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ABSTRACT
Alpha-1 antitrypsin deficiency (AATD) is an autosomal co-dominant disease characterised by low serum lev-
els of this molecule. Its epidemiology remains unknown in many countries, mainly due to its underdiag-
nosed state and lack of patients’ registries. We aim to evaluate and characterise a sample of Portuguese
individuals tested for AATD, between 2006 and 2015, based on a retrospective analysis from the database
of a laboratory offering AATD genetic diagnosis service. 1684 individuals were considered, covering almost
every region in Portugal. Genetic diagnosis resulted from requests of clinicians from different areas of exper-
tise, mainly pulmonology (35.5%). Most subjects could be distributed into more common genotypes: MZ
(25.4%, n = 427), MS (15.5%, n = 261), SZ (11.2%, n = 188), ZZ (9.4%, n = 158) and SS (5.6%, n = 95). 9.5% of
the subjects were found to carry at least one rare deleterious allele, including the recently described PGaia,
Q0Oliveira do Douro, Q0Vila Real and a novel SGaia variant. This study comprises 417 subjects (24.7%) with severe to
very severe AATD and 761 carriers (45.2%), 22.7% of those identified by familial screening. The present study
represents the most complete survey of AATD in Portugal so far and discloses a high rate of severe and
very severe deficiency cases, attributed not only to ZZ and SZ genotypes but also to a large number of rare
combinations with other null and deficiency alleles. It also uncovers a low awareness to AATD among the
medical community, highlighting the need to create a Portuguese national registry and AATD guidelines
and increase the awareness about this condition.

Abbreviations

AATD Alpha-1 antitrypsin deficiency
AAT Alpha-1 antitrypsin

COPD Chronic obstructive pulmonary disease
IPATIMUP Institute of Molecular Pathology and

Immunology of the University of Porto
PI Protease inhibitor

SERPIN Superfamily of serine protease inhibitors

Introduction

Alpha-1 antitrypsin deficiency (AATD) is an autosomal co-
dominant disease characterised by low circulating levels of this
molecule in serum (1).

Alpha-1 antitrypsin (AAT) is a 52 kDa glycoprotein that
belongs to the superfamily of serine protease inhibitors
(SERPIN), which is mainly synthesised in the liver in addition
to smaller contributions from leucocytes, lungs and intestine.

Amongst its various functions, such as an acute phase pro-
tein, and immunomodulatory and anti-inflammatory proper-
ties, AAT is an important neutrophil elastase inhibitor in the
lower respiratory tract, protecting lung parenchyma from exces-
sive destruction, which ultimately results in emphysema (2).
Diminished levels of serum. protein and, in some cases, the
accumulation of defective protein in the hepatocyte and other
tissues, will increase the risk of developing premature onset of
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chronic obstructive pulmonary disease (COPD), liver cirrho-
sis in children and adults, and less frequently, relapsing panni-
culitis, systemic vasculitis and other inflammatory, autoimmune
and neoplastic diseases (1,3).

Serum AAT levels are primarily defined by mutations in
SERPINA1 gene located at chromosome 14q32.1. Chief normal
alleles are usually named as M-types (e.g. M1, M2 and M3) and
the most common deficient alleles as Z (p.Glu342Lys) and S
(p.Glu264Lys) (1,3). Nevertheless, to date there are more than
a hundred variants described, including normal, deficiency and
null alleles.

Homozygosity for the Z allele can result in very low AAT
serum concentrations (10–15%), and SZ and MZ genotypes
result in low to intermediate serum AAT concentrations (35 and
70%, respectively). Most AATD-related patients are linked with
the ZZ genotype (96%), and the remaining to SZ, null and about
other 30 rare genetic combinations of deficiency and null alleles
(1,4).

Characterised over 50 years ago, (5) AATD is considered one
of the most common hereditary disorders, but its epidemiology
remains unknown in many countries, mainly due to its under-
diagnosed state and a lack of registries of patients already iden-
tified (6–8). In recent years, some countries are trying to fill
this gap by creating diagnose and management guidelines and
national patient registries (9).

Nonetheless, some authors have managed to extrapolate,
based on available studies, Z and S worldwide distributions.
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Both alleles have uneven dispersals with estimated preva-
lence varying between different countries of a continent, and
also within those countries’ regions. In Europe, maximum Z
allele frequencies (>2%) were found in the south of Scandi-
navia, Denmark and Baltic Republics, and a significantly high
frequency has also been described in the Iberian Peninsula.
The S allele was also found to be significantly increased
in the Iberian Peninsula with its frequency reaching >15%
(10).

In Portugal, it is estimated that 1:5249 individuals (2,000
individuals) have a ZZ genotype, and that 1:281 individuals
(37,400 individuals) have a SZ genotype. Multiple rare alleles
have been identified in Portugal but their frequencies in random
population are still unknown (10–13). Nonetheless, the real bur-
den of the disease is still unrecognised since there is no national
registry.

The number of people at risk of developing this disease
supersedes by far the number of people diagnosed, so it is
mandatory to build guidelines and expand our knowledge on
disease epidemiology.

In this study, we aim to evaluate and characterise a sample
of Portuguese individuals tested for AATD, between the years
2006 and 2015 (10 years), based on a retrospective analysis of the
database from a laboratory offering an AATD genetic diagnosis
service (Institute of Molecular Pathology and Immunology of
the University of Porto, IPATIMUP, Porto, Portugal).

Methods

We conducted a retrospective study of all samples sent to
IPATIMUP between 2006 and 2015 for the purpose of AATD
diagnosis. IPATIMUP is a private non-profit association of
public utility devoted mainly to health sciences, also aiming
at translating genetics and molecular pathology research find-
ings into high-quality diagnosis services. Specifically, for the
purpose of AATD genetic testing, there is no standard form
or any mandatory requirement to include any clinical infor-
mation or AAT serum levels in the AATD genotyping request.
Therefore, the data accessible for this study comprised only
AAT phenotyping or genotyping results, patient age at the time
of diagnosis and health entities requesting the AATD genetic
diagnosis. In most cases, whole blood samples were provided
and, less frequently, plasma and/or genomic DNA were sent for
phenotyping and/or genotyping, respectively. All data analysis
was conducted anonymously using SPSS (Version 21): simple
descriptive statistics of mean and standard deviation for contin-
uous data and frequencies and percentages for categorical data.

Prior to 2008, AATD genetic diagnosis included mainly
the protein phenotyping by isoelectric focusing (IEF) (14) and
SERPINA1 sequencing to identify rare protein variants or com-
plex family cases suspect to carry null alleles (15,16). From 2008
to 2012, in addition to IEF, a screening of common mutations
(p.Arg101His, p.Ala213Val, p.Glu264Val and p.Glu342Lys) by
multiplex polymerase chain reaction (17) was carried out in
homozygous phenotypes to discard the presence of rare defi-
ciency and null alleles. After 2012, IEF and genotyping of com-
mon mutations was routinely applied to all cases. Since 2008,
SERPINA1 sequencing is performed to confirm cases carrying
rare alleles.

The study has been conducted in accordance with the ethical
standards of the involved institutions and the Helsinki Declara-
tion. As a retrospective study, no patient was identified (treated
as anonymised samples) and only a few variables were consid-
ered in the analysis (see description below). AATD diagnosis
was undertaken with patient consent.

Results

Overall, 1684 subjects covering almost every region in Portu-
gal (except Azores and Alentejo regions) were tested for AATD.
The majority of AATD diagnosis requests came from the North-
ern region (n = 1096), followed by Central region (n = 272),
Lisbon and Tejo’s valley (n = 160), Algarve (n = 111) and
Madeira Island (n = 9), as shown in Figure 1. One patient was
excluded due to lack of data.

AATD genetic diagnosis requests came from clinicians from
different areas of expertise. Pulmonology represented the major
field of medical experience (n = 598, 35.5%), closely followed
by Paediatrics (n = 559, 33.2%), and in to a lesser extent by
Gastroenterology (n = 113, 6.7%), General Practice (n = 93,
5.5%) and Internal Medicine (n = 91, 5.4%). A large variety of
health facilities requested AATD testing but these were mainly
public (95.7%). Among all patients tested, 17.9% (n = 301) could
be reported as identified during familial screening, in which
34.9% (n = 105) were requested by Paediatrics, 29.2% (n = 88)
by Pulmonology and the remaining 35.9% were not specified or
requested by other medical specialities.

The mean patient age at the time of diagnosis was 31.5 years
(±23.8); 58.9% (n = 992) were male and 40.3% (n = 678) were
female; in 13 cases the patient´s sex was not identified. Most
patients, 59.4%, were at least 18 years old, with a mean age of
46.6 (±23.8; range: 18–84), of which more than half were male
(n = 573; 57.2%). Regarding the underage patients (<18 years
old, n = 573), 62.2% were male and the mean age was 5.2 years
(±5.1). In 110 patients (6.5%), it was not possible to determine
age due to lack of data.

The average number of requests per year was 187.1, with 2008
and 2015 being the years with more and less requests (227 and
123, respectively).

In most instances, cases sent for AATD diagnosis carried at
least one deficiency allele (n = 1289; 76.6%). A large percentage
of these subjects was found to have an MZ (25.4%, n = 427) or
MS (15.5%, n = 261) genotype, whereas SZ (11.2%, n = 188),
ZZ (9.4%, n = 158) and SS (5.6%, n = 95) were less preva-
lent genotypes (Figure 2). Noticeably, a considerable fraction of
cases could be included in the MM (23.4%, n = 394) category
and thus they were not associated to AATD. The majority were
adults followed in pulmonology clinic (n = 124) or were chil-
dren <18 years old (n = 128, 22 were new-borns). 86 cases were
performed on familial screening basis and most were requested
by Pulmonology or Paediatrics/Neonatology physicians (n = 34
and n = 23, respectively).

Remarkably, 9.5% of cases were linked to rare deficiency and
null alleles in hetero- or homozygosity (Table 1). These included
MMalton or MPalermo (n = 64), Q0Ourém (n = 28), I (n = 20),
PLowell (n = 17), MHeerlen (n = 7), MWürzburg (n = 6), T (n = 4),
ZAugsburg (n = 4), Q0Faro (n = 2), and Q0Lisboa and Q0Gaia, (one
case each). Three novel mutations were identified during the
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Figure . Number of patients tested for AATD per Portuguese major geographic regions.

time period of this study and were already described in liter-
ature: PGaia (identified in 2009), Q0Oliveira do Douro (identified in
2012) and Q0Vila Real (identified in 2013) (13). Another rare vari-
ant SGaia was identified more recently (2015) and characterised
as the result of a p.Leu118Phe mutation in an S allele back-
ground. The p.Leu118 Phe was predicted by bioinformatics tools
(18) as probably damaging (score 0.965) and accordingly, cor-
responding protein band in IEF seemed slightly reduced when
compared to regular S alleles (not shown).

Three rare alleles not linked to AATD were also identified
in a few subjects: an S-like allele (p.Ser47Arg) was detected

Figure . Genotypes of AATD found in the studied population.

twice, and Ieuskadi (p.Arg281del) and V (p.Gly148Arg) alleles
were identified once each (13).

Overall, this study comprises 417 subjects (24.7%) with
severe to very severe AATD.

A large number of carriers (subjects with M allele sampled
with one deficiency allele) were found (n = 761). In 22.7% of
those, familial screening was the reason for testing.

Discussion

The present study describes the most recent and complete data
for AATD in Portugal. In a 10 years’ time frame, from 2006
to 2015, 417 individuals (almost 25% of tested cases) were
confirmed by IPATIMUP to have severe or very severe AATD.
These included 158 ZZ cases, 188 SZ and different combinations
of rare and null alleles (n = 71).

Even though this study does not cover all AATD cases
identified in Portugal and it is likely to be more representa-
tive of North and Central regions, the numbers are far from
the projected ZZ and SZ prevalence in Portugal (approxi-
mately 2,000 and 37,000 individuals, respectively), highlight-
ing that this genetic disease is, as in many other European
countries, an underdiagnosed condition. However, our num-
bers of ZZ subjects identified in Portugal (n = 158; 9.4%) seem
to exceed the percentages reported in many other countries
worldwide (8).

Surprisingly, a considerable fraction of our cases (9.5%)
could be associated to the presence of rare deficiency and null
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Table . Genotypes associated to rare deficiency and null alleles identified in this study.

Allele Mutation Mean Serum level(a) Associated genotype Deficiency(b)

MMaltonor MPalermo(MM) p.Phedel %  MMM Moderate (%)
 SMM Severe (%)
 ZMM Very severe (%)
 MMMM Very severe (%)
 IMM Severe (%)
 S-likeMM Moderate (%)

QOurém (QO) p.LeuPhefs∗ %  MQO Moderate (%)
 QOQO Very Severe (%)
 SQO Severe (%)
 ZQO Very Severe (%)

I p.ArgCys %  IZ Severe (%)
 SI Moderate (%)
 MI Mild (%)
 IMM Severe (%)

PLowell(PL) p.AspVal %  MPL Mild (%)
 SPL Moderate (%)
 PLZ Severe (%)

MHeerlen(MH) p.ProLeu –%  ZMH Very severe (%)
 MMH Moderate (%)

MWürzburg (MW) p.ProSer %  SMW Severe (%)
 MMW Moderate (%)

T p.GluVal %  MT Mild (%)
 ST Moderate (%)
 TZ Severe (%)
 TZA Severe (.%)

ZAugsburg (ZA) p.GluLys %  ZZA Very severe (.%)
 TZA Severe (.%)
 MZA Moderate (.%)

QFaro(QF) c.−+ dupT %  MQF Moderate (%)
QOliveira Douro(QOD) p.ArgLysfsa %  MQOD Moderate (%)

 SQQOD Severe (%)
QGaia(QG) p.LeuPro %  ZQG Very severe (%)
QLisboa(QL) p.ThrIle %  ZQL Very severe (%)
PGaia(PG) p.GluGly %  SPG Moderate (%)
QVila Real (QVR) p.MetLeufsa %  MQVR Moderate (%)
SGaia(SG) p.LeuPhe %  MSG Mild (%)

a Mean of estimated percentage of circulating AAT.
b The severity of AATD was extrapolated by averaging the estimated circulating AAT levels for each allele. Mild AATD: >%; Moderate AATD: –%, Severe AATD:

–%, Very severe AATD: <%.

variants reported to segregate in Portuguese and other Euro-
pean populations at very low frequencies (below 0.1%) (13). A
plausible explanation for this finding is related to IPATIMUP
being considered an AATD reference laboratory in Portugal,
where cases with incongruent data (clinical versus genetic) are
sent. Another reasonable argument is that combining pheno-
typing and genotyping techniques for AATD diagnosis elicits
the detection of most variants playing a role in this disease.
Furthermore, in Portugal it is common practice by most clin-
icians in central hospitals to assess AAT serum levels prior to
genotyping, which makes the studied sample naturally enriched
with cases displaying reduced AAT concentrations.

Oddly, this study shows very similar Paediatric and Pul-
monology referrals for AATD testing. However, it is important
to note that AATD testing by pulmonologists is likely to be
underestimated because, since 2009, the second largest tertiary
hospital in Portugal started to concentrate the management
of AATD requests in its genetic department. This comprises
10.2% of cases for which it was not possible to allocate a medical
speciality requesting AATD genotyping. This limitation is also
observed regarding familial screening data, with paediatric
referrals having the higher number of requests.

Conversely, our study also suggests a lack of awareness of
AATD by general practitioners and internal medicine physi-
cians given that these only referenced a few subjects in

spite of treating a large bulk of COPD patients. It is possi-
ble that besides their insufficient knowledge about the dis-
ease, this might be as well attributed to a low familiarity
with AATD diagnostic tools (AAT serum quantification and
genetic screening), contributing to the reduced numbers of
AATD subjects identified, as also described in other studies
(6,19–24).

Despite these limitations in recognising the importance of
AATD screening in Portugal, our study shows that the mean age
at time of diagnosis, after excluding a large number of subjects
under 18, does not differ from other countries such as Poland,
Italy, Germany, Spain and USA (45–49 years old) (7,22,25,26).

Overall, in these cohorts of patients, 761 were found to be
carriers of a deficient allele with low or no recognised risk for
developing AATD-related disorders (MZ or MS, respectively)
and 394 did not carry any deficiency allele (MM). Although
we are missing the information that motivated physicians to
test these patients, this high number of subjects without dis-
ease risk may represent a fulfilment of the recommendations
from several organisations like WHO and ERS for AATD test-
ing in COPD patients and individuals with unexplained hep-
atic disease (1,12,27,28). Since no diagnostic algorithm exists
in Portugal, some physicians could request phenotyping and/or
genotyping without previous AAT serum level determination,
explaining the high number of carriers and MM subjects.
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Among individuals with severe to very severe AATD (AAT
levels below 40%), we detected a relatively high amount of rare
genotypes (71/417, 17%) which is superior to the 11% preva-
lence reported by Ferratori et al (29). In our sample, the vast
majority of patients with rare alleles presented the p.Phe52del
mutation (MMalton and MPalermo), found only once in homozy-
gosity. Most of these cases were referenced by Pulmonology
(n = 21) and Paediatrics (n = 13) and 12 were derived from
familial screenings. Interestingly, this mutation was found to
segregate at very low frequencies in Europeans (>0.01%) (30)
and accordingly was identified in different regions in Portugal
(North, Central and Tejo’s valley regions).

Conversely, the Q0Ourem allele characterised by a
p.Leu353Phefs∗24 mutation in an M3 background was the
second most prevalent rare variant (n = 28), appearing 5 times
in homozygosity and being identified 13 instances during
familial screenings. In contrast to the p.Phe52del mutation,
the Q0Ourem allele was not detected in any large sequencing
project of Europeans, confirming a probable origin in Portugal
associated to a founder effect. This phenomena could explain
the clustering in Central Portugal of several unrelated families
with very severe AATD, as previously described (16).

Other prevalent rare alleles detected in our cohort, namely,
the I, PLowell, MWürzburg and MHeerlen were all found to segregate
within Europeans at very low frequencies (>0.01%) (30). There-
fore, their discovery in our sample is most probably explained
by an association of these alleles to clinical manifestations of
AATD. The same may apply to the novel mutations identified
exclusively in Portugal, in single families, which are likely to be
extremely uncommon in healthy populations.

Although, IPATIMUP has been offering an AATD diagnosis
service for more than decade, it remains as an informal reference
laboratory, not having any special requirement for its execution.
Given that there is no standard form to request AATD genotyp-
ing and each health centre in Portugal has its own requesting
rules, in most instances, only basic sociodemographic data were
made available to IPATIMUP such as age and gender. Indeed,
this represents the major limitation of the current study that pre-
vents an in-depth analysis of the existing correlations between
AATD genotypes and the clinical manifestations of the disease.

Furthermore, in Portugal, there is no AATD screening pro-
gram in course and available for the general population, which
together with the considerably large variability of AATD mani-
festations, leads to a late diagnosis usually when patients already
have symptoms (21). According to international guidelines,
all patients with COPD, emphysema or asthma without fully
reversible airflow obstruction are recommended for AATD test-
ing (1,7,21,31). However, this evaluation is not being performed
in early disease stages and, thus, worldwide detection rates are
considerably lower than the expected a priori based in known
frequencies of deficiency alleles (1,6,7,12,23,31–34). In order
to promote preventive measures and lifestyle changes, familial
screenings, genetic counselling and specific treatments, health-
care professionals must be aware first of this condition and diag-
nose it promptly. Only then a difference in the patient prognosis
can be achievable, despite that no cure is currently available.

Hence, national registries of patients with rare diseases, such
as AATD, are essential to know their epidemiology, genetic dis-
tribution and natural history (27), as well as associated clinical

phenotypes (12,29,35). In addition, the identification of national
reference laboratories specialised in AATD screening is also
of extreme importance to improve the detection rates of this
genetic condition.

In 2015, a study group of AAT deficiency was created in
Portugal that is working towards the creation of a national
registry as well as guidelines.

Conclusion

This study represents the most complete survey of AATD in Por-
tugal so far and discloses a high rate of severe and very severe
deficiency cases, attributed not only to ZZ and SZ genotypes but
also a large number of rare combinations with other null and
deficiency alleles. It also uncovers a low awareness to AATD
among the medical community, particularly by general practi-
tioners and internal medicine physicians, highlighting the needs
to create a Portuguese national registry, our own AATD guide-
lines and to increase the knowledge about this condition for
future reference to a speciality consultation and treatment, when
suitable.
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