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Abstract
Background/objectives: The most frequent symptoms of agammaglobulinemia are recurrent respi-
ratory and gastrointestinal problems. The purpose of this study was to define the prevalence and type 
of gastrointestinal (GI) manifestations in those patients with agammaglobulinemia.
Methods: totally, 147 patients with agammaglobulinemia were included in this study. For each pa-
tient, clinical, immunological and laboratory data were documented.
Results: The GI manifestations as the first presentation of the immunodeficiency diseases were re-
ported in 14.5% of patients, mostly because of chronic and recurrent diarrhea. History of GI manifes-
tations was evident in 67 patients (45.6%). 
Recurrent, chronic or bloody diarrhea (36.1%), vomiting (10.2%) and gastroenteritis (6.1%) were the 
most common manifestations of GI in patients with agammaglobulinemia, respectively.
Conclusions: The bowel is exposed to multiple antigens including gut microbiota and pathogens from the 
environment. Mucosal antibodies play a major role in protection and homeostasis; therefore, decreasing 
level of IgA can provide the opportunity for infectious diarrhea and more pathogen to attack.
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Introduction
X-linked agammaglobulinemia (XLA) was first 
recognized in 1952 as hereditary agammaglob-
ulinemia, it is a primary immunodeficiency dis-
ease (PID) that affects approximately three to six 
cases per one million people1( ). X-linked agam-
maglobulinemia is recognized as one of the first 
inherent mistakes of the immunity system that 
indicates a PID with considerable data on results 
and clinical outcomes. Bruton tyrosine kinase) 
BTK), which was detected by two independent 
groups, is the gene affected in XLA and is located 
on X-chromosome (2, 3). BTK plays an import-
ant role in B cell development and XLA patients 
with pathogenic mutations manifested by the 
universal B cell deficiency mostly less than 2%. 
Patients with agammaglobulinemia, have some 
problems with antibody generation in their blood 
and tissues. In these patients, lymphocytes fail 
to generate plasma cells, so they have reduction 
in producing all classes of immunoglobulin with 
defective antibody function (4).

The most common symptoms of XLA are re-
current respiratory tract infections (RTI), and 
particularly bronchitis and pneumonia. Recently, 
autoimmune and inflammatory manifestations 
have been introduced as a feature of XLA (5). In 
the USIDNet XLA patient cohort, the prevalence 
of inflammatory bowel diseases (IBD)/enteritis 
was higher than what was reported earlier about 
the prevalence (0.4%) in the general population 
(5). In a cohort study by Pac et al. 26 of 28 XLA 
patients with GI disease complained of diarrhea, 
which was resolved generally after introducing 
IVIG therapy. Single but prolonged episodes of 
Campylobacter jejuni diarrhea were reported in 2 
patients. IBD with mild to moderate activity was 
diagnosed in a patient, and along with that local 
enteritis with mild activity was found in another 
patient (6).

The purpose of this study was to define the prev-
alence and type of gastrointestinal manifestations 
in those patients with agammaglobulinemia.

Materials and methods
Population study
The Immunodeficiency Clinic at the Children’s 
Medical Center affiliated to Tehran University 
of Medical Sciences is a referral center for PID. 
Totally, 147 patients, who were diagnosed and 
treated at this center from 1998 to 2018, were 
enrolled in this study. Agammaglobulinemia was 
diagnosed with respect to the basis of low serum 
level of all immunoglobulin isotypes associated 
with very low number of circulating B cells (< 
2%), in addition to normal number of T cells in 
a symptomatic patient who their disease were 
commenced before the age of 5 years old. Genet-
ic defects associated with combined immunodefi-
ciency (CID) were also excluded in patients with 
agammaglobulinemia. All patients received Ig 
replacement therapy following diagnosis along 
with prophylactic antibiotic therapy. Individu-
als who had ended up Ig replacement or lacking 
adequate compliance to regular treatment, were 
excluded from this  study. Clinical information 
were achieved from medical and chart records at 
Children’s Medical Center.  
Data collection
Since past 20 years, a comprehensive questionnaire 
was designed and the following data were collect-
ed, and also documented for each case: age at the 
initial clinical presentation, consanguinity, the first 
presentation, age at the time of diagnosis and age at 
last follow up, diagnostic delay, history of chronic 
and recurrent infections, bronchiectasis, autoimmu-
nity, associated allergy, enteropathy, failure to thrive 
(FTT), tonsils atrophy, lymphoproliferation and ma-
lignancies. For each patient, laboratory data includ-
ing complete blood count, white blood cell (WBC) 
differential and lymphocyte subsets percentage 
(CD3, CD4, CD8 and CD19) and serum levels of 
IgM, IgG, IgE and IgA were documented. The ques-
tionnaire was thoroughly completed for all patients 
at the time of diagnosis. Moreover, all patients re-
ceived regular immunoglobulin replacement thera-
py. Follow-up visits were documented every month 
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at the time of hospital Ig administration either by 
the patients interviewing or by reviewing patients’ 
hospital records for occasional admissions. Diagnos-
tic delay was defined as the time between the onset 
of symptoms and time of diagnosis. The course of 
disease was measured as the time between diagno-
sis and the time of either the death or the last visit.
Statistical analysis
Values were presented as appropriate as frequen-
cy (number and percentage), mean ± standard de-
viation and median (IQR). Fisher’s exact test and 
chi-square tests were applied for 2 × 2 comparisons 
of categorical variables, while t-tests and nonpara-
metric equivalent were applied in order to compare 
numerical variables. Pearson’s and Spearman cor-
relation coefficient were calculated for assessing the 
correlation between parametric and non-parametric 
variables, respectively. Shapiro-Wilks test was used 
for checking the normality assumption for the vari-
able; consequently with respect to the established 

assumptions, parametric or nonparametric test was 
accomplished. In addition, Statistical analyses were 
performed using SPSS software package, version 
22 (SPSS Inc., Chicago, IL, USA) 

Results
Baseline demographic data
In this retrospective study, after exclusion of tran-
sient forms of agammaglobulinemia and also ex-
cluding those patients without complete clinical 
information, finally 147 patients [126 (85.7%) 
males and 21 (14.3) females] were enrolled in 
this study. Demographic and corresponding im-
munologic data for the agammaglobulinemia 
are presented in Table1. The most prevalent first 
presentation was upper respiratory tract (URT) 
infection (Figure 1). The gastrointestinal manifes-
tations, as the first presentation of the immuno-
deficiency disease, were reported in 19 patients 
(14.5%), mostly because of

Table 1. Demographic data of agammaglobulinemic patients with and without gastrointestinal complications

Parameters Total
(n=147)

With GI complications
(n=65)

Without GI complications
(n=82) p-value

Sex ratio, M/F 126/21 59/8 67/13 0.457
Family history 56 (38.1%) 22 (32.8%) 34 (42.5%) 0.229
Consanguinity 59 (40.1%) 22 (32.8%) 37 (46.3%) 0.098
Dead, % 21 (14.3%) 16 (23.9%) 5 (6.3%) 0.003*
Current age, y, median (IQR) 15.0 (6.0-24.0) 15.0 (6.0-24.0) 14.0 (4.0-24.0) 0.726
Age at onset, y, median (IQR) 11.0 (4.0-24.0) 8.5 (3.0-18.5) 12.0 (6.0-24.0) 0.060
Age at diagnosis, y, median (IQR) 48.0 (16.0-84.0) 36.0 (17.0-78.0) 48.0 (14.0-96.0) 0.371
Delay in diagnosis, y, median (IQR) 24.0 (6.0-54.0) 25.0 (12.0-53.0) 24.0 (5.0-55.0) 0.868
Abbreviations: M; Male, F; Female, Y; Year
The median is shown [with 25th and 75th percentiles]. 
* p-value is statistically significant <0.05

Figure 1. The first presentation of patients with agam-
maglobulinemia chronic and recurrent diarrhea.
Abbreviations: URT and LRT were the most frequent 
first presentation. Diarrhea as the most frequent gastro-
intestinal manifestations was report as the first presenta-
tion in 12.9% of patients. URT; upper respiratory tract, 
LRT; lower respiratory tract, FTT; failure to thrive
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Clinical evaluation
The most prevalent clinical manifestation in those 
patients with agammaglobulinemia was recurrent 
infection (68%), pneumonia (55.1%) and otitis 
media (44.9%). History of gastrointestinal mani-
festations was evident in 67 patients (45.6%). The 
most frequent gastrointestinal manifestations in 
patients with agammaglobulinemia were recur-
rent, chronic, or bloody diarrhea (36.1%), vom-
iting (10.2%), and gastroenteritis (6.1%), respec-
tively (Figure 2). The most prevalent pathogen 
that was detected, was Giardia lamblia (4.8%). 
The median age of onset of patients with GI man-
ifestations was lower than patients without this 
manifestation [8.5 (3.0-18.5) vs. 12.0(6.0-24.0), 
p=0.06]; however, the differences were not sig-
nificant. The prevalence rate of GI disease was 8 
out of 21 (38.1%) in female patients, and 59 out 

of 126 (46.8%) in male patients, however the dif-
ferences were not significant (p=0.457). Among 
patients with consanguineous parents, 22 patients 
(32.8%) had a manifestation of GI complications, 
while the frequency of GI manifestations was 45 
(51.1%) in those patients with non-consanguine-
ous parents. The frequency of recurrent infection 
(79.1% vs. 58.8%, p=0.008), sinusitis (43.3% 
vs. 23.3%, p=0.030), bronchiectasis (26.9% 
vs. 11.3%, p=0.015), otitis (53.7% vs. 37.5%, 
p=0.049), lymphoprolifrative (23.9% vs. 7.5%, 
p=0.006), FTT (22.4% vs. 6.3%, p=0.004), con-
junctivitis (22.4% vs. 7.5%, p=0.10) and URTI  
(67.2% vs. 43.1%, p=0.002) were higher in pa-
tients with GI manifestation in comparison with 
those without GI manifestation. Biopsy proven 
chronic entropathy was also reported in 2 agam-
maglobulinemic patients.

Table 2. Clinical manifestations of agammaglobulinemic patients with and without gastrointestinal complications

Parameters Total
(n=147)

With GI complications
(n=65)

Without GI complications
(n=82) p-value

Recurrent infection (%) 100 (68.0) 53 (79.1) 47 (58.8) 0.008*

Pneumonia (%) 81 (55.1) 41 (61.2) 40 (50.0) 0.174

Sinusitis (%) 50 (34) 29 (43.3) 21 (26.3) 0.030*

Bronchiectasis (%) 27 (18.4) 18 (26.9) 9 (11.3) 0.015*

Otitis (%) 66 (44.9) 36 (53.7) 30 (37.5) 0.049*

Clubing (%) 14 (9.5) 5 (7.5) 9 (11.3) 0.436

Splenomegaly (%) 3 (2.0) 3 (4.5) 0 (0.0) 0.092

Lymphoprolifrative (%) 22 (15.0) 16 (23.9) 6 (7.5) 0.006*

Allergy (%) 9 (6.1) 3 (4.5) 6 (7.5) 0.510

Oral ulcer (%) 16 (10.9) 10 (14.9) 6 (7.5) 0.150

Failure to thrive (%) 20 (13.6) 15 (22.4) 5 (6.3) 0.004*

Conjunctivities (%) 21 (14.3) 15 (22.4) 6 (7.5) 0.010*

Meningitis (%) 21 (14.3) 9 (13.4) 12 (15.0) 0.787

Paralysis (%) 11 (7.5) 3 (4.5) 8 (10.0) 0.205

Autoimmunity (%) 21 (14.3) 10 (14.9) 11 (13.8) 0.839

Upper Respiratory tract (%) 78 (53.1) 45 (67.2) 33 (43.1) 0.002*

Lower Respiratory tract (%) 88 (59.9) 43 (64.2) 45 (56.3) 0.329

Urinary tract (%) 9 (6.1) 6 (9.0) 3 (3.8) 0.190

Malignancy (%) 3 (2.0) 1 (1.5) 2 (2.5) 1.000

* p-value is statistically significant <0.05
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Figure 2. The frequency of GI manifestation in patients with agammaglobulinemia. 
GERD; Gastroesophageal reflux disease

Table 3. Immunologic profile  of agammaglobulinemic patients with and without gastrointestinal complications

Parameters Total With GI complications
(n=65)

Without GI complications
(n=82) p-value

WBC 9700 (7030-13420) 8400 (5500-11500) 10300 (7455-14630) 0.012*

Neutrophils percentage 50 (28-62.5) 50 (23.75-60.7) 49 (28-64) 0.190
Lymphocte  percentage 39 (29-57.5) 41 (31.95-60.5) 39 (23-56.7) 0.210

CD3+ T cells × 103 (cell/μL),  

median (IQR) (n=35) 
87 (79-92) 86.5 (75-92) 87 (81.7-91.6) 0.852

CD4+ T cells × 103 (cell/μL), 

median (IQR) (n=44)
44 (35-54) 42.5 (26.7-51) 44 (35-54) 0.048*

CD8+ T cells × 103 (cell/μL), 

median (IQR) (n=41)
37 (27.7-47) 40 (27.5-49) 35 (27-45) 0.248

CD19  (cell/μL), median 

(IQR) (n=35)
0 (0.0-0.0) 0 (0.0-0.5) 0.05 (0.0-1.0) 0.012*

CD20  0 (0.0-0.0) 0 (0.0-0.1) 0.0 (0.0-0.0) 0.494

CD1656 5 (3-10) 5.5 (2.5-12) 4 (3.5-8) 0.635
IgM, mg/dL,  median (IQR) 

(n=63)
16 (1-30) 13 (0.3-28) 17.5 (4-34) 0.575

IgA (mg/dL),  median (IQR) 

(n=53) 
5.5 (0.0-18.7) 4 (0.0-19) 7 (0.0-18.2) 0.363

IgG (mg/dL),  median (IQR) 

(n=50)
101.5 (19-295.5) 120 (20.5-296) 100 (16.5-273.5) 0.102

Abbreviations: Ig; Immunoglobulin, WBC; White blood cell
* p-value is statistically significant <0.05
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Immunological evaluation
Agammaglobulinemic patients with GI manifes-
tations had lower number of WBC, CD4+ T cells, 
CD8+ T cells, compared to those patients without 
GI manifestations [(8400 vs. 10300, p=0.012), 
(42.5 vs. 44, p=.048), (0 vs. 0.05, p=0.012)]. 
Agammaglobulinemia patients with GI Manifes-
tations had a lower level of IgA [4 (0.0-19.0) vs. 
7(0.0-182), p=0.363] compared to patients with-
out GI Manifestations. Patients with history of 
diarrhea had lower WBC [8000 (5300-11300) vs. 
10100 (7410-14597), p=0.005] and B cell count 
[0.00 (0.0-0.5) vs. 0.00 (0.00-1.0), p=0.060] in 
comparison with those patients without history 
of diarrhea. Patients with history of vomiting had 
higher level of lymphocyte [53.5 (31.4-74.5) vs. 
39 (26-55), p=.0.095] and lower count of neutro-
phil [27 (15.7-63.5) vs. 50 (32-62), P=0.063] and 
CD3 [83.5 (73.5-87) vs. 87.5 (79.7-92), p=0.07] 
compared to patients without history of vomiting, 
however these differences were not statistically 
significant.

Discussion
Primary immunodeficiencies (PIDs) are a het-
erogeneous group of diseases affecting distinct 
components of the immune system7(  ). The 
characteristic clinical presentation of XLA is 
agammaglobulinemia in a patient with recurrent 
bacterial infections. Immunologically, the nota-
ble feature is the lack or reduction in total B cell 
count in the blood (1). We identified 147 patients 
with PID at the Immunodeficiency Clinic at the 
Children’s Medical Center. The majority of them 
experienced GI symptoms during the study peri-
od; and among them the most common GI symp-
tom was diarrhea. Agarwal et al. reported GI dis-
orders present in 5% to 50% of patients with PID 
(8). Barmettler et al. reported in other study that 
GI manifestations present in more than 35% of 
XLA patients (1). Rezaei et al. reported 127 of 
930 patients (13.7%) with PID, who their most 
common presentation was diarrhea (9). In other 

study accomplished by Mahdaviani et al. on 19 
patients with LRBA (a rare genetic PID), the most 
common  presentations of immunodeficiency at 
the onset of disease were diarrhea (21.1%), and 
also FTT (5.3%), respectively. Chronic diarrhea 
was found in 16 patients (84.2%), 11 of whom 
(57.8%) manifested three or more episodes of 
diarrhea during follow-up. Chronic bloody di-
arrhea was also observed in one patient (6.3%) 
(10), which was in agreement with our results. 
Our data indicated that chronic and recurrent di-
arrhea was the first presentation of the immuno-
deficiency disease among 12.9% of patients. Fur-
thermore, rate of FTT was higher in patients with 
GI manifestation compared to those without GI 
manifestation.

In a recent study by Gupta et al. conducted on 
120 patients with PID, GI symptoms such as per-
sistent diarrhea and FTT were amongst the most 
common warning signs in PID patients (11). In 
the current study, URT was higher in patients 
with GI manifestation than those without GI 
manifestation. It was earlier reported that multi-
ple infections, severe diarrhea, and FTT-related 
problems had resulted in high mortality rate in 
patients with agamaglubolinemia. Our results 
demonstrated that, the frequency of mortality 
was higher in those with GI manifestation than 
those without GI manifestation. Moreover, in the 
study by Rezaei et al. conducted on 930 patients 
with PID, 160 patients died (17.2%) as a result 
of recurrent and severe infections9( ).Among the 
pathogens causing diarrhea in immunodeficient 
patients, Giardia lamblia was identified as the 
leading case. Eren et al. described GI infections 
related to Giardia lamblia with an increased fre-
quency in PID patients (12). In the current study, 
we found 7 patients with the Giardiasis, which 
were consistent with a previous European study 
assessing infections in 252 CVID patients (13). 
In a study by Parvaneh et al. among 32 patients 
with PID, 41 infectious agents including 16 para-
sitic (39.0%, the most common Giardia lamblia), 
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8 viral (19.5%, the most frequent group A rotavi-
rus), 11 bacterial (26.8%, the most common sal-
monella spp) and 6 fungal organisms (14.7%, the 
most common Candida albicans) were identified. 
These results proposed that in agammaglobuline-
mic patients, parasites (Giardia lamblia and cryp-
tosporidium) were the leading causes of chronic 
diarrhea. These studies suggest considering both 
usual and unusual pathogens in laboratory inves-
tigation and also in the diarrhea treatment in pa-
tients with agammaglobulinemia. Opportunistic 
pathogens should be taken into account in agam-
maglobulinemic patients when no other pathogen 
is identified, especially in those on long-term 
treatment or prophylaxis with antifungal/antibi-
otics14(  ).

Conclusion 
The bowel is exposed to multiple antigens in-
cluding gut microbiota and environmental patho-
gens. Locally secreted IgA plays a significant 
role in containing these microbes (15); therefore, 
decreasing level of IgA  can provide the condi-
tions for infectious diarrhea and more pathogen 
to attack.
Conflicts of interest: The authors declare that 
they have no conflicts of interest.
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