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1. Introduction

The abundant serum protein alpha-1 antitrypsin (AAT) is the prototype chronic obstructive
pulmonary disease (COPD) biomarker. AAT is an antiprotease which inhibits neutrophil-
derived proteases and protects the fragile tissues of the lung. Absence of this key antiprotease
renders the lung susceptible to proteolytic degradation. Alpha-1 antitrypsin deficiency
(AATD) is a hereditary disorder characterised by low circulating levels of alpha-1 antitrypsin
(AAT). The lung disease associated with the condition is characterized by neutrophil-domi‐
nated airway inflammation and elevated intra-pulmonary protease levels [1]. The SERPINA1
gene encodes for the AAT protein and the most common SERPINA1 mutation known to cause
AATD is the Z mutation. The classic case of AATD is an individual homozygous for the Z
mutation which causes a severe deficiency of circulating AAT. Intuitively, severe AATD is a
proven genetic risk factor for the development of lung and less frequently, liver disease. The
condition was previously estimated to play a causative role in approximately 1-2% of COPD
cases [2]. However, when intermediate deficiency is included in any evaluation of the contri‐
bution of AATD to lung disease, we anticipate that this figure can rise to as high as 10%.
Guidelines published by the World Health Organisation (WHO), the American Thoracic
Society (ATS), and the European Respiratory Society (ERS) advocate a targeted screening
approach for the detection of AATD. Together these organisations recommend testing for
AATD in all individuals with COPD regardless of age or smoking history [3, 4]. Despite the
clear and significant benefits of correct identification, AATD remains an under-diagnosed
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condition with the majority of cases undetected or misdiagnosed as COPD. Less than 10% of
ZZ individuals have been correctly identified in Ireland and the same is true in many other
countries [5]. In addition, long delays between the presentation of first symptoms and correct
diagnosis are commonplace [6]. A diagnosis of AATD can present the doctor and the affected
individual with a unique opportunity for early medical intervention and the prevention or
postponement of COPD. This is an opportunity that, if seized, has enormous benefits for the
affected individual and extended family relatives. This chapter aims to provide healthcare
professionals with an overview of AATD and with clinically relevant information to assist
them in the recognition, diagnosis, and management of this rarely diagnosed hereditary
condition. It is our hope that this information can help counteract the nihilism related to AATD
and the reluctance to test that can sometimes exist.

2. What is alpha-1 antitrypsin?

2.1. Clinical manifestations & presentation of AATD

To understand the deficiency, one must first understand the protein. Alpha-1 antitrypsin
(AAT) is a 52 kDa glycosylated plasma protein. It belongs to a group of serine protease
inhibitors and is encoded by the SERPINA1 gene on chromosome 14q32.1-32.3 [7]. Production
of circulating AAT is predominantly the liver and the normal plasma concentration of AAT is
1.5 g/L (1.0-2.0 g/L) with a half-life of 4–5 days [8]. Production of AAT protein has also been
shown in other cells such as monocytes, macrophages, pulmonary alveolar cells and intestinal
epithelial cells [9-12], hinting at an important role in the local response to tissue inflammation.
AAT is an acute phase protein and plasma levels can rise two to five fold in response to cytokine
release (e.g. TNF-α, IL-1 and IL-6) during infection or inflammation [13, 14] with local
concentrations at sites of inflammation reaching even higher levels [15].

The association of an absent alpha-globulin band on serum plasma electrophoresis with a
possible hereditary form of pulmonary emphysema was first reported by Laurell and Eriksson
in 1963 [16]. The observation that these individuals were susceptible to a severe form of
hereditary emphysema led to a major breakthrough in our understanding of the role of
protease-antiprotease imbalance in the pathogenesis of COPD [17]. Subsequently it was also
discovered that people with AATD were also at risk of liver cirrhosis [18]. In the absence of
familial or population screening for AATD the majority of people present with clinical
symptoms, often at a stage where significant morbidity from the condition has already
developed.

2.2. Pulmonary manifestations

Adults with AATD are susceptible to the premature development of lung diseases such as
emphysema, chronic bronchitis, bronchiectasis, and asthma. Patients with AATD usually
present with exertional breathlessness, wheeze, cough, and frequent pulmonary exacerbations
often, but not exclusively with a background history of smoking [19]. Symptoms usually begin
from the age of 30 and the clinical suspicion for underlying asthma or chronic obstructive
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pulmonary disease (COPD) prompts referral for spirometric assessment. The finding of
reversibility on spirometry is common (approximately 50%) and often belies concomitant
asthma and emphysema. Reversibility can be associated with a worse prognosis, possibly due
to ongoing airway inflammation [19, 20]. The diagnosis of fixed airway obstruction in AATD,
indicative of COPD, is often made at a much younger age (<40 years) than the general
population. However, screening for AATD is recommended for all adults with COPD or
incompletely reversible asthma [4]. Analysis of the Danish AATD registry data of index and
non-index cases indicates that the median life expectancy in ZZ homozygotes is reduced
dramatically from 69 years to 49 years in smokers compared to non-smokers, and baseline
forced expiratory volume in 1 second (FEV1) was the single most important predictor of
survival [21, 22]. Cigarette smoke exposure in AATD results in severe impairment of lung
function and an accelerated decline in lung function, and affected individuals should be
counselled to stop smoking immediately. Occupational exposure to chemicals and pollutants
is also independently associated with a decline in lung function in AATD and patients should
be advised of using personal protective respiratory equipment where necessary [23, 24].

Figure 1. HRCT findings in ZZ individuals with emphysema (left) and bronchiectasis (right).

The classic pathological finding of bibasal panacinar emphysema can be now readily visualised
with the widespread availability of high resolution computed tomography (HRCT) imaging,
and the unexpected detection of these changes should prompt the clinician to screen for AATD.
CT imaging with lung densitometry measurement facilitates monitoring of disease progres‐
sion in AATD [25] and may be a superior outcome measure to change in FEV1 in clinical trials
examining the effect of augmentation therapy in AATD [26]. CT imaging also permits the
identification of bronchiectasis, which may or may not be clinically significant. The reported
prevalence of bronchiectasis varies considerably but may occur independently of emphysema
and can be severe [27, 28]. Symptoms of bronchiectasis are often difficult to distinguish from
COPD and the prevalence and impact of this airway disease in AATD may be underestimated.
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2.3. Liver manifestations

A small proportion of ZZ homozygotes present with a neonatal hepatitis syndrome, usually
within the first 3-4 months of life. AATD is one of the commonest causes for neonatal hepatitis
and can account for up to 29% of cases in some paediatric centres [29]. A large infant screening
study of 200,000 newborns identified 120 with the ZZ phenotype, 22 (18.3%) had evidence of
a hepatic abnormality. Of this cohort, 14 (11.7%) had prolonged obstructive jaundice and 9
(7.5%) had severe clinical liver disease [30]. The SZ phenotype is also associated with bio‐
chemical liver abnormalities, and can lead to end-stage liver disease requiring transplantation,
although this is observed less frequently than in ZZ cohorts [31]. A number of risk factors for
AATD associated liver disease in childhood have been identified including male gender, renal
or pulmonary complications [29], and a first degree relative with AATD-related liver disease
[32]. The reported outcomes of childhood liver disease are variable, with one study reporting
mortality of 20/74 (27%) and persistent cirrhosis in a similar number [32], although most studies
report complete clinical and biochemical recovery of liver function in the majority of cases [29].

Data from the Irish National AATD Registry allowed an investigation of the prevalence of liver
abnormalities in a cohort of 115 ZZ individuals (Table 1). A total of 36% had liver function test
(LFT) abnormalities on the first assessment, most commonly alanine aminotransferase (ALT),
and this did not correlate with increasing age. A further 24% (30/115) were found to have
abnormal liver findings by radiology. Fatty infiltration was the most common radiological
finding (17%) after examination of abdominal ultrasound results, followed by cirrhosis, liver
cysts, and haemangioma. No differences in body mass index (BMI) or alcohol consumption
were observed in those with or without liver abnormalities which suggests the frequency of
fatty liver was not due to increased obesity or alcohol but more likely to be attributable to the
accumulation of Z AAT protein in the liver.

Total ZZ Abnormal Ultrasound

No. of subjects 115 30

Gender (M/F) 62/53 20/10

Age, years (mean +/- SD) 52+/- 12 44 +/- 11

Mean FEV1 (% predicted) 65 +/- 33 50 +/- 28

Mean BMI 26.5 27.4

Alcohol (total respondents) 80 21

Active 61 17

Past 4 1

Never 15 3

Table 1. Liver abnormality findings in ZZ cohort on Irish National AATD Registry.
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In adulthood, a strong relation between AATD and cirrhosis has been reported (OR=7.8;
CI 2.4 to 24.7) and primary liver cancer (OR=20; CI 3.5 to 114.3), particularly affecting men
[33].  Cirrhosis  is  usually  complicated  by  portal  hypertension,  ascites,  gastrointestinal
bleeding,  spontaneous  bacterial  peritonitis,  hepatic  encephalopathy,  and  hepatocellular
carcinoma. The prevalence of liver cirrhosis increases with age and usually occurs in those
who have never smoked, perhaps as a consequence of the prolonged survival in this group
[4, 34]. Both genetic and environmental modifiers play a role in the pathogenesis of liver
disease  in  AATD.  Reports  of  putative  candidate  modifier  genes  for  AATD-related  liver
disease  have  emerged  [35-37],  however,  no  specific  gene  or  polymorphism  has  been
conclusively demonstrated to have clinical  utility  and prognostic  value.  In addition,  the
high prevalence of MZ phenotypes in liver disease cohorts and the role of heterozygous
AATD in worsening liver disease has been highlighted by several studies [38-40]. Thankful‐
ly,  the  natural  history  of  those  with  fulminant  AATD  related  liver  disease  has  been
dramatically  altered by liver  transplantation [41]  and excellent  survival  rates  have been
achieved in adult and paediatric transplant recipients [31, 42].

2.4. Extra-pulmonary manifestations

The rare occurrence of recurrent panniculitis has been noted in individuals with AATD and is
thought to relate to persistent neutrophilic inflammation at the affected sites [43]. A number
of case reports have reported the panniculitis to be responsive to intravenous augmentation
therapy [44-46]. AATD has been associated with a variety of other medical conditions, the best
described being ANCA-associated vasculitis and in particular granulomatosis with polyan‐
giitis (GPA). A recent genome wide association study identified the Z allele of SERPINA1 to
be associated with Proteinase 3 (PR3)-ANCA positivity [47]. PR3 is inhibited by AAT and some
case reports of PR3-ANCA vasculitis in ZZ homozygotes report a severe disease phenotype
[48, 49]. The role of AAT in diseases of the circulatory system is incompletely understood.
Oxidised AAT can bind to the Apolipoprotein B100 component of LDL in the circulation and
may contribute to atherogenesis [50], additionally the cleaved C36 peptide fragment of AAT
has been found complexed within atherosclerotic plaques indicating a role in monocyte
recruitment within the intima of arterial walls [51]. AAT complexes with IgA were found in
the joints and sera of patients with rheumatoid arthritis [52, 53] though there appears to be no
strong link between the two conditions [54]. A recent development is the association of diabetes
mellitus with low AAT levels [55] and the emerging scientific data demonstrating improved
islet cell graft survival in mice transfected with human AAT [56]. However, it is too soon to
determine if any sustained benefit can be achieved. Clinical trials are planned to investigate
the efficacy of AAT augmentation therapy in diabetes (NCT01183455, NCT02093221).

2.5. AATD heterozygosity: A risk factor for COPD?

An accurate determination of the risk of COPD in AATD heterozygotes is vitally important
given the large number of individuals who are potentially affected. We know MZ individuals
have moderately reduced levels of AAT but clarifying the risk of COPD in this group has been
controversial. The Irish National AATD Targeted Detection Programme has identified over
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1,600 MZ individuals in the 12,000 individuals tested to date. While this heterozygote group
does include cases identified through family screening, this means that approximately 1 in 8
individuals tested are MZ. Anecdotally, a significant number of MZ individuals from our
AATD clinic, both smokers and non-smokers, develop COPD at a relatively young age.
Approximately 250,000 individuals on the island of Ireland [5] and 6 million individuals in the
United States possess the MZ genotype [57]. A deeper appreciation of the risk of COPD in
heterozygotes could lead to the prevention or postponement of lung disease in this group,
lessening the growing global healthcare burden of COPD.

During the past 40 years, over 100 studies have attempted to assess the risk of lung disease in
MZ individuals. A meta-analysis by Hersh et al estimated that the combined odds ratio for
COPD in MZ compared to MM individuals was 2.31. This risk was attenuated in studies which
adjusted for cigarette smoke exposure [58]. An accurate determination of the risk of COPD has
been fraught with difficulty. Many previous attempts to ascertain the contribution of MZ
heterozygosity to the development of COPD have been met with various methodological and
design flaws; most notably selection bias and inadequate control for cigarette smoke exposure.
A recent study which aimed to clarify the risk of COPD in MZ heterozygotes has addressed
many of the concerns which hampered an accurate risk estimate from previous attempts to
answer this vitally important question. The issue of selection bias was addressed in the study
design by using a family based approach. Index cases or probands were MZ individuals who
had a confirmed diagnosis of COPD based on the following spirometric criteria: a post-
bronchodilator FEV1/FVC ratio < 0.7 and an FEV1 (% predicted) < 80%. All first degree family
members of the index case (probands) underwent AAT phenotyping, pre-and post-broncho‐
dilator spirometry as well as completing the ATS‐DLD Epidemiology Questionnaire. For the
final analysis, the probands were excluded and the risk of COPD in the MM and MZ first
degree relatives was determined. While the main strength of this study was elimination of
ascertainment bias, additional strengths included the use of a genetically homogenous
population, a standardised criterion for the diagnosis of COPD and adequate control for
covariates including age, sex and cigarette smoke exposure. The adjusted odds ratio (OR) for
COPD in MZ compared with MM group was 5.18 and this was higher (OR, 10.65) in ever-
smoking individuals [59].

A significant gene-by-environment interaction exists to influence the development of COPD
in MZ individuals. MZ individuals who have a low exposure to cigarette smoke (< 20 pack-
years) have more airflow obstruction compared to MM individuals [59] in addition to more
emphysema on quantitative analysis of chest CT scans [60]. This indicates that MZ hetero‐
zygosity and cigarette smoke exposure are a potent combination of risk factors in the patho‐
genesis of COPD. While these studies focused on direct exposure to cigarette smoke, the effect
of passive cigarette smoke exposure and occupational exposure are less well defined. The MZ
genotype in conjunction with cigarette smoke exposure modifies a MZ heterozygote’s
longitudinal decline in lung function following occupational exposure to vapours, dusts,
fumes and gases [61]. An accurate estimate of the effect of passive cigarette smoke exposure
on MZ individuals has yet to be determined but the harmful effect of environmental tobacco
smoke was found to be greater in MZ schoolchildren [62].
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The recent advances in our understanding of COPD risk in MZ individuals make it more
important than ever to test individuals for AATD. Knowledge that the MZ genotype can
significantly interact with environment to influence susceptibility to COPD is a powerful
message and this should help deter heterozygotes from exposing themselves to potentially
harmful environmental risk factors. The timely detection of at risk MZ individuals underpins
the importance of diagnosing this condition early in order to reduce smoking initiation rates
[63] and also increase smoking cessation [64].

2.6. AATD heterozygosity: A biological perspective

Analysis of sputum from non-smoking asymptomatic MZ individuals without evidence of
airflow obstruction demonstrates increased neutrophil counts and IL-8 levels compared with
MM individuals [65]. This indicates that the co-expression of the Z allele could have pro-
inflammatory consequences. Harbouring the Z mutation may confer a survival advantage as
the formation of polymers at sites of inflammation could potentially focus and amplify the
immune response to aid the eradication of invading pathogens [66]. However, this advantage
is abolished by environmental exposure to cigarette smoke via enhanced polymerization of
the Z protein which potentiates a deleterious pro-inflammatory milieu in the AAT deficient
lung, culminating in an increased risk of developing COPD [67].

The observed increased risk of COPD in MZ smokers challenges some of the underlying tenets
of the protease-antiprotease theory. Given that MZ individuals have intermediate levels of
circulating AAT, it is biologically plausible that an imbalance in pulmonary neutrophil elastase
and a suboptimal protective level of AAT may be responsible for the observed increased risk
of airflow obstruction and COPD in MZ heterozygotes. Reactive oxygen species in cigarette
smoke can inactivate pulmonary AAT on the one hand and also promote a pro-inflammatory
environment by increasing neutrophilic influx into the lung by the promotion of polymerisa‐
tion of Z AAT on the other [68]. The biological mechanism by which cigarette smoke is
presumed to enhance the risk of COPD in MZ heterozygotes is summarised in Figure 2.

The increased risk of COPD in MZ heterozygotes should lead to a reconsideration of what is
the true protective threshold. This has implications not only for our understanding of the
pathogenesis of COPD but also for AAT replacement therapy. Plasma purified AAT has been
administered for almost 30 years by intravenous infusion to severe AATD individuals [69]
with the aim of maintaining the plasma levels of AAT above the 11 µM level (approximately
0.56 g/l) throughout the duration of therapy [70]. The conflicting results and the paucity of
clinical evidence for AAT replacement therapy [71] in severe AAT deficiency (ZZ) may be the
result of targeting a sub-therapeutic threshold and augmenting the threshold to a higher MZ
level may lead to improved treatment efficacy. The original threshold was based on mean AAT
plasma concentration in the SZ phenotype as these individuals were thought to rarely develop
COPD [72]. The SZ phenotype is more common than ZZ but studies in this area have been
relatively few [73, 74]. However, an accurate determination of this risk would be very difficult
as it would require a similar family based approach to that employed to determine the risk in
MZ individuals including rigorous control for cigarette smoke exposure and a number of
different patient groups encompassing the Z, S and M alleles. Until such information is
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available it may be prudent to consider a new protective threshold as MZ individuals are not
likely to develop lung disease in the absence of cigarette smoke exposure.

The emerging weight of evidence regarding the risk of COPD in MZ heterozygotes raises
several important questions for further research. Firstly, what are the biological mechanisms
by which cigarette smoking confers MZ heterozygotes with an increased risk of COPD?
Secondly, in a longitudinal family based study, does the slope of lung function decline differ
significantly between MZ and MM first degree relatives? What is the true protective threshold
level of AAT and would increasing this threshold level result in greater therapeutic efficacy
of AAT augmentation therapy?

2.7. When does AATD present – An Irish perspective

Trends in diagnosis and clinical presentation of severe AATD individuals in Ireland were
recently investigated in a study of ZZ individuals enrolled in the Irish National AATD
Registry. A total of 120 ZZ AATD individuals attending the national AATD centre completed
a detailed questionnaire. For the entire group, the mean age of reported symptom onset was
37.8+/-1.6 years (range 0.03-80) while the mean age at diagnosis was 44.1+/-1.6 years (range
0.03-80). This leaves a mean interval between reported onset of first symptoms and diagnosis
of AATD of 6.5+/-1.0 years (range 0 – 46). However, when subjects identified through family
screening were excluded, the diagnostic delay increased to 8.5+/-1.2 years (range 1 – 46). In

Figure 2. Pathogenesis of COPD in MZ heterozygotes. A normal protease/antiprotease balance exists in MM indi‐
viduals (left panel). Non-smoking MZ individuals have intermediate levels of AAT and increased sputum IL-8 levels and
neutrophil counts (middle panel). Reactive oxygen species in cigarette smoke inactivate AAT resulting in a protease/
antiprotease imbalance with increased amounts of neutrophil elastase. Polymerisation of Z AAT protein and increased
amounts of IL-8 increase neutrophil influx into the MZ lung. An overwhelmed anti-protease defence contributes to
the development of COPD (right panel).
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addition, the average number of physicians seen by the entire group prior to a diagnosis of
AATD was 3 (range 1 – 13). The findings are similar to data from other registries and reflect
the diagnostic odyssey that individuals are often subjected to before a correct diagnosis is
reached [6, 28, 75]. This further highlights the under-recognition of AATD that persists.

2.8. Who should be tested?

Guidelines published by the World Health Organisation (WHO) and the American Thoracic
Society/European Respiratory Society (ATS/ERS) recommend the establishment of targeted
screening programmes for the detection of individuals with AATD [3, 4]. In comparison to
general population screening which can be more difficult and expensive to perform, targeted
detection programmes offer a much higher rate of detection and are significantly more cost
effective. The Irish National AATD Targeted Detection Programme began in 2004 and follows
the ATS/ERS and WHO guidelines for the diagnosis of AATD. The ATS/ERS guidelines
recommend targeted screening of patients with COPD, non-responsive asthma, cryptogenic
liver disease and also first-degree relatives of known AATD individuals, termed type A
recommendations (Table 2).

ATS/ERS Recommendations for Diagnostic Testing (Type A)

Adults with symptomatic emphysema or COPD (regardless of age or smoking history)

Adults with asthma with airflow obstruction that is incompletely reversible after aggressive treatment with

bronchodilators

Asymptomatic individuals with persistent obstruction on pulmonary function tests with identifiable risk factors (e.g.

cigarette smoking, occupational exposure)

Adults with necrotising panniculitis

Siblings of individuals with AATD

Individuals with unexplained liver disease, including neonates, children, and adults, particularly the elderly

Table 2. ATS/ERS recommendations for diagnostic testing for AATD (type A recommendations).

In addition to these groups, ATS/ERS guidelines also recommend testing should be considered
in a number of other scenarios as outlined in table 3 (type B recommendations).

ATS/ERS Recommendations for Diagnostic Testing (Type B)

Adults with bronchiectasis without evident etiology

Adolescents with persistent airflow obstruction

Asymptomatic individuals with persistent airflow obstruction and no risk factors

Adults with C-ANCA-positive (anti-proteinase 3-positive) vasculitis

Table 3. ATS/ERS recommendations for diagnostic testing for AATD (type B recommendations).
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3. How do we test for AATD?

The laboratory diagnosis of AATD is usually performed by following two steps; determination
of AAT concentration in serum or plasma (quantitative) and identification of allelic variants
by phenotyping or genotyping (qualitative) [76-78]. Quantification of AAT is generally the first
investigation and has the advantages of being quick and relatively inexpensive. Clinically, a
simple rule of thumb is the lower the level of AAT, the higher the risk of COPD. AAT quan‐
tification is routinely performed in most clinical chemistry, biochemistry, and immunology
hospital laboratories. If quantification of AAT reveals a level below a pre-determined cut-off
point or threshold (for example 1.0 g/l or 100 mg/dl) the sample should be automatically
reflexed to phenotyping [79, 80]. This is the most cost-efficient and prudent algorithm. If
necessary, genotyping using allele-specific PCR (usually to Z and S) and/or direct sequencing
of the AAT gene can be performed either as a further investigation or on a complementary
basis. The choice of using phenotyping or genotyping depends on resources available and the
type of sample being referred, and there are advantages and disadvantages associated with
both qualitative methods.

Rare mutation?

Venous blood collection

AAT quantification by turbidimetry

Phenotype: MM Phenotype: known variant Phenotype: unknown variant

Sequence to identify rare variant

Deficient (e.g. ZZ)Normal

Phenotype by isoelectric focusing if < 1.0 g/l

Figure 3. AATD diagnostic algorithm for whole blood, serum, and plasma in the Irish National AATD Targeted Detec‐
tion Programme.

3.1. AAT quantification

AAT levels are measured routinely by immunoassay techniques such as nephelometry and
turbidimetry, or less commonly by radial immunodiffusion [81, 82]. AAT levels measured in
our centre are determined using immune turbidimetry on an Olympus AU540 analyser. The
WHO and ATS/ERS guidelines recommend that AAT levels should be measured at least once
in COPD patients. Although a substantial correlation between AAT phenotype and circulating
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AAT concentrations has been established by several groups [70, 80, 83], confounding factors
include normal intra-individual variation, depression of AAT production in liver disease,
malnutrition, and the fact that AAT is an acute phase protein [84, 85]. Potential analytical
variation may also occur; however, this variation is generally not significant. The increasing
availability of external quality assurance schemes and accreditation programmes has led to
improvements in testing accuracy, sensitivity, and reproducibility. In terms of which type of
blood sample to use for AATD testing, a study by Miles et al in 2004 [86] which compared
results from serum and heparinised plasma samples for 45 different chemistry tests addressed
this concern. No statistically significant difference was observed in AAT concentrations
measured in serum compared to plasma.

As an acute phase reactant, AAT levels are increased during the acute phase response, for
example during infection or surgery [13]. Therefore, markers of inflammation such as CRP
should be considered when assessing the concentration of AAT, and this has been discussed
comprehensively elsewhere [87]. If CRP is indeed elevated, the quantification of AAT should
be repeated once the acute phase response has subsided. The acute phase response will
however, not result in a significant increase in AAT level in severe AATD (e.g. ZZ, Z/null). In
contrast, AAT levels in heterozygotes (e.g. MZ, SZ) can be falsely elevated to levels similar to
those observed in MM individuals, masking the underlying deficiency. For this reason,
quantification of AAT levels alone is not a definitive test, and is no substitute for phenotype
or genotype analysis, neither of which is affected by the acute phase.

Phenotype Cases Mean AAT

(g/l +/- SEM)

Range AAT

(g/l)

MS 1209 1.23 +/- 0.01 0.40 – 3.82

MZ 1657 0.91 +/- 0.01 0.44 – 4.08

SS 60 0.91 +/- 0.01 0.56 – 1.54

SZ 165 0.65 +/- 0.01 0.35 – 1.17

ZZ 219 0.25 +/- 0.001 0.11 – 0.61

Table 4. Mean AAT in deficient phenotypes identified in the Irish National AATD Targeted Detection Programme.

In the formulation of diagnostic algorithms for AATD the cut-off or threshold AAT value is
critical to effective screening efforts and the identification of at risk individuals. A study by
Donato et al in 2012 found a cut-off of 1.0 g/L was sufficient for the detection of severe (ZZ, Z/
null) and intermediate AATD (e.g. MZ and SZ heterozygotes) [79]. Intermediate AATD has
been an area of some controversy, with previous guidelines adopting stringently low cut-off
values (for example 0.6 g/l) which would fail to detect large at risk populations of intermediate
AATD. We know now that SZ and MZ individuals are also at risk of lung disease, particularly
if they smoke [59, 74], and this knowledge has led to a change in diagnostic algorithms and
increased the heterozygote detection rate. In light of the Donato study and our own data from
screening 12,000 individuals we employ a cutoff point of 1.0 g/l at our centre as this is optimal
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for the detection of severe and intermediate AATD. Using this cut off value reduces laboratory
costs and unnecessary testing, while maximising the detection of at risk individuals. An
exception where a cut off value may not apply is when screening individuals due to a family
history of AATD, as in this case it should be recommended the phenotype is checked regardless
of AAT level.

3.2. AAT phenotyping

The ATS/ERS guidelines identify serum phenotyping as the ‘gold standard’ for the diagnosis
of AATD. The qualitative detection and characterisation of AAT variants is carried out in our
centre by isoelectric focusing followed by immunofixation using a kit which is the only FDA-
approved method for AAT phenotype determination [88]. The isoelectric focusing (IEF)
method on agarose gel has an added immunofixation step which utilises a specific antibody
to AAT. This renders it superior to traditional IEF techniques due to its high resolution and
reproducibility. IEF is also advantageous due to the fact it can easily detect rare and novel
phenotypes. IEF identifies the various isoglycoforms and highlights the microheterogeneity
of AAT in terms of carbohydrate side chains, but more importantly highlights the macrohe‐
terogeneity of AAT in terms of genetic variation. AAT phenotype is determined by comparison
to three reference standards (e.g. MM, MS, and ZZ) and by visual inspection by a minimum
of two independent observers. All IEF results are checked and correlated with the correspond‐
ing AAT levels. The recent publication of a reference compendium of known AAT phenotypes
is a helpful resource for interpreting IEF migration patterns of AAT variants [89].

Figure 4. IEF migration pattern of common (left) and rare (right) AAT phenotypes identified in Ireland.
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There are some cases in which analytical errors may occur using the IEF technique. Patients
who are on augmentation therapy receive intravenous administration of purified AAT
(isolated from MM donor individuals). The M variant will be detected in samples obtained
from individuals receiving therapy and could result in discordant or unidentifiable migration
patterns (e.g. a ZZ individual on therapy may appear MZ). Another error is possible with the
presence of null mutations, which are a class of mutations characterised by a total absence of
AAT secretion. Therefore, heterozygote null cases such as M/null, Z/null, S/null will appear
as homozygous MM, ZZ, SS respectively [90, 91]. M/null and S/null phenotypes can be
identified by the lower than expected AAT level. More difficult to identify are the Z/null
phenotypes as the AAT level in ZZ compared to Z/null phenotypes is so low as to be practically
indistinguishable. Similarly, caution must be taken with samples from individuals following
a blood transfusion; this may also result in an incorrect diagnosis due to the possibility of the
phenotype of the donor being present. If necessary genotyping using PCR and/or direct
sequencing of the SERPINA1 gene can be achieved either in a complementary investigation to
investigate discordant results or to identify rare and novel phenotypic variants.

3.3. AAT genotyping and sequencing

The adoption of dried blood spot (DBS) samples in an attempt to increase testing rates by
making sampling easier, coupled with advances in molecular diagnostics, has resulted in the
development of genotyping assays for AATD. Genotyping assays are commonly performed
by melt curve analysis on real-time PCR instruments with primers and probes designed for
specific mutations or less frequently by PCR-based restriction fragment length polymorphism
(RFLP) analysis [92, 93], although RFLP methods have been replaced by the faster and more
efficient melt curve methods. Allowing for the fact the DBS method has the convenience of
allowing home testing and easier transportation of samples [94], in our centre we encourage
the collection of serum or plasma samples for phenotyping by isoelectric focusing. This is
primarily due to the nature of the sample referral centres which are large hospitals with
specialist respiratory clinics, and also due to cost and logistical reasons.

Genotyping has the advantage of facilitating the rapid screening of both dried blood spots and
DNA isolated from blood and is arguably less prone to interpretation errors which may occur
with phenotyping. A downside to the method is that many laboratories, generally for cost and
logistical reasons, employ primers for selected mutations, often the most common Z and S. In
some cases, this can lead to rare mutations such as I, F, and Mmalton not being detected and
misclassified as normal [90]. For this reason, in certain laboratories the genotyping method is
used on a complementary or a clarification basis, unless specific M primers are being used.

For the precise identification of rare and unusual phenotypes observed in our centre we reflex
to sequencing the gene for AAT (SERPINA1, RefSeq: NG_008290). This involves the isolation
of DNA and sequencing the coding exons (II-V) of the SERPINA1 gene [95]. The detailed
genetic analysis has led to the identification and characterisation of many rare and novel
SERPINA1 alleles (Table 5).
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Variant Mechanism Effect Disease Risk

Z GAG – AAG, Glu342Lys
Polymerisation, impaired

secretion and severe deficiency
Lung & liver

S GAA – GTA, Glu264Val
Impaired secretion and mild

deficiency

Lung & liver (in compound

heterozygotes e.g. SZ)

I CGC – TGC, Arg39Cys
Impaired secretion and mild

deficiency

Lung & liver (case reports in compound

heterozygotes e.g. IZ)

F CGT – TGT, Arg223Cys Defective protease inhibition
Lung (case reports in compound

heterozygotes e.g. FZ)

Null (Q0)

Mutations causing gene

deletion, premature stop

codon or mRNA degradation

No AAT produced Lung

Mmalton ΔTTC, ΔPhe52
Polymerisation, impaired

secretion and severe deficiency
Lung & liver

Zbristol

ACG – ATG

Thr85Met

Intracellular accumulation &

defective glycosylation
Lung

Mwurzburg

CCC – TCC

Pro369Ser
Block in secretion Lung & liver

Table 5. Common and rare pathological AATD variants detected in Ireland.

MM

MZ
ZZ

 

Figure 5. Genotyping assay for the Z allele by melting curve analysis on a real-time PCR system [93].
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4. Why should we test?

There are clear benefits to a diagnosis of AATD for the clinician and the individual. Unfortu‐
nately, these benefits are often ignored to the detriment of the affected individual and the
extended family.

4.1. Smoking cessation and occupational exposure considerations

The deleterious consequences of smoking on lung health in general and on the lungs of
individuals with AATD in particular are well known and the origins of this can be traced back
to the late 1960s. The twin discoveries of AATD and its association with COPD [16], and the
induction of emphysema by the protease neutrophil elastase (NE) [96] led to an explosion in
research surrounding proteolysis and lung disease. Importantly, NE was found to be exqui‐
sitely sensitive to inhibition by AAT by Aaron Janoff in 1968 [97]. The pathological effects of
smoking were further elucidated when it was found products of cigarette smoke were able to
destroy the anti-NE activity of AAT [98]. Despite being an excellent inhibitor of NE, the active
site methionine residue at position 358 of the AAT molecule is easily oxidised by cigarette
smoke and oxidants released by immune cells [99-101]. These studies provided the clear and
irrefutable evidence that smoking causes a functional deficiency in the antiprotease screen.
Therefore, in those individuals who develop COPD solely due to smoking, this functional
deficiency contributes to the pathogenesis of disease. In individuals with AATD who develop
COPD, the deficiency which contributes to the pathogenesis of disease is genetic.

So, we know that the small and precious quantity of AAT that does eventually reach the lung
in ZZ individuals is knocked out by cigarette smoke. This is the reason why AAT deficient
individuals who smoke develop early onset lung disease [102]. Cigarette smoke is by far the
single most important risk factor for the development of COPD in AATD individuals [103-105].
In fact, smoking can reduce the life expectancy of a ZZ patient by up to 25 years [102]. Carpenter
et al in a 2007 study revealed higher smoking cessation rates in individuals with a diagnosis
of AATD compared to COPD individuals [64]. In this study severely deficient individuals (ZZ
and SZ) had a 59% quit attempt rate, compared to a 26% quit attempt rate in unaffected MM
individuals. This information is vital in the clinic as it shows that knowledge of AATD
motivates the affected individual toward smoking cessation. Every ZZ, SZ, and MZ AATD
individual should be educated about the incredibly harmful effects of cigarette smoke in
AATD. Smoking cessation and the avoidance of occupational and environmental exposures
(for example particulate matter, chemical vapours, and agricultural dusts) is paramount.
AATD individuals without apparent lung disease should also be encouraged to quit smoking
as this cohort offers the most realistic chance of delaying or possibly preventing the develop‐
ment of COPD. A decision to quit smoking is the most important decision a person with AATD
can make. The decision to modify this behaviour is strongly influenced by the quality of the
information provided and how this is communicated to at risk individuals.

Ireland is a leader in Europe in terms of anti-smoking measures with the introduction of the
first ban on smoking in the workplace [106]. However, a 2007 Irish Government study (Slán
2007 Survey of Lifestyle, Attitudes and Nutrition in Ireland) found that 34% of Irish 30 – 44
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year olds currently smoke and this is the age bracket that AATD individuals first begin to
report deterioration in lung health. To assess the effect of smoking on lung health in AATD
we analysed lung function data from 120 ZZ individuals enrolled in the Irish National AATD
Registry and correlated this to smoking history. While the relative contribution of occupational
exposures was not taken into account, the mean FEV1 (% predicted) and diffusion capacity of
carbon monoxide (DLCO, % predicted) was significantly higher in ZZ subjects who never
smoked compared to ZZ subjects who were past or active smokers (Figure 6). This clearly
demonstrates the destructive consequences of smoking for ZZ individuals.
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Figure 6. FEV1 (% predicted) stratified by smoking in ZZ individuals enrolled in Irish National AATD Registry (***p <
0.0001, **p < 0.001, t-test).

Interestingly, smoking cessation rates were also analysed as part of this study. In the past
smokers cohort 36% stopped smoking within the first 12 months after AATD diagnosis; 24%
stopped smoking after the first 12 months post-AATD diagnosis and 40% had already stopped
smoking prior to AATD diagnosis. This supports the findings of the earlier Carpenter study
and demonstrates the positive effect of AATD diagnosis on smoking cessation rates.

4.2. Family screening

The area of family screening offers the greatest possibility for the prevention or at least
postponement of COPD [107]. An early diagnosis of AATD provides tantalising opportunities
for behaviour modification and lifestyle changes, the single most important of which is
smoking cessation. Interim data from the Irish National AATD Registry demonstrates that ZZ
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individuals detected by family screening tend to have preserved lung function compared to
those identified by symptomatic screening (Figure 8).
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Figure 8. FEV1 (% predicted) in ZZ individuals diagnosed by symptomatic screening versus those diagnosed by family
screening enrolled in Irish National AATD Registry (**p < 0.001, t-test).
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Figure 7. DLCO (% predicted) stratified by smoking in ZZ individuals enrolled in Irish National AATD Registry (***p <
0.0001, *p < 0.05, t-test).
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An excellent example of the family screening possibilities opened up by a diagnosis of AATD
is presented in a large family study from the Irish AATD Registry (Figure 9). In this example,
the index case was diagnosed with AATD because of lung disease. Six of the nine siblings were
subsequently tested revealing 3 ZZ individuals, 2 MZ individuals, and 1 MM individual.

Figure 9. Identification of ZZ proband (red arrow) and subsequent identification of at risk relatives by family screen‐
ing.

4.3. Liver assessment

A baseline liver assessment should be performed in a newly-diagnosed AATD individual to
investigate the presence of liver abnormalities. The primary tools for assessment are liver
function tests and abdominal ultrasound. This is a practise not routine in the specialist
respiratory clinic and ignorance of AATD and the potential for liver disease can be fatal. Early
recognition is important for two reasons. The first reason is to prevent, recognize, and treat
early the complications of AATD-related liver disease, which can include portal hypertension,
encephalopathy, and tumours [108]. The second reason is to advise the patient to avoid
injurious habits, such as alcohol consumption, which can accelerate disease. Interestingly,
patients who undergo liver transplantation for other causes have a higher incidence of being
heterozygous for AATD than the general population [40].

4.4. Vaccination

Influenza and pneumococcal vaccinations are recommended for all individuals with AATD
[4]. A 2007 study investigated the practice of vaccinations and respiratory outcomes in AATD
individuals in the USA and found over 80% of AATD individuals had received adequate
influenza and pneumococcal vaccinations during the influenza season [109]. However, there
was no significant difference in severity or rate of exacerbations between vaccinated and
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unvaccinated individuals but the authors concluded that the vaccinated group may represent
‘sicker’ AATD individuals. Influenza and pneumococcal vaccinations in COPD patients are
recommended in several guidelines for COPD [110, 111] and the unique susceptibility of AATD
individuals provides additional motivation for vaccination, especially during influenza
season.

4.5. Exacerbation management

Exposure to bacterial and viral infections can result in a respiratory exacerbation. Symptoms
include increased dyspnoea, cough, and production of sputum [112]. The aggressive treatment
of infections is recommended in AATD individuals as per ATS/ERS guidelines [4]. This is
particularly important as frequent exacerbations have been shown to be related to worsening
health-related quality of life (HRQoL). An English study investigated health status in AATD
individuals over 12 months and recorded exacerbations, lung function and HRQoL. The
authors concluded exacerbations occur commonly in AATD individuals and correlate to worse
health status. Exacerbations were associated with a decline in the gas transfer of the lung for
carbon monoxide over time (DLCO), but not FEV1 [113]. Interestingly, a study investigated
exacerbation frequency in AATD individuals with COPD who were receiving augmentation
therapy and found subjects with frequent exacerbations had the worst baseline HRQoL scores,
as well as more physician visits and hospitalizations. Unfortunately, AATD individuals not
receiving augmentation therapy were not included for comparison [114]. A recent longitudinal
study undertaken in the USA, evaluated the effectiveness of a disease management and
prevention programme for AATD individuals and involved 905 individuals over a 2 year
period. The programme included written educational material for self-study and individual‐
ised treatment plans for exacerbations. Improved compliance was observed in the use of
bronchodilators, oxygen therapy, and steroids during exacerbations. The management
programme significantly reduced medical visits and showed a slower deterioration of HRQoL
during exacerbations [115]. A follow-up study providing additional evidence to evaluate the
long-term benefits of an AATD disease management programme would be beneficial.

4.6. Augmentation therapy

Augmentation therapy is the only specific therapy available for severe AATD, and comprises
of intravenous administration of AAT derived from human plasma [116]. This treatment is
available in several European countries and the USA [117]. The therapy comprises of weekly
or fortnightly intravenous infusions of AAT preparations that augment the low levels of
circulating AAT in severe AATD. However, its efficacy remains to be definitively proven and
uncertainty persists concerning the therapy’s cost effectiveness [118]. Ongoing randomised
clinical trials are being performed to definitively assess the efficacy of the treatment. Previous
trials have been under-powered and have mostly demonstrated only biochemical efficacy with
AAT levels restored to above the putative threshold in the blood and lung, with a failure to
show clear clinical efficacy in randomised controlled trials [71, 119]. Nevertheless, there is
evidence that augmentation therapy can slow lung function decline in AATD individuals, and
moderately obstructed cohorts are most likely to benefit [120].
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4.7. Pulmonary rehabilitation

Pulmonary rehabilitation is a tailored exercise programme aimed at restoring the best possible
quality of life in patients with lung disease, particularly focused on reducing breathlessness,
as well as improving independence and the physical ability to tolerate stress [121]. It is defined
as a complex, multimodal treatment regimen for patients with pulmonary diseases [122]. The
goal is to help patients become more physically active, to learn more about their disease,
treatment options, and how to cope. Patients are encouraged to become actively involved in
providing their own health care, more independent in daily activities, and less dependent on
health professionals and expensive medical resources. Rather than focusing solely on reversing
the disease process, rehabilitation attempts to reduce symptoms and reduce disability from
the disease. In general, patients with COPD secondary to AATD tend to be younger compared
to patients with usual COPD, and less comorbidity is observed. This suggests the potential for
greater improvement in AATD individuals participating in rehabilitation programmes.

5. Why is testing not taking place?

The reasons for the continuing under-diagnosis of AATD are diverse and can include low
medical and public awareness, the misconception that it is a rare disease, the belief that testing
is complicated and expensive, and testing fatigue [123]. Current data suggests that less than
10% of individuals with severe AATD have been recognised globally [124], and increasing
detection rates is the most pressing, and vexing issue for leaders in the AATD community.
Unfortunately, some clinicians adopt the attitude of “what difference does a diagnosis of
AATD actually make”. This is a challenge for all stakeholders and the benefits of AATD testing
must be clearly stated in a simple powerful message to lung health professionals and policy‐
makers. In particular, the potential economic benefits are not being stressed enough [125]. Early
diagnosis of AATD is an example of preventative medicine. The newly-diagnosed individual
and healthcare provider have the power to arrest or prevent the development of COPD
through lifestyle choices, close medical observation, and focused treatment. This in turn means
that the long term financial burden on the health system is reduced and by remaining healthy
the individual continues to contribute to society and the exchequer. There is also the consid‐
eration of the large direct medical cost to the symptomatic AATD individual [125]. So why
does testing in COPD cohorts not occur if the ATS/ERS and WHO guidelines are so clear and
the benefits so convincing?

Many early guidelines for AATD advocated testing early-onset COPD patients and this fallacy
was to the detriment of screening efforts. The age at which manifestations of airway obstruc‐
tion, pulmonary emphysema, or chronic bronchitis appear in ZZ individuals is highly variable
[102]. While a common feature of AATD is indeed early-onset COPD, a significant AATD
cohort do not develop symptoms until much later in life, particularly if non-smokers [126,
127]. In fact, among never-smokers the risk of liver disease increases with age in ZZ individuals
[127, 128]. Numerous case reports have described AATD in elderly individuals with COPD
who were lifelong never smokers [129]. Taken together, it is clear that screening for AATD
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should be automatically performed in all COPD regardless of age or smoking history,
especially as failure to do so has serious clinical repercussions for undiagnosed family
members.

The fear of genetic discrimination, financial concerns, and privacy concerns are real barriers
to testing for AATD in the COPD population [130]. Fears of genetic discrimination have been
allayed in recent years with preventative legislation enacted in several countries, including
Ireland and the US. Genetic discrimination was made illegal in Ireland from December 31st
2005 when the Irish government enacted new legislation. It became illegal to use or process
the results of genetic testing for insurance, life assurance or mortgage purposes. This also
applies in the case of employment, health insurance and occupational pension. What is
assessed when a person is being considered for a financial product or insurance policy are the
usual criteria including health history (symptom-related questions), lifestyle choices (smoking,
alcohol, etc.), and the regular questions surrounding family history of particular illnesses.
There are still reasons to be wary in this area. Following the advent of the Genetic Information
Non-Discrimination Act (GINA) in the US in 2008, discrimination can be implicit, indirect and
subtle, rather than explicit, direct and overt; and as a result can be harder to prove [131].

6. How can we increase detection of AATD?

Initiatives to increase detection rates might include automatic physician alerts suggesting
AATD testing on pulmonary function test reports of patients with fixed airflow obstruction
[132], better medical and patient education in the area of AATD [133], changes to national
COPD guidelines, and a red flag to recommend testing for AATD on laboratory reports of
patient with low AAT levels. The advent of finger-prick tests using dried blood spots (DBS)
as a source of DNA has allowed home testing for AATD, with easier transportation of samples

Belief that AATD is a rare disorder

Perception that only early-onset non-smokers are affected

Therapeutic nihilism due to lack of specific treatments

Fear of genetic discrimination

Lack of education and awareness (in healthcare professionals & public)

Testing fatigue

Failure to admit lack of knowledge

Reluctance to lose patients to specialist centres

Lack of communication between clinicians and laboratory scientists

Absence of effective national guidelines

No access to testing methods

Privacy concerns

Perceived stigma

Table 6. Reasons why testing for AATD is not taking place.
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to the laboratory [94]. This method of testing eliminates the fear of needles for the individual,
and is also cheaper as the test does not require a visit to a general practitioner.

Improve education in undergraduate and postgraduate medical and scientific training

Include primary care physicians and hepatologists in awareness efforts

Educate and empower respiratory nurse specialists

Public awareness campaigns

Patient empowerment

Update WHO and ATS/ERS guidelines for AATD

Refine COPD guidelines to include automatic testing for AATD

Laboratory red-flags

Pulmonary function test red-flags

Electronic health record prompts

Embed as routine test by creating COPD care templates and physician order reminders

Joint seminars between pulmonologist and laboratory scientists

Presentations at national conferences

Provision of free testing kits

Table 7. Strategies to improve the detection of AATD.

An attractive strategy is the use of electronic red-flags on low AAT laboratory reports. This
prompts the clinician to investigate low AAT results and reflex to phenotyping and/or
genotyping. During our efforts to increase awareness at a national level in Ireland, we have
advocated that hospital laboratories should include the following recommendation on AAT
reports; “Serum AAT < 1.0 g/L may indicate alpha-1 antitrypsin deficiency and further investigation
is recommended. Information is available from the Alpha One Foundation on www.alpha1.ie. AAT is
an acute phase reactant and serum concentrations can increase significantly during trauma, acute
infection or surgery.” This cost-neutral approach has been successfully implemented at 9 large
hospitals in Ireland and has directly led to increased diagnosis of AATD in these centres and
surrounding hinterlands. Implementation was achieved by presenting to lung specialists and
laboratory scientists on site, and in the same room. This twin track approach is most effective
and it is often the first time for each party to meet – those requesting the test and those
performing the quantitative AAT assay. The aim is to eliminate missed diagnosis of AATD
when a low AAT is reported but not acted upon. A particularly striking aspect of this strategy
is that incidental findings of AATD are common, and hitherto asymptomatic cases can be
detected. As AAT is an acute phase protein and a robust marker of inflammation, the test can
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be requested during routine blood work with the expectation that it will be dramatically
increased. However, the opposite is sometimes the case. The inadvertent low finding is
highlighted by the electronic red-flag and the ensuing diagnosis of AATD is the positive
outcome. We are hopeful that this system will eventually be adopted on a nationwide basis
and are in consultation with the government and various stakeholders to effect this change.

Figure 10. Example of a laboratory red-flag on low AAT results from a biochemistry laboratory at a large Irish hospital.

In the era of the electronic medical record, technology can help deliver or enhance specific
clinical practices, such as testing for AATD. For example, if physicians were prompted to
consider this condition when they received the results of pulmonary function tests (PFT)
showing fixed airflow obstruction, testing for AATD should increase. Also, if eliciting a family
history of COPD or chronic liver disease prompted a physician alert on the electronic medical
record to test the serum AAT level, testing could increase. For example, a small pilot study
found that the frequency of AATD testing increased when a prompt to test for AATD was
included on the PFT reports of patients with airflow obstruction [132]. Another similar study
looked at the impact of a clinical decision support system within an electronic health record
which facilitated testing for AATD [134]. The alert within the electronic health record resulted
in a four-fold increase in testing for AATD.
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7. Other strategies

There are a host of other strategies which could lead to increased detection of AATD. These
include continuing medical education lectures, AATD teaching in medical school and clinical
chemistry curricula, public awareness campaigns, lobbying of public health officials, and
making available free testing kits. Moreover, the WHO and ATS/ERS guidelines need urgent
updating. AATD is often relegated to a footnote in many clinical guidelines for COPD. A
summary of the ATS and ERS document outlining standards for the diagnosis and treatment
of patients with COPD published in 2004 mentions AATD once, stating that “patients pre‐
senting with airflow limitation at a relatively early age (4th or 5th decade) and particularly
those with a family history of COPD should be tested for alpha-1 antitrypsin deficiency” [135].
Narrow definitions such as these are damaging to efforts to increase AATD detection. Another
strategy to promote testing is to empower patients by providing free, high-quality, easy to
understand information available, such as the information material prepared by the Alpha-1
Foundation (www.alpha-1foundation.org).

8. Conclusion

The fact that cigarette smoking is often a coincident historical finding in the assessment of
COPD has probably contributed to the remarkable global under-diagnosis of AATD. For
example, of the estimated 3,000 ZZ individuals on the island of Ireland, less than 10% have
been diagnosed. Unfortunately for the clinician and the patient, testing for AATD is not
routinely considered in the assessment of COPD. Any model for COPD diagnosis, assessment
and management must include automatic testing for AATD as one of the first steps. Large
variability exists in the clinical course of lung disease in AATD and therefore all COPD patients
should be tested for AATD, regardless of age or smoking history. The under-diagnosis of
AATD in COPD is a situation that must not be allowed to continue.

Acknowledgements

We thank all the AATD individuals attending our centre for their continued collaboration in
research, awareness and detection efforts. The Irish National AATD Targeted Detection
Programme is supported by funding from the Irish Government. We thank Dr. Ilaria Ferrarotti,
Dr. Stefania Ottaviani, and Prof. Maurizio Luisetti from the University of Pavia for their
continued assistance with rare and novel variant identification. We would like to thank John
Walsh and Angela McBride of the Alpha-1 Foundation (USA) for their continued support and
encouragement. Finally, we wish to thank Pat O’Brien and Emma Pentony in the Department
of Chemical Pathology in Beaumont Hospital for help with sampling and turbidimetry.

COPD Clinical Perspectives56



Author details

Tomás P. Carroll1*, M. Emmet O’Brien2, Laura T. Fee1, Kevin Molloy2, Blair Murray2,
Seshma Ramsawak2, Oisín McElvaney2, Catherine O’Connor1 and Noel G. McElvaney2

*Address all correspondence to: tcarroll@rcsi.ie

1 Alpha One Foundation, RCSI Education and Research Centre, Beaumont Hospital, Dublin,
Ireland

2 Department of Medicine, RCSI Education and Research Centre, Beaumont Hospital, Dublin,
Ireland

References

[1] Greene CM, Miller SD, Carroll T, McLean C, O'Mahony M, Lawless MW, O'Neill SJ,
Taggart CC, McElvaney NG: Alpha-1 antitrypsin deficiency: a conformational dis‐
ease associated with lung and liver manifestations. J Inherit Metab Dis 2008, 31:21-34.

[2] Lieberman J, Winter B, Sastre A: Alpha 1-antitrypsin Pi-types in 965 COPD patients.
Chest 1986, 89:370-373.

[3] Alpha 1-antitrypsin deficiency: memorandum from a WHO meeting. Bull World
Health Organ 1997, 75:397-415.

[4] 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, 168:818-900.

[5] Carroll TP, O'Connor CA, Floyd O, McPartlin J, Kelleher DP, O'Brien G, Dimitrov
BD, Morris VB, Taggart CC, McElvaney NG: The prevalence of alpha-1 antitrypsin
deficiency in Ireland. Respir Res 2011, 12:91.

[6] Stoller JK, Sandhaus RA, Turino G, Dickson R, Rodgers K, Strange C: Delay in diag‐
nosis of alpha1-antitrypsin deficiency: a continuing problem. Chest 2005,
128:1989-1994.

[7] Carrell RW, Jeppsson JO, Laurell CB, Brennan SO, Owen MC, Vaughan L, Boswell
DR: Structure and variation of human alpha 1-antitrypsin. Nature 1982, 298:329-334.

[8] Jones EA, Vergalla J, Steer CJ, Bradley-Moore PR, Vierling JM: Metabolism of intact
and desialylated alpha 1-antitrypsin. Clin Sci Mol Med 1978, 55:139-148.

[9] Perlmutter DH, Kay RM, Cole FS, Rossing TH, Van Thiel D, Colten HR: The cellular
defect in alpha 1-proteinase inhibitor (alpha 1-PI) deficiency is expressed in human

Alpha-1 Antitrypsin Deficiency — A Missed Opportunity in COPD?
http://dx.doi.org/10.5772/58602

57



monocytes and in Xenopus oocytes injected with human liver mRNA. Proc Natl Acad
Sci U S A 1985, 82:6918-6921.

[10] Molmenti EP, Perlmutter DH, Rubin DC: Cell-specific expression of alpha 1-antitryp‐
sin in human intestinal epithelium. J Clin Invest 1993, 92:2022-2034.

[11] Carroll TP, Greene CM, O'Connor CA, Nolan AM, O'Neill SJ, McElvaney NG: Evi‐
dence for unfolded protein response activation in monocytes from individuals with
alpha-1 antitrypsin deficiency. J Immunol 2010, 184:4538-4546.

[12] Cichy J, Potempa J, Travis J: Biosynthesis of alpha1-proteinase inhibitor by human
lung-derived epithelial cells. J Biol Chem 1997, 272:8250-8255.

[13] Voulgari F, Cummins P, Gardecki TI, Beeching NJ, Stone PC, Stuart J: Serum levels of
acute phase and cardiac proteins after myocardial infarction, surgery, and infection.
Br Heart J 1982, 48:352-356.

[14] Kossmann T, Hans VH, Imhof HG, Stocker R, Grob P, Trentz O, Morganti-Kossmann
C: Intrathecal and serum interleukin-6 and the acute-phase response in patients with
severe traumatic brain injuries. Shock 1995, 4:311-317.

[15] Perlmutter DH, May LT, Sehgal PB: Interferon beta 2/interleukin 6 modulates synthe‐
sis of alpha 1-antitrypsin in human mononuclear phagocytes and in human hepato‐
ma cells. J Clin Invest 1989, 84:138-144.

[16] Laurell CB, Eriksson SE: The electrophoretic alpha-globulin pattern of serum in al‐
pha1-antitrypsin deficiency. Scand J Clin Lab Invest 1963, 15:132-140.

[17] Gadek JE, Fells GA, Crystal RG: Cigarette smoking induces functional antiprotease
deficiency in the lower respiratory tract of humans. Science 1979, 206:1315-1316.

[18] Sharp HL, Bridges RA, Krivit W, Freier EF: Cirrhosis associated with alpha-1-anti‐
trypsin deficiency: a previously unrecognized inherited disorder. J Lab Clin Med 1969,
73:934-939.

[19] McElvaney NG, Stoller JK, Buist AS, Prakash UB, Brantly ML, Schluchter MD, Crys‐
tal RD: Baseline characteristics of enrollees in the National Heart, Lung and Blood In‐
stitute Registry of alpha 1-antitrypsin deficiency. Alpha 1-Antitrypsin Deficiency
Registry Study Group. Chest 1997, 111:394-403.

[20] Eden E, Mitchell D, Mehlman B, Khouli H, Nejat M, Grieco MH, Turino GM: Atopy,
asthma, and emphysema in patients with severe alpha-1-antitrypysin deficiency. Am
J Respir Crit Care Med 1997, 156:68-74.

[21] Seersholm N, Kok-Jensen A, Dirksen A: Decline in FEV1 among patients with severe
hereditary alpha 1-antitrypsin deficiency type PiZ. Am J Respir Crit Care Med 1995,
152:1922-1925.

[22] Seersholm N, Kok-Jensen A, Dirksen A: Survival of patients with severe alpha 1-anti‐
trypsin deficiency with special reference to non-index cases. Thorax 1994, 49:695-698.

COPD Clinical Perspectives58



[23] Piitulainen E, Tornling G, Eriksson S: Effect of age and occupational exposure to air‐
way irritants on lung function in non-smoking individuals with alpha 1-antitrypsin
deficiency (PiZZ). Thorax 1997, 52:244-248.

[24] Mayer AS, Stoller JK, Bucher Bartelson B, James Ruttenber A, Sandhaus RA, New‐
man LS: Occupational exposure risks in individuals with PI*Z alpha(1)-antitrypsin
deficiency. Am J Respir Crit Care Med 2000, 162:553-558.

[25] Stolk J, Ng WH, Bakker ME, Reiber JH, Rabe KF, Putter H, Stoel BC: Correlation be‐
tween annual change in health status and computer tomography derived lung densi‐
ty in subjects with alpha1-antitrypsin deficiency. Thorax 2003, 58:1027-1030.

[26] Parr DG, Dirksen A, Piitulainen E, Deng C, Wencker M, Stockley RA: Exploring the
optimum approach to the use of CT densitometry in a randomised placebo-control‐
led study of augmentation therapy in alpha 1-antitrypsin deficiency. Respir Res 2009,
10:75.

[27] Parr DG, Guest PG, Reynolds JH, Dowson LJ, Stockley RA: Prevalence and impact of
bronchiectasis in alpha1-antitrypsin deficiency. Am J Respir Crit Care Med 2007,
176:1215-1221.

[28] Piras B, Ferrarotti I, Lara B, Martinez MT, Bustamante A, Ottaviani S, Pirina P, Lui‐
setti M, Miravitlles M: Clinical phenotypes of Italian and Spanish patients with al‐
pha1-antitrypsin deficiency. Eur Respir J 2013, 42:54-64.

[29] Moroz SP, Cutz E, Cox DW, Sass-Kortsak A: Liver disease associated with alpha1-an‐
titrypsin deficiency in childhood. J Pediatr 1976, 88:19-25.

[30] Sveger T: Liver disease in alpha1-antitrypsin deficiency detected by screening of
200,000 infants. N Engl J Med 1976, 294:1316-1321.

[31] 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, 19:1370-1376.

[32] Psacharopoulos HT, Mowat AP, Cook PJ, Carlile PA, Portmann B, Rodeck CH: Out‐
come of liver disease associated with alpha 1 antitrypsin deficiency (PiZ). Implica‐
tions for genetic counselling and antenatal diagnosis. Arch Dis Child 1983, 58:882-887.

[33] Eriksson S, Carlson J, Velez R: Risk of cirrhosis and primary liver cancer in alpha 1-
antitrypsin deficiency. N Engl J Med 1986, 314:736-739.

[34] Voide N, Ardigo S, Morris M, Rubbia-Brandt L, Rougemont AL, Morard I, Vischer
UM: Alpha-1-antitrypsin deficiency in a 78-year-old woman with isolated liver cir‐
rhosis. J Am Geriatr Soc 2010, 58:415-416.

[35] Pan S, Huang L, McPherson J, Muzny D, Rouhani F, Brantly M, Gibbs R, Sifers RN:
Single nucleotide polymorphism-mediated translational suppression of endoplasmic

Alpha-1 Antitrypsin Deficiency — A Missed Opportunity in COPD?
http://dx.doi.org/10.5772/58602

59



reticulum mannosidase I modifies the onset of end-stage liver disease in alpha1-anti‐
trypsin deficiency. Hepatology 2009, 50:275-281.

[36] Scott CM, Kruse KB, Schmidt BZ, Perlmutter DH, McCracken AA, Brodsky JL:
ADD66, a gene involved in the endoplasmic reticulum-associated degradation of al‐
pha-1-antitrypsin-Z in yeast, facilitates proteasome activity and assembly. Mol Biol
Cell 2007, 18:3776-3787.

[37] Zhang B, Zheng C, Zhu M, Tao J, Vasievich MP, Baines A, Kim J, Schekman R, Kauf‐
man RJ, Ginsburg D: Mice deficient in LMAN1 exhibit FV and FVIII deficiencies and
liver accumulation of alpha1-antitrypsin. Blood 2011, 118:3384-3391.

[38] Regev A, Guaqueta C, Molina EG, Conrad A, Mishra V, Brantly ML, Torres M, De
Medina M, Tzakis AG, Schiff ER: Does the heterozygous state of alpha-1 antitrypsin
deficiency have a role in chronic liver diseases? Interim results of a large case-control
study. J Pediatr Gastroenterol Nutr 2006, 43 Suppl 1:S30-35.

[39] Cacciottolo TM, Gelson WT, Maguire G, Davies SE, Griffiths WJ: Pi*Z heterozygous
alpha-1 antitrypsin states accelerate parenchymal but not biliary cirrhosis. Eur J Gas‐
troenterol Hepatol 2014, 26:412-417.

[40] Kok KF, Wahab PJ, Houwen RH, Drenth JP, de Man RA, van Hoek B, Meijer JW, Wil‐
lekens FL, de Vries RA: Heterozygous alpha-I antitrypsin deficiency as a co-factor in
the development of chronic liver disease: a review. Neth J Med 2007, 65:160-166.

[41] Hood JM, Koep LJ, Peters RL, Schroter GP, Weil R, 3rd, Redeker AG, Starzl TE: Liver
transplantation for advanced liver disease with alpha-1-antitrypsin deficiency. N
Engl J Med 1980, 302:272-275.

[42] Francavilla R, Castellaneta SP, Hadzic N, Chambers SM, Portmann B, Tung J,
Cheeseman P, Rela M, Heaton ND, Mieli-Vergani G: Prognosis of alpha-1-antitrypsin
deficiency-related liver disease in the era of paediatric liver transplantation. J Hepatol
2000, 32:986-992.

[43] Irvine C, Neild V, Stephens C, Black M: Alpha-1-antitrypsin deficiency panniculitis. J
R Soc Med 1990, 83:743-744.

[44] Dowd SK, Rodgers GC, Callen JP: Effective treatment with alpha 1-protease inhibitor
of chronic cutaneous vasculitis associated with alpha 1-antitrypsin deficiency. J Am
Acad Dermatol 1995, 33:913-916.

[45] Gross B, Grebe M, Wencker M, Stoller JK, Bjursten LM, Janciauskiene S: New Find‐
ings in PiZZ alpha1-antitrypsin deficiency-related panniculitis. Demonstration of
skin polymers and high dosing requirements of intravenous augmentation therapy.
Dermatology 2009, 218:370-375.

[46] Blanco I, Lara B, de Serres F: Efficacy of alpha1-antitrypsin augmentation therapy in
conditions other than pulmonary emphysema. Orphanet J Rare Dis 2011, 6:14.

COPD Clinical Perspectives60



[47] Lyons PA, Rayner TF, Trivedi S, Holle JU, Watts RA, Jayne DR, Baslund B, Brenchley
P, Bruchfeld A, Chaudhry AN, et al: Genetically distinct subsets within ANCA-asso‐
ciated vasculitis. N Engl J Med 2012, 367:214-223.

[48] Segelmark M, Elzouki AN, Wieslander J, Eriksson S: The PiZ gene of alpha 1-anti‐
trypsin as a determinant of outcome in PR3-ANCA-positive vasculitis. Kidney Int
1995, 48:844-850.

[49] Fortin PR, Fraser RS, Watts CS, Esdaile JM: Alpha-1 antitrypsin deficiency and sys‐
temic necrotizing vasculitis. J Rheumatol 1991, 18:1613-1616.

[50] Mashiba S, Wada Y, Takeya M, Sugiyama A, Hamakubo T, Nakamura A, Noguchi
N, Niki E, Izumi A, Kobayashi M, et al: In vivo complex formation of oxidized al‐
pha(1)-antitrypsin and LDL. Arterioscler Thromb Vasc Biol 2001, 21:1801-1808.

[51] Dichtl W, Moraga F, Ares MP, Crisby M, Nilsson J, Lindgren S, Janciauskiene S: The
carboxyl-terminal fragment of alpha1-antitrypsin is present in atherosclerotic pla‐
ques and regulates inflammatory transcription factors in primary human monocytes.
Mol Cell Biol Res Commun 2000, 4:50-61.

[52] Swedlund HA, Hunder GG, Gleich GJ: Alpha 1-antitrypsin in serum and synovial
fluid in rheumatoid arthritis. Ann Rheum Dis 1974, 33:162-164.

[53] Scott LJ, Evans EL, Dawes PT, Russell GI, Mattey DL: Comparison of IgA-alpha1-an‐
titrypsin levels in rheumatoid arthritis and seronegative oligoarthritis: complex for‐
mation is not associated with inflammation per se. Br J Rheumatol 1998, 37:398-404.

[54] Cox DW, Huber O: Rheumatoid arthritis and alpha-1-antitrypsin. Lancet 1976,
1:1216-1217.

[55] Sandstrom CS, Ohlsson B, Melander O, Westin U, Mahadeva R, Janciauskiene S: An
association between Type 2 diabetes and alpha-antitrypsin deficiency. Diabet Med
2008, 25:1370-1373.

[56] Ye J, Liao YT, Jian YQ, Zhang XD, Wei P, Qi H, Deng CY, Li FR: Alpha-1-antitrypsin
for the improvement of autoimmunity and allograft rejection in beta cell transplanta‐
tion. Immunol Lett 2013, 150:61-68.

[57] de Serres FJ, Blanco I: Prevalence of alpha1-antitrypsin deficiency alleles PI*S and
PI*Z worldwide and effective screening for each of the five phenotypic classes
PI*MS, PI*MZ, PI*SS, PI*SZ, and PI*ZZ: a comprehensive review. Ther Adv Respir Dis
2012, 6:277-295.

[58] Hersh CP, Dahl M, Ly NP, Berkey CS, Nordestgaard BG, Silverman EK: Chronic ob‐
structive pulmonary disease in alpha1-antitrypsin PI MZ heterozygotes: a meta-anal‐
ysis. Thorax 2004, 59:843-849.

[59] Molloy K, Hersh CP, Morris VB, Carroll TP, O'Connor CA, Lasky-Su JA, Greene CM,
O'Neill SJ, Silverman EK, McElvaney NG: Clarification of the risk of chronic obstruc‐

Alpha-1 Antitrypsin Deficiency — A Missed Opportunity in COPD?
http://dx.doi.org/10.5772/58602

61



tive pulmonary disease in alpha1-antitrypsin deficiency PiMZ heterozygotes. Am J
Respir Crit Care Med 2014, 189:419-427.

[60] Sorheim IC, Bakke P, Gulsvik A, Pillai SG, Johannessen A, Gaarder PI, Campbell EJ,
Agusti A, Calverley PM, Donner CF, et al: alpha(1)-Antitrypsin protease inhibitor
MZ heterozygosity is associated with airflow obstruction in two large cohorts. Chest
2010, 138:1125-1132.

[61] Mehta AJ, Thun GA, Imboden M, Ferrarotti I, Keidel D, Kunzli N, Kromhout H, Mie‐
dinger D, Phuleria H, Rochat T, et al: Interactions between SERPINA1 PiMZ geno‐
type, occupational exposure and lung function decline. Occup Environ Med 2014,
71:234-240.

[62] Corbo GM, Forastiere F, Agabiti N, Dell'Orco V, Pistelli R, Massi G, Perucci CA, Val‐
ente S: Passive smoking and lung function in alpha(1)-antitrypsin heterozygote
schoolchildren. Thorax 2003, 58:237-241.

[63] Wall M, Moe E, Eisenberg J, Powers M, Buist N, Buist AS: Long-term follow-up of a
cohort of children with alpha-1-antitrypsin deficiency. J Pediatr 1990, 116:248-251.

[64] Carpenter MJ, Strange C, Jones Y, Dickson MR, Carter C, Moseley MA, Gilbert GE:
Does genetic testing result in behavioral health change? Changes in smoking behav‐
ior following testing for alpha-1 antitrypsin deficiency. Ann Behav Med 2007, 33:22-28.

[65] Malerba M, Ricciardolo F, Radaeli A, Torregiani C, Ceriani L, Mori E, Bontempelli M,
Tantucci C, Grassi V: Neutrophilic inflammation and IL-8 levels in induced sputum
of alpha-1-antitrypsin PiMZ subjects. Thorax 2006, 61:129-133.

[66] Lomas DA: The selective advantage of alpha1-antitrypsin deficiency. Am J Respir Crit
Care Med 2006, 173:1072-1077.

[67] Alam S, Li Z, Atkinson C, Jonigk D, Janciauskiene S, Mahadeva R: Z alpha-1 anti‐
trypsin confers a pro-inflammatory phenotype that contributes to COPD. Am J Respir
Crit Care Med 2014.

[68] Alam S, Li Z, Janciauskiene S, Mahadeva R: Oxidation of Z alpha1-antitrypsin by cig‐
arette smoke induces polymerization: a novel mechanism of early-onset emphysema.
Am J Respir Cell Mol Biol 2011, 45:261-269.

[69] Wewers MD, Casolaro MA, Sellers SE, Swayze SC, McPhaul KM, Wittes JT, Crystal
RG: Replacement therapy for alpha 1-antitrypsin deficiency associated with emphy‐
sema. N Engl J Med 1987, 316:1055-1062.

[70] Brantly ML, Wittes JT, Vogelmeier CF, Hubbard RC, Fells GA, Crystal RG: Use of a
highly purified alpha 1-antitrypsin standard to establish ranges for the common nor‐
mal and deficient alpha 1-antitrypsin phenotypes. Chest 1991, 100:703-708.

COPD Clinical Perspectives62



[71] Dickens JA, Lomas DA: Why has it been so difficult to prove the efficacy of alpha-1-
antitrypsin replacement therapy? Insights from the study of disease pathogenesis.
Drug Des Devel Ther 2011, 5:391-405.

[72] Current status of alpha-1-antitrypsin replacement therapy: recommendations for the
management of patients with severe hereditary deficiency. Ad Hoc Committee on
Alpha-1-Antitrypsin Replacement Therapy of the Standards Committee, Canadian
Thoracic Society. CMAJ 1992, 146:841-844.

[73] Turino GM, Barker AF, Brantly ML, Cohen AB, Connelly RP, Crystal RG, Eden E,
Schluchter MD, Stoller JK: Clinical features of individuals with PI*SZ phenotype of
alpha 1-antitrypsin deficiency. alpha 1-Antitrypsin Deficiency Registry Study Group.
Am J Respir Crit Care Med 1996, 154:1718-1725.

[74] Dahl M, Hersh CP, Ly NP, Berkey CS, Silverman EK, Nordestgaard BG: The protease
inhibitor PI*S allele and COPD: a meta-analysis. Eur Respir J 2005, 26:67-76.

[75] Kohnlein T, Janciauskiene S, Welte T: Diagnostic delay and clinical modifiers in al‐
pha-1 antitrypsin deficiency. Ther Adv Respir Dis 2010, 4:279-287.

[76] Snyder MR, Katzmann JA, Butz ML, Wiley C, Yang P, Dawson DB, Halling KC,
Highsmith WE, Thibodeau SN: Diagnosis of alpha-1-antitrypsin deficiency: An algo‐
rithm of quantification, genotyping, and phenotyping. Clin Chem 2006, 52:2236-2242.

[77] Miravitlles M, Herr C, Ferrarotti I, Jardi R, Rodriguez-Frias F, Luisetti M, Bals R: Lab‐
oratory testing of individuals with severe alpha1-antitrypsin deficiency in three Eu‐
ropean centres. Eur Respir J 2010, 35:960-968.

[78] Bornhorst JA, Procter M, Meadows C, Ashwood ER, Mao R: Evaluation of an integra‐
tive diagnostic algorithm for the identification of people at risk for alpha1-antitrypsin
deficiency. Am J Clin Pathol 2007, 128:482-490.

[79] Donato LJ, Jenkins SM, Smith C, Katzmann JA, Snyder MR: Reference and interpre‐
tive ranges for alpha(1)-antitrypsin quantitation by phenotype in adult and pediatric
populations. Am J Clin Pathol 2012, 138:398-405.

[80] Ferrarotti I, Thun GA, Zorzetto M, Ottaviani S, Imboden M, Schindler C, von Eckard‐
stein A, Rohrer L, Rochat T, Russi EW, et al: Serum levels and genotype distribution
of alpha1-antitrypsin in the general population. Thorax 2012, 67:669-674.

[81] Gaidulis L, Muensch HA, Maslow WC, Borer WZ: Optimizing reference values for
the measurement of alpha 1-antitrypsin in serum: comparison of three methods. Clin
Chem 1983, 29:1838-1840.

[82] Viedma JA, de la Iglesia A, Parera M, Lopez MT: A new automated turbidimetric im‐
munoassay for quantifying alpha 1-antitrypsin in serum. Clin Chem 1986,
32:1020-1022.

Alpha-1 Antitrypsin Deficiency — A Missed Opportunity in COPD?
http://dx.doi.org/10.5772/58602

63



[83] Bornhorst JA, Greene DN, Ashwood ER, Grenache DG: alpha1-Antitrypsin pheno‐
types and associated serum protein concentrations in a large clinical population.
Chest 2013, 143:1000-1008.

[84] Lisowska-Myjak B: AAT as a diagnostic tool. Clin Chim Acta 2005, 352:1-13.

[85] Ritchie RF, Palomaki GE, Neveux LM, Navolotskaia O: Reference distributions for
the positive acute phase proteins, alpha1-acid glycoprotein (orosomucoid), alpha1-
antitrypsin, and haptoglobin: a comparison of a large cohort to the world's literature.
J Clin Lab Anal 2000, 14:265-270.

[86] Miles RR, Roberts RF, Putnam AR, Roberts WL: Comparison of serum and hepari‐
nized plasma samples for measurement of chemistry analytes. Clin Chem 2004,
50:1704-1706.

[87] Ottaviani S, Gorrini M, Scabini R, Kadija Z, Paracchini E, Mariani F, Ferrarotti I, Lui‐
setti M: C reactive protein and alpha1-antitrypsin: relationship between levels and
gene variants. Transl Res 2011, 157:332-338.

[88] Zerimech F, Hennache G, Bellon F, Barouh G, Jacques Lafitte J, Porchet N, Balduyck
M: Evaluation of a new Sebia isoelectrofocusing kit for alpha 1-antitrypsin phenotyp‐
ing with the Hydrasys System. Clin Chem Lab Med 2008, 46:260-263.

[89] Greene DN, Elliott-Jelf MC, Straseski JA, Grenache DG: Facilitating the laboratory di‐
agnosis of alpha1-antitrypsin deficiency. Am J Clin Pathol 2013, 139:184-191.

[90] Rodriguez-Frias F, Vila-Auli B, Homs-Riba M, Vidal-Pla R, Calpe-Calpe JL, Jardi-
Margalef R: Diagnosis of Alpha-1 Antitrypsin Deficiency: Limitations of Rapid Diag‐
nostic Laboratory Tests. Arch Bronconeumol 2011, 47:415-417.

[91] Lieberman J, Gaidults L, Schleissner LA: Intermediate alpha1-antitrypsin deficiency
resulting from a null gene (M-phenotype). Chest 1976, 70:532-535.

[92] Ferrarotti I, Zorzetto M, Scabini R, Mazzola P, Campo I, Luisetti M: A novel method
for rapid genotypic identification of alpha 1-antitrypsin variants. Diagn Mol Pathol
2004, 13:160-163.

[93] Rodriguez F, Jardi R, Costa X, Cotrina M, Galimany R, Vidal R, Miravitlles M: Rapid
screening for alpha1-antitrypsin deficiency in patients with chronic obstructive pul‐
monary disease using dried blood specimens. Am J Respir Crit Care Med 2002,
166:814-817.

[94] Costa X, Jardi R, Rodriguez F, Miravitlles M, Cotrina M, Gonzalez C, Pascual C, Vi‐
dal R: Simple method for alpha1-antitrypsin deficiency screening by use of dried
blood spot specimens. Eur Respir J 2000, 15:1111-1115.

[95] Zorzetto M, Russi E, Senn O, Imboden M, Ferrarotti I, Tinelli C, Campo I, Ottaviani
S, Scabini R, von Eckardstein A, et al: SERPINA1 gene variants in individuals from

COPD Clinical Perspectives64



the general population with reduced alpha1-antitrypsin concentrations. Clin Chem
2008, 54:1331-1338.

[96] Gross P, Pfitzer EA, Tolker E, Babyak MA, Kaschak M: Experimental Emphysema: Its
Production with Papain in Normal and Silicotic Rats. Arch Environ Health 1965,
11:50-58.

[97] Janoff A, Scherer J: Mediators of inflammation in leukocyte lysosomes. IX. Elastino‐
lytic activity in granules of human polymorphonuclear leukocytes. J Exp Med 1968,
128:1137-1155.

[98] Johnson D, Travis J: The oxidative inactivation of human alpha-1-proteinase inhibi‐
tor. Further evidence for methionine at the reactive center. J Biol Chem 1979,
254:4022-4026.

[99] Carp H, Miller F, Hoidal JR, Janoff A: Potential mechanism of emphysema: alpha 1-
proteinase inhibitor recovered from lungs of cigarette smokers contains oxidized me‐
thionine and has decreased elastase inhibitory capacity. Proc Natl Acad Sci U S A
1982, 79:2041-2045.

[100] Hubbard RC, Ogushi F, Fells GA, Cantin AM, Jallat S, Courtney M, Crystal RG: Oxi‐
dants spontaneously released by alveolar macrophages of cigarette smokers can inac‐
tivate the active site of alpha 1-antitrypsin, rendering it ineffective as an inhibitor of
neutrophil elastase. J Clin Invest 1987, 80:1289-1295.

[101] Taggart C, Cervantes-Laurean D, Kim G, McElvaney NG, Wehr N, Moss J, Levine
RL: Oxidation of either methionine 351 or methionine 358 in alpha 1-antitrypsin
causes loss of anti-neutrophil elastase activity. J Biol Chem 2000, 275:27258-27265.

[102] Survival and FEV1 decline in individuals with severe deficiency of alpha1-antitryp‐
sin. The Alpha-1-Antitrypsin Deficiency Registry Study Group. Am J Respir Crit Care
Med 1998, 158:49-59.

[103] Janoff A, Carp H: Possible mechanisms of emphysema in smokers: cigarette smoke
condensate suppresses protease inhibition in vitro. Am Rev Respir Dis 1977, 116:65-72.

[104] Seersholm N, Kok-Jensen A: Survival in relation to lung function and smoking cessa‐
tion in patients with severe hereditary alpha 1-antitrypsin deficiency. Am J Respir Crit
Care Med 1995, 151:369-373.

[105] Mayer AS, Stoller JK, Vedal S, Ruttenber AJ, Strand M, Sandhaus RA, Newman LS:
Risk factors for symptom onset in PI*Z alpha-1 antitrypsin deficiency. Int J Chron Ob‐
struct Pulmon Dis 2006, 1:485-492.

[106] McElvaney NG: Smoking ban--made in Ireland, for home use and for export. N Engl
J Med 2004, 350:2231-2233.

[107] Hogarth DK, Rachelefsky G: Screening and familial testing of patients for alpha 1-an‐
titrypsin deficiency. Chest 2008, 133:981-988.

Alpha-1 Antitrypsin Deficiency — A Missed Opportunity in COPD?
http://dx.doi.org/10.5772/58602

65



[108] Tzakis A: Early recognition of alpha-1 antitrypsin deficiency and considerations for
liver transplantation. Gastroenterol Hepatol (N Y) 2013, 9:110-112.

[109] Campos MA, Alazemi S, Zhang G, Sandhaus RA, Wanner A: Influenza vaccination
in subjects with alpha1-antitrypsin deficiency. Chest 2008, 133:49-55.

[110] Halpin D: NICE guidance for COPD. Thorax 2004, 59:181-182.

[111] Fromer L, Cooper CB: A review of the GOLD guidelines for the diagnosis and treat‐
ment of patients with COPD. Int J Clin Pract 2008, 62:1219-1236.

[112] Hoogendoorn M, Feenstra TL, Hoogenveen RT, Al M, Molken MR: Association be‐
tween lung function and exacerbation frequency in patients with COPD. Int J Chron
Obstruct Pulmon Dis 2010, 5:435-444.

[113] Needham M, Stockley RA: Exacerbations in {alpha}1-antitrypsin deficiency. Eur Re‐
spir J 2005, 25:992-1000.

[114] Campos MA, Alazemi S, Zhang G, Wanner A, Salathe M, Baier H, Sandhaus RA: Ex‐
acerbations in subjects with alpha-1 antitrypsin deficiency receiving augmentation
therapy. Respir Med 2009, 103:1532-1539.

[115] Campos MA, Alazemi S, Zhang G, Wanner A, Sandhaus RA: Effects of a disease
management program in individuals with alpha-1 antitrypsin deficiency. COPD
2009, 6:31-40.

[116] Stoller JK, Aboussouan LS: alpha1-Antitrypsin deficiency. 5: intravenous augmenta‐
tion therapy: current understanding. Thorax 2004, 59:708-712.

[117] Chapman KR, Stockley RA, Dawkins C, Wilkes MM, Navickis RJ: Augmentation
therapy for alpha1 antitrypsin deficiency: a meta-analysis. COPD 2009, 6:177-184.

[118] McCarthy C, Dimitrov BD: Augmentation therapy for alpha-1 antitrypsin deficien‐
cy--not enough evidence to support its use yet! COPD 2010, 7:234; author reply
235-236.

[119] Mohanka M, Khemasuwan D, Stoller JK: A review of augmentation therapy for al‐
pha-1 antitrypsin deficiency. Expert Opin Biol Ther 2012, 12:685-700.

[120] Modrykamien A, Stoller JK: Alpha-1 antitrypsin (AAT) deficiency-what are the treat‐
ment options? Expert Opin Pharmacother 2009, 10:2653-2661.

[121] Celli BR: Pulmonary rehabilitation for patients with advanced lung disease. Clin
Chest Med 1997, 18:521-534.

[122] Ries AL, Bauldoff GS, Carlin BW, Casaburi R, Emery CF, Mahler DA, Make B, Ro‐
chester CL, Zuwallack R, Herrerias C: Pulmonary Rehabilitation: Joint ACCP/
AACVPR Evidence-Based Clinical Practice Guidelines. Chest 2007, 131:4S-42S.

COPD Clinical Perspectives66



[123] Stoller JK, Fromer L, Brantly M, Stocks J, Strange C: Primary care diagnosis of al‐
pha-1 antitrypsin deficiency: issues and opportunities. Cleve Clin J Med 2007,
74:869-874.

[124] Aboussouan LS, Stoller JK: Detection of alpha-1 antitrypsin deficiency: a review. Re‐
spir Med 2009, 103:335-341.

[125] Mullins CD, Huang X, Merchant S, Stoller JK, Alpha One Foundation Research Net‐
work Registry I: The direct medical costs of alpha(1)-antitrypsin deficiency. Chest
2001, 119:745-752.

[126] Campos MA, Alazemi S, Zhang G, Salathe M, Wanner A, Sandhaus RA, Baier H:
Clinical characteristics of subjects with symptoms of alpha1-antitrypsin deficiency
older than 60 years. Chest 2009, 135:600-608.

[127] Tanash HA, Nilsson PM, Nilsson JA, Piitulainen E: Clinical course and prognosis of
never-smokers with severe alpha-1-antitrypsin deficiency (PiZZ). Thorax 2008,
63:1091-1095.

[128] Willson AB, Seow C, Zimmerman M: Severe alpha-1 antitrypsin deficiency diag‐
nosed in an 86-year-old man. Intern Med J 2004, 34:653-654.

[129] Jack CI, Evans CC: Three cases of alpha-1-antitrypsin deficiency in the elderly. Post‐
grad Med J 1991, 67:840-842.

[130] Fanos JH, Strange C: "The lion, the witch and the wardrobe": impact on sibs of indi‐
viduals with AAT deficiency. Am J Med Genet A 2004, 130A:251-257.

[131] Klitzman R: Views of discrimination among individuals confronting genetic disease.
J Genet Couns 2010, 19:68-83.

[132] Rahaghi F, Ortega I, Rahaghi N, Oliveira E, Ramirez J, Smolley L, Stoller JK: Physi‐
cian alert suggesting alpha-1 antitrypsin deficiency testing in pulmonary function
test (PFT) results. COPD 2009, 6:26-30.

[133] Fromer L: Improving diagnosis and management of alpha-1 antitrypsin deficiency in
primary care: translating knowledge into action. COPD 2010, 7:192-198.

[134] Jain A, McCarthy K, Xu M, Stoller JK: Impact of a clinical decision support system in
an electronic health record to enhance detection of alpha(1)-antitrypsin deficiency.
Chest 2011, 140:198-204.

[135] Celli BR, MacNee W, Force AET: Standards for the diagnosis and treatment of pa‐
tients with COPD: a summary of the ATS/ERS position paper. Eur Respir J 2004,
23:932-946.

Alpha-1 Antitrypsin Deficiency — A Missed Opportunity in COPD?
http://dx.doi.org/10.5772/58602

67




