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ABSTRACT
Alpha-1 antitrypsin deficiency (AATD) is a relatively rare genetic disorder, inherited in an 
autosomal codominant manner, that results in reduced serum AAT concentrations, with 
a consequent reduction in antielastase activity in the lungs, as well as an increased risk 
of diseases such as pulmonary emphysema, liver cirrhosis, and necrotizing panniculitis. 
It results from different mutations in the SERPINA1 gene, leading to changes in the AAT 
glycoprotein, which can alter its concentration, conformation, and function. Unfortunately, 
underdiagnosis is quite common; it is possible that only 10% of cases are diagnosed. The 
most common deficiency is in the Z variant, and it is estimated that more than 3 million 
people worldwide have combinations of alleles associated with severe AATD. Serum 
AAT concentrations should be determined, and allelic variants should be identified by 
phenotyping or genotyping. Monitoring lung function, especially through spirometry, is 
essential, because it provides information on the progression of the disease. Although 
pulmonary densitometry appears to be the most sensitive measure of emphysema 
progression, it should not be used in routine clinical practice to monitor patients. In 
general, the treatment is similar to that indicated for patients with COPD not caused 
by AATD. Exogenous administration of purified human serum-derived AAT is the only 
specific treatment approved for AATD in nonsmoking patients with severe deficiency 
(serum AAT concentration of < 57 mg/dL or < 11 µM), with evidence of functional loss 
above the physiological level.
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INTRODUCTION

Alpha-1 antitrypsin deficiency (AATD) is a genetic disorder that was first recognized 
in 1963. Underdiagnosis of AATD has been widely reported in the literature.(1) It 
is a relatively rare genetic disorder that is inherited in an autosomal codominant 
manner and results in reduced serum AAT concentrations, consequently reducing 
antielastase activity in the lungs, as well as increasing the risk of diseases such as 
pulmonary emphysema, liver cirrhosis, and necrotizing panniculitis.(2,3)

The serine protease inhibitor gene (SERPINA1), located on chromosome 14q32.1, 
encodes AAT. This gene is highly pleomorphic and its variants can be related to normal 
or below-normal concentrations of AAT in mild, moderate, or severe forms, or even 
to a total lack of AAT secretion (undetectable serum concentrations), designated 
the null variant.(4) In most countries, the prevalence of AATD is not known, being 
better known in Europe and the United States.(5) There is now more information 
on the disorder, and tests made available by the pharmaceutical industry have 
facilitated the genetic diagnosis.(6,7)

Although AAT production occurs mainly in hepatocytes, it also occurs in intestinal 
cells, alveoli, macrophages, neutrophils, and the cornea.(3) The protein is released 
into the bloodstream and acts as a protector against neutrophil elastase, mainly in 
the lungs.(3) Its half-life is 3-5 days, and serum concentrations vary little in normal 
individuals, although they can be elevated during inflammatory processes.(3)

Unfortunately, it is possible that only 10% of cases of AATD are diagnosed, 
a high rate of underdiagnosis that precludes genetic counseling and makes 
appropriate treatment difficult.(8) The determination of serum concentrations of 
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Recommendations for the diagnosis and treatment of alpha-1 antitrypsin deficiency

AAT is recommended in all patients with COPD, liver 
disease, necrotizing panniculitis, granulomatosis 
with polyangiitis, or bronchiectasis without a defined 
cause. (2,9) The World Health Organization (WHO) 
suggests that patients diagnosed with late-onset 
asthma be evaluated for AATD.(10)

Patients with pulmonary manifestations should be 
monitored according to the recommendations for 
COPD. (11) In some cases, such patients should be 
referred for specific treatment with AAT replacement.(12)

The aims of this article are to improve care for 
individuals with AATD; to accurately inform fellow 
pulmonologists about AAT and AATD; to promote 
active AATD case finding; to encourage the creation 
of treatment guidelines; to stimulate the evaluation of 
AAT in all diseases potentially associated with AATD; 
and to investigate the family members of patients 
with AATD, as well as individuals with suspicious 
findings on imaging examinations and those with 
clinical symptoms or functional alterations. Thus, 
the rates of underdiagnosis could be reduced and 
the possibility of appropriate care could be increased.

GENETICS

Mutations in the SERPINA1 gene lead to different 
changes in the AAT glycoprotein, which can alter its 
concentration, conformation, and function.(5,13) More 
than 200 variants of the SERPINA1 gene have been 
described.(14) The AAT variants initially found were 
classified with letters from A to Z, depending on the 
speed of migration of the molecule in a pH gradient 
after isoelectric focusing. The normal protease 
inhibitor (PI) of AAT is designated with the letter M, 
also called the M allele, and is present in 85-90% 
of the population.(13,15) Individuals homozygous for 
the M allele are designated Pi*MM homozygotes and 
have normal serum AAT concentrations (100-220 
mg/dL). The M allele has some benign subvariants, 
including two M1 variants (Ala213 and Val213), 
as well as variants M2, M3, and M4, and there are 
tests that can be employed to differentiate among 
those. (16) Other benign alleles are E, G, and Zpratt, 
which encode AAT variants that do not decrease the 
serum concentration or function of the protein.(17,18)

The allele most commonly associated with severe 
AATD is Z, mainly in homozygosity (Pi*ZZ), presenting 
serum AAT concentrations of 10-20% of normal (20-
45 mg/dL). The Z allele is found most commonly in 
northern and western Europe.(5,16,19) In the Z allele, 
glutamic acid is replaced by lysine at position 342 of 
the SERPINA1 gene, and this mutation leads to the 
synthesis of a malformed protein, which can polymerize 
and accumulate in hepatocytes, potentially causing liver 
disease.(5,15) Subsequently, the secretory defect leads 
to a reduction in serum concentrations and activity, 
predisposing to the onset of emphysema.(5,20,21) Among 
the known mutations, Pi*ZZ is present in 95% of cases 
of severe deficiency and the Z allele can be found in 
one in 25 people of European ancestry. Heterozygous 

mutations, such as Pi*MZ, generally cause a mild 
to moderate reduction in AAT. Combinations of the 
Z allele and other pathogenic variants (e.g., Pi*SZ 
and MProcida) can result in below-normal serum AAT 
concentrations and lung disease.(5,15) However, there 
are variations in the clinical expression of the disease, 
in which the presence of AATD alone is not sufficient 
to induce pulmonary emphysema. Factors such as 
smoking, environmental exposure, and genetic factors 
predispose to the onset of emphysema in these 
cases.(9,22) Many patients with the Pi*ZZ genotype 
will never develop pulmonary emphysema over the 
course of their lives.

Other alleles associated with severe AATD are MProcida, 
MHeerlen, MMalton, SIiyama, PLowell, as well as some rarer 
variants and the family of null (Q0) alleles, which 
do not produce AAT.(5,15) Alleles such as the variants 
I and S, the latter being the variant most commonly 
found in Mediterranean Europe (mainly in the Iberian 
Peninsula), lead to lower serum concentrations 
than in the Pi*MM genotype, although still with 
protective value, resulting in a clinical form of AATD 
that is milder.(5) However, when these variants are 
associated with risk factors, such as smoking, they 
can lead to pulmonary involvement.(2,23) The so-called 
dysfunctional variants, including the F and Pittsburgh 
variants, lead to the production of AAT with abnormal 
function, with low binding to neutrophil elastase or 
altered inhibitory activity.(23,24)

The Z, SIiyama, MMalton, and King alleles do not affect 
synthesis, although 70% of the mutant AAT is retained 
within the hepatocyte and 15% forms polymers that 
are not fully degraded and accumulate in the liver, 
causing chronic disease. The formation of hepatic 
polymers is directly related to structural alterations 
in the mutant protein.(25) Currently, it is known that 
several other alleles, although considered rare, can 
cause serious liver problems(12): Pi*MPalermo, Pi*MNichinan, 
Pi*PLowell, Pi*PDuarte, Pi*Q0Cardiff, Pi*YBarcelona, and Pi*ZAugsburg.

The alleles S, I, and Queen can also form polymers, 
although at a slower rate, facilitating their removal and 
rarely causing liver injury (Chart 1). In addition, higher 
serum concentrations of AAT are released, generally 
conferring protection of the lungs in nonsmokers.(3)

EPIDEMIOLOGY

The prevalence of AATD has not yet been defined 
in most countries, although it is known to vary 
across geographic regions and racial groups and 
to primarily affect White individuals of European 
descent. (19) It is estimated that more than 3 million 
people worldwide have allele combinations associated 
with severe AATD(26) and that the Pi*ZZ genotype 
occurs in 1:2,000-5,000 individuals in Europe and 
in 1:5,000-7,000 individuals living in countries with 
European immigration, such as the United States 
and Australia. (19) Although little is known about the 
prevalence of the most common rare alleles, even 
less is known about the rare non-S and non-Z alleles. 
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A review of the Spanish Registry of AATD patients 
from 1998 to 2010 revealed that 56 (1.6%) of 3,511 
patients with AATD had rare alleles.(27)

Registries such as that of the Alpha-1 Foundation 
in the United States and, more recently, that of the 
European Alpha-1 Research Collaboration (EARCO) are 
very important. Such registries allow us to understand 
AATD in a given location, to characterize patients, and 
to establish programs aimed at early diagnosis, as 
well as enabling the expansion of knowledge about 
the natural history of the disease. Between 2020 and 
2022, the EARCO evaluated 1,044 individuals with 
AATD (defined as a serum AAT concentration < 11 
µM, or 50 mg/dL) in 15 countries.(28) Among the 629 
individuals (60.2%) who had the Pi*ZZ genotype, 
most (51.5%) were male; the mean age was 55.6 
± 13.2 years; the mean age at diagnosis was 44.7 
± 16.7 years; the mean FEV1 was 66.9 ± 30.7%; 
the mean DLCO was 68.0 ± 23.2%; the mean COPD 
Assessment Test score was 13.2 ± 9.3 points; and 
190 (30.2%) had received AAT replacement therapy.

There are several ways to assess the prevalence 
of a genetic disease: screening newborn infants; 
measuring the concentration in blood stored at a 
blood bank; and evaluation in genetic databases or in 
the general population. In Sweden, 200,000 infants 
born between 1972 and 1974 were evaluated and the 
Pi*ZZ genotype was found in 127 (0.06%), or one in 
every 1,600.(5) Although screening neonates allows 
guidance to be given to avoid exposure to risk factors 
such as smoking and environmental or occupational 
pollution, ethical aspects have made such screening 
unfeasible. Of 20,000 blood donors in the United 
States in 1988, 2,850 (0.03%) were found to have 
the Pi*ZZ genotype.(5)

It is also possible to track AATD cases by evaluating 
patients with diseases caused by AATD. Among patients 
with COPD, it is expected that 1-4% will be found 
to have the Pi*ZZ genotype, which is why the WHO 
recommends AAT testing for all patients diagnosed with 
COPD.(10) Recently, the Pi*ZZ/COPD prevalence ratio 

in Europe was reported to be 0.12% (0.08-0.24%), 
with considerable differences among countries.(19) In 
Argentina, the prevalence of AATD among patients 
with COPD was found to be 0.83%.(29) In Brazil, a 
cross-sectional study evaluated 926 patients with 
COPD in five different states; the authors found that 
0.8% of the patients had the Pi*ZZ genotype and 
that 2.80% had some variant allele, although only 
the S and Z variants were evaluated.(30)

In a recent study, the frequency of variant alleles 
was described in 30,827 individuals who might have 
some deficiency were evaluated—by buccal swab or by 
dried blood spot (DBS) sampling (collection of a blood 
drop on filter paper)—between 2018 and 2022 in six 
countries (Argentina, Brazil, Chile, Colombia, Spain, 
and Turkey). The prevalence was found to be 12.7% 
for the MS genotype, whereas it was 7.4%, 3.0%, 
1.6%, and 0.8% for the MZ, ZZ, SZ, and SS genotypes, 
respectively.(7) In another analysis of that sample of 
individuals,(6) all variant alleles were evaluated and 
mutations were found in 9,528 (30.9%), of whom 
818 (2.7%) had rare alleles (excluding all S and Z 
alleles). The authors stated that the identification of 
the range of alleles can establish a new distribution 
of alleles in various countries and that their findings 
can facilitate the selection of new alleles to include 
in the diagnostic panel.

RISK FACTORS FOR LUNG DISEASE

As demonstrated in previous studies,(3,31,32) AATD is 
a heterogeneous condition in which the combination of 
the genotype with low serum AAT concentration and 
risk factors are fundamental for the emergence and 
progression of its clinical and functional manifestations. 
Although smoking continues to be the main risk factor 
for lung disease, other factors, including predisposing 
familial conditions, respiratory infections, and exposure 
to environmental or occupational pollutants, which also 
increase inflammation and elastase in the airways and 
alveoli, have increasingly been studied and valued.(31-33)

Chart 1. Major alleles associated with alpha-1 antitrypsin deficiency.(3,15)

Allele Clinical significance
F Uncertain; slight reduction in activity

I Uncertain; slight reduction in activity

S Uncertain; slight reduction in activity

Z Marked reduction in activity; risk of emphysema and liver disease

MProcida Marked reduction in activity; risk of emphysema

MMalton Marked reduction in activity; risk of emphysema and liver disease

SIiyama Marked reduction in activity; risk of emphysema and liver disease

PLowell Marked reduction in activity; risk of emphysema and liver disease

MHeerlen Marked reduction in activity; risk of emphysema

Q0Granite Falls No protein expression; risk of emphysema

Q0West No protein expression; risk of emphysema

Q0Bellingham No protein expression; risk of emphysema

Q0Mattawa No protein expression; risk of emphysema
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Individuals with undetectable AAT associated with 
null alleles can develop emphysema, even without 
a history of smoking, as can those with marked 
deficiency (AAT concentrations < 11 µM) associated 
with Z alleles, homozygous Pi*ZZ genotypes, or rare 
variants.(3,9) However, exposure to tobacco smoke 
increases the number of neutrophils and macrophages 
in the lungs and increases the individual production 
of elastase per cell, accelerating the onset, severity, 
and progression of emphysema in these individuals. 
The progression of emphysema is related to the age 
at which smoking began, as well as to the lifetime 
smoking history.(9,34,35)

In a registry of patients with AATD in follow-up 
for 11 years in Germany, there was an association 
between a greater decline in FEV1 and a shorter time 
since smoking cessation, occupational exposure to 
inhalants, and the frequency of COPD exacerbations. (36) 
In a study of smokers between 37 and 39 years of 
age with the Pi*ZZ genotype and normal spirometry 
results, it was observed that there could be changes 
in DLCO and small airway disease, consistent with 
emphysema.(37) In a study of patients with the Pi*ZZ 
genotype, a high level of exposure to environmental 
pollution was associated with worsening gas exchange 
and respiratory status.(38)

Heterozygous individuals, especially those with the 
Pi*MZ and Pi*SZ alleles, can also develop emphysema 
depending on the degree of exposure to smoking; 
although that risk is low in nonsmokers, it is still a 
matter of controversy.(31,39) In a study of smokers with 
AATD,(31) the risk of COPD was found to be 5.2 times 
higher among those with the Pi*MZ genotype than 
among those with the Pi*MM genotype.(31) However, 
many studies that have demonstrated greater loss of 
lung function in individuals with the Pi*MZ genotype 
are biased by not having adjusted that loss for smoking 
history. When thus adjusted, the decline in FEV1 is 
generally small.

One study demonstrated that the risk of developing 
emphysema among smokers with the Pi*SZ genotype 
was similar to that among smokers with the Pi*MM 
genotype, although those in the former group had 
sought medical evaluation earlier.(39) In another 
study, never-smokers with the Pi*SZ genotype did 
not present an increased risk of developing COPD, 
whereas smokers with the same genotype had 
greater airflow obstruction and former smokers 
with the genotype did not have a greater decline in 
FEV1.

(40) Currently, there is concern about individuals 
carrying the Pi*SZ alleles, who should be advised 
not to expose themselves to risk factors and to have 
periodic follow-up examinations.

In the last decade, with the new taxonomy and 
etiopathogenesis of COPD, early-life risk factors, such 
as prematurity, low birth weight, and exposure to 
smoking (in intrauterine life and infancy), as well as 
asthma, infections, and environmental/occupational 
exposures throughout life, have been given ever 
greater weight.(11,41) The influence of many of these 

risk factors for bronchopulmonary disease needs to 
be better studied in AATD, not only in relation to its 
early onset but also in relation to its progression. 
In COPD, especially in smokers with COPD, airflow 
obstruction is caused by inflammation in the small 
airways and loss of elastic recoil due to emphysema, 
changes that cannot be identified by spirometry.(11,41)

Although the role of small airway disease as a risk 
factor, early marker of lung involvement, prognostic 
factor, and treatable feature in patients with AATD 
was well discussed in a recent review,(42) further 
studies are needed. A study of 193 patients with 
AATD evaluated nitrogen washout, a sensitive method 
for identifying small airway disease, and showed 
that the lung clearance index was abnormal in 83% 
of the patients with the Pi*ZZ genotype, in 47% of 
those with other genotypes, and in 43% of the 117 
patients with normal FEV1.

(43)

The Subpopulations and Intermediate Outcome 
Measures in COPD Study showed that smokers with 
the Pi*ZZ or Pi*MZ genotype had more bronchiectasis 
than did those with other genotypes, and that those 
changes were associated with a greater degree of 
emphysema, more small airway disease, and more 
severe clinical repercussions than what was seen in 
smokers without bronchiectasis.(44)

The relationship between asthma and AATD remains 
controversial, and although some studies have shown 
the prevalence of asthma to be higher among patients 
with AATD, that finding is usually concomitant with a 
diagnosis of COPD.(33) In principle, asthma is not a risk 
factor for an accelerated decline in lung function, and 
AAT replacement does not prevent a loss of function 
due to asthma.(33)

PULMONARY CLINICAL MANIFESTATIONS

The classic clinical presentation of AATD is the early 
onset of COPD. Considerable variability in the time to 
symptom onset has been described, although it rarely 
appears before 25 years of age. Symptoms that are 
more severe are more commonly seen in smokers 
and former smokers, which also influences the mean 
age at symptom onset, which is typically 32-40 years 
in smokers and 48-54 years in nonsmokers.(45-47)

The characteristics that distinguish AATD-related 
COPD in nonsmokers or smokers without occupational 
risk factors from COPD caused by smoking (unrelated 
to AATD) are the early onset of symptoms, panacinar 
emphysema, and a predominance of radiological 
changes at baseline.(5) However, the “classic” 
presentation of smoking-related COPD also occurs 
in patients with AATD and should not rule out the 
possibility in such patients.(47,48) It is important to 
emphasize that up to 37% of individuals with severe 
AATD have emphysema predominantly in the upper 
lobes.(19,49)

Among the most common symptoms of AATD,(50) 
dyspnea on exertion is the most prevalent (in 84% 
of cases), followed by wheezing associated with 
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respiratory infections (in 76%); wheezing without 
respiratory infections (in 65%); cough and phlegm (in 
50%); and chronic cough (in 42%). On spirometry, 
obstructive ventilatory defect is a classical finding, 
with normal or reduced FVC. In the analysis of lung 
volumes, RV and TLC can be increased, with reduced 
DLCO. A response can be seen after bronchodilator use, 
and concomitance with asthma can be associated with 
faster progression of the disease.(51) Factors associated 
with a rapid decline in lung function include symptom 
onset between 30 and 44 years of age, male gender, 
low BMI, low serum AAT concentrations, frequent 
exacerbations, reversibility by bronchodilators, and a 
severe reduction in functional capacity.(52,53) Although 
the association between AATD and bronchiectasis 
is known, the pathophysiology of the onset of the 
symptoms has yet to be well defined. Its prevalence 
varies greatly among studies, ranging from 26% to 
52% in the studies with the largest patient samples, 
although the presence of bronchiectasis without 
emphysema should not rule out a diagnosis of AATD.(54)

EXTRAPULMONARY CLINICAL 
MANIFESTATIONS

Liver disease
Liver disease is the second most common 

manifestation of AATD in adults and the second 
leading cause of death in patients with the disorder.(55) 
Liver disease associated with AATD occurs primarily 
due to abnormal accumulation of mutated protein 
polymers within the rough surface of the endoplasmic 
reticulum of hepatocytes. These polymers can lead to 
inflammation, with consequent liver fibrosis, cirrhosis, 
and increased risk of hepatocellular carcinoma, 
especially in individuals with hepatitis B.(55) Because 
liver disease is highly variable and not all patients 
with the ZZ genotype develop the disease despite 
the presence of polymers in the liver, there must be 
other causal factors that are not yet fully understood. 
It has been suggested that genetic determinants of 
intracellular protein processing have some influence 
on susceptibility to liver disease in AATD.(56) Patients 
with genetic variants associated with the presence of 
hepatic polymers, such as SIiyama, MDuarte, MMalton, and 
particularly the presence of the Z allele, can develop 
signs of liver disease.(56)

Liver disease has a bimodal age distribution, with 
the first peak in early childhood and the second in 
individuals over 50 years of age.(57) In the neonatal 
period, prolonged cholestasis is the main clinical 
manifestation. A study that evaluated 200,000 
newborns in Sweden identified the Pi*ZZ genotype 
in 127, of whom 73% had prolonged jaundice and 
8% had severe liver disease.(58) Alterations in liver 
enzymes were identified in 50% of those neonates, 
with spontaneous resolution within months. At 18 
years of age, most were healthy. Only 3% had severe 
progressive disease.(59) In the pediatric population, 
AATD accounts for 3.5% of the indications for liver 

transplantation.(60) In adults, liver fibrosis occurs in 
20-36% of patients with the Pi*ZZ genotype, and 
advanced fibrosis is 10-20 times more common in 
such patients than in those with other genotypes. (61) 
Approximately 10% of patients with severe AATD 
develop cirrhosis, and 14.5% of such patients require 
liver transplantation.(60,62) Only a small percentage of 
patients with AATD and advanced liver fibrosis present 
alterations in liver enzymes, with levels varying over 
the years.(63)

In patients with AATD, gamma-glutamyl transferase 
is the most sensitive marker for the diagnosis of 
liver disease, with a mean concentration significantly 
higher than that of glutamic pyruvic transaminase. (64) 
Although patients with the Pi*SS genotype can 
have mild transaminase alterations, they do not 
develop hepatobiliary disease.(64) Patients with the 
Pi*SZ genotype show elevated liver enzymes, with 
a clear predisposition to fibrosis, liver cirrhosis, and 
hepatocellular carcinoma, although that predisposition 
is much lower than that observed in patients with the 
Pi*ZZ genotype.(57,64) Patients with the Pi*MS genotype 
do not show an increased risk of liver disease.(64)

Noninvasive liver evaluation through biochemical 
studies, transient hepatic elastography, and the 
determination of phenotypes/genotypes should be 
performed routinely in individuals with AATD.(5) Given 
the nature and risk of complications, liver biopsy is 
reserved for selected cases only. Although transient 
hepatic elastography is useful to rule out advanced 
fibrosis (stages 3 and 4), it is less effective in the 
early stages.(62) In patients with altered enzymes, 
cirrhosis, or portal hypertension, liver ultrasound 
every six months is indicated in order to screen for 
hepatocellular carcinoma.(65)

There are no currently approved therapies for liver 
disease other than liver transplantation in patients 
with advanced disease.(66) Promising strategies are 
being investigated, such as small RNA molecules 
that block polymer formation or stimulate pathways 
that accelerate their elimination. Fazirsiran, an RNA 
interference therapeutic that targets AAT and Z-AAT 
messenger RNA for degradation, was evaluated 
in a small phase 2 study of 16 patients with the 
Pi*ZZ genotype and was found to provide an 83% 
decrease in total liver Z-AAT after 24-48 weeks and 
improvements in histological liver abnormalities, 
including a reduction in the portal inflammation score 
in two thirds of the patients.(67)

Panniculitis
Panniculitis associated with AATD is an extremely 

rare disease, and its clinical manifestations include 
nodular, painful, red skin lesions, often with an oily 
discharge, affecting areas of previous trauma such as 
the thighs, buttocks, abdomen, and upper limbs. (68) 
It affects men and women with equal frequency, and 
the frequency also does not vary among the various 
phenotypes. It is much more associated with the 
Pi*ZZ genotype, and its pathogenesis is related to 
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the lack of any opposition to proteolytic activity in the 
subcutaneous fat tissue.(68) A number of therapies, 
including antibiotics, anti-inflammatory agents, and 
chemotherapeutics, have been tested, with varying 
rates of success. Treatment with AAT replacement 
has shown excellent results, with rapid clinical 
responses, and should be used in cases refractory 
to other therapies.(69)

Associations with other diseases
There is insufficient evidence to support a relationship 

between AATD and other diseases (vascular disease, 
inflammatory bowel disease, glomerulonephritis, and 
systemic vasculitis). It has been suggested that patients 
with the Pi*ZZ genotype are susceptible to several 
vascular abnormalities, including abdominal/intracranial 
aneurysms, arterial fibromuscular dysplasia, and 
venous thromboembolism, on the basis of the principle 
that unopposed proteolytic activity damages vessel 
walls in severely deficient individuals.(5,70,71) One report 
described the case of an individual with the Pittsburgh 
AAT mutation who died of severe bleeding after a 
viral infection.(72) There is a functional relationship 
between the plasma proteins AAT and antithrombin 
III. To elucidate this relationship, the plasma of a 
14-year-old boy who died of a hemorrhagic disorder 
was studied, and a variant of AAT was found in which 
the methionine at position 358 was replaced by an 
arginine, converting the normal function of AAT as an 
elastase inhibitor to that of a thrombin inhibitor. (72) 
The data regarding the association between AATD 
and inflammatory bowel disease are conflicting and 
cannot be legitimized. One study evaluated children 
with the Pi*ZZ genotype who developed significant 
liver disease and associated nephropathy.(73) In patients 
with AATD, there appears to be an increased risk 
of cytoplasmic antineutrophil cytoplasmic antibody 
(C-ANCA)-associated vasculitis, which is supported 
by plausible pathogenetic mechanisms. In the 
extravascular fluid, AAT plays an important role as an 
inhibitor of proteinase 3, a serine protease similar to 
neutrophil elastase and located in the primary granules 
of neutrophils. If left unchecked, proteinase 3 has 
potent tissue-destructive capacity, and AATD could 
therefore trigger an autoimmune response, allowing 
increased extracellular exposure to proteinase 3.(74)

DIAGNOSIS

When to test
A diagnosis of AATD has several immediate 

impacts,(75) such as the need to test family members; 
the opportunity to implement educational measures; 
early intervention regarding smoking habits; advising 
patients about environmental and occupational 
exposures; and the opportunity to consider specific 
AATD treatment. The WHO recommends AAT testing 
in all patients diagnosed with COPD or adult-onset 
asthma.(10) The GOLD and international AATD guidelines 
recommend that AATD screening be performed at 

least once in all individuals with COPD, regardless 
of age, ethnicity, or disease severity,(11) as well 
as in those with emphysema or asthma with fixed 
airway obstruction.(2,5,9,76-78) Despite global efforts 
to recommend AATD screening, the condition is still 
highly underdiagnosed.(79) In most individuals with 
AATD, there is a long interval between symptom 
onset and the diagnosis of the disorder.(80) As detailed 
in Chart 2, all individuals with chronic liver disease 
of undetermined etiology should also be screened 
for AATD, as should individuals with necrotizing 
panniculitis, C-ANCA-positive vasculitis, bronchiectasis 
of undetermined etiology, or a family history of any 
of the above.(2,5,77)

Given that AATD is inherited in an autosomal 
codominant manner, testing should be offered to 
first-degree relatives of index cases, even if those 
relatives are asymptomatic, because of the risk that 
they could have some variant allele or even AATD. (11) 
Family members who carry mutations benefit from 
genetic counseling and preventive measures, the most 
important of which are avoiding smoking and exposure 
to environmental or occupational pollutants. (76) For 
example, the risk of developing COPD has been 
shown to be 5-10 times greater for smokers who are 
heterozygous for the Z allele and another normal allele 
(i.e., with the Pi*MZ genotype) than for smokers with 
the Pi*MM genotype.(31) However, among nonsmokers, 
the risk of developing COPD is similar between those 
two genotypes.(79) When evaluating family members, 
the determination of serum AAT concentrations is 
not recommended as the initial test, because it does 
not detect the genetics of the alleles; a patient with 
normal or near-normal serum concentrations of AAT 
could mistakenly be categorized as genetically normal. 
Therefore, family members should always be initially 
evaluated by genotyping. (2) For genetic counseling 
purposes, the partner of an individual with the Pi*ZZ 
genotype or with some rare or heterozygous association 
should also be tested. Because the Pi*MZ phenotype 
is not uncommon and marriages occur by affinity, 
it is advisable to test the children of a couple who 
are both carriers of the Pi*MZ genotype, in order to 
identify those with a severe homozygous genotype.(9) 
The current guidelines do not recommend testing the 
general population, adolescents, or newborns.(78,81)

Diagnostic methods

Quantitative measurement of AAT
The measurement of serum AAT concentration 

is preferably performed by immunonephelometry, 
because of the high sensitivity of that method. The 
serum concentration can be expressed in milligrams 
per deciliter (mg/dL) or millimoles per liter (µmol/L or 
µM), with normal values of > 113 mg/dL and 20-39 
µM, respectively. Values below 110 mg/dL indicate 
the possibility of a mutant allele (S, Z, or a rare 
one) and serve as a guide to continue investigating 
the genotype. Values ≥ 11 µmol/L are considered 
protective. In patients with lung or liver disease, 
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below-normal serum AAT values should represent 
a warning sign for further investigation. In general, 
approximately 80% of serum AAT reaches the interstitial 
fluid and 10% reaches the epithelial lining fluid.(82) 
The total volume of serum AAT is second only to that 
of plasma albumin.

Because AAT is an acute phase protein and its 
concentration can be increased by 75-100% in 
patients with infection or inflammatory disease,(83) 
serum AAT concentrations should be measured when 
the patient is in a stable phase. That change is more 
evident at intermediate concentrations of AAT. It is 
recommended that the level of C-reactive protein be 
measured because a high level indicates the possibility 
of an ongoing infection, in which case the AAT test 
result should not be taken into account and the test 
should be repeated.(12) The concentration of AAT 
can also be abnormally high in the third trimester 
of pregnancy,(84) in very elderly individuals,(85) and 
in women who routinely use oral contraceptives.(86) 
Conversely, low AAT concentrations can be associated 
with hypoproteinemia and liver failure. It has been 
observed that the median AAT concentration decreases 
in the first six months of life and increases to adult 
concentrations by the end of the first year.(87) Data 
related to serum AAT levels in blood samples are 
available for most of the states in Brazil.

Serum AAT concentrations can also be measured 
by DBS sampling, which consists in collecting a drop 
of blood by pricking the distal region of one of the 
fingers with a lancet or by performing venipuncture. 
The blood should be distributed evenly across the 
five circles of a filter paper (Whatman 903; Sigma-
Aldrich, Burlington, MA, USA), ensuring that the blood 
soaks through to the back of the card. If the blood 
is collected by venipuncture, 50 µL of blood can be 
distributed evenly across the circles with a pipette. 
Thereafter, the filter paper should be dried in room 
air for 12 h and stored in an envelope, away from 
humidity and light.

Qualitative measurements of AAT

AAT phenotyping
In the diagnosis of AATD, phenotyping is performed 

by electrophoresis with isoelectric focusing, observing 
the migration of the alpha-1 protein at pH 4.0-5.0. 
Although this differentiation method is not difficult 
to perform, it is quite time-consuming and requires 

great experience on the part of the technician because 
the different mutations migrate at very similar speeds 
due to small changes in the electrolytic dissociation 
constant.(88) Null (Q0) alleles do not produce alpha 1 
and are not recognized on electrophoresis.

Genotyping
Genotyping identifies allele variants that occur due 

to mutations in the SERPINA1 gene locus. Analysis 
of the DNA region using polymerase chain reaction 
amplification allows the identification of variants. 
Genetic analysis can be performed in tissue cells, in 
white blood cells, or in blood samples collected on 
filter paper (by DBS sampling).

A new AAT genotyping method in which cells are 
collected from the oral mucosa (by swab), developed 
by Progenika Biopharma (Derio, Spain) and widely 
used in Brazil since 2018, allows the simultaneous 
identification of the 14 most common variants.(89) 
The collection of cells from the cheek mucosa by 
swab is minimally invasive, is rapid, and does not 
require drying time; the specimen remains stable 
for two months in room air and can be transported 
by regular mail. (90) The nondetection of any of the 
14 mutations on the test is reported as “variant not 
detected”, which translates to a 99% chance that the 
subject has the MM genotype.(91)

Genetic sequencing
If no mutant allele is detected and the blood 

concentration is below 50 mg/dL or if there is 
discordance between the serum AAT concentration 
and the genotype, genetic sequencing is necessary.(2,9)

Algorithm for diagnosing AATD
There are two approaches to the diagnosis of AATD 

(Figure 1): one begins with the serum concentration 
of AAT (the conventional approach); and the other 
begins with phenotyping or genotyping (the alternative 
approach). In Brazil, measurement in blood samples 
in more widely available and it is therefore more 
common to begin with the assessment of serum 
AAT concentrations. If the serum AAT concentration 
assessed by nephelometry is below 113 mg/dL, 
there is a possibility of AATD and genotyping should 
be requested. If the decision is made to start with 
genotyping, one alternative is the Progenika Biopharma 
test with buccal swab collection, which allows the 
simultaneously identification of the 14 most common 

Chart 2. Indications for evaluation of alpha-1 antitrypsin deficiency.

• COPD or emphysema (regardless of age or ethnicity)
• Adult-onset asthma or asthma with fixed airway obstruction
• Bronchiectasis of undetermined etiology
• Chronic liver disease of undetermined etiology
• Necrotizing panniculitis
• C-ANCA positive vasculitis, including granulomatosis with polyangiitis
• First-degree relatives and partners of individuals with AATD*
• Family history of emphysema, bronchiectasis, liver disease, or panniculitis
C-ANCA: cytoplasmic antineutrophil cytoplasmic antibody; and AATD: 
alpha-1 antitrypsin deficiency. *AATD should be diagnosed by genotyping 
rather than by determination of the serum concentration of AAT.
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Figure 1. Diagnostic algorithm for alpha-1 antitrypsin deficiency (AATD). In cases of patients diagnosed with AATD, 
investigate partners to assess the risk of the disease in offspring. Measurement of AAT in serum should be performed 
by nephelometry. For other techniques, apply a conversion factor. If there is high clinical suspicion of AATD, measure 
the AAT concentration when the patient is in a stable clinical condition.

variants (Chart 3). In this approach, if any variant 
allele is present, it is necessary to determine the 
serum AAT concentration. In either approach, gene 
sequencing (the most sensitive confirmatory test) may 
be necessary if the results of the serum screening and 
genotyping/phenotyping are discordant.

Filter paper collection (DBS sampling) has the 
advantage of being a simple technique, as well as 
allowing easy storage and transport of the samples 
to a central laboratory for the measurement of serum 
concentration and genotyping/phenotyping. However, 
the disadvantage is that there are very few laboratories 
in Brazil that handle the analysis of DBS samples.(12)

MONITORING OF ASYMPTOMATIC 
PATIENTS

It is not uncommon for low serum concentrations of 
AAT not to result in functional or anatomical changes 
that manifest as respiratory symptoms. This poses a 
clinical challenge: how should we manage asymptomatic 
cases of AATD? Although the proportion of individuals 
with AATD who develop lung disease is still unknown, 
studies indicate that up to 50% of nonsmokers with 
AATD maintain normal lung function throughout life.(9)

The first step is an adequate assessment of the 
symptoms. In patients with progressive lung disease 
and a gradual loss of function, the symptoms may be 
underestimated. To avoid discomfort, the patient might 
reduce their activities of daily living, attributing their 

Study of partners and consanguineous relatives 
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symptoms to aging or a sedentary lifestyle. Objective 
questionnaires such as the Medical Research Council 
dyspnea scale, COPD Assessment Test or London 
Chest Activity of Daily Living scale can help identify 
limitations in patients who do not objectively report 
symptoms during the history taking.(92)

Patients should be advised to avoid exposure to 
factors that can increase the risk of emphysema. All 
smokers should receive smoking cessation counseling 
and treatment. In addition, it is important to assess and 
provide guidance on environmental and occupational 
exposure to smoke and toxic fumes, because eliminating 
such exposure could slow the progression of lung 
disease in patients with AATD.(93)

It is essential to monitor patients with AATD for 
the appearance of pulmonary emphysema and liver 
disease. All patients with severe AATD should undergo 
pulmonary function tests, unenhanced chest CT, and 
liver evaluation. Evaluation of liver involvement is 
especially important in patients with the ZZ, SZ, or 
rare genotypes that can be risk factors, such as MMalton 
and SIiyama.

(2) Such patients should undergo periodic 
evaluations (depending on the clinical presentation), 
with a physical examination focused on signs of liver 
disease, liver ultrasound or elastography, and laboratory 
tests to determine the levels of glutamic oxaloacetic 
transaminase, glutamic pyruvic transaminase, alkaline 
phosphatase, gamma-glutamyl transferase, albumin, 
and bilirubin, as well as coagulation tests.(13) In 
patients with AATD, liver fibrosis can be silent and 
hepatocellular carcinoma occurs in 3%,(94) the risk 
factors being male sex, age over 50 years, lifestyle, 
and persistently elevated liver function values.(12)

The best frequency of monitoring to detect the 
onset or progression of lung disease in patients with 
AATD has yet to be established and depends on serum 
AAT concentration and pathogenicity of the mutation 
presented. Generally, in patients without respiratory 
symptoms and with normal baseline spirometry 
findings (i.e., FEV1 ≥ 80% of predicted), spirometry 

is repeated every 12 months or every 6-12 months if 
the symptoms change. If possible, it is important to 
measure volumes, flows, and DLCO at the beginning 
of follow-up. In comparison with the decline in FEV1, 
the change in DLCO occurs earlier and is more intense. 
It is essential that an asymptomatic patient with a 
mutation be advised to seek medical assistance if they 
notice dyspnea, especially on exertion, or any other 
significant lung impairment, such as pneumonia. An 
unexplained reduction in post-bronchodilator FEV1 to 
below the lower limit of normal is a sign to consider 
starting specific treatment.(2)

Monitoring of asymptomatic patients with AATD 
should be personalized. The pathogenicity of the 
specific mutation and serum concentrations are factors 
to be considered when establishing the frequency of 
monitoring. Genetic counseling and lifestyle guidelines 
to avoid potentially harmful exposures are the most 
important measures in this context. It is essential 
to consider a multidisciplinary approach, involving 
pulmonologists, hepatologists, geneticists, and other 
specialists, to ensure the best quality of life and 
prognosis for these patients.

GENERAL OR NONSPECIFIC TREATMENT

Treatment for AATD includes behavioral and 
pharmacological therapy for smoking cessation, 
together with guidance on the importance of 
avoiding exposure to irritants (tobacco smoke, dust, 
smoke, pollutants or aerosolized chemicals). Other 
therapies are similar to those indicated for patients 
with COPD not caused by AATD: anti-influenza and 
anti-pneumococcal vaccination; pharmacological 
treatment, as recommended by the GOLD,(11) including 
the use of slow-release bronchodilators (muscarinic 
antagonists and β2 agonists) and inhaled corticosteroids 
(in special situations); pulmonary rehabilitation; 
and nutritional support. Exacerbations should be 
treated, and when they become recurrent, the use 

Chart 3. Allelic variants of the serine protease inhibitor gene, detected through genotyping.

Variant Associated allele(s) Predicted AAT activity
c.187C>T Pi*I Reduced (mild)
c.194T>C Pi*MProcida Reduced (severe)
c.226_228delTTC Pi*MMalton, Pi*MPalermo, Pi*MNichinan Reduced (severe)
c.230C>T PPSIiyama Reduced (severe)
c.552delC Pi*Q0Granite Falls None (absent)
c.646+1G>T Pi*Q0West None (absent)
c.721A>T Pi*Q0Bellingham None (absent)
c.739C>T PI*F Reduced (mild)
c.839A>T Pi*PLowell, Pi*PDuarte, Pi*Q0Cardiff, Pi*YBarcelona Reduced (mild)
c.863A>T Pi*S Reduced (mild)
c.1096G>A Pi*Z Reduced (severe)
c.1130dupT Pi*Q0Mattawa, Pi*Q0Ourem None (absent)
c.1158dupC Pi*Q0Clayton, Pi*Q0Saarbruecken None (absent)
c.1178C>T Pi*MHeerlen Reduced (severe)
AAT: alpha-1 antitrypsin.
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of prophylactic antibiotics, inhaled corticosteroids, 
or both is indicated. Patients who meet the relevant 
blood gas criteria should be referred for supplemental 
oxygen therapy.(75)

Surgical treatment is also indicated for some patients 
with AATD and pulmonary emphysema. The results 
are limited and not necessarily promising. In very 
well-selected cases, lung volume reduction surgery 
has produced positive results (functional improvement 
and better quality of life).(95)

At major centers worldwide, AATD is one of the 
main indications for lung transplantation. It has been 
well documented that lung transplantation results 
in improved quality of life and survival in patients 
with AATD.(96,97)

SPECIFIC TREATMENT

Patients who are receiving optimized COPD treatment 
should also undergo AAT replacement therapy, which 
should be personalized.(11) It is recognized that there 
are patients with severe mutations in whom lung 
function and clinical status remain stable.

Several studies have shown that health professionals 
have limited knowledge about AATD and its diagnosis, 
as well as that there is significant inequality in access 
to specialized care and treatment.(9) The Organic Health 
Laws of the Brazilian Unified Health Care System 
provide for the right to the promotion, protection. 
and recovery of health for every citizen, although it 
is very difficult to provide care for rare diseases and 
AATD is no exception.

Although there have been recent improvements 
in awareness of AATD and in the understanding 
of its treatment, there are still challenges related 
to improving diagnosis, providing optimal general 
treatment, and improving access to the specific 
treatment, intravenous AAT therapy, which is the only 
available pharmacological intervention that can slow 
the progression of the disease.(98) Interpreting genetic 
variants and their importance, understanding the role 
of patient and family screening, and the management 
of the disease all require expertise and seem to be 
best developed at reference centers that have the 
capacity to provide appropriate care and treatment, 
including intravenous AAT replacement therapy.(1,9)

Intravenous replacement therapy with purified AAT 
is the mainstay of treatment for AATD, although lung 
volume reduction surgery and lung transplantation 
are of real value in selected cases. To avoid or 
reduce the destruction of lung parenchyma by AATD 
is the primary goal of AAT replacement therapy,(99) 
given that intravenous augmentation by infusion of 
combined human alpha-1 trypsin inhibitor is the most 
direct, efficient, and unique means of increasing AAT 
concentrations in the blood and lung interstitium and 
of preventing the progression of emphysema to a 
more severe form.(100)

There are several guidelines and scientific articles 
with recommendations on the treatment of AATD in 
adults (Chart 4). In Europe and the United States, 
various studies have emphasized the need for careful 
diagnosis and access to intravenous AAT replacement 
therapy in patients with severe AATD. However, 
there is still a need to improve the biomarkers of 
emphysema progression and of the response to 
replacement therapy. Studies on the rate of decline in 
lung density indicate that this tool is useful in helping 
to assess the results of replacement therapy. With 
regard to specific therapy, research on personalized 
replacement, with individualized selection of the 
therapeutic regimen, is essential.(9)

Some guidelines, such as those developed in 
Belgium,(101) Portugal,(13) Poland,(102) and Canada,(103) 
have introduced the drop in FEV1 (% of predicted) 
after bronchodilator use as a criterion for initiating 
treatment in patients with AATD, although the drop 
in FEV1 currently has less sensitivity than does the 
decrease in lung density. There seems to be a consensus 
that intravenous AAT replacement therapy is indicated 
in nonsmokers or former smokers over 18 years of 
age with a genetic variant consistent with severe 
AATD, a low serum AAT concentration (< 11 µmol/L 
or < 57 mg/dL), and evidence of airflow limitation 
on pulmonary function testing.(5,11,13,101-103) Identifying 
an accelerated decline in lung function on the basis 
of the drop in FEV1 in serial functional assessments 
is a more sensitive method than is the identification 
of isolated airflow obstruction, because the former 
can indirectly indicate lung tissue destruction due to 
enzymatic imbalance. Serum AAT concentrations above 
11 µmol/L or 57 mg/dL are considered protective 
and should be used as a parameter to determine the 
effectiveness of replacement therapy.(104)

Some patients present emphysema on chest CT 
without airflow limitation on spirometry, demonstrating 
that chest CT is more sensitive, at least initially, than 
is a functional assessment. In patients suspected of 
having developed emphysema, annual spirometry 
should be used in order to monitor lung function. A 
real loss of lung function is defined on the basis of 
the change over a three-year period, a decline in FEV1 
≥ 100 mL/year being considered excessive and an 
indication for the initiation of specific therapy.(5,11,13,101)

The “Intravenous augmentation treatment and 
lung density in severe α1 antitrypsin deficiency” 
study and its open-label extension, designated the 
RAPID and RAPID-OLE studies, respectively,(105,106) 
were the largest clinical trials of intravenous AAT 
replacement therapy ever conducted. The RAPID 
study was a placebo-controlled trial in which patients 
were randomly assigned to receive, on a weekly basis, 
either intravenous AAT (60 mg • kg−1) or placebo, for 
24 months.(105) The RAPID-OLE study began at that 
point: patients who had been receiving the placebo 
began to receive the AAT replacement, while those who 
were already receiving AAT replacement continued to 
receive it.(106) In the RAPID study, at the end of the 
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24-month period, there was a reduction in grams of 
lung tissue per liter of lung volume (g/L) of 2.90 g/L in 
the group receiving AAT replacement, compared with 
4.38 g/L in the placebo group, a statistically significant 
difference. In the RAPID-OLE study, at the end of a 
second 24-month period (i.e., at 48 months after the 
start of the trial), those who continued to receive AAT 
replacement had lost 5.03  g/L, whereas those who had 
received placebo for 24 months and the received AAT 
replacement for 24 months had lost 6.32 g/L. During 
the RAPID study (between day 1 and month 24), the 
annual loss of lung tissue, measured in TLC, was 33% 
greater in patients who were receiving placebo. During 
the RAPID-OLE study (between month 24 and month 
48), the rate of loss in those who started receiving 
AAT replacement after month 24 decreased and, by 
month 48, was equal to that of those who received 
AAT replacement from the beginning, although their 
lung density was still lower than was that of those who 
had received AAT replacement from the beginning of 
the trial. Therefore, the efficacy of AAT treatment was 
maintained throughout the 48-month trial period in 
the group receiving AAT replacement. The two studies 

clearly showed two important points(105,106): during the 
first 24 months, AAT replacement protected the lungs 
from excessive loss of lung tissue; and, by the end 
of month 48, the group that had previously received 
placebo and started receiving AAT replacement had a 
loss rate equal to that of the group that had received 
AAT replacement from the beginning of the study, but 
it did not return to the previous value, indicating that 
the loss was permanent. These two studies leave no 
doubt about the effectiveness of specific treatment 
with intravenous AAT replacement and increase the 
certainty that the therapy truly slows the progression 
of lung destruction.

For more than 30 years, there has been evidence of 
the biochemical efficacy of intravenous AAT replacement 
therapy, with increased concentrations in serum and 
in the lungs, including the epithelial lining fluid. In 
1989, US Food and Drug Administration approved 
AAT purified from human plasma for intravenous 
administration, at a dose of 60 mg/kg, administered 
weekly.(107) Its administration is contraindicated in 
patients with selective IgA deficiencies, because of 
the possibility of severe anaphylaxis. In the 13 years 

Chart 4. Criteria for specific treatment of alpha-1 antitrypsin deficiency.

Guideline or summary of 
product characteristics 

(country/institution of origin)

Criteria and recommendations

Argentina Age > 18 years, nonsmoking patients with an AAT < 50 mg • dL−1, emphysema on CT, 
or pulmonary function with an FEV1 < 80% of predicted
No discontinuation of AAT replacement even if FEV1 falls below 25% of predicted
Not recommended in patients with the Pi*MZ genotype or in most patients with the 
Pi*SZ genotype unless they have an AAT < 50 mg • dL−1 and meet the other criteria

Belgium Nonsmoking patients with an AAT < 50 mg • dL−1 and FEV1 30-60% of predicted and a 
decline in FEV1 (% of predicted) > 0.5% per year
Patients with an FEV1 60–80% of predicted if the decline is > 1% per year

Canada Nonsmoking patients with COPD (FEV1 25-80% of predicted) attributable to 
emphysema and serum AAT < 11 µM

United States Severe AATD in individuals with an FEV1 < 65% of predicted
In patients with a FEV1 > 65% of predicted, discussion of benefits and costs

Spain Age > 18 years, nonsmoking patients with an AAT < 50 mg • dL−1, emphysema on CT 
or pulmonary function with an FEV1 < 80% of predicted
No discontinuation of AAT replacement even if FEV1 falls below 25% of predicted

Portugal Age > 18 years, COPD attributed to emphysema caused by AATD, serum AAT < 57 mg 
• dL−1, FEV1 30-70% of predicted, or if the FEV1 is > 70% of predicted, a decline in 
FEV1 > 120 mL • year−1

Case-by-case decision in other cases and no discontinuation of AAT replacement in 
case of deterioration of lung function

Poland Severe AATD, emphysema, nonsmoking patients with an AAT < 11 µM, FEV1 30-65% of 
predicted or a decline in FEV1 > 50 mL • year−1

BRAZIL/BTA Age > 18 years, nonsmoking patients, preferably treated at reference centers, with 
severe deficiency (serum AAT < 57 mg • dL−1 or < 11 µM), with proven functional loss 
above the physiological level (even in patients with normal lung function or with 
mild, moderate, or severe airflow obstruction)
For patients with an FEV1 > 80% of predicted, excessive functional loss defined as > 
100 mL/year over a three-year period
No discontinuation of the specific treatment even if FEV1 falls below 25% of 
predicted

AAT: alpha-1 antitrypsin; AATD: alpha-1 antitrypsin deficiency; BTA: Brazilian Thoracic Association.
Adapted from Miravitlles et al.(33)
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that intravenous AAT replacement therapy has been 
employed at the Hospital Regional da Asa Norte in 
Brasília, in 8-12 patients per week, there has never 
been an anaphylactic reaction. Although the incidence 
of severe IgA deficiency (< 7 mg/dL) is very low 
(< 1%) in the general population, we recommend 
measuring the total IgA concentration before starting 
replacement therapy, given that all commercial 
preparations for AAT replacement therapy contain 
some IgA and patients with severe deficiency are at 
risk of anaphylaxis after infusion of pooled human 
AAT. The AAT should preferably be administered at 
reference centers and by trained staff.(1,9,108) There 
is insufficient evidence to recommend the use of 
biweekly or monthly applications, although that is left 
to the discretion of the reference centers, according to 
the condition of the patient. The ongoing ProlAstin-c 
Randomized Therapy with Alpha-1 augmentation 
trial is evaluating weekly AAT replacement in three 
arms—60 mg/kg, 120 mg/kg, and placebo—with the 
hypothesis that the 120 mg/kg dose would provide a 
higher level of protection (> 20 µmol) and less lung 
tissue loss over three years.(109)

It is known that AAT can exert effects beyond 
protease inhibition, having antibacterial effects 
by inhibiting pro-inflammatory responses induced 
by bacterial endotoxins in vitro and in vivo.(110) 
Treatment with AAT replacement is associated with 
a reduction in the concentration of leukotriene B4, 
one of the most important mediators of neutrophil 
recruitment and activation, with a central role in 
airway inflammation.(111)

Treatment with AAT replacement has an indefinite 
duration, is costly, and requires careful consideration. 
The data supporting the clinical efficacy of intravenous 
AAT replacement are robust and include randomized 
trials that evaluated outcomes such as serum AAT 
concentrations, lung function, and lung density on 
chest CT.(3,9,105,106,111-113)

Supported by robust data in the literature, we 
recommend AAT replacement for any patient over 
18 years of age with severe AATD; that is, serum 
concentrations below the protective level (< 57 mg • 
dL−1 or serum AAT < 11 µM), with proven functional 
loss above the physiological level (even if lung function 
is still normal or if there is mild, moderate or severe 
airflow obstruction). For patients with an FEV1 > 80% 
of predicted, functional loss is considered excessive 
if it is > 100 mL/year in annual assessments over a 
three-year period. Short-term variations may occur 
due to test-retest variability. The specific treatment 
should not be discontinued even if the FEV1 falls below 
25% of the predicted value. There is no consensus on 
AAT replacement in patients with the Pi*SZ genotype, 
even in those with serum AAT concentrations < 11 
µM or < 57 mg • dL−1. It is possible that the EARCO 
data will answer this question.

During the period of intravenous AAT replacement, 
routine monitoring of serum AAT concentrations is not 
recommended.(9) Lung function should be monitored 

annually, except in patients with a suspected decline 
above the physiological level, in whom functional 
assessment should be performed as needed. The 
objective of monitoring lung function is to assess its 
decline and estimate the prognosis. It is interesting 
to use questionnaires to assess quality of life, assess 
COPD, and monitor exacerbations.(9,105) Despite the 
cost, AAT replacement is a specific treatment that 
will slow the destruction of the lung parenchyma, 
consequently increasing survival,(108) and should 
therefore be offered to all those who need it.

In addition to the Pi*ZZ, Pi*Q0, and Pi*SZ alleles 
(when accompanied by serum concentrations below 
the protective level), other genetic variants can lead 
to low AAT concentrations and the development of 
emphysema requiring AAT replacement: Pi*MProcida, 
Pi*MMalton, Pi*MPalermo, Pi*MNichinan, Pi*SIiyama, Pi*Z, and 
Pi*MHeerlen. Several variants can also cause severe 
liver disease(12): Pi*MMalton, Pi*MPalermo, Pi*MNichinan, 
Pi*SIiyama, Pi*PLowell, Pi*PDuarte, Pi*Q0Cardiff, Pi*YBarcelona, 
Pi*Z, Pi*ZAugsburg. All patients with genetic variants that 
can cause severe liver disease should also receive 
specialized hepatology care.

RECOMMENDATIONS

All adults with persistent post-bronchodilator 
airflow obstruction on spirometry should be tested for 
AATD. In addition, testing outcome measures include 
emphysema in individuals under 45 years of age, 
emphysema in a nonsmoker or smoker with a minimal 
smoking history, emphysema that is predominantly 
in the basal regions on chest CT, a family history 
of emphysema or liver disease, current or previous 
panniculitis, and current or previous unexplained 
chronic liver disease.(3,9,11)

Given that AATD is inherited in an autosomal 
codominant manner, first-degree relatives (parents, 
siblings, children, and partners) of the index case 
should be tested, even if they are asymptomatic, 
because there is a risk that they will present some 
variant of AAT.(11) If the variant identified in a relative 
is not severe, it is not necessary to measure the serum 
concentration of AAT, although it should always be 
measured in relatives carrying severe mutations.(76) 
The risk of developing COPD is 5-10 times greater 
in smokers who are Pi*MZ heterozygotes than in 
smokers with the Pi*MM genotype.(31) However, 
among nonsmokers, the risk of developing COPD 
is comparable between those two genotypes. The 
same applies to heterozygous carriers of any rare 
severe variant.(79)

Individuals who are heterozygous for Pi*SZ, for 
two very rare variants, or for Pi*Z and another rare 
variant should be monitored and advised to avoid risk 
factors for COPD. In symptomatic individuals with an 
AAT test showing no variants, genetic sequencing 
should be requested, because they might be carriers 
of a null variant, in which case, serum AAT will be 
undetectable.(2)
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An individual with the Pi*MZ genotype or with the 
Pi*M genotype in combination with a rare allele requires 
special attention, because if their partner also has the 
Pi*MZ genotype, the couple could produce a child with 
the Pi*ZZ genotype.(9) In such cases, the person with 
the Pi*MZ or with the Pi*M genotype and a rare allele 
should be advised that if they have a child, the genotype 
of that child should be assessed and if homozygous 
for severe deficiency, the child should be advised not 
to smoke and to avoid other risk factors.

After genotyping and serum measurements have 
been performed on the family members of the index 
case, a meeting should be held with the entire family 
to explain what AAT is, where it is produced, its action, 
what normal and variant alleles are, and the possible 
consequences for individuals with AATD who are carrying 
variants, as well as the risk factors for lung lesions. 
These meetings can be held virtually; the purpose is 
to clarify, guide, and, above all, reassure the family.

To avoid stigmatization of AATD carriers, it is 
necessary to guide the individual to lead a healthy 
life, to not feel limited, and to not fear the future. 
In relation to the discovery of children with variants 
that may predispose to lung lesions, parents should 
be advised not to smoke, to educate children not to 
smoke or expose themselves to risk factors, and to 
explain the genetics of AATD only after they are old 
enough to understand the facts. Parents should guide 
children to have as normal a life as possible so that 
they do not feel limited.

Current guidelines do not recommend testing the 
general population, adolescents, or newborns.(78,81) 
Genotyping adolescent and young smokers and advising 
them to quit smoking could be an important preventive 
measure. Although that measure has never been 
implemented in any country, it could be cost-effective.

Finally, it is possible to group individuals with AATD 
into a database and monitor them, which allows us to 
understand the natural history of the disorder, provide 
earlier interventions, personalize treatments, and 
provide family genetic counseling. The international 
EARCO database currently includes anonymized data 
provided by researchers in 24 European countries and 
the Americas (Argentina, Colombia, Costa Rica, and 
Canada). Data storage partnerships with the EARCO can 
be established only by individual hospitals and not by 
a group of centers representing a country or a medical 
society. Although patient data are considered the 
property of the hospital and the principal investigator, 
they can be shared if authorization is obtained from 
the hospital coordinator of the research group.

When AAT replacement is indicated, it should follow 
the criteria described in this document.(1,9,108,114) 
Experience with lung volume reduction surgery 
in patients with AATD is limited. Lung and liver 
transplantation are reserved for severe and terminal 
cases of AATD.(96) After liver transplantation, AATD is 
corrected because the phenotype-normal donor liver 
produces and secretes AAT.

AUTHOR CONTRIBUTIONS

All authors contributed to study conception and 
design, as well as drafting of the manuscript. PHTF, 
JRBJ, and MM contributed to critical revision of the 
manuscript for important intellectual content and 
approval of the final version of the manuscript.

CONFLICTS OF INTEREST

None declared.

REFERENCES

1. Feitosa PH. Diagnosis and augmentation therapy for alpha-1 
antitrypsin deficiency: current knowledge and future potential. Drugs 
Context. 2023;12:2023-3-1. https://doi.org/10.7573/dic.2023-3-1

2. Sandhaus RA, Turino G, Brantly ML, Campos M, Cross CE, Goodman 
K, et al. The Diagnosis and Management of Alpha-1 Antitrypsin Defi-
ciency in the Adult. Chronic Obstr Pulm Dis. 2016;3(3):668-682. 
https://doi.org/10.15326/jcopdf.3.3.2015.0182

3. Strnad P, McElvaney NG, Lomas DA. Alpha1-Antitrypsin Deficiency. 
N Engl J Med. 2020;382(15):1443-1455. https://doi.org/10.1056/
NEJMra1910234

4. Cazzola M, Stolz D, Rogliani P, Matera MG. α1-Antitrypsin 
deficiency and chronic respiratory disorders. Eur Respir Rev. 
2020;29(155):190073. https://doi.org/10.1183/16000617.0073-2019

5. American Thoracic Society; European Respiratory Society. American 
Thoracic Society/European Respiratory Society statement: standards 
for the diagnosis and management of individuals with alpha-1 
antitrypsin deficiency. Am J Respir Crit Care Med. 2003;168(7):818-
900. https://doi.org/10.1164/rccm.168.7.818

6. Lopez-Campos JL, Rapun N, Czischke K, Jardim JR, Acquier MF, 
et al. Distribution of alpha1 antitrypsin rare alleles in six countries: 
Results from the Progenika diagnostic network. Hum Genomics. 
2023;17(1):48. https://doi.org/10.1186/s40246-023-00497-1

7. Lopez-Campos JL, Osaba L, Czischke K, Jardim JR, Acquier MF, 
et al. Feasibility of a genotyping system for the diagnosis of alpha1 
antitrypsin deficiency: a multinational cross-sectional analysis. Respir 
Res. 2022;23(1):152. https://doi.org/10.1186/s12931-022-02074-x

8. Brantly M, Campos M, Davis AM, D’Armiento J, Goodman K, 
Hanna K, et al. Detection of alpha-1 antitrypsin deficiency: the past, 
present and future. Orphanet J Rare Dis. 2020;15(1):96. https://doi.
org/10.1186/s13023-020-01352-5

9. Miravitlles M, Dirksen A, Ferrarotti I, Koblizek V, Lange P, 
Mahadeva R, et al. European Respiratory Society statement: 
diagnosis and treatment of pulmonary disease in α1-antitrypsin 
deficiency. Eur Respir J. 2017;50(5):1700610. https://doi.
org/10.1183/13993003.00610-2017

10. Alpha 1-antitrypsin deficiency: memorandum from a WHO meeting. 
Bull World Health Organ. 1997;75(5):397-415.

11. Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
[homepage on the Internet]. Bethesda: GOLD [cited 2024 Apr 12]. 
Global strategy for the diagnosis, management, and prevention of 
chronic obstructive pulmonary disease 2024 report. Available from: 
https://goldcopd.org

12. Jardim JR, Casas-Maldonado F, Fernandes FLA, Castellano MVCO, 
Torres-Durán M, Miravitlles M. Update on and future perspectives 
for the diagnosis of alpha-1 antitrypsin deficiency in Brazil. J Bras 
Pneumol. 2021;47(3):e20200380. https://doi.org/10.36416/1806-
3756/e20200380

13. Lopes AP, Mineiro MA, Costa F, Gomes J, Santos C, Antunes C, et 
al. Portuguese consensus document for the management of alpha-
1-antitrypsin deficiency. Pulmonology. 2018;24 Suppl 1:1-21. https://
doi.org/10.1016/j.pulmoe.2018.09.004

14. National Library of Medicine. ClinVar [homepage on the Internet]. 

J Bras Pneumol. 2024;50(5):e20240235 13/16

https://doi.org/10.7573/dic.2023-3-1
https://doi.org/10.1056/NEJMra1910234
https://doi.org/10.1056/NEJMra1910234
https://doi.org/10.1183/16000617.0073-2019
https://doi.org/10.1164/rccm.168.7.818
https://doi.org/10.1186/s40246-023-00497-1
https://doi.org/10.1186/s12931-022-02074-x
https://doi.org/10.1186/s13023-020-01352-5
https://doi.org/10.1186/s13023-020-01352-5
https://doi.org/10.1183/13993003.00610-2017
https://doi.org/10.1183/13993003.00610-2017
https://goldcopd.org
https://doi.org/10.36416/1806-3756/e20200380
https://doi.org/10.36416/1806-3756/e20200380
https://doi.org/10.1016/j.pulmoe.2018.09.004
https://doi.org/10.1016/j.pulmoe.2018.09.004


Recommendations for the diagnosis and treatment of alpha-1 antitrypsin deficiency

Bethesda, MD: The National Center for Biotechnology Information 
[cited 2020 Feb 5]. SERPINA1. Available from: https://www.ncbi.
nlm.nih.gov/clinvar/?term=SERPINA1%5Bgene%5D&redir=gene

15. Foil KE. Variants of SERPINA1 and the increasing complexity 
of testing for alpha-1 antitrypsin deficiency. Ther Adv Chronic 
Dis. 2021;12_suppl:20406223211015954. https://doi.
org/10.1177/20406223211015954

16. Stoller JK, Hupertz V, Aboussouan LS. Alpha-1 Antitrypsin Deficiency. 
2006 Oct 27 [updated 2023 Jun 1]. In: Adam MP, Feldman J, Mirzaa 
GM, Pagon RA, Wallace SE, Bean LJH, Gripp KW, Amemiya A, 
editors. GeneReviews® [Internet]. Seattle (WA): University of 
Washington, Seattle; 1993-2024. PMID: 20301692.

17. Hug G, Chuck G, Slemmer TM, Fagerhol MK. Pi Ecincinnati: a 
new alpha 1-antitrypsin allele in three Negro families. Hum Genet. 
1980;54(3):361-364. https://doi.org/10.1007/BF00291583

18. Renoux C, Odou MF, Tosato G, Teoli J, Abbou N, Lombard C, et al. 
Description of 22 new alpha-1 antitrypsin genetic variants. Orphanet J 
Rare Dis. 2018;13(1):161. https://doi.org/10.1186/s13023-018-0897-0

19. Blanco I, Diego I, Bueno P, Pérez-Holanda S, Casas-Maldonado 
F, Miravitlles M. Prevalence of α1-antitrypsin PiZZ genotypes in 
patients with COPD in Europe: a systematic review. Eur Respir Rev. 
2020;29(157):200014. https://doi.org/10.1183/16000617.0014-2020

20. Lomas DA, Evans DL, Finch JT, Carrell RW. The mechanism of Z alpha 
1-antitrypsin accumulation in the liver. Nature. 1992;357(6379):605-
607. https://doi.org/10.1038/357605a0

21. Ogushi F, Fells GA, Hubbard RC, Straus SD, Crystal RG. Z-type alpha 
1-antitrypsin is less competent than M1-type alpha 1-antitrypsin as 
an inhibitor of neutrophil elastase. J Clin Invest. 1987;80(5):1366-
1374. https://doi.org/10.1172/JCI113214

22. Rigobello C, Baraldo S, Tinè M, Ferrarotti I, Corsico AG, Bazzan E, 
et al. Exome Sequencing Reveals Immune Genes as Susceptibility 
Modifiers in Individuals with α1-Antitrypsin Deficiency. Sci Rep. 
2019;9(1):13088. https://doi.org/10.1038/s41598-019-49409-1

23. Bornhorst JA, Greene DN, Ashwood ER, Grenache DG. α1-
Antitrypsin phenotypes and associated serum protein concentrations 
in a large clinical population. Chest. 2013;143(4):1000-1008. https://
doi.org/10.1378/chest.12-0564

24. Cook L, Burdon JG, Brenton S, Knight KR, Janus ED. Kinetic 
characterisation of alpha-1-antitrypsin F as an inhibitor of human 
neutrophil elastase. Pathology. 1996;28(3):242-247. https://doi.
org/10.1080/00313029600169074

25. Irving JA, Haq I, Dickens JA, Faull SV, Lomas DA. Altered native 
stability is the dominant basis for susceptibility of α1-antitrypsin 
mutants to polymerization. Biochem J. 2014;460(1):103-115. https://
doi.org/10.1042/BJ20131650

26. de Serres FJ, Blanco I, Fernández-Bustillo E. PI S and PI Z alpha-1 
antitrypsin deficiency worldwide. A review of existing genetic 
epidemiological data. Monaldi Arch Chest Dis. 2007;67(4):184-208. 
https://doi.org/10.4081/monaldi.2007.476

27. Rodriguez-Frias F, Miravitlles M, Vidal R, Camos S, Jardi R. Rare 
alpha-1-antitrypsin variants: are they really so rare?. Ther Adv Respir 
Dis. 2012;6(2):79-85. https://doi.org/10.1177/1753465811434320

28. Miravitlles M, Turner AM, Torres-Duran M, Tanash H, Rodriguez-
Garcia C, Lopez-Campos JL, et al. Clinical and functional 
characteristics of individuals with alpha-1 antitrypsin deficiency: 
EARCO international registry [published correction appears in Respir 
Res. 2023 Feb 18;24(1):57. doi: 10.1186/s12931-023-02340-6]. 
Respir Res. 2022;23(1):352. https://doi.org/10.1186/s12931-023-
02340-6

29. Menga G, Fernandez MA, Echazarreta AL, Sorroche PB, Lorenzon 
MV, Fernández ME, et al. Prevalence of Alpha-1 Antitrypsin 
Deficiency in COPD Patients in Argentina. The DAAT.AR Study. 
Arch Bronconeumol (Engl Ed). 2020;56(9):571-577. https://doi.
org/10.1016/j.arbr.2020.07.004

30. Russo R, Zillmer LR, Nascimento OA, Manzano B, Ivanaga IT, 
Fritscher L, et al. Prevalence of alpha-1 antitrypsin deficiency 
and allele frequency in patients with COPD in Brazil. J Bras 
Pneumol. 2016;42(5):311-316. https://doi.org/10.1590/S1806-
37562015000000180

31. Molloy K, Hersh CP, Morris VB, Carroll TP, O’Connor CA, Lasky-Su 
JA, et al. Clarification of the risk of chronic obstructive pulmonary 
disease in α1-antitrypsin deficiency PiMZ heterozygotes. Am J 
Respir Crit Care Med. 2014;189(4):419-427. https://doi.org/10.1164/
rccm.201311-1984OC

32. Mayer AS, Stoller JK, Bucher Bartelson B, James Ruttenber 
A, Sandhaus RA, Newman LS. Occupational exposure risks in 

individuals with PI*Z alpha(1)-antitrypsin deficiency. Am J Respir 
Crit Care Med. 2000;162(2 Pt 1):553-558. https://doi.org/10.1164/
ajrccm.162.2.9907117

33. Miravitlles M, Anzueto A, Barrecheguren M. Nine controversial 
questions about augmentation therapy for alpha-1 antitrypsin 
deficiency: a viewpoint. Eur Respir Rev. 2023;32(170):230170. 
https://doi.org/10.1183/16000617.0170-2023

34. Hiller AM, Piitulainen E, Tanash H. The Clinical Course of Severe 
Alpha-1-Antitrypsin Deficiency in Patients Identified by Screening. 
Int J Chron Obstruct Pulmon Dis. 2022;17:43-52. https://doi.
org/10.2147/COPD.S340241

35. Tirado-Conde G, Lara B, Casas F, Blanco I, Bustamante A, Cadenas 
S, et al. Factors associated with the evolution of lung function in 
patients with alpha-1 antitrypsin deficiency in the Spanish registry. 
Arch Bronconeumol. 2011;47(10):495-503. https://doi.org/10.1016/j.
arbres.2011.06.002

36. Fähndrich S, Bernhard N, Lepper PM, Vogelmeier C, Seibert 
M, Wagenpfeil S, et al. Exacerbations and duration of smoking 
abstinence are associated with the annual loss of FEV1 in individuals 
with PiZZ alpha-1-antitrypsin deficiency. Respir Med. 2017;129:8-15. 
https://doi.org/10.1016/j.rmed.2017.05.011

37. Mostafavi B, Diaz S, Piitulainen E, Stoel BC, Wollmer P, Tanash 
HA. Lung function and CT lung densitometry in 37- to 39-year-old 
individuals with alpha-1-antitrypsin deficiency. Int J Chron Obstruct 
Pulmon Dis. 2018;13:3689-3698. https://doi.org/10.2147/COPD.
S167497

38. Wood AM, Harrison RM, Semple S, Ayres JG, Stockley RA. Outdoor 
air pollution is associated with rapid decline of lung function in alpha-
1-antitrypsin deficiency. Occup Environ Med. 2010;67(8):556-561. 
https://doi.org/10.1136/oem.2009.047589

39. Green CE, Vayalapra S, Hampson JA, Mukherjee D, Stockley RA, 
Turner AM. PiSZ alpha-1 antitrypsin deficiency (AATD): pulmonary 
phenotype and prognosis relative to PiZZ AATD and PiMM 
COPD. Thorax. 2015;70(10):939-945. https://doi.org/10.1136/
thoraxjnl-2015-206906

40. Franciosi AN, Hobbs BD, McElvaney OJ, Molloy K, Hersh C, Clarke 
L, et al. Clarifying the Risk of Lung Disease in SZ Alpha-1 Antitrypsin 
Deficiency. Am J Respir Crit Care Med. 2020;202(1):73-82. https://
doi.org/10.1164/rccm.202002-0262OC

41. Stolz D, Mkorombindo T, Schumann DM, Agusti A, Ash SY, Bafadhel 
M, et al. Towards the elimination of chronic obstructive pulmonary 
disease: a Lancet Commission. Lancet. 2022;400(10356):921-972. 
https://doi.org/10.1016/S0140-6736(22)01273-9

42. Toumpanakis D, Usmani OS. Small airways disease in patients 
with alpha-1 antitrypsin deficiency. Respir Med. 2023;211:107222. 
https://doi.org/10.1016/j.rmed.2023.107222

43. Fuchs SI, Schwerk N, Pittschieler K, Ahrens F, Baden W, Bals R, et 
al. Lung clearance index for monitoring early lung disease in alpha-
1-antitrypsin deficiency. Respir Med. 2016;116:93-99. https://doi.
org/10.1016/j.rmed.2016.04.015

44. Izquierdo M, Marion CR, Genese F, Newell JD, O’Neal WK, Li X, 
et al. Impact of Bronchiectasis on COPD Severity and Alpha-1 
Antitrypsin Deficiency as a Risk Factor in Individuals with a Heavy 
Smoking History. Chronic Obstr Pulm Dis. 2023;10(3):199-210. 
https://doi.org/10.15326/jcopdf.2023.0388

45. Larsson C. Natural history and life expectancy in severe alpha1-
antitrypsin deficiency, Pi Z. Acta Med Scand. 1978;204(5):345-351. 
https://doi.org/10.1111/j.0954-6820.1978.tb08452.x

46. Janus ED, Phillips NT, Carrell RW. Smoking, lung function, and alpha 
1-antitrypsin deficiency. Lancet. 1985;1(8421):152-154. https://doi.
org/10.1016/S0140-6736(85)91916-6

47. Tobin MJ, Cook PJ, Hutchison DC. Alpha 1 antitrypsin deficiency: 
the clinical and physiological features of pulmonary emphysema 
in subjects homozygous for Pi type Z. A survey by the British 
Thoracic Association. Br J Dis Chest. 1983;77(1):14-27. https://doi.
org/10.1016/0007-0971(83)90002-5

48. Stoller JK, Aboussouan LS. A review of α1-antitrypsin deficiency. 
Am J Respir Crit Care Med. 2012;185(3):246-259. https://doi.
org/10.1164/rccm.201108-1428CI

49. Parr DG, Stoel BC, Stolk J, Stockley RA. Pattern of emphysema 
distribution in alpha1-antitrypsin deficiency influences lung function 
impairment. Am J Respir Crit Care Med. 2004;170(11):1172-1178. 
https://doi.org/10.1164/rccm.200406-761OC

50. McElvaney NG, Stoller JK, Buist AS, Prakash UB, Brantly ML, 
Schluchter MD, et al. Baseline characteristics of enrollees in 
the National Heart, Lung and Blood Institute Registry of alpha 

J Bras Pneumol. 2024;50(5):e2024023514/16

https://www.ncbi.nlm.nih.gov/clinvar/?term=SERPINA1%5Bgene%5D&redir=gene
https://www.ncbi.nlm.nih.gov/clinvar/?term=SERPINA1%5Bgene%5D&redir=gene
https://doi.org/10.1177/20406223211015954
https://doi.org/10.1177/20406223211015954
https://doi.org/10.1007/BF00291583
https://doi.org/10.1186/s13023-018-0897-0
https://doi.org/10.1183/16000617.0014-2020
https://doi.org/10.1038/357605a0
https://doi.org/10.1172/JCI113214
https://doi.org/10.1378/chest.12-0564
https://doi.org/10.1378/chest.12-0564
https://doi.org/10.1080/00313029600169074
https://doi.org/10.1080/00313029600169074
https://doi.org/10.1042/BJ20131650
https://doi.org/10.1042/BJ20131650
https://doi.org/10.4081/monaldi.2007.476
https://doi.org/10.1177/1753465811434320
https://doi.org/10.1186/s12931-023-02340-6
https://doi.org/10.1186/s12931-023-02340-6
https://doi.org/10.1016/j.arbr.2020.07.004
https://doi.org/10.1016/j.arbr.2020.07.004
https://doi.org/10.1590/S1806-37562015000000180
https://doi.org/10.1590/S1806-37562015000000180
https://doi.org/10.1164/rccm.201311-1984OC
https://doi.org/10.1164/rccm.201311-1984OC
https://doi.org/10.1164/ajrccm.162.2.9907117
https://doi.org/10.1164/ajrccm.162.2.9907117
https://doi.org/10.1183/16000617.0170-2023
https://doi.org/10.2147/COPD.S340241
https://doi.org/10.2147/COPD.S340241
https://doi.org/10.1016/j.arbres.2011.06.002
https://doi.org/10.1016/j.arbres.2011.06.002
https://doi.org/10.1016/j.rmed.2017.05.011
https://doi.org/10.2147/COPD.S167497
https://doi.org/10.2147/COPD.S167497
https://doi.org/10.1136/oem.2009.047589
https://doi.org/10.1136/thoraxjnl-2015-206906
https://doi.org/10.1136/thoraxjnl-2015-206906
https://doi.org/10.1164/rccm.202002-0262OC
https://doi.org/10.1164/rccm.202002-0262OC
https://doi.org/10.1016/S0140-6736(22)01273-9
https://doi.org/10.1016/j.rmed.2023.107222
https://doi.org/10.1016/j.rmed.2016.04.015
https://doi.org/10.1016/j.rmed.2016.04.015
https://doi.org/10.15326/jcopdf.2023.0388
https://doi.org/10.1111/j.0954-6820.1978.tb08452.x
https://doi.org/10.1016/S0140-6736(85)91916-6
https://doi.org/10.1016/S0140-6736(85)91916-6
https://doi.org/10.1016/0007-0971(83)90002-5
https://doi.org/10.1016/0007-0971(83)90002-5
https://doi.org/10.1164/rccm.201108-1428CI
https://doi.org/10.1164/rccm.201108-1428CI
https://doi.org/10.1164/rccm.200406-761OC


Feitosa PHR, Castellano MVCO, Costa CH, Cardoso ARO, Pereira LFF, Fernandes FLA, 
 Costa FM, Felisbino MB, Oliveira AFF, Jardim JR, Miravitlles M

1-antitrypsin deficiency. Alpha 1-Antitrypsin Deficiency Registry 
Study Group. Chest. 1997;111(2):394-403. https://doi.org/10.1378/
chest.111.2.394

51. Eden E, Mitchell D, Mehlman B, Khouli H, Nejat M, Grieco MH, et 
al. Atopy, asthma, and emphysema in patients with severe alpha-1-
antitrypysin deficiency. Am J Respir Crit Care Med. 1997;156(1):68-
74. https://doi.org/10.1164/ajrccm.156.1.9508014

52. Dawkins PA, Dawkins CL, Wood AM, Nightingale PG, Stockley JA, 
Stockley RA. Rate of progression of lung function impairment in 
alpha1-antitrypsin deficiency. Eur Respir J. 2009;33(6):1338-1344. 
https://doi.org/10.1183/09031936.00061208

53. Wu MC, Eriksson S. Lung function, smoking and survival in 
severe alpha 1-antitrypsin deficiency, PiZZ. J Clin Epidemiol. 
1988;41(12):1157-1165. https://doi.org/10.1016/0895-
4356(88)90019-4

54. King MA, Stone JA, Diaz PT, Mueller CF, Becker WJ, Gadek JE. 
Alpha 1-antitrypsin deficiency: evaluation of bronchiectasis with 
CT. Radiology. 1996;199(1):137-141. https://doi.org/10.1148/
radiology.199.1.8633137

55. Fromme M, Scheineder CV, Trautwein C, Brunetti-Pierri N, 
Strnad P. Alpha-1 antitrypsin deficiency: A re-surfacing adult liver 
disorder. J Hepatol. 2022;76(4):946-958. https://doi.org/10.1016/j.
jhep.2021.11.022

56. Perlmutter DH, Brodsky JL, Balistreri WF, Trapnell BC. Molecular 
pathogenesis of alpha-1-antitrypsin deficiency-associated liver 
disease: a meeting review. Hepatology. 2007;45(5):1313-1323. 
https://doi.org/10.1002/hep.21628

57. Fromme M, Schneider CV, Pereira V, Hamesch K, Pons M, Reichert 
MC, et al. Hepatobiliary phenotypes of adults with alpha-1 antitrypsin 
deficiency. Gut. 2022;71(2):415-423. https://doi.org/10.1136/
gutjnl-2020-323729

58. Sveger T. Liver disease in alpha1-antitrypsin deficiency detected by 
screening of 200,000 infants. N Engl J Med. 1976;294(24):1316-
1321. https://doi.org/10.1056/NEJM197606102942404

59. Sveger T, Eriksson S. The liver in adolescents with alpha 
1-antitrypsin deficiency. Hepatology. 1995;22(2):514-517. https://doi.
org/10.1016/0270-9139(95)90573-1

60. Townsend SA, Edgar RG, Ellis PR, Kantas D, Newsome PN, Turner 
AM. Systematic review: the natural history of alpha-1 antitrypsin 
deficiency, and associated liver disease. Aliment Pharmacol Ther. 
2018;47(7):877-885. https://doi.org/10.1111/apt.14537

61. Clark VC, Marek G, Liu C, Collinsworth A, Shuster J, Kurtz T, et al. 
Clinical and histologic features of adults with alpha-1 antitrypsin 
deficiency in a non-cirrhotic cohort. J Hepatol. 2018;69(6):1357-
1364. https://doi.org/10.1016/j.jhep.2018.08.005

62. Hamesch K, Mandorfer M, Pereira VM, Moeller LS, Pons M, 
Dolman GE, et al. Liver Fibrosis and Metabolic Alterations in 
Adults With alpha-1-antitrypsin Deficiency Caused by the Pi*ZZ 
Mutation. Gastroenterology. 2019;157(3):705-719.e18. https://doi.
org/10.1053/j.gastro.2019.05.013

63. Clark VC, Dhanasekaran R, Brantly M, Rouhani F, Schrek P, Nelson 
DR. Liver test results do not identify liver disease in adults with α(1)-
antitrypsin deficiency. Clin Gastroenterol Hepatol. 2012;10(11):1278-
1283. https://doi.org/10.1016/j.cgh.2012.07.007

64. Schneider CV, Hamesch K, Gross A, Mandorfer M, Moeller LS, 
Pereira V, et al. Liver Phenotypes of European Adults Heterozygous 
or Homozygous for Pi∗Z Variant of AAT (Pi∗MZ vs Pi∗ZZ genotype) 
and Noncarriers. Gastroenterology. 2020;159(2):534-548.e11. 
https://doi.org/10.1053/j.gastro.2020.04.058

65. Nelson DR, Teckman J, Di Bisceglie AM, Brenner DA. Diagnosis and 
management of patients with α1-antitrypsin (A1AT) deficiency. Clin 
Gastroenterol Hepatol. 2012;10(6):575-580. https://doi.org/10.1016/j.
cgh.2011.12.028

66. Carey EJ, Iyer VN, Nelson DR, Nguyen JH, Krowka MJ. Outcomes for 
recipients of liver transplantation for alpha-1-antitrypsin deficiency-
related cirrhosis. Liver Transpl. 2013;19(12):1370-1376. https://doi.
org/10.1002/lt.23744

67. Strnad P, Mandorfer M, Choudhury G, Griffiths W, Trautwein C, 
Loomba R, et al. Fazirsiran for Liver Disease Associated with Alpha1-
Antitrypsin Deficiency. N Engl J Med. 2022;387(6):514-524. https://
doi.org/10.1056/NEJMoa2205416

68. Geraminejad P, DeBloom JR 2nd, Walling HW, Sontheimer RD, 
VanBeek M. Alpha-1-antitrypsin associated panniculitis: the MS 
variant. J Am Acad Dermatol. 2004;51(4):645-655. https://doi.
org/10.1016/j.jaad.2003.12.053

69. Gross B, Grebe M, Wencker M, Stoller JK, Bjursten LM, 

Janciauskiene S. New Findings in PiZZ alpha1-antitrypsin deficiency-
related panniculitis. Demonstration of skin polymers and high dosing 
requirements of intravenous augmentation therapy. Dermatology. 
2009;218(4):370-375. https://doi.org/10.1159/000202982

70. Schievink WI, Björnsson J, Parisi JE, Prakash UB. Arterial 
fibromuscular dysplasia associated with severe alpha 1-antitrypsin 
deficiency. Mayo Clin Proc. 1994;69(11):1040-1043. https://doi.
org/10.1016/S0025-6196(12)61369-X

71. Manderstedt E, Halldén C, Lind-Halldén C, Elf J, Svensson PJ, 
Engström G, et al. Thrombotic risk determined by rare and common 
SERPINA1 variants in a population-based cohort study. J Thromb 
Haemost. 2022;20(6):1421-1427. https://doi.org/10.1111/jth.15696

72. Owen MC, Brennan SO, Lewis JH, Carrell RW. Mutation of antitrypsin 
to antithrombin. alpha 1-antitrypsin Pittsburgh (358 Met leads to 
Arg), a fatal bleeding disorder. N Engl J Med. 1983;309(12):694-698. 
https://doi.org/10.1056/NEJM198309223091203

73. Moroz SP, Cutz E, Balfe JW, Sass-Kortsak A. Membranoproliferative 
glomerulonephritis in childhood cirrhosis associated with alpha1-
antitrypsin deficiency. Pediatrics. 1976;57(2):232-238. https://doi.
org/10.1016/S0022-3476(76)80720-2

74. Griffith ME, Lovegrove JU, Gaskin G, Whitehouse DB, Pusey 
CD. C-antineutrophil cytoplasmic antibody positivity in vasculitis 
patients is associated with the Z allele of alpha-1-antitrypsin, and 
P-antineutrophil cytoplasmic antibody positivity with the S allele. 
Nephrol Dial Transplant. 1996;11(3):438-443. https://doi.org/10.1093/
oxfordjournals.ndt.a027308

75. Stoller JK. Detecting Alpha-1 Antitrypsin Deficiency. Ann Am 
Thorac Soc. 2016;13 Suppl 4:S317-S325. https://doi.org/10.1513/
AnnalsATS.201506-349KV

76. Casas F, Blanco I, Martínez MT, Bustamante A, Miravitlles M, 
Cadenas S, et al. Indications for active case searches and intravenous 
alpha-1 antitrypsin treatment for patients with alpha-1 antitrypsin 
deficiency chronic pulmonary obstructive disease: an update. Arch 
Bronconeumol. 2015;51(4):185-192. https://doi.org/10.1016/j.
arbres.2014.05.008

77. Ferrarotti I, Ottaviani S. Laboratory diagnosis. In: Strnad P, Brantly 
ML, Bals R, editors. α1-Antitrypsin Deficiency (ERS Monograph). 
Sheffield, European Respiratory Society; 2019. p.39-51. https://doi.
org/10.1183/2312508X.10032418

78. Attaway A, Majumdar U, Sandhaus RA, Nowacki AS, Stoller JK. An 
analysis of the degree of concordance among international guidelines 
regarding alpha-1 antitrypsin deficiency. Int J Chron Obstruct Pulmon 
Dis. 2019;14:2089-2101. https://doi.org/10.2147/COPD.S208591

79. McElvaney OJ, Hagstrom J, Foreman MG, McElvaney NG. 
Undiagnosed Alpha-1 Antitrypsin Deficiency and the Perpetuation of 
Lung Health Inequity. Am J Respir Crit Care Med. 2024;209(1):3-5. 
https://doi.org/10.1164/rccm.202307-1171ED

80. Greulich T, Ottaviani S, Bals R, Lepper PM, Vogelmeier C, Luisetti M, 
et al. Alpha1-antitrypsin deficiency - diagnostic testing and disease 
awareness in Germany and Italy. Respir Med. 2013;107(9):1400-
1408. https://doi.org/10.1016/j.rmed.2013.04.023

81. Barrecheguren M, Bals R, Miravitlles M. Clinical approach to 
diagnosis and assessment. In: Strnad P, Brantly ML, Bals R, 
editors. α1-Antitrypsin Deficiency (ERS Monograph). Sheffield: 
European Respiratory Society; 2019. p.64-77. https://doi.
org/10.1183/2312508X.10032618

82. Luisetti M. Diagnosis and management of α1-antitrypsin deficiency. 
Breathe. 2007;4:39-46.

83. Kueppers F. Genetically determined differences in the response 
of alpha-antitrypsin levels in human serum to typhoid vaccine. 
Humangenetik. 1968;6(3):207-214. https://doi.org/10.1007/
BF00291864

84. Guttman O, Baranovski BM, Schuster R, Kaner Z, Freixo-Lima GS, 
Bahar N, et al. Acute-phase protein α1-anti-trypsin: diverting injurious 
innate and adaptive immune responses from non-authentic threats. 
Clin Exp Immunol. 2015;179(2):161-172. https://doi.org/10.1111/
cei.12476

85. Paczek L, Michalska W, Bartlomiejczyk I. Trypsin, elastase, plasmin 
and MMP-9 activity in the serum during the human ageing process. 
Age Ageing. 2008;37(3):318-323. https://doi.org/10.1093/ageing/
afn039

86. Jeppsson JA. Chronic obstructive pulmonary disease. In: Ritchie RF, 
Navolotskaia O, editors. Serum Proteins in Clinical Medicine, Vol. II, 
Clinical Section. Scarborough: Foundation for Blood Research; 1999; 
p.110.0.1-110.0.10.

87. Ward AM, White PA, Wild G. Reference ranges for serum alpha 

J Bras Pneumol. 2024;50(5):e20240235 15/16

https://doi.org/10.1378/chest.111.2.394
https://doi.org/10.1378/chest.111.2.394
https://doi.org/10.1164/ajrccm.156.1.9508014
https://doi.org/10.1183/09031936.00061208
https://doi.org/10.1016/0895-4356(88)90019-4
https://doi.org/10.1016/0895-4356(88)90019-4
https://doi.org/10.1148/radiology.199.1.8633137
https://doi.org/10.1148/radiology.199.1.8633137
https://doi.org/10.1016/j.jhep.2021.11.022
https://doi.org/10.1016/j.jhep.2021.11.022
https://doi.org/10.1002/hep.21628
https://doi.org/10.1056/NEJM197606102942404
https://doi.org/10.1016/0270-9139(95)90573-1
https://doi.org/10.1016/0270-9139(95)90573-1
https://doi.org/10.1111/apt.14537
https://doi.org/10.1016/j.jhep.2018.08.005
https://doi.org/10.1053/j.gastro.2019.05.013
https://doi.org/10.1053/j.gastro.2019.05.013
https://doi.org/10.1016/j.cgh.2012.07.007
https://doi.org/10.1053/j.gastro.2020.04.058
https://doi.org/10.1016/j.cgh.2011.12.028
https://doi.org/10.1016/j.cgh.2011.12.028
https://doi.org/10.1002/lt.23744
https://doi.org/10.1002/lt.23744
https://doi.org/10.1056/NEJMoa2205416
https://doi.org/10.1056/NEJMoa2205416
https://doi.org/10.1016/j.jaad.2003.12.053
https://doi.org/10.1016/j.jaad.2003.12.053
https://doi.org/10.1159/000202982
https://doi.org/10.1016/S0025-6196(12)61369-X
https://doi.org/10.1016/S0025-6196(12)61369-X
https://doi.org/10.1111/jth.15696
https://doi.org/10.1056/NEJM198309223091203
https://doi.org/10.1016/S0022-3476(76)80720-2
https://doi.org/10.1016/S0022-3476(76)80720-2
https://doi.org/10.1093/oxfordjournals.ndt.a027308
https://doi.org/10.1093/oxfordjournals.ndt.a027308
https://doi.org/10.1513/AnnalsATS.201506-349KV
https://doi.org/10.1513/AnnalsATS.201506-349KV
https://doi.org/10.1016/j.arbres.2014.05.008
https://doi.org/10.1016/j.arbres.2014.05.008
https://doi.org/10.1183/2312508X.10032418
https://doi.org/10.1183/2312508X.10032418
https://doi.org/10.2147/COPD.S208591
https://doi.org/10.1164/rccm.202307-1171ED
https://doi.org/10.1016/j.rmed.2013.04.023
https://doi.org/10.1183/2312508X.10032618
https://doi.org/10.1183/2312508X.10032618
https://doi.org/10.1007/BF00291864
https://doi.org/10.1007/BF00291864
https://doi.org/10.1111/cei.12476
https://doi.org/10.1111/cei.12476
https://doi.org/10.1093/ageing/afn039
https://doi.org/10.1093/ageing/afn039


Recommendations for the diagnosis and treatment of alpha-1 antitrypsin deficiency

1 antitrypsin. Arch Dis Child. 1985;60(3):261-262. https://doi.
org/10.1136/adc.60.3.261

88. Greene DN, Elliott-Jelf MC, Straseski JA, Grenache DG. Facilitating 
the laboratory diagnosis of α1-antitrypsin deficiency. Am J Clin Pathol. 
2013;139(2):184-191. https://doi.org/10.1309/AJCP6XBK8ULZXWFP

89. U.S. Food and Drug Administration (FDA) [homepage on the Internet]. 
Silver Spring, MD: FDA; [updated 2019 Nov 5; cited 2020 May 28]. 
A1AT Genotyping Test package insert. [Adobe Acrobat document, 
14p.]. Available from: https://www.accessdata.fda.gov/ cdrh_docs/
pdf19/K192858.pdf

90. Brantly M, Campos M, Davis AM, D’Armiento J, Goodman K, 
Hanna K, et al. Detection of alpha-1 antitrypsin deficiency: the past, 
present and future. Orphanet J Rare Dis. 2020;15(1):96. https://doi.
org/10.1186/s13023-020-01352-5

91. Lopez-Campos JL, Casas-Maldonado F, Torres-Duran M, Medina-
Gonzálvez A, Rodriguez-Fidalgo ML, Carrascosa I, et al. Results of 
a Diagnostic Procedure Based on Multiplex Technology on Dried 
Blood Spots and Buccal Swabs for Subjects With Suspected Alpha1 
Antitrypsin Deficiency. Arch Bronconeumol (Engl Ed). 2021;57(1):42-
50. https://doi.org/10.1016/j.arbr.2020.04.010

92. van der Molen T, Miravitlles M, Kocks JW. COPD management: 
role of symptom assessment in routine clinical practice. Int J Chron 
Obstruct Pulmon Dis. 2013;8:461-471. https://doi.org/10.2147/
COPD.S49392

93. Stockley RA, Edgar RG, Pillai A, Turner AM. Individualized lung 
function trends in alpha-1-antitrypsin deficiency: a need for patience 
in order to provide patient centered management?. Int J Chron 
Obstruct Pulmon Dis. 2016;11:1745-1756. https://doi.org/10.2147/
COPD.S111508

94. Véliz MA, Rodriguez RR. Las enfermedades metabólicas del hígado. 
Acta Bioquim Clin Latinoam. 2016;50(4):583-608.

95. Foray N, Stone T, White P. Alpha1-antitrypsin Disease, Treatment 
and Role for Lung Volume Reduction Surgery. Thorac Surg Clin. 
2021;31(2):139-160. https://doi.org/10.1016/j.thorsurg.2021.02.002

96. Banga A, Gildea T, Rajeswaran J, Rokadia H, Blackstone EH, Stoller 
JK. The natural history of lung function after lung transplantation 
for α(1)-antitrypsin deficiency. Am J Respir Crit Care Med. 
2014;190(3):274-281. https://doi.org/10.1164/rccm.201401-0031OC

97. Stone HM, Edgar RG, Thompson RD, Stockley RA. Lung 
Transplantation in Alpha-1-Antitrypsin Deficiency. COPD. 
2016;13(2):146-152. https://doi.org/10.3109/15412555.2015.10488
50

98. Chorostowska-Wynimko J, Barrecheguren M, Ferrarotti I, Greulich 
T, Sandhaus RA, Campos M. New Patient-Centric Approaches to 
the Management of Alpha-1 Antitrypsin Deficiency. Int J Chron 
Obstruct Pulmon Dis. 2020;15:345-355. https://doi.org/10.2147/
COPD.S234646

99. Craig TJ. Suspecting and Testing for Alpha-1 Antitrypsin Deficiency-
An Allergist’s and/or Immunologist’s Perspective. J Allergy Clin 
Immunol Pract. 2015;3(4):506-511. https://doi.org/10.1016/j.
jaip.2015.04.005

100. Stoller JK, Aboussouan LS. alpha1-Antitrypsin deficiency . 5: 
intravenous augmentation therapy: current understanding. Thorax. 
2004;59(8):708-712. https://doi.org/10.1136/thx.2003.006544

101. Hutsebaut J, Janssens W, Louis R, Willersinn F, Stephenne X, 
Sokal E, et al. Activity of the alpha-1 antitrypsin deficiency registry in 
Belgium. COPD. 2015;12 Suppl 1:10-14. https://doi.org/10.3109/154
12555.2015.1021916

102. Chorostowska-Wynimko J, Bakuła A, Kulus M, Kuca P, 
Nizankowska-Mogilnicka E, Sanak M, et al. Standards for diagnosis 

and care of patients with inherited alpha-1 antitrypsin deficiency 
Recommendations of the Polish Respiratory Society, Polish 
Society of Pediatric Pulmonology and Polish Society of Pediatric 
Gastroenterology. Pneumonol Alergol Pol. 2016;84(3):193-202. 
https://doi.org/10.5603/PiAP.2016.0023

103. Marciniuk DD, Hernandez P, Balter M, Bourbeau J, Chapman KR, 
Ford GT, et al. Alpha-1 antitrypsin deficiency targeted testing and 
augmentation therapy: a Canadian Thoracic Society clinical practice 
guideline [published correction appears in Can Respir J. 2012 Jul-
Aug;19(4):272]. Can Respir J. 2012;19(2):109-116. https://doi.
org/10.1155/2012/920918

104. McElvaney NG, Sandhaus RA, Miravitlles M, Turino GM, Seersholm 
N, Wencker M, et al. Clinical considerations in individuals with α1-
antitrypsin PI*SZ genotype. Eur Respir J. 2020;55(6):1902410. 
https://doi.org/10.1183/13993003.02410-2019

105. Chapman KR, Burdon JG, Piitulainen E, Sandhaus RA, Seersholm 
N, Stocks JM, et al. Intravenous augmentation treatment and lung 
density in severe α1 antitrypsin deficiency (RAPID): a randomised, 
double-blind, placebo-controlled trial. Lancet. 2015;386(9991):360-
368. https://doi.org/10.1016/S0140-6736(15)60860-1

106. McElvaney NG, Burdon J, Holmes M, Glanville A, Wark PAB, 
Thompson PJ, et al. Long-term efficacy and safety of α1 proteinase 
inhibitor treatment for emphysema caused by severe α1 antitrypsin 
deficiency: an open-label extension trial (RAPID-OLE) [published 
correction appears in Lancet Respir Med. 2017 Feb;5(2):e13. doi: 
10.1016/S2213-2600(17)30004-8]. Lancet Respir Med. 2017;5(1):51-
60. https://doi.org/10.1016/S2213-2600(17)30004-8

107. Guidelines for the approach to the patient with severe hereditary 
alpha-1-antitrypsin deficiency. American Thoracic Society. Am 
Rev Respir Dis. 1989;140(5):1494-1497. https://doi.org/10.1164/
ajrccm/140.5.1494

108. Castellano MVCO, Feitosa PH. How are we in Brazil with the 
treatment of alpha-1 antitrypsin deficiency?. J Bras Pneumol. 
2022;48(3):e20210045. https://doi.org/10.36416/1806-3756/
e20210045

109. Sorrells S, Camprubi S, Griffin R, Chen J, Ayguasanosa J. SPARTA 
clinical trial design: exploring the efficacy and safety of two dose 
regimens of alpha1-proteinase inhibitor augmentation therapy in 
alpha1-antitrypsin deficiency. Respir Med. 2015;109(4):490-499. 
https://doi.org/10.1016/j.rmed.2015.01.022

110. Nita I, Hollander C, Westin U, Janciauskiene SM. Prolastin, a 
pharmaceutical preparation of purified human alpha1-antitrypsin, 
blocks endotoxin-mediated cytokine release. Respir Res. 
2005;6(1):12. https://doi.org/10.1186/1465-9921-6-12

111. Stockley RA, Bayley DL, Unsal I, Dowson LJ. The effect of 
augmentation therapy on bronchial inflammation in alpha1-antitrypsin 
deficiency. Am J Respir Crit Care Med. 2002;165(11):1494-1498. 
https://doi.org/10.1164/rccm.2109013

112. Dirksen A, Piitulainen E, Parr DG, Deng C, Wencker M, Shaker SB, 
et al. Exploring the role of CT densitometry: a randomised study of 
augmentation therapy in alpha1-antitrypsin deficiency. Eur Respir J. 
2009;33(6):1345-1353. https://doi.org/10.1183/09031936.00159408

113. Gadek JE, Klein HG, Holland PV, Crystal RG. Replacement therapy 
of alpha 1-antitrypsin deficiency. Reversal of protease-antiprotease 
imbalance within the alveolar structures of PiZ subjects. J Clin Invest. 
1981;68(5):1158-1165. https://doi.org/10.1172/JCI110360

114. Stoller JK, Fallat R, Schluchter MD, O’Brien RG, Connor JT, Gross 
N, et al. Augmentation therapy with alpha1-antitrypsin: patterns of 
use and adverse events. Chest. 2003;123(5):1425-1434. https://doi.
org/10.1378/chest.123.5.1425

J Bras Pneumol. 2024;50(5):e2024023516/16

https://doi.org/10.1136/adc.60.3.261
https://doi.org/10.1136/adc.60.3.261
https://doi.org/10.1309/AJCP6XBK8ULZXWFP
https://www.accessdata.fda.gov/ cdrh_docs/pdf19/K192858.pdf
https://www.accessdata.fda.gov/ cdrh_docs/pdf19/K192858.pdf
https://doi.org/10.1186/s13023-020-01352-5
https://doi.org/10.1186/s13023-020-01352-5
https://doi.org/10.1016/j.arbr.2020.04.010
https://doi.org/10.2147/COPD.S49392
https://doi.org/10.2147/COPD.S49392
https://doi.org/10.2147/COPD.S111508
https://doi.org/10.2147/COPD.S111508
https://doi.org/10.1016/j.thorsurg.2021.02.002
https://doi.org/10.1164/rccm.201401-0031OC
https://doi.org/10.3109/15412555.2015.1048850
https://doi.org/10.3109/15412555.2015.1048850
https://doi.org/10.2147/COPD.S234646
https://doi.org/10.2147/COPD.S234646
https://doi.org/10.1136/thx.2003.006544
https://doi.org/10.3109/15412555.2015.1021916
https://doi.org/10.3109/15412555.2015.1021916
https://doi.org/10.5603/PiAP.2016.0023
https://doi.org/10.1155/2012/920918
https://doi.org/10.1155/2012/920918
https://doi.org/10.1183/13993003.02410-2019
https://doi.org/10.1016/S0140-6736(15)60860-1
https://doi.org/10.1016/S2213-2600(17)30004-8
https://doi.org/10.1164/ajrccm/140.5.1494
https://doi.org/10.1164/ajrccm/140.5.1494
https://doi.org/10.36416/1806-3756/e20210045
https://doi.org/10.36416/1806-3756/e20210045
https://doi.org/10.1016/j.rmed.2015.01.022
https://doi.org/10.1186/1465-9921-6-12
https://doi.org/10.1164/rccm.2109013
https://doi.org/10.1183/09031936.00159408
https://doi.org/10.1378/chest.123.5.1425
https://doi.org/10.1378/chest.123.5.1425

