Alpha-1-Antitrypsin Deficiency in Children:
Clinical Characteristics and Diagnosis

Nedeljko Radlovi¢'?, Zoran Lekovi¢?, Vladimir Radlovi¢?, Dusica Simic¢'?,
Aleksandra Topi¢?, Dragana Risti¢?, Sinisa Duci¢?, Andjelo Baleti¢*

!School of Medicine, University of Belgrade, Belgrade, Serbia;

2University Children's Hospital, Belgrade, Serbia;

3Faculty of Pharmacy, University of Belgrade, Belgrade, Serbia;

“Clinical Center of Serbia, Belgrade, Serbia

SUMMARY

Introduction Alpha-1-antitrypsin deficiency (AATD) is a relatively rare and clinically very heterogeneous
autosomal recessive disorder.

Objective Presentation of clinical characteristics of AATD in the first months after birth, as well as the
significance of testing brothers and sisters for its presence.

Methods Objectives of the study were analyzed on a sample of eight children (four male and four female,
aged 63 months (mean14.81+23.96 months; range 1-63 months) with AATD confirmed based on its low
serum value and pathological phenotype.

Results Of the total of eight patients, six manifested cholestasis syndrome (three male and three fe-
male, mean age 2.25+1.37 months; range 1-4.5 months), while two patients, a 3.5-year-old girl and a
5.25-year-old boy, were without symptoms and clinical-laboratory signs of the disease, disclosed during
family testing. Serum alpha-1-antitrypsin level rated 0.30-0.66 g/L (0.37+0.12), among which seven were
with ZZ phenotype 0.30-0.39 (0.33+0.04), and in a boy with FZ the phenotype was disclosed on family
screening, 0.66 g/L. In the group of patients with cholestasis syndrome (serum GTT 444.80+203.15 U/L;
range 201-676 U/L), three had mild to moderate hepatomegaly, one had longitudinal growth delay (<P3;
-10.50%) and two had icterus with conjugated hyperbilirubinemia (92 and 109 pmol/L) and prolonged
prothrombin time (PT 14.8 and 17 sec). All children with cholestasis syndrome also had hypertransami-
nasemia (ALT 80.83+33 U/L; range 37-124 U/L and AST 116.67+62.82 U/L; range 58-230 U/L).
Conclusion Cholestasis syndrome represents a basic manifestation of AATD in the first months after
birth, while early testing of brothers and sisters enables early disclosure and adequate treatment of the

subclinical forms of the disease.
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INTRODUCTION

Alpha-1-antitrypsin deficiency (AATD) rep-
resents a relatively rare and clinically a rather
heterogeneous autosomal recessive disorder of
serpinopathy group [1, 2, 3]. It is present in
all regions worldwide, but most often in the
population derived from the European an-
cestry (1:2000-6700), particularly those from
Northern Europe (1:1600) [1-5]. The basis of
the disease forms a defect in the hepatocyte
expression of alpha-1-antitrypsin followed by
damage of the liver and/or lungs, and rarely of
other body structures [1, 2, 3]. Liver changes
develop due to intra-hepatocytic retention and
alpha-1-antitrypsin polymerization, while pul-
monary and other are the result of the lack of
its protective effect, as well as its regulatory
participation in the process of inflammation
and tissue repair [1, 6, 7, 8].

Viewed from the clinical aspect, AATD can
be asymptomatic or long-lastingly and even
permanently symptomatic [1, 2, 3, 9]. The type
of its expression depends on the genotype, but
also of numerous exogenous factors, such as
various infective, toxic and other damages of
the liver and/or lungs [1, 2, 3, 9]. Symptomatic

liver damage can be seen in all ages, also in-
cluding in first weeks after birth, while pul-
monary damage occurs in persons aged over
40-50 years, but very rarely in puberty [2, 3].
Other manifestations of the disease, such as
membranoproliferative glomerulitis, necrotiz-
ing panniculitis, recurrent vasculitis, vascular
aneurysms and other are much rarer or excep-
tionally rare 1, 2, 3, 6, 7].

OBJECTIVE

The objective of the study was to present clini-
cal characteristics of AATD in the first months
after birth, as well as the significance of testing
brothers and sisters for its presence.

METHODS

The studied sample was composed of eight
children (four male and four female) aged
1-63 (14.81+23.96) months. Six patients had
a symptomatic form of the disease, while two
were disclosed during family testing. The diag-
nosis of AATD is based on the determination
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of its low serum level (<0.8 g/L, below 50% of normal)
and phenotypic analysis [1, 10]. With the aim of adequate
interpretation of alpha-1-antitrypsin concentration in se-
rum of all patients, based on relevant clinical-laboratory
parameters, also including normal values of C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR),
we excluded possible infective and other inflammatory
processes. To identify Pi alleles (alfa-1-antitripsin pheno-
typisation), isoelectric focusing was carried out (pH range
4.2-4.9) according to the method by Kishimoto et al. [11].

Beside a detailed anamnesis and clinical examina-
tion, also including comparison of body length (BL) and
weight (BW) with referent values, serum levels of total
and conjugated bilirubin, y-glutamyltransferase (GGT),
alkaline phosphatase (ALP), prothrombin time (PT),
partial thromboplastin time (PTT), total cholesterol,
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), total protein, albumin, glucose, calcium and
phosphorus were determined. All laboratory values were
compared with referent values for the matched age [10].
Also, all patients were screened by ultrasound examina-
tion of the abdomen and complete urine analysis testing.
A 2.5-months old patient underwent intra-operative cho-
liangiography with liver biopsy, as his illness history from
the previous hospital already contained information on
normal alpha-1-antitrypsin in serum but without data on
a parallel intercurrent bacterial infection about which we
were informed later. Having in mind a wide differential
diagnosis of cholestasis syndrome at such an early phase
of life as well as due to a possible comorbidity in all pa-
tients with the clinically manifest form of AATD, in the
initial phase of the study metabolic screening of urine and
serological test for Toxoplasma gondii, rubella, cytomega-
lovirus and herpes simplex virus were done in two and
sweat test in three patients. Having in mind the fact that
all mothers were HBs negative and that all children had
been vaccinated against hepatitis B, studies were not done
in this direction.

RESULTS

Of the total of eight patients with AATD, six manifested
cholestasis syndrome (three male and three female, mean
age 2.25%1,37 months; range 1-4.5 months), while two,
a 3.5-year-old girl and a 5.25-year-old boy, were without
symptoms and clinical-laboratory signs of the disease dis-
closed during family testing. Serum alpha-1-antitrypsin
level rated 0.30-0.66 g/L (0.37£0.12), among which seven
were with ZZ phenotype 0.30-0.39 (0.33£0.04), and in
the boy with FZ phenotype disclosed on family screening
0.66 g/L. In the group of patients with cholestasis syn-
drome (serum GTT 444.80+203.15 U/L; range 201-676
U/L), three had mild to moderate hepatomegaly; one
longitudinal growth delay (<P3; -10.50%) and two had
icterus with conjugated hyperbilirubinemia (92 and 109
umol/L) with prolonged PT (14.8 and 17 sec). All chil-
dren with cholestasis syndrome also had hypertransami-
nasemia (ALT 80.83+33 U/L; range 37-124 U/L and AST

116.67+62.82 U/L; range 58-230 U/L). Liver tissue histo-
logical findings in a 2.5 months old infant with the PiZZ
fenotype and serum concentration of alpha-1-antitrypsin
0f 0.35 g/L corresponded to neonatal hepatitis, but without
evident intracellular PAS-positive globules. Either pulmo-
nary manifestations of the disease or any other comorbid
conditions with similar clinical-laboratory presentations
were not registered in any of the patients.

In further course, i.e. in the children aged 1.25-6.75
years (3,52+1.88), all patients were of good general condi-
tion, normal nutritional, growth and developmental status,
as well as with absence of any disorders that would point at
the presence of AATD. In five of six children, cholestasis
was followed by normalization; in two under treatment
with ursodeoxycholic acid and in three spontaneously.
Only in the oldest patient, the 7-year-old boy, we regis-
tered persistent cholestasis syndrome (serum GGT 212
U/L; normal <55 U/L) with hypercholesterolemia (6.48
mmol/L; normal <6.22 mmol/L), hypertransaminasemia
(ALT 138 U/L; normal <49 U/L and AST 108 U/L; normal
<36 U/L) and ultrasonographic signs of mild non-homog-
enous hepatomegaly. Other laboratory analyses and spleen
size were within normal limits.

DISCUSSION

Alpha-1-antitrypsin is a glycoprotein, with 52 kDa mo-
lecular weight, from the superfamily of serine protease
inhibitors (serpin), with a special affinity to granulocytic
elastases [1, 2]. It is primarily produced in hepatocytes
(~80%), and to a lesser part in macrophages, monocytes,
broncho-alveolar epithelium, colonocytes and endocrine
pancreas cells from where it is secreted, under the influ-
ence of proinflammatory cytokines, into the blood circu-
lation where it forms 80% of al-globulins fraction [3, 12,
13, 14]. It belongs to the first phase reactants of inflam-
mation with the circulation half-life of 4-5 days and the
basic role to suppress autodestructive, i.e. additional tissue
damage, by neutralizing granulocytic elastase, primarily
of the lungs during various infective and non-infective
inflammatory processes [2, 3, 13, 14]. Beside protective-
immunomodulatory effect, alfa-1-antitrypsin is significant
as the tissue reparation inductor [2, 3, 15].

Alfa-1-antitripsyn encodes SERPINA 1 gene located
on the long arm of chromosome 14 (14q31-32.3) [1, 2,
3]. Up-to-now over 120 variations of this gene have been
discovered, among which one third is in homozygous con-
dition or inter-individual variant combination followed by
a deficit or dysfunction of alpha-1-antitrypsin [1, 9]. The
most frequent normal allele present in 95% of the Euro-
pean population is M, while defect S and Z alleles, which
are in homozygous condition (PiZZ) are responsible for
95% of clinically manifest forms of the disease [1, 15, 16].
E, Null, Siiyama, Mmalton, Mprocida, Mheerlen, Mmin-
eral springs, Psalt-like, Mnichinan, Pduarte, Wbethesda
Zaugsberg, Zbristol, Pittsburgh and other pathological
mutations are much rarer or exceptionally rare [14, 15,
17-22].



Srp Arh Celok Lek. 2014 Sep-Oct;142(9-10):547-550

Pathogenetic basis of the most frequent form of the de-
fect creates a defect in the expression of alpfa-1-antitrypsin
followed by destructive damage of the liver and/or lungs
[1,2, 3, 14]. Liver lesion develops due to intrahepatocytic
retention and polymerization of the defective alpha-1-anti-
trypsin, and of the lungs as the result of lack, not only of its
protective effect, but also of regulatory participation in the
process of inflammation and tissue reparation [1, 6, 7, 8].
The accumulation of defective alpha-1-antitripsin in the
liver, most expressed in periportal and paraseptal hepa-
tocytes, is characteristic of ZZ as well as the homozygous
and heterozygous combination of Mmalton, Pduarte and
Siiyama genotypes [1, 2, 14]. This pathological process,
mediated by proinflammatory cytokines, induces all in-
flammatory diseases, either intra- or extrahepatic, par-
ticularly if followed by high fever [2, 14, 17]. In all other
mutations, such as S, F, Psalt like, Null and Pitsburgh,
hepatocytic retention alpha-1-antitrypsin is absent, so
that only extrahepatic manifestations of the disease are
expressed; in the first case due to its short half-life, in the
second and third due to poor activity, in the fourth due
to a complete blockage of synthesis, and in the fifth due
to antithrombotic effect [1, 3, 14, 20-23]. Besides, there is
also the presence of various combinations of pathological
alleles, such as SZ, SF and others, and therefore, in ac-
cordance with their defectiveness, most variable clinical
manifestations [1, 2, 9, 14, 18].

Clinical and phenotypic characteristics of AATD in
our patients were characteristic of childhood period [12,
14]. Six of eight patients with AATD, all six with the PiZZ
phynotype, manifested cholestasis syndrome, while two,
without clinical-laboratory indicators of the disease, and
PiZZ and PiZF phenotype, were disclosed during fam-
ily testing [2, 24]. All patients with cholestasis syndrome
were in early infancy (mean age 2.25+1.37 months; range
1-4.5 months) and with the PiZZ phenotype, while the re-
maining two were aged 3.5 and 5.25 years, and with the
PiZZ and PiZF phenotype. Except for cholestasis syn-
drome, other manifestations of the disease were not reg-
istered. Pathohistological analysis of liver tissue in a 2.5
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month old infant, with the PiZZ phenotype and serum con-
centration of alpha-1-antitrypsin of 0.35 g/L, did not show
the presence of PAS-positive globules, which confirms the
fact that such a finding, due to the short duration of the dis-
ease within the first three months, is not expected anyway
[25, 26]. Although liver damage can be exceptionally severe
in 1-2% of patients, most often it has a slowly progressive
character so that juvenile cirrhosis develops only in 15%
of cases [2, 14, 25]. Our patients, who have been under
follow-up from 1.25-6.75 (3.52%1.88) years, for the time
being have not either disorder of growth and development
or symptoms that would point at the presence of AATD.
Only one of them, a boy now aged seven years, manifests
persistent cholestasis syndrome with mild hepatomegaly
and ultrasound signs of initial liver cirrhosis.

CONCLUSION

AATD represents a highly heterogeneous clinical entity de-
pendent of the type of genotype, age, as well as numerous
exogenous factors. Genetic basis of the disease with early
expressions forms of ZZ genotype, and clinical cholesta-
sis syndrome. Besides, the essential characteristic of the
disease is that clinical-laboratory indicators of cholesta-
sis, present in the first weeks after birth, most often get
lost at later age. Having in mind the mode of inheritance,
as well as the progressive character of the disease, testing
the first degree relatives for AATD enables disclosure of
subclinical forms of the disease, and therefore enable the
implementation of adequate measures aimed at slowing-
down its progression.
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Hepoctatak anda-1 aHTUTPUNCUHA KOA AeLe: KMHUYKE 04MKe U AUjarHOCTMKA

Hegnerbko Pagnosuh'? 3opaH Jlekouh?, Bnagumup Pagnosuh?, Qywmua Cumuh'2, AnekcaHgpa Tonuh3, iparaHa Puctuh?,

CuHnwa [yuunh?, Anheno banetnh*

'MepgmumHcku dakynteT, YHuBep3uTeT y beorpagy, beorpag, Cpbuja;

2YHnBep3nTeTCKa fiedja KnuHuKa, beorpap, Cpbuja;

3DapmaueyTcku pakyntet, YHuBep3utet y beorpagy, beorpag, Cpbuja;

“KnmHnukn LenTap Cpbuje, beorpaa, Cpbuja

KPATAK CAOPXA)J

YBog Hepocratak anda-1 aHtutpuncuHa (AATD) je penaTueHO
pepaKk 1 KNMHNYKN BeOMa XeTepOoreH ayTO30MHO peLeCUBHN
nopemehaj.

Liwmb papa Linss paga je 610 fa ce npuKkaxy KIMHUYKE OpnKe
AATD y npBuM MeceLima no poherby, Kao 1 3Hayaj TecTupatba
6pahe 1 cectapa Ha oBaj nopemeha;.

MeToge papa VicnutaHo je ocMopo fele (Y4eTvpu gevaka
1 YeTMpM AeBOjUMLE) y3pacTa Of Mecel AaHa Ao 63 mecela
(npoceyHo 14,81+23,96 meceum) ca AATD, Koju je fOKa3aH Ha
OCHOBY HUCKe BpefHOCTM anda-1 aHTUTPUNCUHA Y CepyMy 1
naTtoniowkor ¢peHoTuna.

Pe3syntatu Kog wectopo gele (Tpy geyaka 1 Tpu Aesojuniie)
y3pacTa of Mecell flaHa A0 YeTMpU 1 No meceua (MpoceyHo
2,25%1,37 meceLn) MCNObMO Ce XONeCTa3HN CUHAPOM, AOK CY
[Ba feTeTa (Tpovnorogmita AeBojunLia 1 Jeyak y3pacTa of
5,25 roguHa) 6una 6e3 cumnToma 1 KNMHUYKO-nabopatopuj-
CKux 3HakoBa AATD, anu je 6onect oTKprBEHa Y CKoMy Nopo-
JVYHOr TecTupara. H1Bo anda-1 aHTUTpUNCrHa y cepymy 61o
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je 0,30-0,66 g/l (npoceuHo 0,37+0,12 g/I), npn Yemy Koz ceamo-
po faeue ca ZZ deHotmunom 0,30-0,39 g/I (npoceuHo 0,33+0,04
g/1), a kop pevaka ca FZ eHOTUNOM, OTKPYBEHOT MOPOANYHIM
CKpUHWHIoMm, 0,66 g/I. Y rpyni 6onecH1Ka ca XonecTa3HUM CUH-
Apomom (HuBo GGTy cepymy 610 je y npoceky 444,80+203,15
1U/I; pacnoH 201-676 IU/I), kop Tpu peTeTa je yTBpheHa bnara go
yMepeHa xenatomerasnuja, Ko jeJHor feTeTa je youeH 3acToj y
NOHrUTYAMHaNHOM pacTy (<[13;-10,50%), oK je Kop ABOje feLie
3abeneXxeH NKTepyc ca KOHjyroBaHoM xunepounvpybnHemujom
(92 1 109 umol/l) n Npoay>eHM NapLujanH1m BpemeHom (14,8
1 17 s). Kog cBe feLle € xonecTasHUM CMHAPOMOM yTBpheHa je u
XunepTpaHcammHazemuja ¢ BpeaHocTuma ALT 80,8333 /U/I (pa-
cnoH 37-124 1U/l) n AST 116,67+62,82 IU/I (pacnon 58-230 IU/I).
3aKsbyuak XonectasHu CHOPOM je OCHOBHa MaHudecTauuja
AATD y npBumM MeceLMa no pohetby fieTeTa, JOK TeCTpare
6pahe 1 cectapa obonenux omoryhasa paHo OTKprBaEe 1 Of-
roapajyhe neuerbe cynknmHUYKUx obnmka 6onectu.
KmbyuHe peun: fedvunt anda-1 aHTUTPUNCUHA; Of0jUe; KNK-
HUYKe MaHudecTaunje
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