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Introduction: Alpha-1-antitrypsin (AAT) has been shown to inhibit SARS-CoV-2 cell entry and suggested as a therapeutic agent for
COVID-19. Furthermore, epidemiological association of high prevalence of Alpha-1-antitrypsin deficiency (AATD) and regional
severity of COVID-19-impact has been hypothesized. In our study setting, the estimated prevalence rates of mild (PI*MZ, PI*SS or
PI*MS) and moderate-to-severe AATD (PI*ZZ or PI*SZ) are high, 9% and 0.2%, respectively. Our primary aim was to examine the
prevalence rate of AATD among hospitalized COVID-19-patients.
Methods: In this prospective observational study, enrollment occurred from December 2020 to January 2021 in two COVID-19-units
at Skåne University Hospital, Lund, Sweden. Case definition was a patient hospitalized due to COVID-19. Patients were screened for
AATD with PI-typing and if results were inconclusive, PCR for the S- and Z-genes were performed. Patients were categorized as
severe or moderate COVID-19 and 30-day-mortality data were collected. The primary outcome was prevalence rate of AATD. The
secondary outcome investigated association between presence of mild AATD and severe COVID-19.
Results: We enrolled 61 patients with COVID-19. Two patients out of 61 (3%) had mild AATD (PI*MZ) and none had moderate-to-
severe AATD. 30/61 (49%) had severe COVID-19. Both patients with mild AATD developed severe COVID-19. Yet, presence of
AATD was not significantly associated with severe COVID-19 (p=0.24).
Conclusion: Mild AATD (PI*MS or PI*MZ) was rare in a small cohort of hospitalized patients with COVID-19 in a study setting
with a high background prevalence of AATD.
Keywords: alpha-1-antitrypsin, alpha-1-antitrypsin deficiency, COVID-19, SARS-CoV-2, PI-typing, SERPINA1

Introduction
Alpha-1-antitrypsin (AAT) is the most abundant protease inhibitor in plasma and is encoded by the SERPINA1 gene.1 It is
involved in inflammatory modulation, including decreasing neutrophil elastase activity.2,3 Patients with severe Alpha-1-anti-
trypsin deficiency (AATD) are at considerable risk of pulmonary emphysema due to lack of suppression of neutrophil elastase
activity. Moderate-to-severe AATD (PI*SZ, PI*ZZ) has been suggested to increase the risk of severe Coronavirus disease 2019
(COVID-19).4 Moreover, mild AATD in the form of heterozygous carriage of PI*MZ has been shown to be associated with lung
injury, yet with a low absolute risk.3 Interestingly, the cell-bound protease TMPRSS2 facilitates SARS-CoV-2 cell entry
following viral binding to the ACE-2 cell membrane receptor.5 This protease has been shown to be inhibited by AAT, which
could possibly inhibit SARS-CoV-2 cell entry and thereby suppress viral replication.6 Therefore, purified AAT-protein from
plasma is being studied as a potential therapeutic for COVID-19, given either nebulized as an inhalation or through intravenous
infusion.6–8 In addition, a recent review further highlighted theoretical pathogenic pathways in patients with AATD that could
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impact COVID-19-severity, including decreased inhibition of neutrophil extracellular traps, decreased inhibitory effect on
thrombin and potentially an increase in thrombus formation.9

Early during the COVID-19-pandemic an association between areas of high prevalence of AATD and severe impact
of COVID-19 was hypothesized.1,10–12 High SARS-CoV-2-positivity rates have also been reported in a cohort of
Portuguese patients with moderate-to-severe AATD.4 Based on the evidence of the potential role of AAT in SARS-
CoV-2 cell entry and replication as well as previously suggested associations between regional AATD prevalence and
severity of the COVID-19-pandemic10,11 a prospective observational study of AATD in hospitalized COVID-19-patients
was designed. The study was performed in an area with a high estimated prevalence of mild (PI*MZ, PI*SS, or PI*MS)
(9%) and moderate-to-severe AATD (PI*SZ, PI*ZZ) (0.2%).13,14

The primary aim of this study was to evaluate the prevalence rate of mild AATD in patients hospitalized with
COVID-19. The secondary aim was to investigate the association between presence of mild AATD and severe
COVID-19.

Materials and Methods
Study Design and Setting
In this prospective, observational study of hospitalized COVID-19-patients, participants were enrolled at two designated
COVID-19 non-intensive care units at the Skåne University Hospital, Lund, Sweden. Inclusion occurred from
December 7, 2020 to January 20, 2021 at the peak of the second wave in this region with society transmission levels
averaging 640 cases of SARS-CoV-2/100 000 population and week during the enrollment period.15

Participants
The eligibility criterion was SARS-CoV-2-positivity by PCR in patients aged ≥18 years hospitalized due to COVID-19.
Enrollment occurred at any stage of disease and hospitalization. Patients unable to give informed consent (eg, due to
decreased cognitive capacity) were excluded. A retrospective review of medical records was performed after 3 months.
The study was performed according to the Declaration of Helsinki and its amendments. All patients gave written
informed consent. The study was approved by the National Ethical Review Board in Sweden, number 2020–02995.

Outcomes, Groups and Definitions
The primary outcome was prevalence rate of AATD among patients hospitalized with COVID-19. AATD was defined as
the presence of PI*MS, PI*SS or PI*MZ (mild AATD) or PI*SZ or PI*ZZ (moderate-to-severe AATD). As our
secondary outcome, AATD was compared in hospitalized patients with severe and moderate COVID-19. Patients were
defined as severe COVID-19 if they had been treated with high-flow nasal cannula (HFNC)-oxygenation, non-invasive
ventilation therapy, ventilator therapy, were admitted to the intensive care unit at any stage of disease or had died within
30 days of admission. All other hospitalized patients in the study were considered moderate COVID-19. In all patients,
serum, EDTA-whole blood and EDTA-plasma samples were collected and stored at −80°C pending analysis. Serum was
used for PI-typing. PI-typing was performed using isoelectric focusing electrophoresis (NPU10618). If the Laboratory of
Clinical Chemistry could not reliably rule out abnormal PI-typing results and gave inconclusive results, a targeted PCR
for PI*S and PI*Z in EDTA-whole blood was performed. The analysis was performed using an allelic discrimination
assay on the 7900HT real time PCR instrument with TaqMan®-probes. For PI*S the TaqMan® SNP Genotyping Assay
40x (Glu288Val/E288V/rs17580, assay ID:594695_20) was used and for PI*Z the TaqMan® SNP Genotyping Assay 40x
(Glu366Lys/E366K/rs28929474, assay ID:34508510_10) was used. These pre-designed assays included primers and
fluorescently labeled (FAM and VIC) MGB™ probes for detection of both the wild-type and variant alleles. Serum-AAT-
levels were analyzed using a nephelometric assay on BNII (NPU19692). Normal reference ranges using this method were
0.86–1.75 g/L for men and 0.94–1.94 g/L for women. Finally, C-reactive protein (CRP) was analyzed on plasma samples
using a particle enhanced turbidimetric assay performed on Cobas (NPU19748). All laboratory analyses were performed
at the Laboratory of Clinical Chemistry, Skåne University Hospital, Malmö, Sweden.
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On inclusion, age, gender, nation of birth, comorbidities according to the Charlson Comorbidity Index,16 smoking
status and duration of symptoms were noted. A retrospective review after 3 months of follow-up was performed through
analysis of electronic medical records where data regarding clinical course and mortality was collected.

Statistical Analysis
Continuous variables were described with median and interquartile range (IQR). For serum-AAT-levels, range of all
values were also provided. Binary variables were described as counts and percentages. The prevalence rate of AATD
among hospitalized COVID-19-patients were calculated. The potential association of the presence of mild AATD in
patients with severe COVID-19 was compared using Fischer’s exact test. The study size was determined by the number
of hospitalized patients during the enrollment period in the units were enrollment occurred. Statistical significance was
defined as p<0.05. Statistical analyses were performed using STATA (StataCorp. 2013. Stata Statistical Software: Release
13. College Station, Texas; StataCorp LP).

Results
Participants and Baseline Characteristics
In total, 62 patients were considered eligible for the study, of whom 61 were enrolled. One patient was unable to give
informed consent and was thus excluded. Among enrolled patients, no data was missing. Among enrolled patients, 23/61
(38%) were female, the median age was 66 years (IQR 57–77), 41/61 (67%) were born in Sweden, 57/61 (93%) born in
Europe and 4/61 (7%) born outside of Europe (Table 1).

Data for all participants was also presented separately by gender and by severity of COVID-19 in Supplementary
Tables 1.1 and 1.2.

Study Outcomes
Of the investigated 61 patients hospitalized for COVID-19, 2 patients (3%) had mild AATD, of which both had
heterozygous carriage of the PI*Z allele. In 53/61 samples PI-typing gave conclusive results. Both patients with

Table 1 Characteristics, Clinical and Laboratory Presentation in Patients (n=61)
Hospitalized with COVID-19

Characteristics n=61

Age, years, median (IQRa) 66 (57–77)

Female gender, n (%) 23 (38)

Born in Sweden, n (%) 41 (67)
Born in Europe, n (%) 57 (93)

Born outside of Europe, n (%) 4 (7)

Current or previous smoker, n (%) 11 (18)
Chronic obstructive pulmonary disease, n (%) 6 (10)

Charlson Comorbidity Index,16 median (IQR) 3 (1–6)

Clinical Presentation
Duration of symptoms on inclusion, days, median (IQR) 11 (8–14)

Length of hospital stay, days, median (IQR) 9 (6–15)

Severe COVID-19, n (%) 30 (49)
Intensive care unit admission, n (%) 4 (7)

Ventilator therapy, n (%) 3 (5)

High-flow nasal cannulae oxygen therapy, n (%) 25 (41)
30-day mortality, n (%) 7 (11)

S-AATb, g/L (median, IQR, min-max) 2.2 (1.9–2.5, 1.5–3.1)

P-CRPc, mg/L (median, IQR) 41 (17–120)

Notes: aIQR (interquartile range), bAAT (alpha-1 antitrypsin), normal reference range 0.86–1.75 g/L (men)
and 0.94–1.94 g/L (women), cCRP (C-reactive protein), normal reference range <5.0 mg/L.
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PI*MZ were identified using this method. No other investigated PI-gene mutations (MS, SZ, SS, ZZ) were identified. In
the eight patients with inconclusive PI-typing-results, targeted PCR for the S- and Z-genes were performed with negative
results. In all patients, the median S-AAT-level was 2.1 g/L, with a range of 1.5–3.1 g/L. All values were normal or above
the normal reference range.

In total, 30/61 (49%) patients had severe COVID-19. Intensive care admission occurred in 4/61 (7%) patients and 25/
61 (41%) patients received HFNC oxygen treatment. Thirty-day mortality was seen in 7/61 (11%) patients. One patient
was considered as severe COVID-19 despite no preceding HFNC oxygen treatment or intensive care unit-admission due
to mortality within 30 days of admission. Both patients with PI*MZ developed severe COVID-19. Yet, no association
between presence of mild AATD and severity of COVID-19 was found (p=0.24).

The two patients with heterozygous carriage of PI*Z were both 77 years old and female. One had a history of
smoking and a diagnosis of chronic obstructive pulmonary disease with a Charlson Comorbidity Index of 7. She died
unexpectedly during the first week of COVID-19, ie during the viral phase, and was not considered in need of treatment
with HFNC or intensive care unit admission due to a clinically perceived stable condition. The second patient had
a Charlson Comorbidity Index of 4 and required ventilator therapy in the intensive care unit but survived to discharge.
Both these patients had elevated S-AAT-levels on inclusion (2.43 and 2.51 g/L).

Discussion
This prospective study of AATD in hospitalized COVID-19-patients in Sweden found a prevalence of mild AATD that
was lower than the previously reported background population prevalence.13 While both patients identified with mild
AATD did develop severe COVID-19, presence of mild AATD was not significantly associated with development of
severe COVID-19. While the conclusions are limited by the small study cohort, our findings do not support mild AATD
(PI*MS, PI*SS or PI*MZ) as a strong risk factor for infection or hospitalization with COVID-19. Yet, no conclusions
regarding the previously suggested association of moderate-to-severe AATD with severity of COVID-194 can be drawn
from this study.

This was the first clinical study to investigate AATD in a cohort of hospitalized COVID-19-patients and was based upon
previous findings that AAT inhibits SARS-CoV-2 cell entry and could suppress viral replication6 as well as the previously
presented hypothesis of an association between high prevalence of AATD and severe impact of the COVID-19
pandemic.10,11

Strengths of the study include that the study was performed in an area with a high prevalence of AATD,13 enrollment
occurred during a period of high societal transmission of SARS-CoV-2 in Sweden and involved a broad spectrum of
hospitalized patients. The regional prevalence of AATD in our study setting is well known in part due to the Swedish
Neonatal AAT screening that was performed in 1972–1974.17 This cohort is still followed and among those with
moderate-to-severe AATD, there is a slight overrepresentation of males (58%)18 which is similar to our study population,
reducing potential selection bias due to gender differences. The study size and single-center design are limitations, and
due to the rarity of moderate-to-severe AATD, this study can draw no conclusions on the potential association between
moderate-to-severe AATD and COVID-19.4 Further limitations to our study include that no patients with COVID-19
were enrolled in the intensive care unit. Enrolled patients treated for COVID-19 in the intensive care unit were either
enrolled prior to care at or after discharge from the intensive care unit. No patients who were admitted directly to the
intensive care unit and subsequently did not survive were thus enrolled. This introduces a measure of survivorship bias as
does the fact that severe AATD is associated with shortened life expectancy.19 However, this study was not powered to
draw conclusions on patients with severe AATD, why this type of selection bias was considered negligible. Finally, while
S-AAT-levels are raised by inflammation,20 PI-typing was performed in all patients regardless of S-AAT-level and
performed according to clinical routine by the Laboratory of Clinical Chemistry. While the interpretation of PI-typing can
be complex, and potentially further exacerbated since most patients in our study had acute and ongoing inflammation at
the time of recruitment, we performed targeted PCR for the S- and Z-genes when PI-typing did not present fully
conclusive results to avoid misclassification.

Interestingly, while mild AATD (PI*MS, PI*SS or PI*MZ) is common (9%)13 in the study region, it was rarely seen in our
cohort (3%) and the presence of mild AATD was not significantly associated with development of severe COVID-19. The
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study site, Skåne University Hospital, Lund, has a catchment population of approximately 370,000 inhabitants. Thus, 33,300/
370,000 (9%) inhabitants were estimated to havemild AATD in the study area13 while 2/61 (3%), hadmild AATD in our study
(x2, p=0.14). While our study constitutes a small cohort of hospitalized COVID-19-patients, our findings are in line with
recently published data from the United Kingdom (UK) Biobank, which showed 12,723 (3.0%) positive COVID-19 tests in
426,994 participants that were non-carriers of PI-gene mutations and 1670 (2.8%) positive COVID-19 tests in 60,509
participants that were carriers of any PI-gene mutation (MZ, MS, SZ, SS, ZZ).21

Simultaneously, in patients with positive COVID-19-tests, “Death by COVID-19” was seen in 353 (0.083%) non-
carriers and in 53 (0.088%) PI-gene mutation carriers (x2, p=0.69) in the UK Biobank study.21 In addition, on the
contrary to previous reports of a suggested association of moderate and severe AATD with severity of COVID-19,4 the
UK biobank study did neither identify moderate-to-severe AATD as a risk factor for SARS-CoV-2-positivity or “Death
by COVID-19” when compared to non-carriers. However, since there were so few patients with moderate-to-severe
AATD, data were not considered robust enough for meaningful conclusions.21 Finally, in our study, both patients with
PI*MZ developed severe COVID-19 of whom one died. Yet, both patients had several other known risk factors for
severe COVID-19 why this finding necessitates cautious interpretation.

In conclusion, we describe a low prevalence of mild AATD (PI*MS, PI*SS or PI*MZ) in a small cohort of
hospitalized patients with COVID-19 in an area with a high background prevalence of COVID-19. No conclusions
can be drawn from this study regarding patients with moderate-to-severe AATD (PI*SZ, PI*ZZ) and adequate quanti-
fication of this risk would require large registry-based studies. Nevertheless, we encourage further clinical studies on the
importance of AAT in the pathogenesis and prognosis of COVID-19 and a potential therapeutic role.

Abbreviations
AAT, alpha-1-antitrypsin; AATD, alpha-1-antitrypsin deficiency; COVID-19, coronavirus disease 2019; CRP, C-reactive
protein; HFNC, high-flow nasal cannula; SARS-CoV-2, severe acute respiratory syndrome-coronavirus 2; UK, United
Kingdom.
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