any oxygen requirements.
Computerize tomography (CT) chest imaging revealed peripheral
ground glass opacities. He received a course of azithromycin and
hydroxychloroquine. He was discharged on day 11 from symptom
onset. Although he reported recovery of fevers and other symptoms
by day 14, he did experience a 20-pound weight loss.

3.3. Case 3

A 59 year-old male with Type 1 GD with rare complication of
recurrent pericarditis, on eliglustat substrate reduction therapy
(SRT) that had led to resolution of pericarditis. He developed symp-
tomatic SARS-CoV-2 infection with high fevers, cough, delirium, and
extreme lethargy. Interestingly, objective testing, including chest
x-ray, electrocardiogram, serum ferritin, D-dimer, C-reactive protein,
complete blood counts and liver enzymes were completely within
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Fig. 3. Cytokine trend by hospital day in Case 1. Elevations recorded as a ratio of each
cytokine's laboratory value relative to the upper limit of normal.



P. Narayanan, S. Nair, M. Balwani et al.

Il Day 1

Day 4

Day 6

==l Day 18
» 2.0 % Day32
)
=] % e
© A=
> 15 é :;: -
: '
2 1.0 k= gl =
= & é o é =
(7 ] Zh )
3 i E E
9 057 = | I B
"a ::: / l:l / l:l

M / :': / :.:
< il 12170 & é o & Z e
Alkaline ALT AST

Phosphatase

Fig. 4. Liver enzymes by hospital day in Case 1.

the normal range at presentation and throughout the course of his
illness. He made a complete recovery at home over the following
one month.

3.4. Case 4

A 32 year-old female with Type 1 GD on ERT without other co-
morbidities was on strict isolation measures aside from receiving her
ERT when she developed fevers, chills, myalgias, fatigue, headaches
and diarrhea. She was sent for SARS-CoV-2 testing 2 days after symp-
toms onset which initially reported negative though there was concern
whether she had provided an adequate sample. Other diagnostics re-
vealed findings consistent with COVID-19 infection as follows: lympho-
penia, thrombocytopenia (Platelet count 100,000/ul from prior baseline
180,000/l), elevated ferritin 261 ng/mL (reference range upper limit
252 ng/mL), elevated CRP 20 mg/L (normal <1 mg/L) and D-dimer 0.2
mg/L within normal age adjusted limits. A repeat SARS-CoV-2 PCR test
was positive at day 4 after symptom onset Her symptoms resolved in
less than one week, however she did have evidence of bruising particu-
larly over her upper extremities ().

Fig. 5. Right forearm and right upper arm bruising associated with thrombocytopenia in
Case 4.
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Fig. 6. Petechial rash across patient's forearm associated with new onset thrombocytopenia
in Case 5.

3.5.Case 5

A 44 year-old female with Type 1 GD on SRT, Polycystic Ovarian
Syndrome (PCOS) and Familial Mediterranean Fever (FMF) developed
fevers, chills, headaches, ear pain and diarrhea. Her teenage son had
been treated empirically with hydroxychloroquine weeks prior after
reporting loss of taste and smell. Her lab findings were notable for
SARS-CoV-2 PCR positive, lymphopenia, thrombocytopenia (platelet
count 114,000/ul from baseline 140,000/ul) and CRP 2.4 mg/L. She im-
proved with supportive measures. She did note a petechial rash on her
forearm (Fig. 6). Her cytopenia and rash resolved without specific
treatment.

3.6. Case 6

A 38 year-old male with Type 1 GD on SRT and IgM Kappa Smolder-
ing Myeloma was found to be SARS-CoV-2 positive after learning that
his partner tested positive. He developed symptoms 6 days after posi-
tive testing with headaches, chest tightness and loss of taste and
smell. His cytokine panel showed elevated IL-6, IL-8, IL-10 and tumor
necrosis factor alpha (TNF-o). He made a complete recovery without
needing specific therapy.

4. Discussion

The patients in our case series presented with a diversity of symp-
tom profiles, incubation timelines, and associated complications. In
comparison to large scale population data that has emerged in New
York City, our cohort was younger (average 42 years versus 62 years
old), but shared a predominance of male gender. [16], Of the confirmed
cases in our GD cohort, there were no deaths, none required intensive
care and all recovered within 2 weeks of symptom onset. Indeed, by cur-
rent definition, all of the GD patients featured in this case series had
mild or moderate disease [17] with most recovering without progres-
sion to severe hyperinflammatory phase of SARS-CoV-2 infection [18].
While we acknowledge the limited objective data available for many
of the patients in our case series, an overall pattern of disease and dis-
ease severity was able to be discerned. Our results remain instructive
in illustrating the clinical spectrum of COVID-19 in GD. Further large,
multicenter studies are needed to confirm our observation that patients
with GD experience a less severe course with SARS-CoV-2 infection.

At the onset of the COVID-19 pandemic, there was concern that pa-
tients with immune system compromising conditions would be most
vulnerable. Early data from other cohorts such as kidney transplant re-
cipients supports this assumption that chronic immunosuppression
may lead to higher incidence of severe disease, higher morbidity and









