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Abstract
Background:  X-linked  agammaglobulinaemia  (XLA)  is  a  genetic  disorder  characterised  by  a
defect in  the  generation  of  mature  B  cells,  lack  of  antibodies  production,  and  susceptibility
to recurrent  bacterial  infections.  Understanding  of  the  risk  factors  responsible  for  morbidity
and mortality  in  these  patients  can  help  in  a  better  management  of  this  disorder.  However,
there is  a  lack  of  specific  studies  in  the  literature  regarding  the  morbidity  and  mortality  of
XLA patients.  This  study  is  designed  to  evaluate  morbidities  and  mortality  and  survival  rates  in
Iranian patients  with  XLA  diagnosis  during  the  past  20  years.
Methods:  We  have  registered  the  clinical  data  of  the  XLA  patients  and  followed  them  up  until
2010. At  the  time  of  diagnosis,  a  four-page  questionnaire  including  complete  medical  informa-
tion was  filled  out  for  all  patients.  Follow-up  information  was  gathered  either  by  reviewing  the
patients’ hospital  records  or  regularly  visiting  the  patients.
Results:  Among  41  patients,  26.8%  died  during  the  follow  up  period.  All  of  the  complications
before  the  initiation  of  treatment  such  as  pneumonia,  otitis  media  and  diarrhoea  were  reduced
after immunoglobulin  replacement,  except  sinusitis  and  conjunctivitis.  There  were  significant
associations  between  some  immunological  and  clinical  characteristics  such  as  lymphocyte  sub-
sets, consanguinity  marriage  and  mortality.
Conclusion:  Despite  recent  advances  in  the  treatment  of  XLA,  these  patients  still  suffer  from
severe complications.  Associations  between  poor  prognosis  and  clinical  and  some  immunological
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-linked  agammaglobulinaemia  (XLA)  is  an  X-linked  reces-
ive  disorder  of  the  immune  system  characterised  by  a
efect  in  the  generation  of  mature  B  cells,  very  low  serum
evels  of  all  immunoglobulin  isotypes,  and  the  lack  of  spe-
ific  antibody  production.1 XLA  is  caused  by  mutations  in
he  gene  responsible  for  the  production  of  B-lymphocyte
yrosine  kinase  (BTK),  leading  to  a  defective  humoral
mmune  response.2---4 These  patients  are  susceptible  to
ecurrent  bacterial  infections,  mainly  of  the  respiratory
nd  gastrointestinal  tracts  for  which  lifelong  intravenous
mmunoglobulin  (IVIG)  replacement  is  indicated  to  prevent
hese  complications.5---7

Over  the  past  decades,  the  mortality  and  morbidity  of
LA  patients  have  been  significantly  reduced  by  the  use  of
VIG  replacement  therapy.  However,  its  usage  is  only  in  the
anagement  of  the  disease  instead  of  its  cure,  and  is  associ-

ted  with  several  long-term  complications  and  its  beneficial
ffect  has  been  more  pronounced  for  the  control  of  systemic
ather  than  of  mucosal  infections.8---11 The  major  clinical
omplications  in  these  patients  are  due  to  recurrent  encap-
ulated  bacterial  infections,  such  as  the  pneumococcus  and
aemophilus  influenzae  (either  encapsulated  or  unencap-
ulated),  as  well  as  parasites  (e.g.  Giardia  lamblia)  and
evere  viral  infections  (e.g.  enteroviruses).6,7,12,13 Respira-
ory  infections  are  still  the  major  cause  of  morbidity  and
ortality  in  XLA  patients.13

Understanding  of  the  risk  factors  responsible  for  mor-
idity  and  mortality  in  this  group  of  patients  can  guide
hysicians  into  a  better  follow-up  and  management  pro-
ess.  In  addition,  such  information  may  potentially  direct
he  clinician  towards  selecting  XLA  patients  who  are  at
igher  risks  of  death  and  complications,  for  more  support-
ve  management  and  prevention  strategies.  The  purpose  of
his  study  is  to  evaluate  morbidities,  mortality  and  survival
ates  in  Iranian  patients  with  XLA,  during  the  past  20  years
1990---2010).

aterials and methods

atients

hildren’s  Medical  Centre  Hospital  serves  as  a  referral
entre  for  patients  with  a  known  or  suspected  immunod-
ficiency  disease  in  Iran.14 In  this  study,  we  have  selected
he  clinical  data  of  all  the  registered  patients  with  XLA
iagnosed  and  followed  up  between  1990  and  2010.  XLA
as  diagnosed  according  to  criteria  introduced  by  the
uropean  Society  for  Immunodeficiency  (ESID)  and  the  Pan-
merican  Group  for  Immunodeficiency  (PAGID).15,16 Other
auses  of  recurrent  infections  were  rolled  out  in  studied
atients  including  atopy,  anatomical  defect  and  secondary
mmunodeficiency.  Informed  consent  was  obtained  from  all
atients  or  their  legal  warden.  The  process  of  this  study  was
pproved  by  the  Ethics  Committee  of  the  Tehran  University
f  Medical  Sciences.
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ethods

t  the  time  of  diagnosis,  a  questionnaire  was  completed
or  all  patients  that  contained  the  patient’s  complete
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emographic  information,  date  of  birth,  first  clinical  pre-
entation,  age  at  onset  of  symptoms,  age  at  the  time
f  diagnosis,  history  of  recurrent  and  chronic  infections,
utoimmunity  and  malignancy  and  other  complications.14

mmunoglobulin  G  (IgG),  A  (IgA),  M  (IgM)  and  CD  markers
ere  measured  in  all  patients  at  the  time  of  diagnosis  and

ater  at  the  follow-up  visits  using  the  standard  immuno-
hemical  assays.1,4,15 For  each  patient,  the  percentages  of
irculating  T  (CD3+,  CD3  +  CD4+,  CD3  +  CD8+  lymphocyte)
nd  B  lymphocytes  (CD19+  lymphocytes)  were  evaluated
t  the  time  of  enrolment  by  FACS  analysis.  All  patients
eceived  standard  dosage  of  IVIG  and  IgG  levels  were  evalu-
ted  to  monitor  therapy  based  on  the  recommended  values.
ollow-up  visits  were  documented  either  by  reviewing  the
atients’  hospital  records  or  interviewing  the  patients  or
heir  guardians.  Diagnostic  delay  was  considered  as  the
ime  between  the  onset  of  symptoms  and  the  diagnosis.  For
hose  who  had  died,  the  cause  of  death  was  determined  by
eviewing  the  death  certificate,  autopsy  report,  and/or  by
ontacting  the  attending  physician.

tatistical  methods

ata  analysis  was  performed  using  the  SPSS  statistical  soft-
are  package  version  16.0.  One-sample  Kolmogrov---Smirnov

est  estimated  whether  data  were  normally  distributed.
arametric  and  non-parametric  analyses  were  performed
ased  on  the  finding  of  this  evaluation.  Probabilities
f  survival  after  diagnosis  of  XLA  were  estimated  from
aplan---Meier  life  method.  A  P-value  lower  than  0.05  was
onsidered  statistically  significant.

esults

atient  characteristics

orty-one  male  patients  were  entered  into  the  study.  At  the
nal  time  of  the  study  the  mean  (SD)  age  of  the  patients
as  18.3  (8.5)  years.  The  mean  (SD)  age  of  the  patients  at

he  onset  of  symptoms  and  at  the  time  diagnosis  was  1.5
1.3)  years  and  4.9  (3.6)  years,  respectively.  The  mean  (SD)
iagnostic  delay  was  3.4  (3.1)  years.  Parents  of  10  patients
24.3%)  were  relative  and  26  patients  (63.4%)  had  a  positive
amily  history  of  primary  immunodeficiency  (PID).  Consan-
uinity  was  more  observed  in  patients  with  a  positive  family
istory  of  PID  (P  <  0.05).  Serum  immunoglobulin  levels  and
mmunophenotyping  of  peripheral  blood  lymphocytes  are
ummarised  in  Table  1.

ssociated  conditions

he  most  common  first  presentation  was  pneumonia  in  10
atients,  chronic  otitis  media  in  seven  (17.0%),  and  diar-
hoea  in  five  (12.1%).  Three  patients  (7%)  also  suffered  from
ailure  to  thrive.  Fig.  1  summarises  the  most  prevalent  first
anifestation  of  XLA  patients.  The  main  complication  of  the
atients  before  and  after  treatment  with  IVIG  is  also  investi-
ity  and  morbidity  in  patients  with  X-linked  agammaglobu-
rg/10.1016/j.aller.2013.09.013

ated.  The  most  common  manifestations  before  treatment
ere  pneumonia  in  31.7%  of  patients  and  21.9%  of  chronic
titis  media,  while  the  most  common  manifestation  after
reatment  was  sinusitis  in  34.1%  of  patients.  Vaccinations

dx.doi.org/10.1016/j.aller.2013.09.013
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Table  1  Immunological  characteristics  of  the  study  population  at  the  time  of  diagnosis.

Patients  (n  =  41)  Normal  range

Immunoglobulin
IgG  (mg/dL)  118.79  (0---700)  800---1800
IgM (mg/dL) 14.86  (0---64) 80---300
IgA (mg/dL) 8.67  (0---30) 90---145

Cellular  count
WBC  6585  (216---16100)  4500---13000
Lymphocyte  45.74  (4---92)  20---60

Lymphocyte  markers
CD3%  86.62  (59---97)  66---76
CD4% 40.2  (7---68)  33---41
CD8% 43.9  (17---93)  27---35
CD4/CD8 1.24  (0.73---3.95)  1.1---1.4
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before  the  diagnosis.  Conjunctivitis,  sinopulmonary  infec-
tions,  diarrhoea,  and  skin  infections  were  also  frequently
Figure  1  The  first  presentation  of  patients  before  diagnosis.

and  their  complications  were  checked  for  all  patients.  Eight
(20%)  out  of  41  patients  received  complete  oral  polio  vac-
cination  which  resulted  in  paresis  in  two  of  polio  receiving
patients  (25%).

Mortality

Among  41  patients,  11  patients  (26.8%)  died  during  the
follow  up  period  (Table  2).  Twenty-four  patients  (58.5%)
were  known  to  be  alive  and  the  condition  of  six  patients
(14.6%)  was  unknown.  Hospitalisation  rate  for  dead  patients
was  significantly  higher  than  alive  patients  (2.1  ±  1.02  vs.
0.87  ±  0.52;  P  <  0.05).  Statistical  analysis  did  not  show  a
significant  association  between  the  diagnosis  delay  and  mor-
tality  (P  =  0.8).  Post  diagnosis  survival  was  estimated  as
78%  for  the  first  five  years  (Fig.  2).  The  survival  rate  was
not  shown  to  be  influenced  by  delayed  diagnosis,  type  of
complications,  serum  levels  of  immunoglobulin  and  lympho-
cyte  or  WBC  count  at  the  time  of  diagnosis.  CD4  cells  and
CD4/CD8  were  higher  comparing  to  dead  patients  (P  =  0.013
Please  cite  this  article  in  press  as:  Abolhassani  H,  et  al.  Mortal
linaemia.  Allergol  Immunopathol  (Madr).  2014.  http://dx.doi.o

and  P  =  0.01  respectively).  But  oppositely,  CD8  cells  were
significantly  higher  in  alive  patients  (P  <  0.01).

r
d
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Figure  2  Survival  curve  for  XLA  patients.

iscussion

here  are  several  diversities  between  registries  of  XLA
atients  worldwide.  In  an  Argentinean  group  of  patients  with
LA  the  mean  age  of  onset  was  one  year.16 But  in  another
tudy  done  by  Plebani  et  al.  in  Italian  cases  the  mean  age  at
he  time  of  onset  was  two  and  at  diagnosis  was  3.5  years.13

he  time  of  onset  usually  begins  after  the  first  few  months  of
ife  due  to  the  presence  of  acquired  maternal  immunoglobu-
in  in  the  blood.  Typically,  patients  are  affected  by  recurrent
acterial  infections  particularly  otitis,  conjunctivitis,  pneu-
onitis,  diarrhoea,  and  skin  infections  in  the  first  two  years

f  life  and  are  diagnosed  as  XLA  before  their  fifth  year  of
ife.12,13 The  diagnosis  delay  in  our  series  was  somewhat
igher  than  in  other  studies.16 This  considerable  delay  shows
he  poor  awareness  of  this  condition  among  general  practi-
ioners  and  paediatricians  in  our  country.17,18

The  most  common  chief  complaints  in  our  patients  were
neumonia,  otitis  media  and  diarrhoea.  Based  on  previous
tudies,  recurrent  otitis  is  the  most  common  infection
ity  and  morbidity  in  patients  with  X-linked  agammaglobu-
rg/10.1016/j.aller.2013.09.013

eported19,20. Early  detection  of  antibody  deficiency  syn-
romes  is  vital  to  prevent  chronic  infections  such  as  tissue

dx.doi.org/10.1016/j.aller.2013.09.013
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Table  2  Clinical  characteristics  of  dead  patients.

Age  at
death

Cause  of  death  Main  complication
before  diagnosis

Main  complication
after  diagnosis

Consanguinity  Positive  family
history

P1  10  Respiratory
failure

Diarrhoea  Diarrhoea  Yes  Yes

P2 3  Septic  shock Otitis  media Diarrhoea  Yes No
P3 8  Respiratory

failure
Meningitis  Sinusitis  Yes  Yes

P4 6  Respiratory
failure

Pneumonia  Diarrhoea  No  No

P5 12  Haemoptysis  Pneumonia  Pneumonia  No  No
P6 10  Respiratory

failure
Pneumonia  Pneumonia  Yes  Yes

P7 4  Meningitis  Meningitis  Meningitis  Yes  Yes
P8 15  Pneumonia

aspiration  due
to  flaccid
paralysis
(polio)

Pneumonia  Encephalitis  No  No

P9 19  Pneumonia  Otitis  media  Otitis  media  No  Yes
P10 17  Unknown  Otitis  media  Otitis  media  No  Yes
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P11 5  Respiratory
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Sinusitis  

amage.  It  has  been  shown  that  immunological  defects  have
n  important  role  in  recurrent  ear  and  sinus  infections,  so
he  immune  system  of  patients  with  these  manifestations
hould  be  evaluated.  Although  respiratory  and  gastrointesti-
al  tract  infections  are  the  most  common  infections  seen
n  patients  with  XLA,  other  infections  such  as  meningitis
nd  septic  arthritis  also  occur.21 Among  our  patients,  two
atients  had  meningitis,  two  had  septic  arthritis  and  one
ad  dermal  manifestations.  After  treatment  with  IVIG,  the
istribution  of  main  complications  changed  in  our  patients.
ominant  manifestations  before  treatment  such  as  otitis
edia  were  replaced  by  sinusitis.
Chronic  sinusitis  was  a  common  long-term  complication  in

revious  studies  which  is  in  agreement  with  the  result  of  our
tudy.13 Treatment  of  sinusitis  is  still  challenging,  since  both
edical  treatment  and  surgical  treatment  of  sinusitis  are

ot  curative  in  these  patients  and  can  at  best  provide  only
emporary  improvement.5,13,22,23 Because  the  protection  at
ucosal  surfaces  is  normally  provided  by  secretory  IgA  and

gM  antibodies,  treatment  with  high-dose  IVIG  would  not  be
o  useful  in  the  prevention  of  sinus  infections.23---25

In  our  patient  group,  two  patients  have  developed  pare-
is  due  to  the  polio  vaccination;  another  two  patients
ad  gastroenteritis  before  receiving  IVIG  but  this  compli-
ation  was  managed  after  receiving  the  treatment.  Before
he  mid-1980s,  5---10%  of  patients  with  XLA  developed
accine-associated  polio  after  vaccination  with  the  live
ttenuated  oral  polio  vaccine.  But  after  introduction  of
VIG  as  a  treatment  option  for  patients  with  XLA,  vaccine-
ssociated  enteroviral  infection  has  markedly  decreased.
nother  reason  could  be  the  use  of  inactivated  polio  vac-
Please  cite  this  article  in  press  as:  Abolhassani  H,  et  al.  Mortal
linaemia.  Allergol  Immunopathol  (Madr).  2014.  http://dx.doi.o

ine  in  developed  countries.  However,  some  patients  still
evelop  enteroviral  encephalitis  and  paresis.26,27

In  the  families  with  a  pervious  history  of  primary  immun-
deficiency,  the  consanguine  marriage  of  the  parents  was

t
t
fi
w

No  complication  No  Yes

 dominant  feature.  This  emphasizes  the  probability  of
oincidence  of  both  XLA  and  an  autosomal  recessive  immun-
deficiency  in  these  patients  which  should  be  investigated
n  the  future  study.

The  rate  of  mortality  in  our  patients  was  26.8%.  This  mor-
ality  rate  was  similar  to  that  reported  in  the  two  earlier
arge  surveys,19,21 but  much  higher  than  that  reported  in
ore  recent  surveys  on  XLA  patients.5,13 The  prognosis  has

mproved  markedly  for  patients  with  XLA  in  the  last  two
ecades28 as  a  result  of  earlier  diagnosis,  more  liberal  use
f  antibiotics,  and  treatment  with  IVIG.  Most  individuals  can
xperience  a  near  normal  life.5 The  main  cause  of  mortality
n  our  patients  was  respiratory  failure  due  to  the  chronic  res-
iratory  infections  which  suggests  that,  despite  appropriate
erum  IgG  level  of  patients  during  follow-up  period,  chronic
ung  disease  (CLD)  remains  the  most  dangerous  complica-
ion  in  XLA  patients.  There  were  significant  relationships
etween  some  immunological  parameters  of  our  patients  at
he  time  of  diagnosis  and  prognosis.
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