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 Amoebiasis is an enteric protozoan disease of the human gastrointestinal 

tract caused by E. histolytica, which is a public health problem in many 

developing countries. Especially in poor sanitation areas. The study 

aimed to estimate some immunological parameters in symptomatic 

amoebic children. The study was conducted in the Pediatric Teaching 

Hospital in Sulaymaniyah province during September - December 2021. 

The serum was taken from 80 amoebic infected children (patient group) 

and 80 parasite-free children (control group) for estimating IL-17, IFN- 

γ, and TNF-α levels by applying the ELISA technique and for CRP 

estimation using Cobas-C311. A highly significant difference was 

recorded in the serum concentration of CRP between the patient group 

and the control group (P<0.001). The serum concentration of IL-17 was 

not significantly different between the two studied groups (P>0.05); 

however, IFN-γ level was reported to be significantly different (P≤0.05), 

and TNF-α serum level noted a highly significant difference (P<0.001). 

The highest level of IL-17 was recorded in infected males compared to 

the females, with a significant difference. Regarding age and blood 

group, no significant difference was recorded in infected children. The 

immunological measurement of CRP and TNF-α revealed a highly 

significant difference in the patients compared to the controls, and the 

serum level of IFN-γ documented significant differences. Also, 

significant differences were recorded in serum IL-17 among infected 

children of different ages. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Amoebiasis is caused by E. histolytica, with clinical signs ranging from mild to severe. This protozoan 

parasite generally infects the large intestine of humans [1]. This parasitic infection is most common in 

children and adults, it is widely spread in subtropical and tropical regions. It has been shown that about 450 
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million people are infected annually, with about 50 million deaths [2]. 

 

However, 90% of the infected patients with this protozoa were asymptomatic. In comparison, the other 

10%, usually display a series of clinical abnormalities like inflammation, presence of mucus and blood in 

stool also liver abscess some time appear [3]. E. histolytica enters the lumen of the large intestine and 

causes dysentery after this mucus and blood appear. Children under five years of age are usually more 

highly susceptible to intestinal amoebic infection. 

 

Amoebiasis usually occurs by the ingestion of the infective cysts, starting from the stomach to the ileum, 

where they exist to develop trophozoites. In about 90% of cases, trophozoites re-encyst to form 

asymptomatic infections, which decrease within 12 months. Nevertheless, in the lasting 10%, the 

symptomatic disease can develop [4]. Motile trophozoites are extended pseudopodia to engulf food 

elements, RBC and bacteria. They attack the epithelial cells of the intestine, causing tissue damage and 

improving intestinal excretion, usually leading to bloody diarrhea [3]. 

 

Tillett and Francis in the early 1930s discovered CRP in the serum of patients infected with acute 

inflammation as a protein that reacted with C- polysaccharide of pneumococcus [5]. A study proved that 

CRP levels increased in diarrhea caused by E. histolytica; thus, CRP can be used as a nonspecific 

immunological parameter to check the clinical presentation of E. histolytica infection. The innate immunity 

distinguishes molecules on the membrane of E. histolytica that cause stimulating mucosal-related 

macrophages, and CRP concentration will rise slightly [6]. 

 

Several cytokines regulate the parasite-specific immune responses that develop immunity [7]. Interleukin-

17 (IL-17) is one of these cytokines, which is a potent proinflammatory cytokine mainly generated by 

natural killer (NK) cells, activated T-cells, γ δ T-cells, and lymphoid cells [8]. The effector role of this 

cytokine is primarily to accumulate neutrophils and increase the production of proinflammatory cytokines 

and antimicrobial peptides [9]. 

 

Interferon-gamma (IFN-γ) is another cytokine that has a protective role against E. histolytica. Furthermore, 

tumor necrosis factor-α (TNF-α) will induce macrophages and neutrophils to release reactive oxygen 

species (ROS) and nitric oxide (NO) to fight E. histolytica [7], [10]. Activation of antigen-specific T-cells 

requires effective immunity against this parasite, which causes either Th1 or Th2 based on the secretion of 

appropriate cytokines [11]. 

 

The current study was developed to determine the association between age, gender, and ABO blood group 

with the serum levels of some immunological parameters (CRP, IL-17, IFN-γ, and TNF-α) in symptomatic 

children infected with E. histolytica. 

 

2. MATERIALS AND METHODS 

 

2.1 Collection of Blood Sample 

In this study, 160 blood samples were collected to evaluate the immunological parameters in which 80 

patients suffered from diarrhea who visited the Pediatric Teaching Hospital as a result of E. histolytica 

infection, (diagnosed by microscopical examination), and 80 children were not infected with any parasite. 

Their age and sex were matched (mean age was 6.12±3.62 years, 82 were males, and 78 were females). 

About 5 ml of venous blood from both infected and control groups were collected, transferred in a plain 

plastic tube, and kept at room temperature to clot; then centrifugated for 5 minutes (3000 rpm) for 
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separation of the serum. Three Eppendorf tubes were used to collect the serum, and each tube was marked 

with a specific ID for both the patients and the controls and kept in a deep freezer (-70 °C). 

 

2.2 Measurement of the Immunological Parameters 

The current case-control study included serum samples from 80 patients (positive infection) for estimation 

of CRP level using Cobas-C311 and for assessment of IL-17, IFN-γ, and TNF-α, dappling sandwich 

enzyme-linked immunosorbent assays (ELISA) technique, the absorbance was evaluated at 470 nm based 

on the manufacturer’s instructions (ElabScience®, USA).  

 

2.3 Measurement of C- Reactive protein 

Centrifugation separated the erythrocytes from the venous blood sample from the serum, the serum samples 

were diluted with 4-(2-Hydroxyethyl)-1-piperazine ethane sulfonic acid (HEPES) buffer, then transferred 

into a reaction chamber where it is mixed with CRP antibody latex reagent. The CRP in the diluted serum 

binds with the CRP antibody on the latex particle. The concentration of CRP is calculated as a function of 

the changed absorbance measured at 525-625 nm, which concerns the amount of agglutination [12]. Cobas-

C311 systems automatically calculated the analyte serum concentration of each sample. 

 

2.4 Measurement of IL-17 

The ELISA kit has used the Sandwich-ELISA technique. The micro-ELISA plate provided in the kit had 

been pre-coated with a specific antibody to human IL-17. The standards or samples were added to the 

micro-ELISA plate wells and matched with the specific antibody. Then, each well is incubated with a 

biotinylated detection antibody, which is specific for human IL-17A and an Avidin-Horseradish Peroxidase 

(HRP) conjugate. The free components were washed away, the substrate solution was introduced to each 

well. Only those wells that contained human IL-17A, biotinylated detection antibody, and Avidin-HRP 

conjugate appeared blue. The addition of the stop solution terminated the enzyme-substrate reaction, and 

the color turned yellow. The optical density (OD) was measured spectrophotometrically at 450±2 nm 

wavelength. The optical density value is proportional to the concentration of human IL-17A. 

 

2.5 Measurement of IFN-γ and TNF-α 

Since the kits used to measure serum IFN- and TNF levels have the same manufacturer as those used to 

measure IL-17, thus, the applied procedure and the principle of the reaction were similar. Taking into 

consideration the differences in the type of the pre-coated antibody on the microplate for each respective 

immune marker, furthermore with the differences in the serial dilutions and their standard curves.  

 

2.6 Statistical Analysis 

The documented questionary was coded and given an identifying number (ID). The information was entered 

into a Microsoft Excel spreadsheet, and the data after sorting was transported into Statistical Package for 

Social Sciences (SPSS) version (26) software. The continuous quantitative variables were presented as 

Mean ± Standard Deviation (SD). ANOVA tests were used to test the relationship between the quantitative 

variables. P-value ≤0.05 consider a significant difference. 

 

2.7 Ethical Consideration 

For this study, ethical approval has been obtained from the Ethical Committee of the College of Medicine, 

University of Sulaimani, and Sulaimani Directorate of Health with Pediatric Teaching Hospital.  

 

2.8 Patient consent 

Verbal consent was taken from the Children's parents. 
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3. RESULTS 

Regarding the serum level of CRP, a higher mean concentration was recorded in the children infected with 

E. histolytica in comparison to the control group, with highly significant differences (P<0.001), in which 

mean±SD was 40.32±30.36 mg/L for patient individuals and was 3.45±4.14 mg/dL for the control group. 

On the other hand, IL-17 showed increased levels in the patients, without a significant difference notifying 

between the two studied groups (P=0.282); in which the mean±SD of the patient’s group was 15.25±2.6 

pg/ml. While. in the controls, the mean±SD was 14.78±2.83 pg/ml.  

 

The mean serum concentration of IFN-γ showed a higher peak in the infected group compared to the control 

group, with statistically a significant difference (P=0.04), in which the mean±SD was 18.94 ± 15.64 pg/ml 

for patient individuals and it was13.06 ± 8.7 pg/ml for the control individuals. 

 

Moreover, a highly significant difference was recorded regarding TNF-α (P<0.001) between the two 

groups, with a mean±SD; of 12.04 ± 5.09 pg/ml for children’s patients and 9.55±1.88 pg/ml for control 

negative individuals (Table 1 and Figure 1). 

 

Table 1. Immunological parameters among patients group and control group. 

 

  Immunological Parameters 
Individuals 

P-value 
Patients Controls 

CRP (mg/L) 

Mean 40.32 3.45 

<0.001 ** Std. Deviation 30.36 4.14 

N 80 80 

IL-17 (pg/ml) 

Mean 15.25 14.78 

0.282 Std. Deviation 2.6 2.83 

N 80 80 

IFN-γ (pg/ml) 

Mean 18.94 13.06 

0.04 * Std. Deviation 15.64 8.7 

N 80 80 

TNF-α (pg/ml) 

Mean 12.04 9.55 

<0.001 ** Std. Deviation 5.09 1.88 

N 80 80 

               *: Significant difference; **: Highly significant difference 

 

3.1 Gender Relation to Immunological Parameters in Children Infected with E. histolytica 

The mean serum level of CRP was 39.91±33.3 in males and 40.85±26.6 in females, with no significant 

difference (P=0.891). On the other hand, the mean serum level of IL-17 was significantly different between 

infected males (15.81±2.39) and females (14.52±2.7) (P=0.027). No significant differences were 

documented for IFN-γ (P=0.317), with a mean serum level of 19.44± 15.87 in males and 18.3±15.55 in 

females. Also, no significant difference was recorded for TNF-α and gender (P=0.178), as serum level was 

11.6±4.54 in males and 12.59±5.73 in females (Table 2 and Figure 2). 
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Figure 1. Serum level of Immunological parameters among patients and control groups. 

 

Table 2. Mean serum level of CRP, IL-17, IFN-γ, and TNF-α among infected males and females. 

      Immunological Parameters 

Gender  

Male Female 
P-value 

 

CRP (mg/dL) 

Mean 39.91 40.85 

0.891 Std. Deviation 33.3 26.6 

N 45 35 

IL-17 (pg/ml) 

Mean 15.81 14.52 
0.027 * 

 
Std. Deviation 2.39 2.7 

N 45 35 

IFN-γ (pg/ml) 

Mean 19.44 18.3 
0.317 

 
Std. Deviation 15.87 15.55 

N 45 35 

TNF-α (pg/ml) 

Mean 11.6 12.59 
 

0.178 
Std. Deviation 4.54 5.73 

N 45 35 

        *: Significant difference 

 

 
Figure 2. Mean Serum level of immunological parameters among infected males and females. 

 

3.2 Age Relation to Immunological Parameters in Children Infected with E. histolytica  
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The mean serum level of the three immunological parameters was analyzed compared to the age of the 

infected group, and the results showed no significant difference in the serum level between the age groups. 

P=0.731, 0.584, 0.876 and 0.157 for CRP, IL-17, IFN-γ and TNF-α, respectively (Table 3 and Figure 3). 

 

Table 3. Serum levels of CRP, IL-17, IFN-γ, and TNF-α compared to the ages. 

 

 
Figure 3. Line graph of mean serum concentration of immunological parameter among different age classes 

of the infected children. 

 

3.3 ABO Blood Groups and Relation to Immunological Parameters in the Infected Children 

The current study revealed that the O+ blood phenotype recorded the highest percentage in the patient group 

(32.5%), followed by A+ (21.25%). While AB –  phenotype was recorded as the lowest percentage (1.25%) 

of the total patients (Figure 4).  

 

  Immunological Parameters 
Age Class 

P-value 
< 1 Year 1-6 Year 6-12 Year > 12 Year 

CRP (mg/dL) 

Mean 32.75 40.30 39.61 58.33 

0.731 Std. Deviation 30.65 34.89 25.24 13.32 

N 4 41 32 3 

IL-17 (pg/ml) 

Mean 13.82 15.47 15.05 16.05 

0.584 Std. Deviation 2.51 2.59 2.68 2.3 

N 4 41 32 3 

IFN-γ (pg/ml) 

Mean 23.05 17.68 19.83 21.18 

0.876 Std. Deviation 13.01 15.05 16.91 19.15 

N 4 41 32 3 

TNF-α (pg/ml) 

Mean 12.58 10.87 13.13 15.67 

0.157 Std. Deviation 6.62 2.43 6.79 7.6 

N 4 41 32 3 
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Figure 4. Blood groups of the children infected with amoebiasis. 

 

Furthermore, our result showed that the highest mean level of CRP was recorded in A- the blood group 

(55.27±31.6), and the lowest was in B- blood group (30.3±19.85). Regarding IL-17, the highest mean serum 

concentration was in B+ (16.32±2.71), and the lowest concentration was in B- blood group (14.37±2.55). 

While in the IFN-γ assessment, the highest mean level was in O- the blood group (22.33±13.23), and the 

lowest was in AB– (7.5±0.0). Finally, the highest and lowest serum concentration of TNF-α were recorded 

in A+ (13.06±6.4) and O- (9.26 ± 0.05), respectively. There was no significant difference in the mean serum 

level of CRP, IL-17, IFN-γ, and TNFα between the ABO blood groups, (P- value >0.05) (Table 4). 

 

Table 4. Serum levels of CRP, IL-17, IFN-γ, and TNF-α of the infected group compared to the ABO blood 

group. 
 

       

Blood Group Type 
Immunological Parameters 

 CRP mg/dL IL-17 (pg/ml) IFN-γ (pg/ml) TNF-α (pg/ml) 

A + 

Mean 34.84 15.07 20.87 13.06 

Std. Deviation 27.75 2.63 18.58 6.4 

N 17 17 17 17 

A - 

Mean 55.27 14.97 12.42 11.58 

Std. Deviation 31.60 2.76 4.73 2.8 

N 8 8 8 8 

B + 

Mean 50.25 16.32 18.7 12.22 

Std. Deviation 34 2.71 20.25 3.9 

N 10 10 10 10 

B - 

Mean 30.3 14.37 21.2 10.24 

Std. Deviation 19.85 2.55 16.92 1.59 

N 8 8 8 8 

AB + 

Mean 37.76 15.48 10.08 10.63 

Std. Deviation 23.12 3.14 2.17 3.16 

N 7 7 7 7 

AB - 

Mean 52 15.97 7.5 10.6 

Std. Deviation 0 0 0 0 

N 1 1 1 1 

O + 
Mean 38.15 15.11 21.53 12.75 

Std. Deviation 35.13 2.52 15.81 6.4 
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N 26 26 26 26 

O - 

Mean 46.07 16.07 22.33 9.26 

Std. Deviation 30.11 3.11 13.23 0.05 

N 3 3 3 3 

 P- Value 0.693 0.869 0.621 0.820 

 

4. DISCUSSION 

The current study recorded a highly significant difference between infected children and the control group 

(P<0.001) regarding CRP concentration. This result, in agreement with [13], was performed on children 

aged six months to 14 years in Pediatric Teaching Hospital in Karbala. In addition, a study by [14] also in 

agreement with our result, was performed among the Baghdad province's children. The increasing CRP 

levels among infected children could be due to several reasons; such as the huge number of E. histolytica 

infective stages that are swallowed, the infection cause enhances the activity of hepatocytes for the 

synthesis of acute-phase protein, including CRP [15]. On the other hand, tissue damage caused by the 

attachment of parasites on the mucosal surface may represent a continuous stimulator for hepatocytes for 

increased synthesis of CRP as an innate defence mechanism that collaborated with increased phagocytic 

activities of mucosal macrophages against E. histolytica [14]. 

 

Cytokine assessment of the present study showed increased serum concentration of IL-17, IFN-γ, and TNF-

α in the infected children compared to the control individuals. In respect of IL-17, elevating serum 

concentration in symptomatic infected children was documented compared to the controls. This may be due 

to the trophozoite disrupting the mucosal barrier by adhering to the intestinal epithelial cells through 

Gal/GalNAc lectin, leading to the killing of the intestinal epithelial cells in a process known as amoebic 

trogocytosis, followed by epithelium penetration and submucosal tissue destruction [16]. This parasite 

stimulates the production of proinflammatory cytokines, including IL-17. [17], [18]. 

 

Concerning Interferon-gamma (IFN-γ), a higher serum level was in the patient's group with a significant 

difference (P<0.05), In agreement with this result, a study by [19], which was studied 250 patients suffering 

from amoebiasis in the Thi-Qar governorate. Similar results were documented in a cohort study conducted 

on children by [20]. Furthermore, TNF-α was recorded higher level in patients than in controls, with a 

highly significant difference (P<0.001), which is like-minded to [21]. 

 

The first line of immune defence mechanism against E. histolytica is human stomach acidity which can kill 

the trophozoites, while amoebic cysts are highly resistant to stomach acidity [22]. Excystation occurs in the 

intestinal lumen, and then trophozoites bind to the intestinal tissues, causing muscle layer disruption, which 

facilitates the invasion of the tissues [23]. This stage cause discharging of the potent cytokines to employ 

the immune cells in the invasion area [24]. Both IFN-ɤ and TNF-α inducted by IL-12 from natural killer 

(NK) cells, activate macrophages, to discharge NO and ROS leading to destroying of the parasite [19]. 

 

Tumor necrosis factor-α (TNF-α) triggers cytotoxic activity by stimulating macrophages and neutrophils to 

secrete NO and ROS to fight against E. histolytica, as well as stimulates the prosses of phagocytosis. TNF-α 

is one of the proinflammatory cytokines that produce acute phase proteins and mediate inflammation [25]. 

Our result is in agreement with [20], which established an association between higher TNF-α production 

and amoebic dysentery it is also in line with the analysis performed on the amoebic patient; serum 

concentration of IFN-γ was greater in children with amoebic colitis in comparison with controls [26]. 

Furthermore, a cohort study in Bangladeshi children noted that an increasing TNF-α level can increase the 

risk of first and recurrent amoebic infections, proposing that the production of TNF-α plays a role in future 
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susceptibility to E. histolytica infection and the pathogenesis of amoebiasis. High TNF-α concentration 

levels were recorded in the children infected with E. histolytica compared to those with no infection [20]. 

 

The statistical analysis revealed a significant difference between the mean serum levels of IL-17 of infected 

children regarding gender; a higher level was reported in males (P<0.05). in agreement with our results, a 

study by [27] that documented naive T-cells in the males produce more IL-17 level than the females. The 

biological mechanisms underlying gender-related differences in human inflammatory responses remain 

elusive and are difficult to address in the clinical setting, where many confounding factors, such 

as differences in medication, comorbidities and disease onset [28]. Females and males differ in their 

immunological responses to foreign and self-antigens and show distinctions in the innate and adaptive 

immune mechanisms. Certain immunological sex differences are present throughout life, whereas others are 

only apparent after puberty and before reproductive senescence, suggesting that both genes and hormones 

are involved [29]. 

 

In this study, the serum concentration of CRP and the three cytokines were not affected by age; no 

statistically significant difference was reported. However, it was unable to find any studies that either 

agreed or disagreed with this finding. Regarding the relationship between the ABO blood group and the 

serum level of CRP, IL-17, IFNγ, and TNFα, we found no correlation between them in amoebic-infected 

children. 

 

5. CONCLUSION 

We concluded from the current study that higher serum concentrations of CRP, IL-17, IFNγ, and TNFα 

were reported in the symptomatic children group compared with the control group. Furthermore, out of the 

four immunological parameters, only IL-17 was a statistically significant difference between serum 

concentration and gender. Regarding age and ABO blood group, no significant differences were reported 

between them and the serum level of CRP, IL-17, IFNγ, and TNFα. 
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