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Abstract

Background: The classical clinical manifestation of untreat-
ed immunoglobulin deficiency comprises predominantly
recurrent and complicated respiratory tract infections. Be-
fore the 1980s, little was known about the clinical manifes-
tation of immunodeficiency in the general medical popu-
lation, and also the availability of serum immunoglobulin
laboratory determination was not sufficient, leading to a sig-
nificant diagnostic delay. Methods: We have analysed the
diagnostic delay and referral diagnoses in patients in whom
any form of primary hypogammaglobulinaemia had been
diagnosed at our department, which was established in
1981. Results: Comparing the diagnostic delay in the 1980s
(19 patients, median 5.5 years), the 1990s (37 patients, me-
dian 3.5 years) and the years 2001-2008 (33 patients, median
1 year), a significant decrease was observed (p < 0.05, Spear-
man’s correlation coefficient). Also, the median number of
pneumonia episodes during the diagnostic delay decreased
from 5 in the 1980s, to 1 in the 1990s and to 0 in the period
of 2001-2008 (p < 0.05, Spearman'’s correlation coefficient).
While in the 1980s 17 of the 19 patients had pneumonia in

their past history, in the period of 2001-2008 only 13 of the
33 patients were concerned. Conclusions: Our observation
documents improved awareness of immunodeficiencies
among physicians. It is supposed that earlier diagnosis will
prevent complications, improve the quality of life and even
survival of hypogammaglobulinaemic patients.

Copyright © 2010 S. Karger AG, Basel

Introduction

Primary immunodeficiencies are a group of relatively
rare diseases affecting a limited number of patients. They
frequently face the situation that the appropriate immu-
nological investigation is delayed although clinical symp-
toms raise the suspicion of primary or secondary im-
munodeficiency. This is particularly true for the compar-
atively frequent primary antibody deficiencies where
recurrent and severe respiratory tract infections are of-
ten erroneously supposed to represent just only non-sig-
nificant, common infections. Despite the fact that the in-
formation about symptoms in immunodeficiencies is
broadly available, the diagnostic delay in hypogamma-
globulinaemic patients is still relatively long and remains
a significant problem [1].
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Two major groups of primary hypogammaglobulinae-
mia exist. In the first group the symptoms begin after
disappearance of placenta-transferred maternal immu-
noglobulins, usually after the 6th month of age. This
group mainly includes X-linked agammaglobulinaemia
(X-LA), autosomal recessive forms of inherited agamma-
globulinaemia and various forms of immunodeficiencies
with increased or normal IgM (hyper-IgM syndromes).
In the second group the symptoms of immunodeficiency
develop almost at any age. This group mainly includes
common variable immunodeficiency (CVID) with a
marked variability of the beginning of clinical symptoms
from the age of 2, which is a suggested age limit for stat-
ing the diagnosis of CVID [2], to +80, with a mean 0f 26.3
years in one of the largest studies [3]. Contrary to this, in
Good’s syndrome, when hypogammaglobulinaemia is
associated with the presence of thymoma, manifestations
begin later with a mean of 56 years (range 41-75) in an-
other study [4]. In all these diseases the most frequent
initial manifestation includes recurrent and complicated
bacterial infections of the respiratory tract typically with
pneumonia episodes, the typical long-term complication
being bronchiectasis formation [3].

The goal of this study was to evaluate how the situation
in the diagnosis of primary hypogammaglobulinaemia
had changed in a single referral centre during the last 28
years.

Methods

A retrospective analysis of the records of patients with pri-
mary hypogammaglobulinaemia ever followed up or diagnosed
at the Department of Clinical Immunology and Allergology in
Brno, Czech Republic, was performed. This department is a refer-
ral centre for the South Moravian region including approximate-
ly 2,237,000 inhabitants, but occasionally patients from other re-
gions were also referred. The diagnosis of CVID was made on the
fact of markedly decreased serum immunoglobulin levels (at least
IgG and IgA); from the late 1990s the antibody response to poly-
saccharide and protein antigens was evaluated as well. The diag-
nosis of Good’s syndrome was based on marked hypogamma-
globulinaemia in a patient with thymoma. All other diagnoses
were confirmed by adequate molecular genetic analysis when it
became available.

Patients with severe combined immunodeficiency (8 patients
diagnosed between 1996 and 2008), Nijmegen syndrome (diag-
nosed in 2 patients), Wiskott-Aldrich syndrome (3 patients),
agammaglobulinaemia associated with 18 ring chromosome (1
patient) [5], and 1 patient with an unexplained combination of
hypogammaglobulinaemia, pancytopenia, cutis laxa, Dandy-
Walker syndrome and vascular abnormalities [6] were not includ-
ed. Onlyin 1 patient with IgG, deficiency had the IVIG treatment
been initiated, but owing to no effect on her increased frequency
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of non-complicated respiratory tract infections and fatigue it was
discontinued after 3 years; this patient was not included into the
study either. Mild forms of hypogammaglobulinaemia in which
immunoglobulin substitution was not initiated were also exclud-
ed from this study, such as patients with hypogammaglobulinae-
mia associated with lymphoid malignancies.

The clinical beginning of the immunodeficiency was sup-
posed to be the time of the first pneumonia or the time of a marked
increase in the frequency of respiratory tract infections - sinus-
itis, bronchitis or otitis media.

Serum immunoglobulin levels were determined by radial im-
munodiffusion (until 1993) turbidimetry (between 1993-1995) or
nephelometry (since 1995).

The study was approved by the Ethics Committee of the St.
Anne’s Faculty Hospital in Brno under the protocol number
36V/20009.

Statistical Analysis

Normality of the observed values was tested using the Kol-
mogorov-Smirnov test. As the observed data significantly dif-
fered from the normal distribution, non-parametric tests were
used. The testing of difference in continuous variables was per-
formed using the Mann-Whitney test. For correlation analysis,
the Spearman rank correlation coefficient was used. Categorical
variables were analysed using Fisher’s exact test. p <0.05 was con-
sidered to be statistically significant.

Results

Characteristics of the Patients

Prior to 1981 a diagnosis of severe hypogammaglobu-
linaemia was made in 7 patients in various paediatric and
internal medicine departments; they became conse-
quently patients of our department but were not included
in further computation because of lack of information
about the early stages of the disease. Consequently, a di-
agnosis of X-LA (6 patients) and of CVID (1 patient) was
made. Two of these patients are already dead.

Between 1981 (when the Department of Clinical Im-
munology in Brno was founded) and 2008, altogether 89
patients with severe forms of primary hypogammaglobu-
linaemia were diagnosed. The sample consisted of 77 pa-
tients with CVID, 4 patients with X-LA, 4 patients with
Good’s syndrome; the remaining diagnoses were p-chain
deficiency, CD40L deficiency, activation-induced cyti-
dine deaminase deficiency (as previously described [7])
and non-X-linked hyper-IgM syndrome (as previously
described [8]). Four of them were from a different region
than South Moravia. Sixty-six of the whole sample (51
with CVID) were followed at our department at the time
of completion of the study, so the computed prevalence of
primary hypogammaglobulinaemia in South Moravia is
1:34,000 (1:44,000 for CVID). Twenty of the patients died
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Table 1. Diagnostic delay and number of pneumonia episodes during diagnostic delay in hypogammaglobulinaemic patients referred

between 1981 and 2008

Period All patients Patients with CVID or Good’s syndrome
patients  diagnostic delay =~ pneumonias patients  diagnostic delay pneumonias
years years
1981-1990 19 5%9.6 (0-38) 5+6.3 (0-25) 18 5.5%9.7 (0-30) 5+6.3 (0-25)
1991-2000 37 3+11.7 (0-44) 1£2.2(0-10) 32 3.5+12.3 (0-44) 1£2.4(0-10)
2001-2008 33 2+6.6 (0-36) 0+2.6 (0-15) 31 1.0+ 6.7 (0-36) 0+2.6(0-15)

Expressed as median = SD (with range in parentheses). Using
the Mann-Whitney test, the following statistical significances
were obtained:

All patients: diagnostic delay: 1980s vs. 1990s: p = 0.628; 1980s
vs. 2000s: p = 0.005; 1990s vs. 2000s: p = 0.035; number of pneu-
monias before the diagnosis was made: 1980s vs. 1990s: p < 0.001;
1980s vs. 2000s: p < 0.001; 1990s vs. 2000s: p = 0.019.

Patients with CVID or Good’s syndrome: diagnostic delay:
1980s vs. 1990s: p = 0.723; 1980s vs. 2000s: p = 0.004; 1990s vs.
2000s: p = 0.018; number of pneumonias before the diagnosis was
made: 1980s vs. 1990s: p < 0.001; 1980s vs. 2000s: p < 0.001; 1990s
vs. 2000s: p < 0.032.

and 6 of them moved to other regions of the Czech Re-
public.

Diagnostic Delay and Number of Pneumonias during

the Diagnostic Delay

The diagnostic delay and number of pneumonias dur-
ing the diagnostic delay are shown in table 1; figures for
all patients and also for those with CVID and Good’s syn-
drome are expressed. A separate calculation for CVID
and Good’s syndrome was performed because their man-
ifestation usually starts in adulthood when the diagnosis
of primary immunodeficiency is frequently (but errone-
ously) supposed to be less probable than in infancy and
childhood. As shown in table 1, the length of the diagnos-
tic delay gradually decreased in all 3 observation periods,
although the difference between the 1980s and the 1990s
was not significant. This decrease is also documented in
figure 1, which shows a negative correlation between the
time of diagnosis and the length of diagnostic delay. Also,
the number of pneumonias during the diagnostic delay
decreased, reaching a median of zero in the period 2001-
2008, although even in this period there were patients
who had undergone a significant number of pneumonias
before the diagnosis of primary hypogammaglobulinae-
mia was made (table 1). Figure 2 shows a highly signifi-
cant negative correlation between the year of diagnosis
and the number of pneumonias prior to establishing the
diagnosis of hypogammaglobulinaemia.

When enumerating the percentage of patients who
had suffered any pneumonia before the diagnosis of hy-
pogammaglobulinaemia, a significant decrease in those

Change in Diagnostic Delay in
Hypogammaglobulinaemic Patients

patients was observed (fig. 3), while the significant in-
crease in patients who were referred without a past his-
tory of serious or frequent respiratory tract infections is
shown in figure 4.

There was a trend in the increase in the percentage of
patients who had been referred with previously docu-
mented hypogammaglobulinaemia (6/19 patients in the
1980s, 20/37 patients in the 1990s and 18/33 patients in
the 2000s), although it did not reach statistical signifi-
cance (Fisher’s exact test). Considering only patients with
CVID and Good’s syndrome (5/18 patients in the 1980s,
18/32 patients in the 1990s and 17/31 patients in the
2000s), we observed a significant increase in those pa-
tients when comparing the 1980s with the 1990s (p =
0.037) and the 1980s with the 2000s (p = 0.046, Fisher’s
exact test).

Referring Symptoms

Before 1980, all patients were referred for recurrent
infections, but in 3 of them diagnoses of X-LA were made
together (twice) or subsequently (once) with their affect-
ed brothers.

From 1981 to 1991, 17 of 19 hypogammaglobulinaemic
patients were referred for 1 or more pneumonia episodes
or frequent respiratory tract infections. One was referred
for gonitis, but pneumonia was in her past history. One
female patient with hyper-IgM syndrome was investigat-
ed because of marked lymphadenopathy, but in her past
history an increased frequency of respiratory tract infec-
tions had also been noted.
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From 1991 to 2000, 33 of 37 hypogammaglobulinae-
mic patients were referred for severe or frequent respira-
tory tract infections. In the remaining patients the refer-
ral diagnoses contained: 1 severe herpes zoster, 1 hepa-
topathy after delivery, 1 chronic fatigue (but 1 episode of
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pneumonia was registered in the past history of the pa-
tient); in 1 patient CVID had developed from IgA defi-
ciency. At that time we also diagnosed CVID and started
IVIG treatment in 2 patients in whom 4 and 5 years prior
to our investigation a diagnosis of hypogammaglobu-
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Fig. 3. Number of patients who suffered at least 1 episode of pneu-
monia during the diagnostic delay. Fisher’s exact test was used for
statistical comparison.

linaemia had been made, and immunoglobulin treat-
ment with intramuscular immunoglobulin had been ini-
tiated but subsequently interrupted.

From 2001 to 2008, 24 of 33 hypogammaglobulinae-
mic patients were referred because of frequent or compli-
cated respiratory tract infections. In the remaining pa-
tients the serum immunoglobulin levels were determined
because of bronchial asthma (1), herpes zoster (1), alope-
ciaareata (1), arthralgia (1), incapacity to determine blood
group after delivery (1; the patient had had 1 episode of
pneumonia in her past history), recurrent infectious par-
otitis (1) and general investigation of a patient with fa-
tigue (1); in 2 cases a progression from IgA deficiency to
CVID was documented.

Discussion

Notwithstanding that the first patient with humoral
immunodeficiency was discovered more than 50 years
ago [9], the general awareness of these diseases in the gen-
eral medical population has markedly increased only in
the last 20-30 years. Although our computed prevalence
of primary hypogammaglobulinaemia is slightly lower
than the estimated prevalence of humoral immunodefi-
ciencies (1:25,000) [1], we believe that it reflects the real
situation in our region. Even if in the present time the
situation when a patient with symptomatic antibody de-
ficiency dies before a diagnosis is made is probably ex-
tremely rare, the problem of a delay of immunological

Change in Diagnostic Delay in
Hypogammaglobulinaemic Patients

Fig. 4. Hypogammaglobulinaemic patients without severe respi-
ratory tract infections at the time of diagnosis. Fisher’s exact test
was used for statistical comparison.

diagnosis, and consequently of a delay of adequate treat-
ment, still exists, thus leading to increased morbidity of
the patients [10]. On the other hand, the broad spectrum
of manifestations different from infectious complica-
tions, for example, malabsorption, autoimmunity and
lymphoid proliferation, together with wide availability of
serum immunoglobulin determination, enabled the di-
agnosis and consequently the beginning of the treatment
even before symptoms of severe or frequent respiratory
tract infections occur.

The goal of this study was to assess how the diagnostic
delay has changed during the last 28 years in a single re-
ferral centre, as well as how the referral diagnoses of those
patients have changed.

Our results have shown that the diagnostic delay has
markedly shortened; this change was most significant
when comparing the period of 2001-2008 with the previ-
ous periods of 1991-2000 and mainly 1981-1990, while
the difference between the 1980s and the 1990s was not
significant in our study. The shortening of the diagnostic
delay is in accordance with similar observations of other
authors. Seymour et al. [11] analysed diagnostic delay in
a single referral centre in Great Britain between 1989 and
1995, when the median was 3.5 years, compared to 1 year
between 1996 and 2002. This delay was even worse in the
same centre in patients referred prior to 1989, when the
delay had been 5.6 years in adults and 2.5 in children [12].
It should be noted that the authors used a different defi-
nition of the clinical onset of the diseases. Also, in a
French national study the median of the delay was 15.6
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years in those patients with CVID in whom the symp-
toms had started before 1990 (138 patients), while it was
2.9 years in 114 patients with onset after 1990 [13]. A neg-
ative correlation of diagnostic delay and the year of diag-
nosis in CVID patients was recently observed in a study
that included 388 patients from several European centres
(also some of our patients were included) [3], and also in
Iran [14]. An inverse relationship between the year of
birth of patients with X-LA and the age when the diagno-
sis was made was documented in national surveys from
the United States [15], Italy [10] and Iran [16].

It is supposed that a combination of various aspects
influence the gradually improving situation in the early
diagnosis of primary hypogammaglobulinaemia in our
region, and probably in other countries as well. Improved
education of medical students and graduated physicians
in the subject of immunodeficiency is probably the most
important and the most principal. The better availability
of serum immunoglobulin determination mainly in the
early 1990s probably resulted in the documented signifi-
cant increased proportion of patients with CVID and
Good’s syndrome referred with previous serum immu-
noglobulin determination by their general practitioners
or various specialists. The general awareness of patients
of their clinical state and general knowledge about fre-
quent infections as the symptom of immunodeficiency
might be also taken into account.

Besides the previously documented shortening of the
diagnostic delay, the presenting picture of hypogamma-
globulinaemic patients has also changed. The most clas-
sical manifestation of immunoglobulin deficiency in-
cludes respiratory tract infections, among which pneu-
moniasare frequent signs of failure of the immune system.
The number of pneumonias occurring before the diagno-
sis was made can also be supposed as a marker of the
depth of immunodeficiency during the diagnostic delay.
This can also be documented in the group of our patients,
as seen in table 1 and figure 2, which show a marked de-
cline in the number of pneumonias before the diagnosis
of primary immunodeficiency disease was made during
the observation period. Also, the proportion of patients
in whom no pneumonia was documented gradually in-
creased, so that in the period of 2001-2008 more than
half the patients with hypogammaglobulinaemia had not
had any documented pneumonia before the diagnosis
was made. On the other hand, we diagnosed 1 patient in
2003 with a history of approximately 15 episodes of pneu-
monia; his diagnostic delay was 36 years, which shows the
continuous effort of education of doctors in the manifes-
tation of immunodeficiencies.
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As mentioned previously, recurrent/severe respiratory
tract infections are the most typical clinical manifesta-
tion in patients with primary humoral immune deficien-
cy. As our study documents, the proportion of patients
who were referred for reasons different from respiratory
tract infections has significantly increased. As docu-
mented, the presenting symptoms included either some
other infections - gonitis, severe herpes zoster or also
conditions unrelated to infections - alopecia areata, bron-
chial asthma, incapacity to determine blood group and
progression from IgA deficiency.

In 3 of our patients, previously followed for selective
IgA deficiency, CVID developed. This is a well-estab-
lished and repeatedly described situation [17, 18]. In all
these patients a significant decrease in IgG together with
a markedly disturbed response to both polysaccharide
(non-conjugated 23-valent vaccine) and protein (tetanus
toxoid) was documented, even at the time when none of
those patients experienced pneumonia and the frequency
of minor respiratory tract infections was only mildly in-
creased. There is a discussion on whether it is worth it to
follow up patients with selective IgA deficiency, especial-
ly if they do not have significant clinical problems. Our
experience supports the idea of the value of follow-up for
IgA-deficient patients, even if they do not have any clini-
cally significant manifestations.

In conclusion, our retrospective study shows improved
awareness of immunodeficiency symptoms in the gen-
eral medical population, leading to earlier referral of the
patients for immunological investigation. It is supposed
that earlier treatment will improve the life expectancy of
the patients. Despite this success there have been patients
even in this decade in whom the diagnostic delay has
been inadequately long.

Acknowledgement

The research leading to these results has received funding
from the European Community’s Seventh Framework Pro-
gramme (FP7/2007-2011) under grant agreement No. 201549
(EURO-PADnet) and from the grant No. 10398-3/2009 of the
Czech Ministry of Health.

Litzman/Stikarovska/Pikulova/Pavlik/
Pesak/Thon/Kuklinek/Lokaj



>

| )

>3

>4

»5

»6

References

Wood P, Stanworth S, Burton J, Jones A,
Peckham DG, Green T, Hyde C, Chapel H,
UK Primary Immunodeficiency Network:
Recognition, clinical diagnosis and manage-
ment of patients with primary antibody de-
ficiencies: a systematic review. Clin Exp Im-
munol 2007;149:410-423.

Conley ME, Notarangelo LD, Etzioni A: Di-
agnostic criteria for primary immunodefi-
ciencies. Representing PAGID (Pan-Ameri-
can Group for Immunodeficiency) and ESID
(European Society for Immunodeficiencies).
Clin Immunol 1999;93:190-197.

Chapel H, Lucas M, Lee M, Bjorkander J,
Webster D, Grimbacher B, Fieschi C, Thon
V, Abedi MR, Hammarstrom L: Common
variable immunodeficiency disorders: divi-
sion into distinct clinical phenotypes. Blood
2008;112:277-286.

Tarr PE, Sneller MC, Mechanic LJ, Econo-
mides A, Eger CM, Strober W, Cunningham-
Rundles C, Lucey DR: Infections in patients
with immunodeficiency with thymoma
(Good syndrome). Report of 5 cases and re-
view of the literature. Medicine (Baltimore)
2001;80:123-133.

Litzman J, Brysova V, Gaillyova R, Thon V,
Pijackova V, Michalova K, Zemanova Z, Lo-
kaj J: Agammaglobulinaemia in a girl with a
mosaic of ring 18 chromosome. J Paediatr
Child Health 1998;34:92-94.

Litzman J, Buckova H, Ventruba A, Holciko-
va A, Mikyska P, Lokaj J: A concurrent oc-
currence of cutis laxa, Dandy-Walker syn-
drome and immunodeficiency in a girl. Acta
Paediatrica 2003;92:861-864.

Change in Diagnostic Delay in
Hypogammaglobulinaemic Patients

»7 Quartier P, Bustamante J, Sanal O, Plebani

>3

»9

»10

>11

>12

»13

A, Debré M, Deville A, Litzman J, Levy J,
Fermand JP, Lane P, Horneff G, Aksu G,
Yal¢in I, Davies G, Tezcan I, Ersoy F, Catalan
N, Imai K, Fischer A, Durandy A: Clinical,
immunologic and genetic analysis of 29 pa-
tients with autosomal recessive hyper-IgM
syndrome due to activation-induced cyti-
dine deaminase deficiency. Clin Immunol
2004;110:22-29.

Moschese V, Lintzman ], Callea F, Chini L,
Devito R, Carsetti R, Di Cesare S, Geissman
F, Brousse N, Rossi P, Durandy A: A novel
form of non-X-linked hyperigm associated
with growth and pubertal disturbances and
withlymphoma development. ] Pediatr 2006;
148:404-406.

Bruton OC: Agammaglobulinemia. Pediat-
rics 1952;9:722-728.

Plebani A, Soresina A, Rondelli R, Amato
GM, Azzari C, Cardinale F, Cazzola G, Con-
solini R, De Mattia D, Dell’Erba G, Duse M,
Fiorini M, Martino S, Martire B, Masi M,
Monafo V, Moschese V, Notarangelo LD, Or-
landi P, Panei P, Pession A, Pietrogrande
MC, Pignata C, Quinti I, Ragno V, Rossi P,
Sciotto A, Stabile A, Italian Pediatric Group
for XLA-AIEOP: Clinical, immunological,
and molecular analysis in a large cohort of
patients with X-linked agammaglobulin-
emia: an Italian multicenter study. Clin Im-
munol 2002;104:221-230.

Seymour B, Miles J, Haeney M: Primary an-
tibody deficiency and diagnostic delay. ] Clin
Pathol 2005;58:546-547.

Blore J, Haeney M: Primary antibody defi-
ciency and diagnostic delay. Br Med ] 1989;
298:516-517.

Oksenhendler E, Gérard L, Fieschi C, Mal-
phettes M, Mouillot G, Jaussaud R, Viallard
JF, Gardembas M, Galicier L, Schleinitz N,
Suarez F, Soulas-Sprauel P, Hachulla E, Jac-
card A, Gardeur A, Théodorou I, Rabian C,
Debré P, DEFI Study Group: Infections in
252 patients with common variable immu-
nodeficiency. Clin Infect Dis 2008;46:1547—
1554.

> 14

»15

» 16

»17

» 18

Aghamohammadi A, Farhoudi A, Moin M,
Rezaei N, Kouhi A, Pourpak Z, Yaseri N,
Movahedi M, Gharagozlou M, Zandieh F,
Yazadni F, Arshi S, Mohammadzadeh I,
Ghazi BM, Mahmoudi M, Tahaei S, Isaeian
A: Clinical and immunological features of 65
Iranian patients with common variable im-
munodeficiency. Clin Diagn Lab Immunol
2005;12:825-832.

Winkelstein JA, Marino MC, Lederman
HM, Jones SM, Sullivan K, Burks AW, Con-
ley ME, Cunningham-Rundles C, Ochs HD:
X-linked agammaglobulinemia: report on a
United States registry of 201 patients. Medi-
cine (Baltimore) 2006;85:193-202.

Moin M, Aghamohammadi A, Farhoudi A,
Pourpak Z, Rezaei N, Movahedi M, Ghara-
gozlou M, Ghazi BM, Zahed A, AbolmaaliK,
Mahmoudi M, Emami L, Bashashati M: X-
linked agammaglobulinemia: a survey of 33
Iranian patients. Immunol Invest 2004;33:
81-93.

Aghamohammadi A, Mohammadi J, Par-
vaneh N, Rezaei N, Moin M, Espanol T,
Hammarstrom L: Progression of selective
IgA deficiency to common variable immu-
nodeficiency. Int Arch Allergy Immunol
2008;147:87-92.

Espanol T, Catala M, Hernandez M, Caragol
I, Bertran JM: Development of a common
variable immunodeficiency in IgA-deficient
patients. Clin Immunol Immunopathol
1996;80:333-335.

Int Arch Allergy Immunol 2010;153:95-101

101



