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INTRODUCTION                                                                 

Giardia lamblia is the most prevalent enteric 
protozoan, affecting about 280 million people 
worldwide, with ~ 200 million cases afflicted in 
developing countries[1]. Giardiasis occurs through 
ingestion of cysts voided in human and animal 
feces. Following ingestion, cysts hatch liberating 
the actively replicating trophozoites which bind 
to the small intestinal mucosa, leading to various 
intestinal inflammatory changes responsible for 
the disease manifestations[2]. Interestingly, clinical 
presentations vary from asymptomatic infections 
to different gastrointestinal symptoms [i.e. acute 
or chronic steatorrhea (fatty diarrhea), abdominal 
pain, flatulence, nausea, vomiting, and dehydration] 
at variable intervals[3]. In developing countries, 
giardiasis contributes to 15–55% of gastroenteritis 

cases[4]. Moreover, other studies reported an 
association between G. lamblia infection in children 
and significant weight loss and growth retardation[5,6], 
which increase morbidity and mortality[7]. 

It is worth noting that histopathological 
examination of small-bowel biopsies from some 
patients with giardiasis revealed significant 
inflammatory responses and villous atrophy, while 
others appeared free from any indications of bowel 
inflammation[8]. Giardiasis was also associated with 
increased neutrophils infiltrating the epithelial layer 
in 16% of infected patients[9]. Neutrophils play a 
critical role in inflammation by phagocytosing and 
killing the invading microorganisms; therefore, they 
are considered as the first line of defense against 
infectious diseases. Upon stimulation, they release 
a variety of soluble proteins such as calprotectin. 
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ABSTRACT

Background: Giardia lamblia is a global enteric protozoan causing giardiasis, a disease characterized 
by different clinical presentations ranging from loss of appetite, abdominal pain, steatorrhea, nausea, 
vomiting to severe malabsorption syndrome, but the majority of infected children are asymptomatic, 
especially in developing countries. The clinical outcome may be associated with fecal calprotectin released 
in the bowel in case of inflammation and human leukocyte antigen (HLA) class-II DRB1 alleles that play a 
crucial role in the immune system. 
Objectives: To reveal any association between fecal calprotectin and the development of symptomatic 
or asymptomatic giardiasis. Also, to highlight the influence of HLA class-II DRB1 alleles on clinical 
manifestations of G. lamblia-infected children.
Subjects and Methods: The study included 160 children: 80 healthy children (control), 40 Giardia-
positive children with gastrointestinal symptoms (symptomatic group), and 40 Giardia-positive children 
without gastrointestinal manifestations (asymptomatic group). Fecal calprotectin was measured using 
ELISA, and HLA class-II was typed by PCR.
Results: The commonest presentation of giardiasis was abdominal pain. Fecal calprotectin level was 
elevated (141.40±67.7-183±48.21 µg/gm) in children with giardiasis, mainly among asymptomatic group. 
HLA class-II DRB1*03:01 and *13:01 alleles were significantly associated with incidence of giardiasis 
(P<0.0005). A significant association of the heterozygous allotype HLA-DRB1*03:01/03:02 was recorded 
with giardiasis manifestations, mainly abdominal pain (P=0.026).
Conclusion: Fecal calprotectin can be used as a marker of G. lamblia-induced intestinal inflammation. HLA 
class-II DRB1*03 and DRB1*13 alleles likely underlie clinical variability of giardiasis. This association may 
clarify why giardiasis does not occur in significant number of children exposed to the parasite.
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Accordingly, calprotectin level in fecal samples is a 
result of neutrophils migration into the gastrointestinal 
tissue; thus, it can be used as a non-specific marker 
for neutrophils activation as well as gastrointestinal 
inflammation[10]. Previous studies have shown 
increased fecal calprotectin levels in patients with 
gastrointestinal parasitic infections[11,12]. 

Researchers highlighted the possible role of host 
immune response in the broad range of giardiasis 
clinical manifestations[13,14]. Major histocompatibility 
region encodes human leukocyte antigen (HLA) that 
participates in antigen presentation, regulation of 
inflammation, complement functions, as well as innate 
and adaptive immune mechanisms[15]. Documented 
studies have recorded associations between HLA class-
II gene polymorphisms and development of resistance 
or susceptibility to several parasitic infections, as well 
as clinical variability[16,17]. Accordingly, El-Beshbishi 
et al.[18] compared for the first time the genotype 
frequencies of HLA class-II DRB1 alleles in G. lamblia-
infected children and in children free of any enteric 
pathogens. The investigators demonstrated that HLA 
class-II DRB1*03:01 as well as DRB1*13:01 alleles 
were significantly (P<0.001) associated with G. lamblia 
infection, while DRB1*04:02, DRB1*10:01, DRB1*14:01 
and DRB1*15:01 alleles were significantly detected in 
control children, suggesting the involvement of those 
alleles in the establishment of host immune response 
to G. lamblia infection[16]. However, no study has 
comprehensively assessed the correlation between HLA 
class-II alleles and the clinical spectrum of giardiasis.

The present study aims to detect the correlation 
between the fecal level of calprotectin and the 
development of symptomatic or asymptomatic 
giardiasis, and to evaluate the influence of HLA-DRB1 
alleles on the clinical features of giardiasis in children.

SUBJECTS AND METHODS                                                                 

This paired-case control study was conducted 
between June 2017 and August 2018 at the Department 
of Medical Parasitology and Clinical Pathology, Faculty 
of Medicine, Mansoura University, Mansoura, Egypt.

Subjects: The study included 160 children aged 2-18 
years, as 80 Giardia-infected cases; 40 symptomatic 
from the attendants of the Gastroenterology out-patient 
clinics of Mansoura University Children´s Hospital, 
Mansoura, Egypt; and 40 asymptomatic patients. 
According to WHO[19], types of diarrhea were classified 
as follows: 1) diarrhea is considered when three or 
more unformed stools passed in a 24-hour period or 
passage of frequent stool than normal; 2) diarrheal 
episodes are defined as diarrheal attacks separated 
by at least three diarrhea free days and classified 
according to the duration of episodes into: acute (<14 
days), persistent (≥14 days but < 30 days) and chronic 

(≥30 days); 3) intermittent diarrhea means at least 
one diarrheal episode/month. Another 80 apparently 
healthy children (controls) were age- and sex-matched 
from the patients´ visitors or neighbors. The control 
group included children free of gastrointestinal 
complaints, with negative stool samples for G. lamblia 
and other intestinal pathogens.

A G. lamblia positive stool sample (trophozoite and/
or cyst) was the only inclusion criteria. The exclusion 
criteria were detection of other intestinal parasitic, 
bacterial, or viral co-infections, history of autoimmune 
diseases (inflammatory bowel diseases), and children 
administered anthelmintic treatment (in the last 
month), or systemic corticosteroids or any other 
immunosuppressive therapy.

A clinical history sheet was filled for each child 
including: demographic data (i.e. name, age, sex and 
residence), gastrointestinal symptoms (i.e. diarrhea, 
vomiting, flatulence, and abdominal pain), symptoms 
of anemia (i.e. pallor and headache), and growth 
assessment of weight and height. Ruuska score[20] was 
used for assessing severity of diarrhea, and computing 
duration of diarrhea, maximum number of diarrheal 
stools/day, vomiting duration, maximum number of 
vomiting/day, dehydration, and body temperature.  

Collection and processing of stool samples: Three 
stool samples were collected from each child in a 
labeled plastic fecal container to be examined on 
the same day or stored at -20˚C until used at the 
department of Medical Parasitology (Laboratory Unit), 
Faculty of Medicine, Mansoura University, Egypt. 
Each fecal sample was examined microscopically for 
detection of intestinal parasites by direct saline/iodine 
wet smear, and by formalin ethyl acetate concentration 
techniques[21]. All fecal samples were also stained by 
modified acid fast for exclusion of Cryptosporidium 
spp., Cyclospora cayetanensis, and Cystoisospora belli[22]. 
Microbiological culturing for exclusion of Salmonellae, 
Shigella, and Escherichia coli was also performed. 
ELISAs (Ridascreen, R-biopharm, Germany) were 
carried out to detect adenovirus and rotavirus following 
the manufacturer’s instructions. 

All fecal samples were tested to assess level 
of calprotectin using quantitative ELISA assay[23], 
according to manufacturer´s instructions (Calprest, 
Eurospital, Spain). A standard curve was drawn to 
assess fecal calprotectin concentration in samples, and 
results were interpreted as follows: Calprotectin level 
< 50 µg/gm, negative; 50-100 µg/gm, border line to be 
repeated; while > 100 µg/gm was considered positive, 
according to manufacturer's instructions.

Collection and processing of blood samples: A 
5 ml venous blood sample was collected from each 
participant into an EDTA tube and then transferred 
to the department of Clinical Pathology (Immunology 
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Unit), Faculty of Medicine, Mansoura University, Egypt, 
for genotyping of HLA class II-DRB1 alleles in the study 
groups. Genomic DNA was extracted from blood using 
a TIANamp Genomic DNA (TIANGEN, China). HLA class 
II-DRB1 alleles were identified by polymerase chain 
reaction (PCR) and sequence-specific oligonucleotide 
probes (INNO-LIPA HLA-DRB1, Innogenetics, Belgium). 
For genetic comparisons, all siblings were excluded 
from analysis, as siblings share 50% of their alleles on 
average.

Statistical analysis: Collected data were statistically 
analyzed using the statistical package for social science 
(SPSS) software (Version 20, USA). Qualitative data 
were presented in the form of number and percentage, 
and quantitative data were presented as mean ± 
standard deviation (SD). Chi-square test and Fisher 
test were used to test the statistical significance. The 
Pearson correlation coefficient was used to measure 
the linear correlation between two variables. In 
order to maximize the statistical analysis, alleles 
with frequencies ≤10% were excluded from tests of 
association analysis with G. lamblia infection. Odds 
ratio (OR) and 95% confidence interval (CI) were 
calculated to estimate the risk of different alleles and 
the magnitude of association between HLA alleles and 
occurrence of giardiasis. Bonferroni correction was 
used to correct for multiple comparisons. P values less 
than 0.05 were considered statistically significant. Also, 
P value was corrected by two-sided Monte Carlo (PMC) 
significance (99% CI).

Ethical considerations: The study was approved 
by the review boards of the Department of Medical 
Parasitology, Mansoura Children´s Hospital Authority, 
and Mansoura Faculty of Medicine-Institutional 

Research Board. The study was also performed in 
compliance with the Code of Ethics of the World Medical 
Association for experimentation with humans. Written 
informed consent was collected from parents of the 
enrolled children and children aged 12 years or more. 
Children were referred to a physician for treatment of 
diarrhea and any intestinal pathogen.

 RESULTS                                                                 

This study included three groups of children: 
40 symptomatic giardiasis cases, 40 asymptomatic 
giardiasis cases, and 80 healthy controls, with the 
common denominator of matched sex and mean age. 

Clinical features of symptomatic giardiasis: In 
children with symptomatic giardiasis, abdominal 
pain was the most common manifestation in 95% 
of patients, followed by diarrhea in 47.5% (P<0.001 
for each variable). Other symptoms associated with 
giardiasis included flatulence in 40% of cases (P<0.01) 
and vomiting in 25% (P<0.05). Regarding frequency 
of diarrhea, 17 cases (42.5%) had acute diarrheal 
attacks lasting for < 2 weeks, and two cases (5%) had 
attacks continuing for < 20 days (persistent diarrhea). 
Moreover, out of the 40 symptomatic children; 23 
cases (57.5%) suffered from intermittent diarrhea all 
over the year. Concerning the Ruuska score of disease 
severity, among children with acute diarrhea; 11 cases 
(27.5%) were complaining of moderate diarrheal 
episodes, while six cases (15%) were suffering from 
severe diarrheal attacks. It is worth noting that among 
the 19 children experiencing diarrhea; only three cases 
(7.5%) suffered from mild to moderate dehydration 
(Table 1).

Table 1. Clinical features of symptomatic giardiasis groups.

Clinical presentations Symptomatic giardiasis
No. (%)

Fisher exact test

Abdominal pain (No.)
Duration (days), mean± SD

38 (95)
5.5±2.8 F=35.1, P<0.001

Diarrhea (No.)
Acute
Ruuska score

Mild
Moderate
Severe

Duration (days), mean± SD
Persistent
Chronic
Intermittent
Number of diarrheal episodes/year, mean± SD

19 (47.5)
17 (42.5)

0 (0)
11 (27.5)

6 (15)
5.47±2.79

2 (5)
0 (0)

23 (57.5)
12.22±6.45

F=35.1,  P<0.001

Flatulence 16 (40) F=20.0,  P=0.001
Vomiting

Duration (days), mean± SD
10 (25)

2.40±1.17 F=16.6, P=0.011

Dehydration (mild to moderate) 3 (7.5) F=4.6, P=0.098
Fever 3 (7.5) F=4.6, P=0.098
No: number, values between parentheses refer to percentages, SD: standard deviation. 
Variables with P<0.05 are in red.
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Comparing the average number and duration 
of diarrheal episodes among symptomatic children 
inhabiting urban and rural areas revealed that these 
episodes were more common with longer duration in 
children residing in rural areas. The highest number of 
9-12 annual attacks lasting for a week were recorded in 
rural inhabitants (Figures 1 and 2).

Growth measures of the study groups: Growth 
assessment of the enrolled children was within the 
normal range of weight (weight for age, Z score) for 
the corresponding age. While, children infected with 
G. lamblia were shorter than Giardia-free children 
revealing statistically significant correlation (P<0.05) 
with giardiasis, but without statistically significant 
difference between both giardiasis groups (Table 2).

Fecal calprotectin level and its association with 
giardiasis manifestations: Regarding calprotectin 
level, a statistically significant (P<0.001) elevation 
in fecal calprotectin was detected among G. lamblia-
infected children compared to controls. In cases with 
asymptomatic giardiasis, fecal calprotectin level was 
higher compared to those with symptomatic giardiasis, 
with higher percentage of asymptomatic children 
(92.5%; 37 cases) having high calprotectin level 
compared to children with symptomatic giardiasis 
(62.5%; 25 cases) (Table 3). On the other hand, no 

significant correlation was noticed between the level 
of fecal calprotectin and the duration or severity of 
diarrhea, vomiting, abdominal pain, or flatulence 
among cases with giardiasis (data not shown).

HLA Class-II typing and association with giardiasis 
manifestations: To detect whether HLA-DRB1 
alleles of the enrolled children were associated with 
symptomatic infection, we tested children with no 
infection (i.e. controls), children with asymptomatic, 
and with symptomatic giardiasis. It is worth mentioning 
that HLA-DRB1*03 allele was the most common 
allele shared in both symptomatic and asymptomatic 
giardiasis representing 32.5% (26 alleles) and 36.25% 
(29 alleles), respectively, with a statistically significant 
difference between giardiasis cases and controls 
(P<0.005). HLA-DRB1*13 was the second most 
frequent allele (16.25%, 13 alleles) among children 
with symptomatic and asymptomatic giardiasis, with 
significant correlation (P=0.005) with G. lamblia 
infection (Table 4). 

In depth analysis revealed that, HLA-DRB1*03:01 
allele was the most common risky allele among 
the different HLA-DRB1*03 alleles (44/55 alleles) 
detected in children with giardiasis (P<0.0005). Also, 
a statistically significant difference was detected 
between symptomatic and asymptomatic giardiasis 

Fig. 1. Diarrheal episodes distribution for children with 
symptomatic giardiasis living in rural and urban areas.

Fig. 2. Duration of diarrheal episodes for children with 
symptomatic giardiasis living in urban and rural areas.

Table 2. Growth assessment of the study groups.

Variables
Symptomatic giardiasis

(No. = 40)
Mean±SD

Asymptomatic giardiasis
(No. = 40)
Mean±SD

Control
(No. = 80)
Mean±SD

P of One-way ANOVA-F test

Age (years)
Weight (Kg)
Height (cm)

7.81 ± 3.9
26.3 ± 11.45

118.5 ± 20.81

8.7 ± 3.43
28.85 ± 12.58
125.1 ± 19.67

10.15 ± 1.4
33.3 ± 17.5

133.0 ± 22.0

0.73
0.162
0.031

P of Chi square test

No. (%) No. (%) Weight for age, Z score
Normal
Underweight
Overweight

35 (87.5)
3 (7.5)
2 (5)

37 (92.5)
2 (5)

1 (2.5)
0.74

Height for age, Z score
Not stunted
Stunted

27 (67.5)
13 (32.5)

32 (80)
8 (20) 0.201

SD: standard deviation. No: number, values between parentheses refer to percentages. Variables with P<0.05 are in red.
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cases concerning this allele (P= 0.012). Moreover, HLA-
DRB1*13:01 allele was the most frequent allele out of 
the HLA-DRB1*13 alleles (15/26 alleles) identified in 
Giardia-infected children only (P<0.0005), without 
any significant difference between symptomatic and 
asymptomatic giardiasis (Table 5).

Frequency of HLA-DRB1*03:01 allotypes in 
giardiasis cases: The different HLA-DRB1*03:01 alleles 
were also detailed for homozygosity or heterozygosity 
of allotypes to identify allotype/s associated with the 
presence or absence of symptoms in giardiasis cases. 

Results highlighted that children with asymptomatic 
giardiasis did not carry HLA-DRB1*03:01/03:02 
allotype, however a significant correlation (P=0.026) 
to symptomatic giardiasis was detected; suggesting 
that this allotype may be associated with giardiasis 
manifestations. While other HLA-DRB1*03:01 allotypes 
did not significantly correlate with symptomatic or 
asymptomatic infection (Table 6).

Association of HLA-DRB1*03 alleles with giardiasis 
clinical manifestations: The riskiest alleles, HLA-
DRB1*03, were correlated with the commonest 

Table 3. Fecal calprotectin level among the study groups.

Fecal 
calprotectin 

level (µg/gm)

Symptomatic giardiasis
(No. = 40)
Mean±SD

Asymptomatic giardiasis
(No. = 40)
Mean±SD

Control
(No. = 80)
Mean±SD

Bonferroni test

141.4 ± 67.7
P < 0.001*

P = 0.002**

183.0 ± 48.21
P < 0.001***

29.29 ± 14.1
F = 56.12
P < 0.001

 No. (%)              No. (%)                   No. (%)
Negative
Borderline
Positive

0 (0)
15 (37.5)
25 (62.5)

0 (0)
3 (7.50)

37 (92.50)

60 (75)
20 (25)

0 (0)
SD: standard deviation. No: number, values between parentheses refer to percentages. Variables with P<0.05 are in red.
 *Significant difference from asymptomatic group, **Significant difference from control group, ***Significant difference from control 
group.

Table 4: Frequency and association of HLA-DRB1 alleles with Giardia lamblia infection among symptomatic and asymptomatic 
children.

HLA-DRB1 
alleles

Symptomatic giardiasis
No. (%)

Asymptomatic giardiasis
No. (%)

Control
No. (%)

Odds ratio
(95% CI)

Chi-square test
(X2)

01

03

04

07

08

09

10

11

12

13

14

15

16

3 (3.75)

26 (32.5)

8 (10)

5 (6.25)

8 (10)

3 (3.75)

0 (0)

11.0 (13.75)

0 (0)

13 (16.25)

3 (3.75)

0 (0)

0 (0)

3 (3.75)

29 (36.25)

8 (10)

8 (10)

0 (0)

3 (3.75)

0 (0)

5 (6.25)

3 (3.75)

13 (16.25)

3 (3.75)

5 (6.25)

0 (0)

12 (7.5)

4 (2.5)

32 (20)

20 (12.5)

8 (5)

4 (2.5)

16 (10)

12 (7.5)

0 (0)

8 (5)

24 (15)

16 (10)

4 (2.50)

0.48 (0.16-1.42)

20.93 (6.8-68.7)

4.3 (0.22-0.86)

0.62 (0.28-1.36)

1 (0.17- 7.49)

1.54 (0.38-6.64)

0 (0.0-0.0)

1.37 (0.59-3.21)

0 (0.0-0.0)

3.2 (1.32-8.0)

0.29 (0.09-0.87)

0.27 (0.05-1.35)

0 (0.0-0.0)

X2 = 2.12, PMC = 0.394, 
(0.381-0.406)

X2 =54.4, PMC < 0.0005, 
(<0.0005-<0.0005)
X2 = 6.27, PMC = 0.047, 

(0.041-0.052)
X2 = 2.26, PMC = 0.344, 

(0.331-0.356)
X2 =8.42, PMC = 0.016, 

(0.012-0.019)
X2 = 0.41, PMC = 0.843, 

(0.833-0.852)
X2 =16.8, PMC < 0.0005, 

(<0.0005-0.001)
X2 = 3.44, PMC = 0.190, 

(0.180-0.201)
X2 =9.08, PMC = 0.027, 

(0.022-0.031)
X2 = 10.66, PMC = 0.005, 

(0.003-0.007)
X2 = 11.9, PMC = 0.003, 

(0.002-0.005)
X2 = 8.7, PMC = 0.013, 

(0.010-0.016)
X2 =4.05, PMC = 0.187, 

(0.176-0.197)
Total 80 (100) 80 (100) 160 (100)

No: number, PMC: P value by two-sided Monte Carlo significance (99% CI). Values between parentheses refer to percentages. Data 
presented are numbers and percentages of HLA-DRB1alleles. Variables with P<0.05 are in red.
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Table 6. Frequency of HLA-DRB1*03:01 and HLA-DRB1*13:01 allotypes among giardiasis cases.

HLA-DRB1 alleles
Symptomatic giardiasis

No. (%)
Asymptomatic giardiasis

No. (%)
Chi-square test (X2)

03:01/03:01
03:01/03:02
03:01/03:05
03:01/13:03
03:01/13:50
03:01/14:01

3 (7.5)
6 (15)
0 (0)
0 (0)
0 (0)

3 (7.5)

3 (7.5)
0 (0)

3 (7.5)
3 (7.5)
3 (7.5)
3 (7.5)

X2=0.000, PMC=1.000
X2=6.486, PMC=0.026
X2=3.117, PMC=0.241
X2=3.117, PMC=0.241
X2=3.117, PMC=0.241
X2=0.000, PMC=1.000

Table 7. Frequency of clinical symptoms associated with HLA- DRB1* 03 allele/allotypes among symptomatic giardiasis cases.

HLA-DRB1* 03 allele
Abdominal pain

No. (%)
Diarrhea
No. (%)

Vomiting
No. (%)

Flatulence
No. (%)

No
Yes

Chi-Square test

1 (3.9)
25 (96.1)

X2=20.91, P<0.001

21 (80.7)
5 (19.3)

X2= 0.70, P=0.40

24 (92.3)
2 (7.7)

X2=0.25, P=0.61

15 (57.7)
11 (42.3)

X2=0.09, P=0.93
HLA-DRB1* 03 allotypes
03:01/03:02 6 (100) 0 (0) 0 (0) 3 (50)

clinical presentations in symptomatic giardiasis cases. 
Most children (96.1%) who carried HLA-DRB1*03 
alleles complained of abdominal pain that significantly 
correlated with G. lamblia infection (P<0.001). Out of 
the 26 HLA-DRB1*03, only 5 alleles were associated 
with diarrhea, 2 alleles were correlated with vomiting, 

and 11 alleles with flatulence in symptomatic giardiasis 
patients, without any significant relation to G. lamblia 
infection. Furthermore, the most frequent HLA-
DRB1*03 allotype (03:01/03:02) was associated with 
abdominal pain in all symptomatic children (Table 7). 

No: number, PMC: P value by two-sided Monte Carlo significant (99% CI). Values between parentheses refer to percentages. Data 
presented are numbers and percentages of HLA-DRB1 alleles. Variables with P<0.05 are in red.

No: number, values between parentheses refer to percentages, data presented are numbers and percentages of HLA-DRB1alleles.
Variables with P<0.05 are in red.

Table 5. Association between the most frequently identified HLA-DRB1 alleles and symptomatic or asymptomatic G. lamblia infection.

HLA-DRB1 
alleles

Symptomatic giardiasis
No. (%)

Asymptomatic giardiasis
No. (%)

Control
No. (%)

Odds ratio
(95% CI)

Chi-square test
(X2)

03:01
18 (22.5)
P=0.001*

P=0.012**

26 (32. 5)
P<0.001*

4 (2.5) 21
(6.54-74.80)

X2=42.353
PMC<0.0005

(<0.0005-0.0005)

13:01
10 (12.5)
P<0.001*
P=0.15**

5 (6.25)
P=0.002*

0 (0) 2.33
(2.23-8.95)

X2=19.235
PMC<0.0005 

(<0.0005-0.0005)

04:02
3 (3.75)

P=0.003*
P=0.08**

0 (0)
P=0.002*

16 (10) 0.16
(0.03-0.60)

X2=10.463
PMC=0.004 

(0.002-0.006)

10:01
0 (0)

P<0.001*
0 (0)

P<0.001*
16 (10) 0

(0.0-0.0)
X2=16.8 

PMC<0.0005 
(<0.0005-0.0005)

14:01
3 (3.75)

P=0.004*
P=0.099**

3 (3.75)
P=0.004*

24 (15) 0.19
(0.04-0.79)

X2=11.917
PMC=0.003 

(0.001-0.004)

15:01
0 (0)

P=0.002*
P=0.077**

3 (3.75)
P<0.001*

16 (10) 0.12
(0.02-0.52)

X2=10.463
PMC=0.004 

(0.002-0.006)
No: number. PMC: P value by two-sided Monte Carlo significance (99% CI). Values between parentheses refer to percentages. Data 
presented are numbers and percentages of HLA-DRB1 alleles. Variables with P<0.05 are in red. *Statistical difference from control, 
**Statistical difference from asymptomatic giardiasis. 
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DISCUSSION                                                                 

G. lamblia is responsible for a great proportion of 
diarrheal outbreaks all over the world and for travelers’ 
diarrhea. It is related to serious episodes of diarrheal 
diseases, which are the commonest cause of the overall 
mortality and morbidity after pulmonary diseases[24]. 

Giardiasis most often occurs in developing 
countries due to inadequate sanitation and insufficient 
water treatment, causing a wide spectrum of clinical 
presentations[3]. Accordingly, the present study 
attempted to estimate the clinical outcomes of giardiasis 
among Egyptian children. The results revealed that the 
most common complaint of symptomatic cases was 
abdominal pain, followed by diarrhea, flatulence and 
then vomiting, with statistically significant association 
(P<0.05) with giardiasis. The results corroborate with 
a previous study on Egyptian children that revealed a 
significant association (P=0.0001) between G. lamblia 
infection and the development of abdominal pain, 
flatulence and diarrhea[25], but differs from El-Badry 
et al.[26] results which revealed that abdominal cramps 
are the commonest manifestation (36.1%) followed 
by vomiting (19.4%), then flatulence and diarrhea 
(13.9%).

Among the studied children, the diarrheal 
attacks were acute or intermittent rather than being 
persistent, while no chronic attacks were recorded. 
Contrarily, Ismail et al.[25], reported a statistically 
significant association between Giardia parasites and 
persistent diarrhea, while no association was revealed 
with intermittent diarrhea. In the current study, the 
intensity of acute diarrheal attacks was moderate to 
severe, they were repeated up to 12.22±6.45 times/
year and were more frequent at the age of 2-5 years. 
This may be attributed to the fact that protection against 
diarrheal attacks is consistent with the development 
of host immune resistance. Moreover, record of the 
most common 9 and 12 episodes revealed higher 
incidence with longer duration (7 days) in rural than 
urban residents. The children’s age in addition to their 
increased outdoor activities and water consumption 
mostly from untreated water supplies, as well as close 
contact with farm animals may be the reasons for the 
frequency and duration of these diarrheal attacks.

The consequence of giardiasis on host nutrition 
is variable, but it is mostly associated with retarded 
growth[27], and delayed weight gain[28]. Accordingly, 
our analysis of the growth parameters revealed that 
26.25% of infected children had stunted growth 
(shorter height) with statistically significant correlation 
(P<0.05) with giardiasis. This finding agrees with the 
concept that acquirement of infection below 2 years old 
has an impact on the child’s height[29]. However, 90% 
of giardiasis cases had normal weight compared with 
their corresponding ages, which could be explained 

by the absence of chronic diarrhea that is usually 
associated with weight loss. 

The use of fecal calprotectin as associate marker 
for clinical severity in cases of gastrointestinal 
infections is widely recognized nowadays. To the 
best of our knowledge, no previous study correlated 
the level of fecal calprotectin with the different 
clinical manifestations of giardiasis in children. Our 
results demonstrated that, fecal calprotectin level 
was significantly (P<0.001) elevated to a mean of 
162.4±57.95 µg/gm in G. lamblia-infected children, 
however, its level was not as high as in inflammatory 
bowel diseases. The present study data are in harmony 
with previous studies that reported elevated fecal 
calprotectin level in Giardia-infected children[10,30]. 
Increased fecal calprotectin reflects a mild degree of 
small bowel inflammation mainly of neutrophil type 
because of giardiasis in children. Moreover, increased 
fecal calprotectin level was more prominent among 
asymptomatic cases (92.5%) than symptomatic 
ones (62.5%), which could be related to the ability of 
Giardia to modulate host immune response through 
decreasing intestinal inflammatory markers[31]. It was 
suggested that low grade intestinal inflammation is 
probably a predisposing factor for the advancement 
of post-infection irritable bowel syndrome[32], which 
is characterized by persistent mucosal infiltration of 
immune cells as neutrophils[33]. Controversially fecal 
calprotectin elevation was not significantly associated 
with the frequency or duration of different clinical 
manifestations in G. lamblia-infected children.

The   distinction in  giardiasis  presentations  
is  referred  to several factors, among which the 
host immune response attracted attention of  
researchers[13,14]. Studies have linked the genetic 
polymorphism of HLA with clinical spectrum of some 
enteric protozoal infections[34,35]. Moreover, Grit et al.[36] 
noticed increased expression of HLA class-II molecules 
on the surface of bovine dendritic cells incubated with 
Giardia trophozoites. The HLA class-II alleles present 
foreign antigens processed into short peptides to 
CD4+T cells, while in most of class-II processing places 
in B-cells, macrophages and dendritic cells, only a 
single allele is fitted for conferring diverse thousand 
peptides to a CD4+ T cell[37]. The peptide-binding 
groove of HLA class-II molecule is open-ended and can 
harbor peptides longer than those presented by class-I 
alleles, therefore it is thought that polymorphisms 
occur mainly in the antigen-binding groove and affect 
HLA-II specificity as binding receptors[38]. 

The most important finding of our study is the 
demonstration that HLA class-II DRB1 alleles impact 
the clinical manifestations of giardiasis. The study 
revealed that Egyptian Giardia-infected children were 
more frequently carrying the HLA class-II DRB1*03: 
01 or *13:01 alleles. So, we suggest that these alleles 
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may be responsible for improper antigen presentation 
and/or HLA-CD4+ T-cell interaction and subsequent 
development of insufficient host immune resistance as 
well as greater host susceptibility to giardiasis. 

 Additionally, our study supports that HLA-
DRB1*03:01/03:02 could play a role in susceptibility to 
clinical burden of giardiasis; as a significant correlation 
(P=0.026) was detected between this allotype and the 
emergence of giardiasis clinical manifestations, mainly 
abdominal pain. It is noteworthy that abdominal 
cramps occurring in the course of the disease are due 
to T-cell-mast cell interaction that promotes release of 
mast cell granules and subsequent intestinal smooth 
muscle contractility[39]. Hence, this result reflects 
that HLA-DRB1*03:01/03:02 may influence T cells 
regulation. 

In support of the linkage of host genetics to 
susceptibility and clinical presentations for some 
intestinal protozoal infections are the previous 
observations of a link between the HLA haplotype 
DQB1*06:01/DRB1*15:01 and delayed onset of 
Entamoeba histolytica infection[34]. Moreover, 
a significant correlation between HLA class-II 
DQB1*03:01 and asymptomatic Cryptosporidium 
infection in children, as well as DQB1*03:01/
DRB1*11:01 haplotype with both symptomatic and 
asymptomatic cryptosporidiosis was previously 
demonstrated[35]. 

Conclusively, the present study revealed that fecal 
calprotectin level was elevated in G. lamblia-infected 
children, mainly amongst asymptomatic children, 
indicating the possibly that giardiasis induces a degree 
of enteric inflammation mainly of neutrophil type. 
Consequently, the increased fecal calprotectin may 
be considered an early marker for the incidence of 
post-infection irritable bowel syndrome. The most 
important findings are the significant associations of 
HLA class-II DRB1*03:01 allele with giardiasis, and the 
heterozygous allotype HLA-DRB1*03:01/03:02 with 
the development of clinical manifestations of giardiasis 
mainly abdominal pain.

Limitations of the study: This study has some 
limitations. The number of children recruited was 
small to adequately address the research aim. The 
immunological status of children as well as Giardia 
genotypes were not detected. A large-scale study could 
fill the gaps.
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