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 rare case of pulmonary disease all  causing  some  type  of  hypogammaglobulinemia.  To  date
CVID  diagnosis  continues  to  be  essentially  done  by  differ-
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CVID  upon  evaluation  of  immunoglobulins  levels  by  neph-
elometry.  Consequently,  she  initiated  replacement  therapy
with  subcutaneous  immunoglobulin  (so  currently  under  19
years  of  therapy).
ombining alpha-1-antitrypsin
eficiency and common variable

mmunodeficiency

ear  Editor,

lpha-1-antitrypsin  (AAT)  is  a  glycoprotein  synthetized
ainly  by  the  liver,  acting  primarily  in  the  lung  as  an

nhibitor  of  neutrophil  elastase,  but  also  capable  of  regu-
ating  other  proteases.1,2

Alpha-1-antitrypsin  deficiency  (AATD)  is  a  genetic  disor-
er  inherited  in  an  autosomal  codominant  pattern,  which  is
stimated  to  affect  in  Europe  1  in  2700  (Northern  Europe)
o  18,000  (Central  Europe).3---5 AATD  increases  the  risk
f  chronic  obstructive  pulmonary  disease  (COPD),  emphy-
ema  and  chronic  bronchitis,  liver  cirrhosis,  panniculitis  and
-ANCA  (anti-neutrophil  cytoplasmic  antibodies)  positive
asculitis,  due  to  a  proteolytic  imbalance  and/or  negative
ffect  of  protein  polymerization.6

Pathogenic  mutations  in  SERPINA1  gene  (14q32.13)  are
he  cause  of  AATD  and  whereas  common  M  alleles  are  asso-
iated  with  normal  concentrations  in  the  serum,  S  and  Z
ariants’  have  decreased  circulating  levels  of  AAT  (60%  and
5%  of  the  normal  values,  respectively).1 Most  AATD  cases
re  attributed  to  PI*ZZ  genotypes  (∼95%)  and  the  remain-
ng  ones  to  PI*SZ,  PI*MZ,  or  any  genotype  combining  rare
eleterious  mutations.7 To  date,  there  are  more  than  130
lleles  described  in  the  literature,  most  of  them  associ-
ted  with  a  significant  decrease  in  AAT  circulating  levels
deficiency  variants)  or  leading  to  a  total  absence  of  pro-
ein  (null  alleles).8,9 One  of  these  variants  is  the  PI*Mmalton
p.Phe52del  in  a  M2  allele)  that  has  been  found  to  poly-
erize  and  to  accumulate  in  the  endoplasmic  reticulum,
eing  secreted  into  the  bloodstream  in  less  than  15%  of  nor-
al  AAT  concentration.1 Beside  S  and  Z  allele,  p.Phe52del

PI*Mmalton  or  PI*Mpalermo  if  in  a  M1alele)  appears  to  be
he  next  most  prevalent  variant  among  AATD  cases  in  Iberian
eninsula  (54%  in  Spain  and  40%  in  Portugal).7---10

On  the  other  hand,  common  variable  immunodeficiency
CVID)  is  a  primary  immunodeficiency  disease  characterized
y  low  serum  concentration  of  immunoglobulins  which  may
ead  to  assorted  clinical  features,11 mainly  recurrent  bacte-
ial  infections  of  respiratory  and  gastrointestinal  tracts.12

VID  affects  approximately  1  in  30,000  individuals  and

t  is  the  second  most  common  primary  immunodeficiency
n  humans.12 This  disorder  is  highly  heterogeneous  and  it
asically  encompasses  a  group  of  primary  antibody  fail-
re  syndromes  that  can  be  derived  from  distinct  entities

a
b
s

nt  exclusion  criteria.13 Most  cases  are  sporadic  and  thought
o  result  from  a  complex  interaction  between  environmen-
al  and  genetic  factors.14 Still,  in  rare  instances,  CVID  m  is
nherited  in  an  autosomal  recessive  fashion,  and  in  other
arer  cases,  the  disease  can  be  inherited  in  an  autosomal
ominant  pattern.14 Nevertheless,  even  when  CVID  is  associ-
ted  with  a  genetic  mutation,  additional  environmental  and
enetic  risk  factors  are  likely  to  be  necessary  for  disease
nset.14

The  advent  of  clinical  manifestations  and  the  detection
f  low  levels  of  immunoglobulins  may  occur  at  any  age  from
arly  childhood  to  old  age.13 In  an  European  study,  34%  of
atients  presented  the  disease  before  the  age  of  10  years,
ith  male  predominance  of  2:1  before  age  11,  and  a  slight

emale  predominance  of  1.3:1  after  the  age  of  30.13

So  far,  only  two  cases  of  subjects  combining  AATD  and
VID  have  been  reported.15,16 Nevertheless,  Sansom  et  al.,
hile  studying  43  patients  with  CVID  found  five  patients
ith  both  conditions,  suggesting  a cumulative  effect  of
ATD  and  CVID  in  the  presentation  of  bronchiectasis.17

n  these  reports,  various  A1AT  genotypes  were  evaluated,
ncluding  various  combinations  of  Z  with  S  and  M  alle-
es.  Concerning  the  loss  of  lung  parenchyma  few  studies
ave  attempted  to  investigate  the  impact  of  sharing  these
espiratory  illnesses.  Still  a  previous  work  proposed  a  physi-
al  correlation  between  hypogammaglobulinemia  and  AATD,
ater  confirmed  by  another  study  proving  the  occurrence
f  genetic  linkage  between  immunoglobulin  heavy  constant
amma  (Gm  markers)  loci  (IGHG1-3  genes)  and  AAT  gene
SERPINA1).15

We  present  the  case  of  a  Portuguese  woman,  born  in
oimbra  (Central  Portugal)  and  currently  living  in  Madeira,
ith  history  of  childhood  asthma  whose  symptoms  ceased

pontaneously  during  adolescence.  At  the  age  of  32  and  hav-
ng  been  a  tobacco  smoker  for  a  decade,  the  patient  was
ospitalized  for  pneumonia  with  a  pleural  effusion.  After-
ards,  respiratory  symptoms,  such  as  dyspnea  and  cough
ith  sputum  production  become  recurrent  and  multiple

espiratory  infections  were  diagnosed  within  a  short  time
eriod  (five  years).  In  2000,  the  patient  was  found  to  have
At  the  age  of  57,  she  was  tested  for  AATD.  This
nalysis  showed  that  she  had  reduced  AAT  levels  in  the
lood  (18.7  mg/dL  by  nephelometry)  and  the  initial  genetic
creening  yielded  a  MM  result.  Given  that  the  first  genetic
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Table  1  Patient  lung  function  tests.  Prior  to  AAT  augmentation  therapy  in  2015  and  current  values.  Both  results  are  from
post-bronchodilation  tests.

Date  FEV1  (L)  FEV1  (%)  FEV1/VC  max  TLC  (L)  TLC  (%)  RV  (L)  RV  (%)

15/05/2015  0.86  56.1  45.31  4.49  125.3  2.59  170.8
22/11/2018 1.37  93.9  52.98  4.77  133.2  2.18  139.8

FEV1: forced expiratory volume in the first second; VC max: maximal vital capacity; TLC: total lung capacity; RV: residual volume.
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their  research  had  a  higher  prevalence  of  AAT  mutations
Figure  1  Thoracic  CT  scan  showing  emphysema  in  upper  lob
were identified  on  abdominal  CT  scan:  liver  has  standard  size  a

diagnosis  of  AATD  was  inconsistent  with  serum  levels,  a  sam-
ple  was  sent  to  an  informal  reference  center  in  Portugal
(IPATIMUP).  This  reevaluation  comprised  AAT  phenotyping  by
isoelectric  focusing,  genotyping  of  four  polymorphic  sites
including  S  and  Z  mutations  and  sequencing  of  SERPINA1
coding  region.9 Only  then  was  a  conclusive  result  achieved,
which  revealed  Mmalton  homozygosity  (p.Phe52del  in  a  M2
allele)  as  the  cause  of  AATD.  At  that  time,  the  patient
already  presented  signs  of  airway  obstruction  in  lung  func-
tion  tests  (Table  1).  Given  that  she  had  been  a  former  smoker
for  more  than  six  months  she  began  AAT  augmentation  ther-
apy  in  August  of  2015.

Respiratory  complications  became  less  frequent  once
AAT  augmentation  therapy  started.  Still,  the  patient  had
on  average  two  exacerbations  per  year  of  an  infectious

nature  with  a  total  of  seven  hospitalizations  in  four  years.
After  achieving  a  diagnosis  of  AATD  the  patient  underwent  a
chest  tomography  scan  to  evaluate  the  extension  of  lung
disease.  This  revealed  bilateral  bronchiectasis,  mostly  in
basal  regions,  and  centrilobular  and  paraseptal  emphysema,
mainly  in  superior  lobes  (Fig.  1).

Liver  disease  associated  to  AATD  was  also  assessed  by
FibroScan® (measurement  of  liver  stiffness  to  estimate  liver

t
n

s
p
(
e
s

nd  bronchiectasis  in  both  inferior  lobes.  No  abnormal  findings
gular  edges.

carring),  which  revealed  a  liver  stiffness  value  of  7.9  kPa.
 score  that  is  compatible  with  significant  fibrosis  in  the
bsence  of  liver  cirrhosis.18

This  work  reports  a case  of  a  Portuguese  patient  diag-
osed  with  two  rare  diseases:  CVID  and  AATD.  This  case
upports  the  findings  of  other  authors,  confirming  the  syn-
rgetic  effect  of  both  conditions  on  lung  disease,  leading  to
he  appearance  of  bronchiectasis.  This  was  well-established
y  Peppers  et  al.,19 who  found  a  strong  relationship  between
nresolved  or  worsened  bronchiectasis  and  lower  levels  of
AT,  and  resolved  or  improved  bronchiectasis  and  higher

evels  of  AAT,  when  submitting  patients  with  immunodefi-
iencies  under  gammaglobulin  infusions  to  serial  chest  CT
cans.  The  pool  of  immunodeficient  patients  selected  in
han  the  general  population,  establishing  that  the  determi-
ation  of  the  AAT  phenotype  in  these  patients  is  warranted.

In  our  patient,  whereas  CVID  (by  increasing  patient
usceptibility  to  pulmonary  infections)  is  likely  to  have
rompted  a  protease  release  by  inflammatory  cells
neutrophils  and  macrophages),  it  was  AATD  impaired  anti-
lastase  activity  that  probably  facilitated  alterations  in  lung
tructures.  Consistently,  another  previous  study  comprising
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 total  of  43  patients  with  CVID  in  which  five  were  found
o  have  AATD,  also  suggested  an  additive  effect  of  these
isorders  into  pulmonary  illness.17

Despite  so  few  reports  of  patients  combining  CVID  and
ATD,  some  studies  have  attempted  to  physically  correlate
hese  disorders:  one  of  them,  performed  in  1983,  failed  to
etect  any  evidence  of  linkage  between  these  conditions
n  a  family  where  hypogammaglobulinemia  and  AATD  were
ound  to  segregate.16 Interestingly,  SERPINA1  encoding  AAT
s  located  in  chromosome  14  approximately  11  Mb  apart  from

 cluster  of  immunoglobulin  genes  (IGHG1-3  among  others),
hich  could  explain  in  some  rare  cases  a  co-segregation  of

hese  disorders.  However,  a  genetic  screening  of  CVID  was
ot  performed  in  this  case  due  to  its  low  impact  on  patient
ollow  up  as  well  as  it  potential  high  costs  to  healthcare
ystem.13

In  result  of  the  CVID  and  AATD  joint  diagnosis,  this  patient
s  currently  undergoing  two  replacement  therapies  with
ubcutaneous  immunoglobulin  and  endovenous  human  AAT.
ere,  it  is  important  to  stress  that  AAT  infusion  contains
mall  amounts  of  IgA.  This  obligates  a  careful  administra-
ion  of  AATD  therapy  in  patients  with  IgA  deficiency  since
hey  present  a  greater  risk  of  adverse  anaphylactic  reactions
ue  to  the  pre-existence  of  IgA  antibodies.  The  Portuguese
onsensus  document  for  AATD  management  actually  discour-
ges  augmentation  therapy  in  patients  with  IgA  deficiency,20

ut  so  far  this  patient  has  been  successfully  treated  with
o  record  of  side  effects.  Furthermore,  lung  functions  tests
f  this  patient  have  shown  a  remarkable  increase  in  forced
xpiratory  volume  in  one  second  (FEV1)  after  three  years
f  AAT  therapy.  Although  this  phenomenon  has  not  been
escribed  before,  we  believe  it  might  be  explained  by  a
ombination  of  optimized  inhaled  bronchodilators  and  AAT
herapies  together  with  cigarette  smoking  cessation  prior  to
reatment  in  2015  and  inter-operator  dependent  differences
n  test  execution  and  by  the  variability  in  the  capacity  of  per-
ormance  of  the  tests  by  the  patient.  On  the  other  hand,  the
nding  of  liver  fibrosis  as  confirmed  by  FibroScan® assess-
ent  were  in  accordance  with  previous  studies  of  Mmalton
atients  (homozygous  and/or  heterozygous)  showing  that
his  allele  is  associated  with  hepatic  accumulation  of  AAT
nd  subsequently  with  liver  disease,  being  to  some  degree

 functional  equivalent  to  a  Z  allele.21

Even  though  we  could  not  rule  out  a  genetic  linkage
etween  CVID  and  AATD  in  this  case,  we  provide  evidence
hat  these  might  be  somehow  correlated  with  observed  clin-
cal  features  of  lung  disease.  This  report  also  emphasizes
he  singularity  of  combining  two  uncommon  replacement
herapies  in  controlling  the  worse  outcomes  of  CVID  (recur-
ent  exacerbations)  and  AATD  (severe  airflow  obstruction).

onflict of interests
he  authors  declare  no  conflict  of  interests.

cknowledgements

.  Martins  would  like  to  thank  the  Portuguese  Foun-
ation  for  Science  and  Technology  (FCT-Portugal)  for
he  Strategic  project  ref.  UID/BIM/04293/2013  and
‘NORTE2020  ---  Northern  Regional  Operational  Program’’

1

LETTER  TO  THE  EDITOR

NORTE-01-0145-FEDER-000012).  IPATIMUP  integrates  the
3S  Research  Unit,  which  is  partially  supported  by  the
ortuguese  Foundation  for  Science  and  Technology  (FCT;
rojects  PEstC/SAU/LA0003/2013  and  POCI-01-0145-
EDER-007274)  and  by  Programa  Operacional  Regional  do
orte  (ON.2  ---  O  Novo  Norte  and  Norte  2020),  through
EDER  funds  under  the  Quadro  de  Referência  Estratégico
acional  (QREN;  projects  NORTE-07-0162-FEDER-00018  and
ORTE-070162-FEDER-000067,  and  NORTE-01-0145-FEDER-
00029).

eferences

1. Seixas SA [PhD thesis] Analysis of genetic diversity patterns
in three functionally relevant regions of the human genome:
apolipoprotein E (APOE), alpha 1-antitrypsin (PI), Duffy Blood
Group (FY). University of Porto; 2002.

2. Gupta R, Sridhara S, Wood J. A rare case of alpha 1-antitrypsin
deficiency associated with hypogammaglobulinemia and recur-
rent pulmonary thrombosis. Ann Thorac Med. 2014;9:39.

3. Blanco I, de Serres FJ, Fernandez-Bustillo E, Lara B, Miravitlles
M. Estimated numbers and prevalence of PI*S and PI*Z alleles of
alpha1-antitrypsin deficiency in European countries. Eur Respir
J. 2006;27:77---84.

4. de Serres FJ, Blanco I. Prevalence of �1-antitrypsin defi-
ciency 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---95.

5. Blanco I, Bueno P, Diego I, Pérez-Holanda S, Lara B, Casas-
Maldonado F, et al. Alpha-1 antitrypsin Pi*SZ genotype:
estimated prevalence and number of SZ subjects worldwide.
Int J Chron Obstruct Pulmon Dis. 2017;8:1683---94.

6. Stoller JK, Lacbawan FL, Aboussouan LS. In: University of
Washington, editor. Alpha-1 antitrypsin deficiency. Summary.
Diagnosis. Suggestive findings. Seattle: U.S. National Library of
Medicine; 2019. p. 1---27.

7. Lara B, Martínez-Delgado B, Torres ML, Marín-Arguedas S,
Bustamantee A, Miravitlles M. Alpha-1-antitrypsin deficiency
associated with the mattawa variant. Arch Bronconeumol.
2016;52:617---8.

8. Rodriguez-Frias F, Miravitlles M, Vidal R, Camos S, Jardi R. Rare
alpha-1-antitrypsin variants: are they really so rare? Ther Adv
Respir Dis. 2012;6:79---85.

9. Silva D, Oliveira MJ, Guimarães M, Lima R, Gomes S, Seixas S.
Alpha-1-antitrypsin (SERPINA1) mutation spectrum: three novel
variants and haplotype characterization of rare deficiency alle-
les identified in Portugal. Respir Med. 2016;116:8---18.

0. Meira L, Boaventura R, Seixas S, Sucena M. Alpha-1 antitrypsin
deficiency detection in a portuguese population. COPD J Chronic
Obstr Pulm Dis. 2018;15:4---9.

1. Cunningham-Rundles C, Bodian C. Common variable immunod-
eficiency: clinical and immunological features of 248 patients.
Clin Immunol. 1999;92:34---48.

2. Grimbacher B, Hutloff A, Schlesier M, Glocker E, Warnatz K,
Dräger R, et al. Homozygous loss of ICOS is associated with
2003;4:261---8.
3. Bonilla FA, Barlan I, Chapel H, Costa-Carvalho BT, Cunningham-

Rundles C, de la Morena MT, et al. International Consensus
Document (ICON): common variable immunodeficiency disor-
ders. J Allergy Clin Immunol Pract [Internet]. 2016;4:38---59.
Available from: http://www.elsevier.com/journals/the-
journal-of-allergy-and-clinical-immunology-in-practice/2213-
2198%0Ahttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=
reference&D=emed17&NEWS=N&AN=607686990

http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0110
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0115
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0120
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0125
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0130
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0135
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0140
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0145
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0150
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0155
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0160
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0165
http://www.elsevier.com/journals/the-journal-of-allergy-and-clinical-immunology-in-practice/2213-2198%0Ahttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed17&NEWS=N&AN=607686990
http://www.elsevier.com/journals/the-journal-of-allergy-and-clinical-immunology-in-practice/2213-2198%0Ahttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed17&NEWS=N&AN=607686990
http://www.elsevier.com/journals/the-journal-of-allergy-and-clinical-immunology-in-practice/2213-2198%0Ahttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed17&NEWS=N&AN=607686990
http://www.elsevier.com/journals/the-journal-of-allergy-and-clinical-immunology-in-practice/2213-2198%0Ahttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed17&NEWS=N&AN=607686990


LETTER  TO  THE  EDITOR  409

14. U.S. National Library of Medicine. Common variable immune
deficiency. Genetics home reference; 2019. p. p1---8.

15. Phung ND, Kubo RT, Spector SL. Alpha1-antitrypsin deficiency
and common variable. Hypogammaglobulinemia in a patient
with asthma. Chest. 1982;81:112---5.

16. Phung ND, Harbeck RJ, Helbling-Muntges C. Familial hypogam-
maglobulinemia: genetic linkage with alpha1-antitrypsin defi-
ciency. Arch Intern Med. 1983;143:575---7.

17. Sansom ME, Ferry BL, Sherrell ZPMC, Chapel HM. A prelim-
inary assessment of alpha-1 antitrypsin S and Z deficiency
allele frequencies in common variable immunodeficiency
patients with and without bronchiectasis. Clin Exp Immunol.
2002;130:489---94.

18. Pereira V, Gaspar R, Simões C, Maia L, Costa D, Carvão J, et al.
Role of alpha-1 antitrypsin genotypes in the progression of adult
liver disease. J Hepatol. 2018;68:S605---842.

19. Peppers BP, Zacharias J, Michaud CR, Frith JA, Varma
P, Henning M, et al. Association between �1-antitrypsin
and bronchiectasis in patients with humoral immunode-
ficiency receiving gammaglobulin infusions. Ann Allergy
Asthma Immunol. 2018;120:200---6, http://dx.doi.org/10.
1016/j.anai.2017.11.014.

20. Lopes AP, Mineiro MA, Costa F, Gomes J, Santos C, Antunes
C, et al. Portuguese consensus document for the management
of alpha-1-antitrypsin deficiency. Pulmonology. 2018;24 Suppl.
1:1---21.

21. Spínola C, Bruges-Armas J, Pereira C, Brehm A, Spínola
H. Alpha-1-antitrypsin deficiency in Madeira (Portugal): the

highest prevalence in the world. Respir Med. 2009;103:
1498---502.

C.S.  Sousaa,∗,  V.  Teixeiraa,  V.  Pereirab,  R.B.  Pinheiroa,
S.  Seixasc,d, N.  Martinsc,e,f

a Pulmonology  Department,  Hospital  Central  do  Funchal,
Portugal
b Gastroenterology  Department,  Hospital  Central  do
Funchal,  Portugal
c Instituto  de  Investigação  e  Inovação em  Saúde,
Universidade  do  Porto  (i3S),  Porto,  Portugal
d Institute  of  Molecular  Pathology  and  Immunology  of  the
University  of  Porto  (IPATIMUP),  Porto,  Portugal
e Faculty  of  Medicine,  University  of  Porto,  Portugal
f Pulmonology  Department,  Centro  Hospitalar
Universitário  de  São  João,  Portugal

∗ Corresponding  author.
E-mail  address:  claudiasabinafsousa@gmail.com
(C.S.  Sousa).

https://doi.org/10.1016/j.pulmoe.2020.04.016
2531-0437/ © 2020 Sociedade Portuguesa de Pneumologia.
Published by Elsevier España, S.L.U. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Pulmonary intravascular lymphoma
mimicking hypersensitivity
pneumonitis

Santos  et  al.  have  recently  characterized  hypersensitivity
pneumonitis  (HP).1 HP  is  diagnosed  based  on  the  patient’s
exposure  history,  physical  examination  (dyspnea,  cough,  and
fever)  findings,  chest  high-resolution  computed  tomography
(HRCT)  findings,  and  bronchoalveolar  lavage  (BAL).  Santos
et  al.  reported  that  most  patients  with  HP  exhibit  respiratory
symptoms  (dyspnea  and  cough);  and  ground-glass  opacifica-
tion  (GGO)  occurred  in  thoracic  CT  of  76.7%  acute  and  91.7%
subacute  HP  cases.  HRCT  features,  including  centrilobu-
lar  diffuse  nodules,  ground-glass  opacification  (GGO),  and
mosaic  attenuation,  are  especially  useful  for  diagnosis.1,2

Although  these  typical  CT  patterns  are  often  useful  in  clini-
cal  practice,  sometimes,  they  may  also  be  present  in  other
diseases.  Through  our  recent  clinical  experience,  we  wish  to
highlight  a  pulmonary  intravascular  lymphoma  with  diffuse
centrilobular  GGO  mimicking  HP.

A  61-year-old  man  with  no  medical  history  who  was
a  non-smoker  and  took  no  medications  was  admitted  to
our  hospital  with  fever  (38.5 ◦C),  dyspnea,  and  cough.  He
had  hypoxemia  (SpO2 88%  at  room  air)  but  no  crackles.
He  did  not  present  with  extrapulmonary  symptoms.  Blood
tests  revealed  high  C-reactive  protein  (4.2  mg/dL),  lactate
dehydrogenase  (LDH)  (923  U/L),  and  soluble  interleukin-2
receptor  (sIL-2R)  (609  U/mL)  levels.  Serological  tests  for
anti-neutrophil  cytoplasmic  antibody  and  other  known

in  the  bilateral  lungs  (Fig.  1A).  We  initially  suspected  HP
based  on  the  respiratory  symptoms,  CT  findings,  and  history
of  a  dusty  air  conditioner  at  the  patient’s  workplace.
Although  he  was  observed  carefully  without  receiving
steroid  therapy  to  avoid  antigens,  his  symptoms  worsened;
his  LDH  and  sIL-2R  levels  increased.  We  could  not  perform
BAL  because  of  hypoxemia.  Histological  examination  of  a
transbronchial  lung  biopsy  (TBLB)  specimen  showed  abnor-
mal  lymphocytes  in  the  intravascular  space  of  the  capillaries
(Fig.  1B).  Immunohistochemical  staining  revealed  that  the
tumor  cells  were  positive  for  vascular  antigens,  including
CD20,  CD79�, and  Ki-67  (Fig.  1C---E).  Based  on  these  find-
ings,  we  diagnosed  pulmonary  intravascular  large  B-cell
lymphoma  (IVLBCL).  Thereafter,  he  received  chemotherapy
consisting  of  rituximab,  cyclophosphamide,  doxorubicin
hydrochloride,  vincristine,  and  prednisolone.  His  symptoms
improved,  and  the  diffuse  opacities  mostly  disappeared.

IVLBCL  is  a  rare  extranodal  subtype  of  non-Hodgkins
lymphoma  characterized  by  the  selective  growth  of  malig-
nant  lymphocytes  within  the  blood  vessels,  especially  in
the  capillaries,  small  arteries,  and  veins.3 The  clinical
manifestation  of  pulmonary  IVLBCL  is  nonspecific,  and  symp-
toms  include  fever,  cough,  and  dyspnea.4 The  appearance
on  chest  HRCT  is  varied  and  can  include  centrilobular
nodules,  GGO,  and  interlobular  septal  thickening.5 Cen-
trilobular  nodules  reflect  lesions  in  the  bronchioles  located
at  the  center  of  the  pulmonary  lobules,  bronchial  arte-
rioles,  broad  interstitium,  and  lung  parenchyma.  In  the
present  case,  abnormal  lymphocytes  had  infiltrated  the  cap-
autoantibodies  against  specific  antigens  were  all  negative.
Chest  HRCT  revealed  diffuse  centrilobular  GGO  and  nodules

i
b
t

llary  vessels  and  surrounding  space,  suggesting  that  small
lood  vessels  in  centrilobular  structures  can  be  significan-
ly  damaged  by  intravascular  lymphoma.  Consequently,  we
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