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The coronavirus disease of 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infections, continues to present an unprecedented challenge worldwide. Emerging evidence suggests that a-1 antitrypsin (A1AT), a
circulating protein with protective effects on the lung and other vital organs, plays a critical role in preventing SARS-CoV-2 infection
and may be a promising therapeutic option for patients with COVID-19. A1AT deficiency (AATD) is characterized by dysfunctional or
insufficient levels of A1AT. Recently, we have proposed that AATD patients are a vulnerable population for COVID-19. Patients with
AATD may derive limited benefit from the current COVID-19 vaccines and continue to rely on conventional medical therapy and
behavioral adaptations to mitigate the risk of infection. Unfortunately, this population has not been included in the COVID-19
vaccine clinical trials and studies have yet to characterize the safety, immunogenicity, and ultimately, the efficacy of COVID-19
vaccines for AATD patients. Re-evaluation of the COVID-19 vaccine safety and immunogenicity will further promote informed
decision-making for vaccination in AATD individuals and contribute to reduce morbidity and mortality from COVID-19 infection.
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INTRODUCTION

The coronavirus disease of 2019 (COVID-19) pandemic has
overwhelmed healthcare institutions globally, exhausting the
limited supply of medical resources and diverting resources from
the diagnosis and treatment of other dangerous diseases. In the
most severe circumstances, COVID-19 has resulted in acute
respiratory distress syndrome (ARDS) and fatal outcomes. To
curtail the spread of the virus, some countries have declared a
state of national emergency and imposed stricter containment
measures including mandatory self-isolation and curfews. Effective
screening and identification of vulnerable populations with
significant comorbidities may mitigate the consequences of
COVID-19, both at the individual level and within healthcare
systems. Diabetes mellitus, hypertension, chronic kidney disease,
chronic obstructive pulmonary disease (COPD), and a-1 antitrypsin
deficiency (AATD), have all been implicated as comorbidities in
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection. In particular, AATD is hypothesized to impact the
efficacy of COVID-19 vaccination and the prognosis of patients
suffering from COVID-19 secondary to its well-established disease
pathophysiology, by means of blunted immunity, enzymatic tissue
injury, inflammation, and susceptibility to infection [1, 2]. We have
previously posited such rationale for encouraging individuals with
AATD to adopt protective behaviors (e.g., lifestyle changes) in
addition to COVID-19 vaccine uptake [2]. In this article, the
emphasis is placed on synthesizing evidence and identifying gaps
in research on the long-term effects of COVID-19, key treatments,
and vaccination practices in individuals with AATD.

SARS-COV-2 INFECTION IN INDIVIDUALS WITH AATD
Vaccination has emerged as a key tool for mitigating the
impacts of the ongoing global pandemic. Though individuals
with AATD have been identified as vulnerable populations and
prioritized for vaccination in public health guidelines, they have
not been included in major COVID-19 vaccine clinical trials (as
reported by clinicaltrials.gov). We have recently posited that
AATD patients are a vulnerable population for COVID-19 and
discussed potential management strategies for these indivi-
duals, which may reduce the incidence and severity of COVID-
19 in AATD patients and their immediate family members [1, 2].
Portuguese and lItalian research groups support the hypothesis
that severe AATD patients are at higher risk of SARS-CoV-2
infection [3, 4]. Although no specific studies of vaccine efficacy
have been conducted in patients with AATD, the Alpha-1
Foundation has suggested that AATD be included within the
definition of COPD and be prioritized for COVID-19 vaccination,
given the high risk for COVID-19 complications and prevalence.
Upwards of 32% of AATD patients have been hospitalized or
required critical care, nearly double the rate of hospitalization
in the general population (as reported by the Alpha-1
Foundation). Furthermore, epidemiological studies have esti-
mated ~116 million AATD carriers (those with one Pi*S or Pi*Z
allele) and 3.4 million subjects with homozygous AATD
(phenotypes Pi*SS, Pi*SZ, and Pi*ZZ) worldwide [5]. In this
context, COVID-19 vaccination practices and their relation to
respiratory outcomes in AATD patients deserve greater atten-
tion and scrutiny.
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AATD patients are more vulnerable to COVID-19

AATD patients are more likely to get long-COVID

Fig. 1
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Insights into COVID-19 in the context of alpha-1 antitrypsin deficiency. Proposed interactions between alpha-1 antitrypsin deficiency

(AATD) therapy, long-term effects of COVID-19 (long COVID), and COVID-19 vaccines as a rationale for the inclusion of AATD individuals in

future trials.

AATD and long-term effects of COVID-19

Symptoms after COVID-19 such as cough, shortness of breath,
fatigue, muscle weakness, headache, palpitations, chest pain, joint
pain, physical limitations, smell disorder, taste disorder, anxiety,
and depression, may persist in discharged patients for at least
12 months (commonly called “the post-COVID syndrome” or as
“long COVID"). Long COVID is a growing health concern. AATD is
the only known inherited condition that increases the risk of
developing COPD, and other chronic respiratory disorders
(primarily, asthma, and bronchiectasis). Adults with pre-existing
asthma or COPD present similar frequencies of depression risk
(28.5% and 32.9%, respectively), COVID-19 perceived stress (8.8%
and 14.4%, respectively), post-traumatic stress risk (10.2% and
10.7%, respectively), and insomnia risk (51.8% and 60.7%,
respectively) [6]. Evidence has emerged that COPD may also
predispose patients to long-term consequences of COVID-19, such
as impaired pulmonary function, poor physical endurance, and
increased post-traumatic stress [7, 8]. Asthma has similarly been
associated with long COVID [9]. Notably, viral infection and COPD
has a bi-directional relationship, as viral infection is a risk factor for
COPD exacerbations and disease progression. As AATD is an
inherited disorder caused by mutations in SERPINA1, associated
with a risk of developing COPD [10] and asthma [11], it can be
hypothesized that AATD individuals are at greater risk of long
COVID, and this association warrants further investigation.

a-1 antitrypsin as a potential therapeutic for COVID-19

a-1 antitrypsin (A1AT) is a 52 kD glycoprotein belonging to the
serpin superfamily and is primarily synthesized in the liver and
circulates in the blood. Adequate levels of A1AT are critical for the
prevention of proteolytic tissue damage. The balance between
proteases and antiproteases is central to lung parenchymal
homeostasis, as a lack of antiproteases leads to the premature
development of emphysema. Furthermore, A1AT exerts anti-
inflammatory and tissue-protective properties affecting a wide
range of inflammatory cells. This had led to the investigation of its
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use as a potential therapeutic for diseases including cystic fibrosis,
type 1 diabetes mellitus, graft-versus-host disease, inflammatory
bowel disease, arthritis, and viral infections. Dysregulation of
respiratory protease/antiprotease can also increase susceptibility
to viral infection with influenza virus, human immunodeficiency
virus type 1 infection, and herpes simplex virus. The pharmaco-
kinetics and safety of A1AT have been well studied and it is
considered safe, with infrequent and generally well-tolerated side
effects. ATAT has shown significant promise in the treatment of
COVID-19, through exerting anti-inflammatory properties and
promoting cell survival in acute lung injury [12-15]. Given the
aforementioned benefits, it is increasingly necessary during this
time to ensure timely and adequate delivery of ATAT therapy to
AATD patients.

COVID-19 vaccination in the AATD population

COVID-19 vaccines have significant potential to reduce COVID-
19-associated morbidity and mortality in patients with pulmonary
disease; however, for millions of individuals around the world who
have AATD, it is a nuanced perspective. Since AATD contributes to
pulmonary morbidity in patients with primary immunodeficiency
disease, patients with AATD have an intrinsic immune system
deficit which prevents them mounting a strong immune response.
Because AATD patients’ responses to COVID-19 vaccines may be
suboptimal, continued emphasis on nonvaccine preventive
measures such as lifestyle changes, pharmacotherapy, alpha-1-
proteinase inhibitor augmentation therapy, surgery, and other
therapeutic approaches are essential, even after vaccination [2].
Moreover, vaccination of regular contacts of AATD patients may
be an important adjunctive protective measure.

The main aim of this article is to highlight the absence of AATD
patients in current COVID-19 vaccine trials. Until more evidence
emerges, these patients remain at greater risk of contracting
COVID-19 and the potentially devastating consequences. Whether
AATD patients have low levels of virus-neutralizing antibody not
detectable by current assays, and/or low levels of anti-SARS-CoV-
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2-specific T-cell immunity, is currently unknown, and a key
question is does the impaired antibody response correspond to
COVID-19 disease susceptibility? Understanding the mechanisms
by which AATD patients have weakened antibody responses will
complement studies on COVID-19 vaccine efficacy. Studies in solid
organ transplant recipients have demonstrated insufficient
immunity from the standard two-dose COVID-19 vaccine regimen,
hinting of the potential for a third dose of COVID-19 as the ‘best
way to increase protection’. Can a third COVID-19 vaccine dose
help protect AATD patients? Given the size of this potentially at-
risk population, there is an urgent need to gather data to guide
national and global vaccination efforts.

CONCLUSION

As the pandemic continues worldwide and resurgences in case
numbers in many countries are continuing to take a toll, we believe
that re-evaluation of the COVID-19 vaccine safety and immuno-
genicity in AATD patients will be fundamental to improving health
outcomes in this high-risk population (Fig. 1). These considerations
underscore the need to implement clinical trials for the develop-
ment of effective vaccination strategies for individuals with AATD,
including additional booster doses and different adjuvants.

Take-home message

The benefits of COVID-19 vaccination for patients with A1AT
deficiency remain largely unknown and require further investiga-
tion. Re-evaluation of the COVID-19 vaccine safety and immuno-
genicity will further promote informed decision-making for
vaccination in AATD populations.
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