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ABSTRACT α1-antitrypsin deficiency (AATD) is a significantly under-recognised autosomal genetic
disorder with <10% of affected individuals being clinically diagnosed. Moreover, rigorous genetic
epidemiological data regarding AATD are lacking. The majority of findings come from the USA and
Western Europe, and no information is available for many countries. To address this concern, an α1antitrypsin (AAT) laboratory was set up in 2009 at the National Institute of Tuberculosis and Lung
Diseases (Warsaw, Poland). In 2010, an AATD screening programme targeting patients with respiratory
disorders was initiated in Poland. This targeted survey has provided valuable information regarding AATdeficient genotypes, clinical disease and levels of expertise at the physician level. After 4 years, almost 2500
patients with chronic obstructive pulmonary disorders have been screened and, in this cohort, ∼13% had
AATD alleles. In these patients, the detection frequency for S and Z alleles was four times greater, and the
frequency of homozygous PI*ZZ was 16 times greater than that of the general population. These results
highlight the need to build awareness in the medical community, and the project is currently being
extended to cover central Eastern Europe, with the creation of the Central Eastern European Alpha-1
Antitrypsin Network.

@ERSpublications
Effective screening and diagnostic strategies for AATD are being implemented across central
Eastern Europe http://ow.ly/H9Ibf

Introduction
α1-antitrypsin deficiency (AATD) is one of the most common autosomal genetic disorders in humans,
although it is still considered a rare recessive hereditary disorder and is significantly underdiagnosed [1–3].
Clinically, AATD is associated with an increased risk for chronic obstructive pulmonary disease (COPD).
Protease inhibitor M (medium mobility) is the normal allele and a large number of genetic variants of
α1-antitrypsin (AAT) have been identified ( possibly in excess of 100) [4].
At present there is a lack of rigorous genetic epidemiological data regarding AATD; the majority of findings
come from the USA and Western Europe with no information available for ∼50% of the 193 countries [4].
This situation impedes our ability to fully understand the true prevalence of this disorder in many
populations worldwide. Further hindering our understanding of the disease and its genetic distribution are
low levels of accurate diagnosis, with rates of ⩽5% reported in a number of countries [4–6].
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AATD prevalence in Europe
Analyses of AAT gene frequencies across Europe indicate a striking difference between Western and
central Eastern European regions [7]. In figure 1, the distributions across Europe of the two most frequent
deficiency alleles PI*S and PI*Z are shown. However, due to the lack of data in many countries, some
distribution rates were calculated by an interpolation approach and, therefore, these should only be
regarded as estimates. Thus, the differences in prevalence rates for AATD between Western and Eastern
Europe most likely reflect existing published data, which is poor for many countries, rather than a real
difference. To investigate this hypothesis, we performed a literature search for peer-reviewed publications
investigating epidemiological data regarding AATD in European countries. We identified 150 publications
for Western European countries and 27 publications for central Eastern European countries (six countries
had no published data). This reinforces the hypothesis that the difference in gene frequency rates between
Western and central Eastern Europe in relation to the prevalence of AATD subtypes is most likely due to a
lack of rigorous epidemiological data, rather than a real difference between neighbouring countries, and
highlights the need for better screening studies. Prior to 2007, five studies in Poland had been published,
but these studies were all in relatively small populations and did not provide the quality of data required to
ascertain accurate prevalence rates for deficiency alleles [8, 9].

Improving AATD detection in Poland
In 2009, an AAT laboratory was set up at the National Institute of Tuberculosis and Lung Diseases
(Warsaw, Poland) and funding was obtained from the Polish Ministry of Science and Higher Education
(Warsaw) to perform an AAT epidemiological study to determine the true prevalence rate of AAT alleles
in the Polish population. In 2010, a large-scale population study was initiated which involved the screening
of consecutive newborns at four centres in central Poland [10]. To date, almost 5000 children have been
screened. The prevalence of the PI*S allele has been shown to be lower than previously reported, whereas
the prevalence of the PI*Z allele is much higher [11]. Consequently, ZZ homozygosity is also much higher
than previously thought in the general Polish population, as is the number of patients with severe AATD.
When the project began, only three patients had a diagnosis of AATD in Poland (<0.1% of the AATD
population). Although this number had increased 10-fold to ∼1% (37 patients) in 2014, it is still quite low
and indicates that 99% of AATD patients in Poland remain undiagnosed. The USA and countries in
Western Europe have identified more patients with AATD (∼2.4%), which is to be expected given the
longer time period of active screening, yet the number undiagnosed is still very large [6].
In 1997 the World Health Organization published a position paper on AATD which included
recommendations for testing all COPD patients from areas with a particularly high prevalence of AATD [12].
In 2003 the American Thoracic Society/European Respiratory Society published guidelines for the
diagnosis of AATD [13]. Type A recommendations for diagnosing AATD include evaluating symptomatic
patients with emphysema, COPD or bronchial asthma who have persistent obstruction on pulmonary
function testing and also asymptomatic individuals with identifiable risk factors such as smoking or
occupational exposure who have persistent obstruction on pulmonary function testing [13]. These
guideline recommendations are highly specific. And yet, the question arises as to why we are not able to
identify and treat more patients with AATD? As part of the development of a screening programme in
Poland we investigated the existing published data to see if any answers to this question could be found. A
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FIGURE 1 α1-antitrypsin deficiency
a) PI*S and b) PI*Z gene frequency
distribution across Europe. Reproduced
from [1] with permission from the
publisher.
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number of screening studies were compared to assess the methods used and to correlate these with the
results obtained.
The first screening study evaluated was a primary care study involving 1060 patients with COPD, asthma,
bronchiectasis or emphysema [14]. The findings were disappointing with a low number of positive results
obtained by phenotyping of dry blood spot samples, possibly due to the wide inclusion criteria and the
lack of well-defined lung function criteria.
Better results were obtained by DE LA ROZA et al. [15] in a two-phase study involving COPD patients in
Spain. The first phase analysed samples from 971 patients to determine AAT levels and identify the
deficient Z allele by genotyping using rapid real-time PCR. The second phase analysed AAT
concentrations in 1166 samples and identified both the S and Z alleles, but only in samples with low AAT
concentrations. Well-defined inclusion criteria with lung function testing was employed, and a cut-off
point for AAT of 1 g·L−1 ensured that this was an efficient and cost-effective diagnostic algorithm [15].
A final study, and one which influenced the way that we organised the Polish screening programme, was
published by BALS et al. [16]. This group undertook a targeted screening programme, which involved
increasing AATD awareness in the medical community through a mailing initiative. The results of this
study showed that the combination of an awareness programme with the offer of free diagnostic testing
resulted in the identification of a large number of individuals with severe AATD. Overall, from 2722
submitted kits, 335 patients (∼12% of all samples) with severe AATD were identified, including 16
individuals with rare genotypes [16].

AATD diagnosis and screening
Poland
In 2010 two AATD screening programmes were initiated in Poland: one in patients with severe liver disease
[17] and one targeted at patients with respiratory disorders, which is still ongoing and will be the focus of
this section [18]. The patients in the respiratory programme were required to have a persistent obstructive
disorder confirmed by spirometry. The diagnostic algorithm was relatively simple in that diagnostic kits
were supplied to all physicians upon request, and the current return rate of ∼80% is very high. Physicians
are encouraged to provide samples from all suitable patients; prior serum AAT level assessment is not
mandatory as the laboratory in Warsaw provides complete testing. Diagnostic tests performed include
determination of AAT levels on dry blood spot samples, phenotyping, genotyping and, if required, DNA
sequencing. After 4 years (2010 to June 2014) almost 2500 patients have been screened and, in this cohort,
∼13% had AATD alleles (fig. 2a). The majority of patients with AATD in this population were PI*ZZ
homozygotes (fig. 2b). An interesting finding from this screening programme was the number of patients
with the F allele, the majority of whom originate from the north-eastern region of Poland and are being
monitored further. Overall, in this population of patients with confirmed chronic obstructive pulmonary
disorders, the detection frequency for S and Z alleles was four times that of the general population in
Poland while the frequency of homozygous PI*ZZ was 16 times that of the general population (table 1).
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FIGURE 2 a) Findings from a targeted α1-antitrypsin deficiency (AATD) screening programme in Poland (2010 to
June 2014) involving 2499 patients with confirmed chronic obstructive pulmonary disorders. PI*SZ, PI*MZbristol and
PI*MX (each 0.1%) are not shown the figure. b) The distribution of different genotypes in AATD patients.
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TABLE 1 Prevalence of α1-antitrypsin (AAT) genotypes in patients with confirmed chronic
obstructive pulmonary disorders referred to the targeted screening programme in Poland:
2010 to June 2014

MM
MZ
MS
ZZ
FM

Estimated genotype frequency

AAT serum concentration mg·dL−1

1/1.14
1/12
1/38
1/470
1/212

166.4±44
97.2±36.3
137.5±23.9
25.9±6.4
154±25.7

Data are presented as 1/Hardy–Weinberg or mean±SD.

These rates highlight the benefits of screening a targeted well-defined population. In terms of clinical
presentation, the average age of our patients (49.9 years) was similar to that reported in studies from Italy,
Germany and Spain (45–49 years) and COPD was the most frequent diagnosis (fig. 3) [19, 20].
Prior to the start of the screening programme in Poland, awareness levels of AATD in the medical
community were very low. To improve this situation we started an awareness campaign based upon the
Polish Respiratory Society National guidelines which were published in 2010 [21]. The guidelines were
distributed to several thousand physicians across Poland, along with educational leaflets explaining how to
screen for AATD and the relative simplicity of the procedure. Figure 4 shows the relative success of the
campaign in terms of the number of samples sent to our laboratory for AAT testing from the various
regions of Poland. Clearly more work is required in many areas of Poland to increase physician awareness
of AATD. Based upon our experience overall, a successful targeted screening programme requires
well-defined inclusion criteria, an efficient and cost-effective diagnostic algorithm, a strategy to increase
physician awareness of AATD, and a dedicated hard-working team that is driven by success.
Central Eastern Europe
As noted previously, central Eastern Europe lags behind Western Europe with regards to diagnosis and
screening for AATD. In 2011 experts from Poland (which is taking active steps to change this situation)
were joined by experts from Lithuania, Slovakia, Romania, Bulgaria, Italy, the Netherlands and Germany in
a European Union funded project [22]. The goal was to provide participating centres from central Eastern
Europe with the “know-how” to enable them to implement effective diagnostic and screening programmes
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FIGURE 3 Clinical presentation of
PI*ZZ homozygous patients identified
during a targeted screening programme
in Poland (2010 to June 2014). COPD:
chronic obstructive pulmonary disease.
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FIGURE 4 α1-antitrypsin deficiency
awareness in Poland as estimated by the
number of samples referred to the
α1-antitrypsin diagnostic laboratory
(% of the total) within the targeted
screening programme (2010 to June
2014).
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for patients with AATD. The initiative involved workshops covering practical details, clinical issues and
laboratory procedures, and also personal medical training for physicians, physiotherapists and nurses.
Educational materials have been developed into local languages for the use of respiratory professionals, not
just physicians, and we have helped create awareness programmes for AATD and patient needs in each of
the countries. In addition to developing core skills for screening and diagnosing AATD, a primary goal of
this project was to create the Central Eastern European Alpha-1 Antitrypsin Network at both the national
and regional level; a goal which was achieved in 2013 [23]. A 2014 update by the Network confirmed the
variability in frequency of AATD alleles in COPD patients across several countries in central Eastern
Europe (table 2) [18]. Warsaw is a reference laboratory for these programmes and the network continues to
grow. It has been joined by centres in Western and Eastern Ukraine and collaborations are also in place
with Russia and Belarus.

Conclusion
To increase awareness of AATD in the medical community a better understanding of its prevalence and
genetic distribution is essential. Equally important is the need for a better understanding of the role of S, Z
and rare mutations since this will guide the selection of appropriate disease management strategies. First
and foremost is the need for efficient screening programmes and prompt and accurate diagnosis of AATD.
Once this has been achieved we will be in a position to institute primary preventive measures, such as
smoking cessation and avoidance of environmental and occupational exposure, and secondary prevention

TABLE 2 Estimated α1-antitrypsin (AAT) deficiency PI*S and PI*Z gene frequency in 1203
patients with chronic obstructive pulmonary disease referred to targeted screening within the
central Eastern European Alpha-1 Antitrypsin Network programme: 2013 to June 2014
Estimated AAT genotype frequency
PI*S
Bulgaria
Lithuania
Poland
Romania
Slovakia
Mean

PI*Z
20.3 (−2.4–43)

47.6 (−16.8–112)
19.2 (11.3–27.2)
19.6 (9.7–29.4)
13.1 (0.3–25.8)
17.9 (11.6–24.1)

47.2 (34.9–59.5)
14.4 (5.9–22.8)
13.1 (0.3–25.8)
30.6 (22.5–38.7)

Data are presented as frequency (95% CI). Frequency was calculated as 1/Hardy–Weinberg. Data from [18].
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through the treatment of related lung disease and augmentation therapy. In the past, countries in central
Eastern Europe, such as Poland, have lagged behind the USA and Western European countries with regard
to screening and diagnostic initiatives. With the creation of the Central Eastern European Alpha-1
Antitrypsin Network we are now accumulating rigorous epidemiological data and creating levels of
expertise that will improve the identification and management of patients at high risk of developing COPD
and other diseases.
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