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Summary
Background. Primary immunodeficiency diseases (PIDs) are life-threatening disorders,
which manifest commonly with gastrointestinal (GI) signs, mainly as chronic diarrhea.
Objective. To investigate and compare infectious etiology of chronic diarrhea in different
PIDs. Patients and methods. Assessing clinical features, obtaining immunological profiles, as
well as characterizing infectious etiology of diarrhea were performed in 38 PID patients with
chronic diarrhea. Stool samples and/or biopsy specimens were checked using culture, microscopic examination, RT-PCR, and PCR, as appropriate. The patients were diagnosed to have
common variable immunodeficiency (CVID), severe combined immunodeficiency (SCID),
X-linked agammaglobulinemia (XLA), and hyper-IgM (HIgM) syndrome. Results. In 32
patients we identified 41 infectious agents including 16 parasitic (39.0%, the most common
Giardia lamblia), 11 bacterial (26.8%, the most common salmonella spp), 8 viral (19.5%,
the most frequent group A rotavirus), and 6 fungal organisms (14.7%, the most common
Candida albicans). From 6 of the patients, no infectious agent was isolated. In CVID bacteria and parasites, in SCID bacteria and viruses, in XLA parasites, and in individuals with
HIgM syndrome parasites were the leading causes of chronic diarrhea. Infection with giardia
and cryptosporidium were more frequent in XLA and HIgM, respectively. Conclusion. The
current study suggests considering both usual and unusual pathogens in laboratory investigation and in the empiric treatment of chronic diarrhea. Opportunistic pathogens should be
taken into account when no other pathogen is identified, especially in patients on long-term
treatment or prophylaxis with antifungals/antibiotics and in those from geographical locations
that favor pathogenicity of these organisms.
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Introduction

Laboratory testing

Primary immunodeficiency diseases (PIDs) are a heterogeneous
group of genetic disorders affecting the development and/or
function of the immune system with an overall prevalence of 1
in 10,000 live births (1). The patients are susceptible to autoimmune diseases, malignancies, as well as infections, especially
of respiratory and gastrointestinal (GI) tracts. GI problems are
the second most common manifestations of PID after respiratory problems and may be the first presentations in some cases.
Among different GI complications, chronic diarrhea is the most
common, arising from non-infectious as well as infectious etiologies. PID patients are more prone to diarrhea, due to a wide
range of pathogens, and less responsive to standard therapies
than healthy individuals. Moreover, intestinal damages and loss
of nutrients and proteins worsen immune status and trigger a
vicious circle that deteriorates immune defects. Elucidating infectious agents responsible for diarrhea in these patients, helps
both precise laboratory investigation of suspected pathogens
and subsequent correct diagnosis and treatment, leading to
more survival, less mortality, and better life quality with fewer
organ damages (2-4). The aim of the present study was to determine infectious etiology of chronic diarrhea in PID individuals.

Immunological laboratory tests were performed. Moreover,
stool samples and biopsy specimens were taken and checked
for bacterial culture and also looked for Clostridium difficile (C.
difficile) toxin, Clostridium perfringens (C. perfringens) toxin,
parasites, and fungi/yeast-like organisms. Enteroviruses as well
as group A rotavirus was checked using RT-PCR method, and
cytomegalovirus (CMV) using PCR.

Patients and methods
Patients
Iranian Primary Immunodeficiency Registry (IPIDR) has been
active since 1997, and 1640 cases with a variety of PIDs were
registered up to the end of 2014 (5). Within patients referred
to Children’s Medical Center (CMC) hospital in Tehran from
January 2013 through June 2014, PID was diagnosed in 147
individuals. Among them, 38 patients with chronic diarrhea
were included in the study. The study was approved by the ethics committee of Tehran University of Medical Sciences in accordance with the ethical standards. The participating patients
or their parents were also given verbal information before taking their written informed consent. The diagnosis of PID was
based on the European Society for Immunodeficiencies and the
Pan-American Group for Immunodeficiency (ESID/PAGID)
criteria (6). Chronic diarrhea was defined as the production of
loose stool more than 10 mL/kg/day in infants or more than
200 g in other ages that last more than 2 weeks (7).
Data Collection
A questionnaire was designed to obtain information, including patient’s demographic information such as age, sex, date of
birth, place of birth, diagnosis of PID, course of PID, immunological laboratory results, and diarrhea data. All of the questionnaires were completed by physicians involved in the care of the
reported patients.

Statistical analysis
Fisher’s exact test and chi-square tests were used for 2 × 2 comparison of categorical variables, whereas t-tests and one-way
ANOVA were used to compare numerical variables. Statistical
analysis was performed using the SPSS software package, version 17 (SPSS Inc., Chicago, IL, USA). A p-value < 0.05 was
considered signiﬁcant.
Results
Demographic and clinical information
From 147 PID patients evaluated, 38 patients fulfilled the criteria for chronic diarrhea (81.6% male) and enrolled in the study
during the 18 month period of the study. No sign of dysentery was observed. The median age of patients at the time of
the study was 12 (3.3-22.0) years. According to ESID/PAGID
criteria (6), patients were diagnosed as having common variable immunodeficiency (CVID) (n = 12; 31.6%), severe combined immunodeficiency (SCID) (n = 11; 28.95%), X-linked
agammaglobulinemia (XLA) (n = 11; 28.95%), and hyper-IgM
(HIgM) syndrome (n = 4; 10.5%). Statistical analysis did not
show any significant correlation between age at first diarrhea
and age at onset or age at diagnosis of PID. Demographic information, as well as immunological laboratory data and diarrhea
information of the study population, are illustrated in tables I
and II, respectively.

Table I - Demographic data of PID patients with chronic diarrhea.
Parameter

Results

sex, m/f

31/7

age, y

12.0 (3.3 - 22.0)

age at onset of PID symptoms, y

0.6 (0.2 - 1.8)

age at diagnosis of PID, y

3.0 (1.0 - 7.5)

age at first diarrhoea, y

2.00 (0.5 - 7.3)

PID, primary immunodeficiency; f, male; f, female; y, year. For quantitative
parameters, the median is shown (with 25th and 75th percentiles).
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Table II - Clinical and immunological data of PID patients with chronic diarrhea.
Diagnosis
(number of
patients)

Ig level (mg/dL); median (IQR)

CVID (12)

SCID (11)

Age at first
diarrhea, y;
median (IQR)

CD (%); median (IQR)

IgM

IgG

IgA

CD3 +

CD4 +

CD8 +

CD19 +

18.0
(4.0 - 80.0)

114.0
(68.0 - 570.0)

5.0
(0 - 13.0)

74.0
(65.5 - 82.0)

23.0
(10.5 - 29.0)

52.0
(36.5 - 62.5)

6.5
(2.7 - 13.3)

3.0
(0.5 - 13.0)

7.0
(0.0 - 129.3)

2.9
(0.5 - 10.9)

1.4
(0.1 - 19.5)

1.8
(0.4 - 11.8)

32.7
(0.2 - 86.3)

0.5
(0.3 - 0.8)

27.0
156.0
(10.0 - 150.0) (99.0 - 570.0)

XLA (11)

20.0
(0.0 - 26.0)

112.0
(10.0 - 290.0)

11.5
(0.5 - 39.5)

90.4
(71.9 - 93.2)

44.9
(25.3 - 51.3)

37.5
(25.5 - 45.9)

0.2
(0.1 - 1.2)

2.0
(1.0 - 9.3)

HIgM (4)

256.0
(94.0 - 727.5)

56.0
(3.8 - 205.8)

10.0
(3.0 - 22.0)

76.5
(65.0 - 83.5)

42.0
(30.0 - 56.3)

29.5
(21.0 - 40.3)

15.1
(8.9 - 18.2)

2.5
(0.5 - 4.5)

p-value

0.059

0.325

0.754

< 0.0011

0.0021

< 0.0011

0.0021

0.082

CVID, common variable immunodeficiency; HIgM, hyper IgM syndrome; PID, primary immunodeficiency; SCID, severe combined immunodeficiency; XLA,
X-linked agammaglobulinemia. For quantitative parameters the median is shown (with 25th and 75th percentiles). Kruskal-Wallis test was used to compare parameters.
1

A p-value of 0.05 or less is statistically significant.

Infectious etiology

Discussion

From 32 PID patients, 41 infectious agents were isolated
and recognised as causes of diarrhea, including 16 parasitic
(39.0%, the most common Giardia lamblia; G. lamblia), 11
bacterial (26.8%, the most common Salmonella spp.), 8 viral
(19.5%, the most common group A rotavirus), and 6 fungal/
yeast like agents (14.7%, the most frequent Candida albicans;
C. albicans) (table III). Detailed information on infectious
agents in each PID is represented in table III. From 6 of the
patients (3 SCID and 3 CVID individuals) no infectious agent
was isolated, however, in CVID patients, two were diagnosed
with IBD and another with celiac disease.
Regarding infectious etiology of diarrhea within each PID
group, 16 infectious agents were isolated from CVID patients.
Bacterial and parasitic organisms were leading pathogens, and
viral and fungal agents were in the second order of frequency.
From SCID subjects, 8 pathogens were isolated; among them,
bacteria and viruses were the most common. However, a fungus/yeast was also isolated. In XLA individuals 12 infectious
agents were recognized; among them, parasites were obviously
dominant, followed by fungal, bacterial, and viral pathogens.
And finally, from HIgM patients 5 organisms were isolated as
causes of diarrhea, while parasites were dominant followed by
viral etiology (table III). Fisher exact test showed that Giardia
infections were significantly more frequent in XLA compared
with other PIDs (p = 0.001). Moreover, the frequency of Cryptosporidium infection was significantly higher in HIgM compared with other PIDs (p = 0.009).

GI problems, especially chronic infectious diarrhea, are among
common manifestations in PID patients necessitating unraveling underlying etiology. Different parasitic, bacterial, viral, and
fungal/yeast-like organisms have been reported as responsible
causes. Defects in nutrient absorption caused by diarrhea in
PID patients, via impairing structure and function of immune
components, poses affected individuals to the higher risk of immune disturbances. Considering the consequences of GI complications for PID patients, and the necessity for correct diagnosis with subsequent proper treatment, we aimed to investigate
infectious etiology of chronic diarrhea in different PIDs (3,8).
In our CVID patients, frequent pathogens were bacterial (including Salmonella spp.) and parasitic (including G. lamblia),
and with less frequencies, viral (group A rotavirus and CMV)
and fungal (C. albicans) (table III). Cunningham-Rundles and
Bodian reported parasitic (Giardia) and bacterial pathogens
(Campylobacter and Salmonella spp.) as the main causes of diarrhea in CVID patients, however, a viral organism (CMV) was
also isolated (9). McCabe reported Giardia as infectious agent
associated with CVID (10). In our previous cohort of 83 Iranian
humoral immunodeficient patients, including CVID cases, G.
lamblia followed by Salmonella spp. were prevalent pathogens
(11). In a French study on CVID patients, bacterial (including
Salmonella spp.) followed by parasitic pathogens (Giardia) were
leading causes (12). Our results are in accordance with organisms reported by other studies. Moreover, less frequent pathogens were isolated from our patients such as enterotoxigenic C.
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Table III - Infectious etiology of chronic diarrhea in different PID patients.
Number of infectious agents in each type of PID
Infectious organism

total

CVID

SCID

XLA

HIgM

p-value

parasites

16

5

-

7

4

< 0.0011

Giardia lamblia
Cryptosporidium spp.
Blastocystis hominis
Fasciola spp.
hookworm
Schistosoma spp.
Trichostrongylus spp.

9
2
1
1
1
1
1

1
1
1
1
1

-

7
-

1
2
1
-

0.0011
0.0091
0.1
1.0
1.0
1.0
1.0

bacteria

11

6

4

1

-

0.09

Salmonella spp.
Clostridium difficile
Pseudomonas aeruginosa
Enterotoxigenic Clostridium perfringens
Fusobacterium spp.
Shigella spp.

5
1
2
1
1
1

2
1
1
1
1

2
2
-

1
-

-

1.0
1.0
0.35
1.0
1.0
1.0

viruses

8

3

3

1

1

0.72

group A rotavirus
enterovirus (non-polio)
poliovirus (VDPV)
cytomegalovirus

5
1
1
1

1
1
1

3
-

1
-

1
-

0.18
1.0
0.64
1.0

fungi/yeasts

6

2

1

3

-

0.66

Candida albicans
Trichosporon spp.

5
1

2
-

1
-

2
1

-

1.0
0.68

CVID, common variable immunodeficiency; HIgM, hyper IgM syndrome; PID, primary immunodeficiency; SCID, severe combined immunodeficiency; VDPV,
vaccine-derived poliovirus; XLA, X-linked agammaglobulinemia.
A p-value of 0.05 or less is statistically significant.

1

perfringens and Fusobacterium spp. among bacteria, and C. albicans as fungus. However, our patients were children or young
adults (not older than 22 years), and this could be a bias at least
for CVID patients.
In SCID individuals we found bacterial (including Salmonella
spp.) and viral (group A rotavirus) pathogens as the main etiology (table III). Other studies reported various viral etiologies
including rotaviruses, CMV, astroviruses and noroviruses from
SCID individuals (8,13-15). Bacterial etiology is another reported cause of diarrhea in SCID patients (3). We also observed,
as opportunistic causes of diarrhea, Pseudomonas aeruginosa (P.
aeruginosa) among bacteria, and C. albicans among fungi.
In our XLA patients, parasites (the only found organism was G.
lamblia) obviously predominate, whereas with a less frequency
fungal, bacterial (Salmonella), and viral pathogens (vaccine-derived poliovirus; VDPV) were also isolated (table III). Two relatively uncommon pathogens isolated from our patients were
C. albicans and Trichosporon spp. belonging to the fungal/yeast-

like type of organisms. Giardia infection was significantly more
frequent in XLA compared with other PIDs. In our previous
study, we observed Giardia as the sole infectious agent in XLA
patients (11). In another cohort of Iranian XLA patients, we
isolated bacteria (including Shigella spp.), followed by parasites
(including G. lamblia) as causative organisms (16). In an American cohort of XLA individuals, parasites (G. lamblia), followed
by bacteria (including Salmonella spp.), and viruses (rotavirus,
enterovirus) were isolated (17).
In the current study, in HIgM individuals parasitic pathogens
were including G. lamblia, Blastocystis hominis and Cryptosporidium spp. However, a viral pathogen (group A rotavirus) was
also isolated. Cryptosporidium infection had a significantly higher frequency in HIgM compared with other PIDs. Our results
are in accordance with the results reported by Winkelstein et al.,
who observed parasites (Cryptosporidium and G. lamblia) as the
main infectious etiology of diarrhea, followed by viruses (rotavirus) and bacteria in HIgM individuals (18).
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Altogether, our results regarding infectious etiology of chronic
diarrhea are in line with above-mentioned studies. In CVID patient’s parasites and bacteria, in SCID viruses and bacteria, in
XLA individuals parasites and fungi, and in patients with HIgM
syndrome parasites, were most frequent etiologies. However,
some differences appear: 1) order of organism types responsible
for diarrhea in some PIDs. For example, in our SCID patients
bacterial and viral pathogens had equal contribution in eliciting
diarrhea, but in some other studies viral pathogens predominate.
This could be due to some limitations in our study for laboratory investigation of all possible viral causes of diarrhea. 2) We
isolated the same types of pathogens reported by previous studies, but within these pathogens some opportunistic or unusual
organisms were also identified, including enterotoxigenic C. perfringens, P. aeruginosa, and Fusobacterium spp. among bacteria.
3) Moreover, we identified C. albicans and Trichosporon spp., two
relatively unusual causes of diarrhea as fungal/yeast etiology.
Though not frequently, the unusual infectious agents were reported by other studies, and well documented as opportunistic causes of diarrhea even in immunocompetent individuals.
Enterotoxigenic C. perfringens has been identified as the cause
of both sporadic and antibiotic-associated diarrhea (AAD) (1923) and its role in eliciting experimental diarrhea was also confirmed (24). P. aeruginosa has been isolated from the feces of
diarrheal patients with the defective immune system or who
were hospitalized or received antibiotics or who had an underlying disease (3,25,26). Candida spp., especially C. albicans,
have been isolated as the pathogen in sporadic (27-33) as well
as AAD (34), both in immunocompetent individuals and in patients with immunodeficiency (3,35-36). Antifungal treatment
leads to resolution of diarrhea from Candida (37,38). The role
of Trichosporon in eliciting diarrhea has been documented in
sporadic cases (27,33), in hosts with defective immune function
(35), in the immunosuppressed host (39), and in bone marrow
transplanted patient who had received antifungal prophylaxis
and several antibiotics (40).
In fact, opportunistic pathogens are inhabitants of human
natural environment, and live in healthy individuals as part
of normal flora of some parts of the body, including intestine.
Conditions such as immunodeficiency, frequent or prolonged
hospitalization, prophylaxis or frequent/prolonged treatment
with antibiotic or antifungal agents, and the presence of an underlying disease favour pathogenicity of these organisms. Within these risk factors immunodeficiency, which was the case in
our patients, per se favors pathogenicity of opportunistic agents,
while other mentioned risk factors often coexist with immunodeficiency in immunocompromised hosts. Indeed, PID patients
experience repeated or prolonged hospitalization which expose
them to various pathogens, including opportunistic ones carried
by other patients, staff, medical devices, and the environment.
Moreover, due to recurrent or chronic infections and/or hema-

topoietic stem cell transplantation, they receive prolonged or
frequent treatment or prophylaxis with antibiotics and/or antifungals. The examples include antifungal prophylaxis in SCID
patients and, after resolution of oral candidiasis, in CVID individuals (3,23,25-41).
Another important factor for developing diarrhea due to opportunistic pathogens is geographical location and the climate patients occupy. The studies reporting Candida and Trichosporon
as etiology of diarrhea were primarily from Asian and African
countries with relatively hot climate (28,30,32,33,41).
Altogether, minor differences between our results and those
reported by some other studies could be attributed to these
factors: 1) different sample size, 2) different antibiotic or antifungal regimens patients received, 3) different geographical
locations and climate occupied by the patients, 4) some limitations in laboratory investigation of viral pathogens in our
study, and 5) probably ignoring laboratory investigation of unusual organisms in some studies from countries in Europe and
North America, since pathogenicity of these organisms has not
yet been observed in these countries with different climate than
locations occupied by some of our patients.
Accordingly, it is recommended that facultative or opportunistic pathogens to be taken into consideration in laboratory investigation of infectious etiology of diarrhea in PID, especially
in the cases when no common pathogen is found, in patients
who receive prophylaxis or prolonged or repeated treatment
with antibiotics or antifungals, and in patients from relevant
geographical locations.
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