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1.  INTRODUCTION

Intestinal Parasitic Infections (IPIs) constitute an important world-
wide health problem, especially in children in developing coun-
tries, resulting in a significant illness in the form of either acute 
or chronic infections [1,2] but an accurate diagnosis is rarely 
performed [3]. Intestinal parasites are endemic in many parts 
of the world. In a rural area in China, about 33% of preschool 
and 40% of school children were infected with soil-transmitted  
helminthes [4]. Moreover, endemic IPIs in the United States are 
even more frequent than is commonly perceived, and IPIs with 
Giardia, Cryptosporidium, and Dientamoeba were common among 
children, especially during the summer season. So, endemic IPIs 
in the United States are not uncommon but are understudied [5].

The effective policy of control and prevention of IPIs depends 
mainly on determination of local risk factors, particularly among 
high-risk groups. Severe malnutrition, poor socioeconomic stan-
dards, poor educational background, poor hygienic living condi-
tions, and lack of proper personal and environmental sanitation, 
are the factors frequently related to increased rates of IPIs in school 
children [6–10].

Intestinal Parasitic Infections affect children more than adults, 
resulting in malnutrition, malabsorption, growth retardation, 
and learning disabilities, especially in growing children. An asso-
ciation between IPIs and malnutrition was observed in preschool 
children in many parts of the world, especially the poorest areas 
[11,12]. Helminthic infections in children are associated with sig-
nificant wasting and stunting [4]. Consequently, The World Health 
Organization (WHO) recommends treating all school children at 
regular intervals with deworming drugs in areas where helminth 
infection is common, to improve nutritional status, hemoglobin, 
cognition, and overall health of school children [13].

A few studies have been conducted in some regions of Saudi 
Arabia, such as Abha and Riyadh, to identify the prevalence of IPIs 
in stool samples of school children. The prevalence of IPIs ranged 
from about 24% in Abha to 34% in Riyadh. The most common 
pathogenic parasites detected were Giardia lamblia followed by 
Entamoeba histolytica. Hymenolepis nana was the commonest 
intestinal helminth, especially among children from lower social 
classes. In Riyadh, high infection rate was found in children aged 
below 12 years, urban areas, non-Saudis, and in people who were 
drinking water from tanks [14–16].

Regarding our locality of Jeddah, the prevalence of parasitic patho-
gens among preschool children suffering from acute diarrhea from 
December 1995 to October 1996 revealed that G. lamblia and  
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A B S T R AC T

Intestinal Parasitic Infections (IPIs) are a major public health problem worldwide, especially among children with a need for 
periodical evaluation of prevalence and risk factors to adopt an appropriate prevention strategy. This cross-sectional prospective 
study was conducted to identify prevalence, risk factors, characteristics, and impact of IPIs on school children in different 
regions of Jeddah, Saudi Arabia. Children were recruited from randomly selected schools. Questionnaires were distributed to 
students and filled by their parents to collect relevant information about sociodemographic, environmental, and hygienic living 
conditions. Stool samples and anthropometric measurements as indicators of nutritional status were collected from students who 
agreed to participate in the study. Fecal samples were examined by direct smear and formol-ether concentration method. Out of 
581 collected stool samples, only 31 (5.3%) samples were positive for IPIs especially Blastocystis hominis (10 samples) and Giardia 
lamblia (six samples). The only two significant risk factors associated with IPIs were drinking water from tanks [odds ratio (OR): 
3.35, 95% confidence interval (CI): 1.60–6.99, p = 0.001] and washing hands with only water (OR: 2.63, 95% CI: 1.17–5.93, p = 
0.03). There was no significant impact of IPIs on growth parameters or level of children’s academic performance. 
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E. histolytica were detected in 3.1% and 2.2%, respectively, of 576 col-
lected fecal samples, while Trichuris trichiura, H. nana, and Ascaris 
lumbricoides had a low prevalence of 0.7% for each [17]. Another 
study in Jeddah detected a prevalence rate of IPIs of 9.5% among 
primary school children and G. lamblia was the most commonly 
reported parasite [18]. The most recent study by Hegazi et al. [19] 
in 2013 showed that E. histolytica had a high prevalence of 20% and 
unusual presentation with severe clinical manifestations, and affected 
a high proportion of infants aged below 1 year, but this study was con-
ducted among Saudi children hospitalized for acute diarrheal illness.

The prevalence of IPIs is variable among populations and even 
varies among regions of the same country. Therefore, there is a 
need for periodical evaluation of the local prevalence and risk fac-
tors of IPIs to adapt an appropriate control and prevention strategy.

Therefore, this study was conducted to identify current prevalence, 
characteristics, risk factors, and impact of IPIs on growth status 
and academic performance of school children in different regions 
of Jeddah, Western Saudi Arabia.

2.  MATERIALS AND METHODS

2.1. � Study Design and Selection  
of Participants

This cross-sectional study included primary and preparatory school 
children from randomly selected schools in different regions of 
Jeddah City (North, South, Middle, East, and West). Approval for 
this study was obtained from the Ethical Committee of the Faculty 
of Medicine, King Abdulaziz University, Rabigh. Permission to visit 
schools and collect stool samples from children was obtained from 
the Department of Planning, Development, Studies and Research 
of the General Directorate of Education in Jeddah.

A simple structured self-administered pretested questionnaire of 
two sections was designed and translated into Arabic by the research 
team. The questionnaire was based on the most relevant items to 
IPIs in the literature and taking into consideration the specificities 
of our local population. The first part of the questionnaire included 
a full explanation of the concept, objectives, and benefits of this 
study. We obtained prior written informed consent from parents 
of children participating in this study before requesting parents to 
complete the questionnaires and children to provide stool samples. 
The second part of the questionnaire contained information about 
the students, level of academic performance, as well as informa-
tion about sociodemographics, environmental factors, behavioral 
habits, and hygienic living conditions. A code was given for each 
questionnaire to identify the school, region, and participant. The 
same code was labeled on the containers used for stool collection.

A group of healthcare workers and nurses of male and female school 
health units in different regions of Jeddah was trained on the meth-
odology of collection of data and stool samples and obtaining growth 
parameters of weight, height, and Mid–Upper Arm Circumference 
(MUAC). Each randomly selected school was visited by the research 
team and healthcare workers to distribute the questionnaires and 
stool collection containers to students who were asked to provide 
the questionnaires completed by parents on the morning of the 
following day, after obtaining parental consent to participate in 
the study. Students whose parents gave consent and completed the 

questionnaires were asked to provide fresh stool samples in the 
morning just after their arrival at school. Weight, height, and MUAC 
of children who agreed and could provide stool samples were mea-
sured after delivery of stool samples. Anthropometric measurements 
as indicators of nutritional status were taken for the recruited chil-
dren to assess the impact of IPIs on growth and nutritional status of 
school children included in this study.

2.2.  Method of Stool Examination

The collected stool samples were examined at the Regional 
Laboratory in Jeddah; a special laboratory experienced in the 
detection of intestinal parasites. Freshly collected stool samples at 
schools were examined within 2 h of collection to maintain viabil-
ity of trophozoites. Fecal samples were examined for ova, larvae, 
trophozoites, cysts, worms, and cellular components as white blood 
cells and red blood cells by direct saline smear under light micros-
copy and formol-ether concentration method.

2.3.  Formol-ether Concentration Technique

This is the standard method for detection of IPIs previously used in 
many studies, especially among school children [2,8–10,18]. Two 
grams of fresh stool were added to 3 milliliters normal saline in a 
flat-bottomed tube and mixed well. The mixture was transferred to 
a centrifuge tube. Six milliliters of 10% formalin were added to the 
tube and left for 10 min for fixation. Then, 3 milliliters ether were 
added and the tube, which was capped and inverted to mix the con-
tents. The tube was centrifuged at 70 g for 10 min. After centrifu-
gation, the tube was checked to see four layers. The top three layers 
were removed and the sediment was examined under a microscope.

2.4.  Sample Size and Study Power

The sample size was calculated on the basis of mainly historical and 
published data on the prevalence of IPIs in the study area, conser-
vatively estimated to be around 10%. A sample size of 540 from a 
population of 500,000 achieves 80% power to detect a difference 4% 
between the hypothesized proportion of 10%, and the alternative 
hypothesis that the population proportion is 14% using a two-sided, 
binomial hypothesis test with a target significance level <0.05 [20].

2.5.  Statistical Analysis

Statistical analysis was conducted using (IBM Corporation, NY, 
USA) SPSS Statistics version 20. The qualitative data were presented 
in the form of frequencies and percentages while the quantitative 
data were represented by means and standard deviations. The com-
parison of qualitative data between groups was done by χ2 test and 
Fisher’s exact test, while the comparison between means was done 
by independent samples t-test. Unadjusted odds ratios (ORs) with 
95% confidence intervals (CIs) were calculated to quantify risk of 
various factors associated with IPIs. Logistic regression was done to 
adjust for confounders and to determine the most significant risk 
factors associated with IPIs. Linear regression was done to see the 
effect of IPIs on anthropometric measurements adjusted for age. 
Significance was considered at p < 0.05.
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3.  RESULTS

Three thousand questionnaires were distributed to children at  
different schools from December 2015 to May 2016 but question-
naires and stool samples were collected from only 581 students 
(response rate 19.4%). This number exceeded the 540 required total 
samples determined in the sample size of the study by 41 samples.  
So, the power of the study was increased to 85% (Figure 1).

Out of 581 collected stool samples, only 31 (5.3%) samples were 
positive for IPIs. The detected IPIs included: Blastocystis hominis  
(n = 10), G. lamblia (n = 6), Endolimax nana (n = 5), Entamoeba coli 
(n = 4), and mixed infections with B. hominis, E. nana, and E. coli  
(n = 4), Chilomastix mesnili (n = 1) and H. nana (n = 1).

The 581 students from primary and preparatory schools who 
participated in this study included 446 (76.8%) boys and  
135 (23.2%) girls with a mean and standard deviation of 11.69 
± 1.84 years and age range of 6–16 years. Nonsignificant  
differences were found between students with and without IPIs 
regarding all studied demographic and socioeconomic risk  
factors (Table 1).

Table 1 | Comparison of demographic and socioeconomic data between students with and without intestinal parasitic infections 

Negative (n = 550) Positive (n = 31) p OR
95% CI for OR

LCL UCL

Student age years Mean ± SD (range) 11.65 ± 1.83 (6–16) 12.65 ± 2.03 (10–16) 0.08a N/A N/A N/A
Student gender Male 419 (76.18) 27 (87.10) 0.23b 2.11 0.73 6.14

Female 131 (23.82) 4 (12.90)
Residence (location of  
  home in Jeddah)

East 88 (16.0) 5 (16.13) 0.97c 1.02 0.35 3.03
West 58 (10.54) 4 (12.90) 0.72c 1.24 0.38 4.05
Center 113 (20.55) 9 (29.03) 0.44c 1.43 0.58 3.56
North 93 (16.91) 2 (6.45) 0.22c 0.39 0.08 1.78
Southd 198 (36.0) 11 (35.48)

Type of home Rented apartment 416 (75.64) 24 (77.41) 0.31c 0.52 0.15 1.83
Own apartment 93 (16.91) 3 (9.68) 0.14c 0.29 0.06 1.52
Rented villa 14 (2.54) 1 (3.23) 0.71c 0.64 0.06 6.76
Own villad 27 (4.91) 3 (9.68)

Monthly income, SAR <3000 107 (19.46) 8 (25.81) 0.67c 1.26 0.44 3.59
3000–5000 186 (33.82) 12 (38.71) 0.86c 1.09 0.42 2.84
5000–10,000 139 (25.27) 4 (12.90) 0.26c 0.49 0.14 1.71
>10,000d 118 (21.45) 7 (22.58)

Paternal education level Illiterate 18 (3.27) 1 (3.23) 0.56c 0.47 0.04 5.70
Primary school 58 (10.55) 2 (6.45) 0.24c 0.29 0.04 2.24
Preparatory school 102 (18.55) 7 (22.58) 0.52c 0.58 0.11 3.05
Secondary school 202 (36.73) 11 (35.48) 0.34c 0.46 0.10 2.26
University 153 (27.82) 8 (25.81) 0.33c 0.44 0.09 2.27
Higher educationd 17 (3.09) 2 (6.45)

Maternal education level Illiterate d 35 (6.36) 3 (9.68)
Primary school 93 (16.91) 6 (19.35) 0.70c 0.75 0.18 3.18
Preparatory school 106 (19.27) 3 (9.68) 0.19c 0.33 0.06 1.71
Secondary school 176 (32.0) 12 (38.71) 0.73c 0.80 0.21 2.97
University 131 (23.82) 7 (22.58) 0.51c 0.62 0.15 2.54
Higher education 9 (1.64) 0 (0)

Paternal occupation None 71 (12.91) 3 (9.68) 0.50c 0.61 0.15 2.54
Skilled worker 89 (16.18) 6 (19.35) 0.97c 0.98 0.30 3.15
Unskilled worker 243 (44.18) 13 (41.94) 0.62c 0.78 0.29 2.10
Semiprofessional 60 (10.91) 3 (9.68) 0.66c 0.73 0.17 3.01
Professionald 87 (15.82) 6 (19.35)

aIndependent samples t-test; bFisher’s exact test; cWald χ2 test; dReference category; Data are presented as n (%); CI, confidence interval; LCL, lower confidence limit; N/A, not  
applicable; OR, odds ratio; SAR, Saudi riyal; SD, standard deviation; UCL, upper confidence limit.

Total number of distributed questionnaires in schools in 
different regions of Jeddah

(n = 3000)

Number of parents who gave consent to  
participate in the study (n = 2261)

(2261/3000 = 75.4%)

Number of students who could provide fresh morning 
stool samples at school (n = 581)

(581/3000 = 19.4%)
(581/2261 = 25.7%)

The required sample size was 540 stool samples

Figure 1 | Study flowchart
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Table 2 | Comparison of clinical data between students with and without 
intestinal parasitic infections 

Negative  
(n = 550)

Positive  
(n = 31) p

Number % Number %

Recurrent abdominal pains Noa 454 82.55 24 77.42 0.47b

Yes 96 17.45 7 22.58
Abdominal distension Noa 482 87.64 28 90.32 0.92c

Yes 68 12.36 3 9.68
Nausea Noa 527 95.82 28 90.32 0.31c

Yes 23 4.18 3 9.68
Vomiting Noa 538 97.82 29 93.55 0.34c

Yes 12 2.18 2 6.45
Diarrhea Noa 519 94.36 29 93.55 0.99c

Yes 31 5.64 2 6.45
Anorexia Noa 490 89.09 26 83.87 0.52c

Yes 60 10.91 5 16.13
Blood in stools Noa 541 98.36 31 100

Yes 9 1.64 0 0 0.99c

Previous similar symptoms Noa 413 75.09 22 70.97 0.61b

Yes 137 24.91 9 29.03
Previous treatment of IPIs Noa 502 91.27 29 93.55 0.98c

Yes 48 8.73 2 6.45
aReference category; bPearson’s χ2 test; cFisher’s exact test.

Regarding the clinical data, there was a nonsignificant difference 
in clinical symptoms relevant to IPIs, history of recurrent similar 
symptoms, and previously diagnosed and treated IPIs, between 
students with and without IPIs (Table 2). Out of 31 IPIs cases,  
18 (58%) were completely asymptomatic without any gastroin-
testinal (GI) symptom. The most common GI symptom in cases 
with IPIs was Recurrent Abdominal Pain (RAP) associated with  
B. hominis (two cases), E. coli (three cases), and E. nana (one case). 
Diarrhea was only reported in two cases; one with G. lamblia and 
the other with B. hominis. Anorexia was reported in three cases of 
G. lamblia; one with B. hominis, and one with E. coli (Table 2).  

Nonsignificant differences were found between students with 
and without IPIs regarding source of water for cleaning, avail-
ability of water, and all studied behavioral variables (Tables 3 
and 4). The only two significant risk factors associated with IPIs 
were drinking water from tanks (OR: 3.35, 95% CI: 1.60–6.99, 
p = 0.001; Table 3) and washing hands with only water (OR: 
2.63, 95% CI: 1.17–5.93, p = 0.03; Table 4). These two risk fac-
tors remained significant after adjustment for age and gender by 
logistic regression (Tables 3 and 4).   

There was no significant impact of IPIs on growth parameters of 
school children (Table 5). Also, there was no significant difference 
in the level of academic performance between children with and 
without IPIs (χ2 = 2.67, p = 0.10).

4.  DISCUSSION

In this study, the prevalence of IPIs in school children from 
different regions in Jeddah was 5.3%, which represented a sig-
nificant decline from the last reported prevalence of 9.5% in 
2004 [18] (with a decreased risk by 1.9, 95% CI: 1.06–3.30, p = 
0.03). This significant decrease in prevalence of IPIs can reflect 
better awareness of population, and remarkable improvements 
in socioeconomic, environmental, and hygienic living con-
ditions of school children in Jeddah. This is supported by the 
facts that Jeddah, in the past decade, has received much atten-
tion and many governmental interventions, including projects 
for new well-planned residential districts with affordable and 
healthy housing with noticeable improvements in management 
of decomposition and leakage from the sewage network and 
contamination of groundwater resources. In addition, fair dis-
tribution of social, health, and all other services was evident in 
different regions of Jeddah.

The most common detected intestinal parasite was B. hominis  
(10 cases) with a prevalence of 1.7%. However, this can be 
regarded as a low prevalence of B. hominis if compared with its 
higher prevalence in a previous Saudi study (17.5%) [21], or in 
developing countries, where B. hominis has significantly higher 
prevalence compared with that in developed countries [22], 
and may even reach 100% in poorly developed countries [23]. 
The high prevalence in developing countries could be related 
to contamination of food or water supplies and poor hygienic 
conditions [22].

In our study, B. hominis infection was associated with RAP and 
anorexia in one student and RAP and diarrhea in another. Thus, 
most of B. hominis infections were asymptomatic. This may be 
explained by the fact that there is still controversy about the 
pathogenicity of B. hominis because this parasite is common 
in the healthy population without causing any symptoms, 
and can be considered as a commensal organism [24]. However,  
B. hominis may be considered a potentially pathogenic protozoon 
as it has been associated with watery diarrhea, fever, nausea, 
vomiting, anorexia, and abdominal pain, and it has also been 
linked to irritable bowel syndrome [25,26]. Therefore, the role 

Table 3 | Comparison of source of water-related factors between students with and without intestinal parasitic infections 

Negative (n = 550) Positive (n = 31)
p OR

95% CI for OR

Number % Number % LCL UCL

Source of drinking water Bottlesa 389 70.73 13 41.94 0.001b 3.35 1.60 6.99
Tanks 161 29.27 18 58.06 0.008c 2.88c 1.31c 6.31c

Source of water for cleaning Municipala 498 90.55 30 96.77 0.41d 0.32 0.04 2.38
Private 52 9.45 1 3.23

Availability of water Always availablea 470 85.45 26 83.87 0.97d 1.13 0.42 3.02
Sometimes available 80 14.55 5 16.13

aReference category; bχ2 test; cAdjusted for age and gender; dFisher’s exact test; CI, confidence interval; LCL, lower confidence limit; OR, odds ratio; UCL, upper confidence limit.
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Table 4 | Comparison of environmental conditions and behavioral health habits between students with and without intestinal parasitic infections 

Negative (n = 550) Positive (n = 31)
p OR

95% CI for OR

Number % Number % LCL UCL

Is home environment clean No 7 1.27 0 0 0.99b N/A
Yesa 543 98.73 31 100

Is there any contact between student and  
  animals

Noa 512 93.09 28 90.32 0.75b 1.44 0.42 4.97
Yes 38 6.91 3 9.68

Is there any contact between student and  
  stagnant water?

Noa 530 96.36 29 93.55 0.66b 1.83 0.41 8.20
Yes 20 3.64 2 6.45

Do you know how to avoid parasitic infection? No 346 62.91 21 67.74 0.59c 0.81 0.37 1.75
Yesa 204 37.09 10 32.26

No. of bathrooms in house 1 101 18.36 4 12.9 0.44c 1.52 0.52 4.43
>1 449 81.64 27 87.1

Student washes hands before and after meals No 23 4.18 1 3.25 0.99b 1.35 0.17 10.35
Yesa 527 95.82 30 96.77

Student washes hands after bathroom use No 9 1.64 0 0.00 0.99b N/A
Yesa 541 98.36 31 100.0

How do you wash hands? Water only 74 13.45 9 29.03 0.03b 2.63 1.17 5.93
Water and soapa 476 86.55 22 70.97 0.031d  2.47d 1.09d 5.61d

Do you wash vegetables and fruits well  
  before eating?

No 4 0.73 0 0 0.99b N/A
Yesa 546 99.27 31 100

Does student has habit of nail biting Noa 398 72.36 20 64.52 0.35c 0.69 0.32 1.48
Yes 152 27.64 11 35.48

Does student has habit of finger sucking Noa 522 94.91 30 96.77 0.99b 1.61 0.21 12.20
Yes 28 5.09 1 3.23

Does student has habit of walking bare footed Noa 377 68.55 19 61.29 0.40c 0.73 0.34 1.53
Yes 173 31.45 12 38.71

aReference category; bFisher’s exact test; cχ2 test; dAdjusted for age and gender; CI, confidence interval; LCL, lower confidence limit; N/A, not applicable; OR, odds ratio; UCL, upper 
confidence limit.

Table 5 | Linear regression for the effect of intestinal parasitic infections 
on weight, height, and MUAC adjusted for age 

Dependent 
variable Ba SE t Sig.

95% CI

Lower 
bound

Upper 
bound

Weight (kg) −3.943 2.613 1.509 0.132 −1.189 9.076
Height (cm) −1.751 1.757 0.996 0.319 −1.700 5.201
MUAC (cm) −1.260 1.274 0.989 0.323 −1.243 3.762
aIntestinal parasitic infection negative used as reference. MUAC, mid–upper arm cir-
cumference; SE, standard error; Sig., significance.

of Blastocystis in causing disease is controversial and B. hominis 
seems to be a common but neglected parasite that should be 
treated, especially if it is the only detected organism associated 
with GI symptoms after careful search for other possible causes 
of symptoms. Most important is that a high prevalence of B. hominis 
in some countries raises the possibility of contamination of food 
or water supplies and poor hygiene.

The second most common intestinal parasite detected in the 
current study was G. lamblia, with a prevalence of ~1% but this 
is lower than the prevalence recorded in many previous Saudi 
studies [15–18]. In this study, diarrhea and anorexia were only 
reported in one and three cases of G. lamblia infection, respec-
tively. This may be related to the fact that giardiasis occurs in 
both asymptomatic and symptomatic disease including nausea, 
colicky abdominal pain, and acute diarrhea. It can also cause 
malabsorption with chronic diarrhea and failure to thrive in 
children [27].

In this study, low prevalence of <1% was detected for other pro-
tozoa: E. nana (five cases, 0.9%), E. coli (four cases, 0.7%), and C. 
mesnili (one case, 0.2%). The prevalence of these three parasites 
was lower than their prevalence in patients attending three hos-
pitals in Jeddah City [28]. These IPIs were associated with RAP in 
three cases of E. coli and one case of E. nana. This low prevalence 
can indicate improvements in environmental living conditions 
of school children, while lack of symptoms may indicate nonsig-
nificant infection, host immunocompetence, or the existence of 
asymptomatic carriers; a common phenomenon for many GI pro-
tozoa [29]. This concept of absence of correlations between clinical 
GI symptoms and IPIs was also evident in a previous Saudi study 
[18]. The lack of symptoms in many IPIs also points to the impor-
tance of periodic stool analysis by experts in this field as a screening 
method for accurate detection of asymptomatic carriers and preva-
lence of IPIs from time to time.

We found nonsignificant differences between children with and 
without IPIs regarding all studied demographic and socioeconomic 
risk factors. The lack of correlation between IPIs and various stud-
ied risk factors or morbidity indicators is largely due to the low 
number of IPIs detected, especially those with pathogenic capacity. 

Significantly higher risk of IPIs was associated with drinking 
desalinated municipal water from tanks. The same risk factor 
has been similarly reported in previous Saudi studies [16,18]. In 
Jeddah, desalinated water is seawater that is transported in vehi-
cles from stations to houses. It is poured in underground tanks 
then elevated by electrical water pumps to tanks on the roof to 
be let down to the house. The significant association between 
the use of desalinated water and IPIs revealed in this study may 
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be explained by the lack of regular cleaning of the water tanks 
due to technical difficulties.

The other significant risk factor associated with IPIs was washing 
hands with only water. Thus, proper hand washing with water and 
soap is an important preventive measure that should be empha-
sized during the local health education programs for prevention 
of IPIs.

Although IPIs in children are associated with malnutrition, growth 
retardation, and learning disabilities [5,11,12], IPIs did not have 
an adverse impact on growth status or academic performance of 
school children in this study. This may be explained by the finding 
of non significant IPIs that were either asymptomatic or clinically 
mild and of short duration to adversely affect the growth status or 
academic performance of school children. Moreover, helminthic 
infections, which are mostly affecting growth and school perfor-
mance, were basically absent.

It is worth mentioning that this study had some unique features. It 
was a comprehensive study including almost all risk factors for IPIs 
and had a representative sample of the population of children in our 
locality with a high study power of 85%. Also, the design of this cross-
sectional comparative study and calculations of ORs allowed for 
better estimation of the role of each risk factor associated with IPIs.

5.  CONCLUSION

The significant decline in the prevalence of IPIs in school children 
from 9.5% in 2004 to 5.3% in 2016 most probably reflects better 
awareness of population and remarkable improvements in socio-
economic, environmental, and hygienic living conditions of school 
children in Jeddah. Almost all detected IPIs were protozoal infec-
tions with B. hominis and G. lamblia as the most common, while 
helminthic infections were rare with only one H. nana infection. 
The only two significant risk factors associated with IPIs were 
drinking water from tanks and washing hands with only water. 
There was no significant impact of IPIs on growth parameters or 
academic performance of school children.

Despite the low prevalence of IPIs of 5.3% indicating outstanding 
improvements in environmental and hygienic living conditions 
of school children, more improvements can be achieved by pro-
viding more health education about prevention of IPIs (especially 
proper hand washing) in schools and school health units, improv-
ing socioeconomic standards, and giving more attention and care 
to drinking water with regular professional cleaning of tanks. 
Moreover, periodic screening with stool analysis may be the only 
way to detect cases and current prevalence of IPIs, as many cases 
are asymptomatic, or symptoms are nonspecific and could be asso-
ciated with other GI problems. 
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