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Abstract
Cytokines have been in focus of scientific in for more than decade now. Analyzing their expression
has enabled a better understanding of pathogenesis of various diseases. Moreover, they are now
for beyond their stage when they were of interest for pathophysiological research. In the present
study, we used an assay to anti-inflammatory cytokines. One hundred and thirty sera and urine
from egg positive individuals and 42 samples of healthy individuals in Eldeum locality—an endemic area of S. haematobum and 28 healthy individuals from non-endemic area were tested.
Concentration of IL5 and IL10 is reverse. IL5 is low in serum but high in urine before treatment
and high in serum and low in urine after treatment. IL10 is high in serum, low in urine before
treatment and low in serum, high in urine after treatment.
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1. Introduction
Schistosomiasis is one of the wide spreads of all parasitic infection of man. The [1], estimated that Schistosomiasis and soil transmitted helminthes represent more than 40% of the global disease burden caused by all tropical diseases excluding malaria. Urinary Schistosomias caused by Schistosoma haematobium is endemic in 53
countries in the Middle East and most of the African continent [2], especially in the rural areas where only the
surface water bodies are sources of water supply [3], Schistosoma haematobium infects over 112 million individuals and results in 150,000 deaths annually in sub-Saharan Africa [4]. In a study from Kenya, individuals
with chronic infections and hepatosplenic disease appear to have predominantly Th1 responses to Schistosoma
antigens and more severe pathology [5] [6] in his study from Schistosoma-endemic area in Zimbabwe showed
that egg-positive people had significantly higher levels of specific antibodies, IL-2, IFN-γ and IL-23. In contrast,
egg-negative individuals had significantly higher circulating IL-10, IL-4, IL-13, and IL-21 that were detected
with high frequency in all participants. When he correlated cytokines to age, he found that IL-4 and IL-10 increased significantly as did Schistosoma-specific antibodies. When age was combined with the infection status,
IL-5 declined over time in egg-positive, while increased with age in the egg-negative group. Experimental study
done on mouse showed that Th1 responses were predominate in early acute phase, followed by the emergence of
Th2 responses (stimulated by egg antigens), and decreased in Th1 responses (down-modulated through an IL10-dependent mechanism). [7] [8] studied the cytokine responses to Schistosoma haematobium in a Zimbabwean population and found that the infection rose to the peak in childhood (11 - 12 years) followed by a sharp
decline in infection intensity. The parasite-specific cytokine responses showed that IL-4, IL-5 but not IFNγ followed distinct age profiles. He concluded that IL-10 was produced early and peaking in the youngest age group
and declining thereafter, while IL-4 and IL-5 responses were developed slowly with later peak. IL-10 was high
among egg positive. Also he found that the high IL-10 individuals have little or no IL-5. In vitro stimulation of
blood taken from people in low and high prevalence of Schistosoma infection after treatment showed that blood
sample from children from low prevalence village produce more IL-4 (P < 0.001). But residence in high prevalence village produce IL-10 (P < 0.006) in response to culture with SEA and IL-5 (P < 0.02) with PHA for 48
hrs. [9] [10] studied the production of IL-4 and IL-5 in vitro stimulation of blood from endemic area of Zimbabwe for 24 or 48 hrs. He found that the sample produce IL-4 or IL-5 but rarely both. But when cultured for 72
hrs, he found that both cytokines were detected. Immune response to IL-5 and IL-10 study done on Schistosoma
infected patients treated many times showed high levels of IL-5. After adjusting for variable (sex, age and infection status) at the study onset, high levels of IL-10 were showed to be a risk factor for re-infection and high levels of IL-5 were associated with development of hematuria [11]. In a study using epithelial cells from the human urinary tract, Escherichia coli elicited high levels of IL-6 but not TNF-α whereas human peripheral blood
monocytes secreted both IL-6 and TNF-α as well as other cytokines in response to E-coli [12]. A study of local
cytokine responses in the urinary tract mucosa may yield important information about their role in the pathogenesis in the affected organs during Schistosoma haematobium infection. The only study that measuring the level
of cytokine in urine of Schistosoma haematobium infected individual was done in Kenyans school children [13].
This study aimed to investigate the relationship between serum and urinary cytokines (interleukin-4 interleukin-5 and interleukin-10 in Schistosoma haematobium infected individual living in two villages in the White
Nile state, Sudan.

1.1. Aim of the Study
Since World Health Organization (WHO) recommends that infection levels are determined prior to designing
and implementing control programs as the treatment regimens. In this study we aim to detect and quantification
of Anti-inflammatory cytokines in both sera and urine of patients with urinary schistosomiasis. Before and after
treatment.
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1.2. Ethical Consideration

Ethical and institutional approval for the study was obtained from the medical research council of the National
Ribat University. Permission for initiation of the study in the area was obtained from the Health Services Director-Elduiem locality. Also a meeting was held with the chief of the targeted villages and the objectives and the
methods were clearly explained. They were informed that they have the right to be included or to quit at any
time. Written informed consent was obtained from eligible individuals and oral consent was obtained from the
participant and parents/guardian before sampling.

2. Materials and Methods
2.1. Study Design
This is a cross-sectional and case control study conducted to study Anti-inflammatory Cytokine in sera and urine
of Sudanese patients infected with Schistosoma haematobium.

2.2. Study Area
This study was conducted in two villages, Hilat Salim which is located approximately 15 Km south of Elduiemtown in the eastern part of the White Nile bank. Water contact sites (main canal) are of 5 minutes’ walk from all
houses. The second village is Hilat Saeed which is located 25 Km south Elduiem in western part of the White
Nile. Water is collected from a site 10 minutes’ walk from the village. The residents have no access to piped
water and they depend principally on water from the White Nile and the canal, for domestic and agriculture
purposes. The communities of the two villages are mainly peasant farmers who grow maize, wheat and vegetables. Fishing is carried in the White Nile and temporary pools created by the overflow of the White Nile during
the rainy season.
These villages were chosen because there is no other helminthes and the prevalence of Schistosoma mansoni
is low (personal communication information from team of faculty of medicine university of Becht Elruda), together with different prevalence and intensities of Schistosoma haematobium infection in close proximity. Also
the villages are not included in the National schistososme control programmer, meaning that the natural immune
responses of the study population could be studied without effect of drugs alteration.

2.3. Study Population
A total of two hundred Sudanese individuals from Eldeum locality included in study. One hundred and thirty
sera and urine from egg positive individuals and 42 samples of healthy individuals in Eldeum locality—an endemic area of S. haematobum and 28 healthy individuals from non-endemic area were tested.

2.4. Sampling and Procedures
2.4.1. Urine and Stool Collection and Examination
A single terminal urine samples (20 - 50 ml) was collected in 50 ml containers from each individual of the study
population. The samples were obtained between 10:00 a.m. And 14:00 P.m. Few drops of saponin solution were
added to the samples with visible hematuria to enhance clarity in microscopy [14]. The specimens were appropriately labelled with identification numbers and placed in cold box with ice packs. They were processed 1 - 2
hrs after collection in the field. 10 ml was filtered through a 25 mm nucleosome filter (12 μm pore size) [15].
The filter was examined microscopically for Schistosoma haematobium eggs. The intensity was reported as
number of egg/10ml urine. The degree of intensity was categorized as light infection (≤ 50 ova/10ml of urine)
and as heavy infection (> 50 ova/10ml urine) according to the World Health Organization [16] [17]. To rule out
Schistosoma mansoni eggs and other intestinal helminthes, stool specimens were collected from all individual
who have Schistosoma haematobium eggs in their urine, and processed following the Kato Katz procedure [18],
The urine samples of the participants were aliquoted in cryotubes and stored at −20˚C.
2.4.2. Blood Samples
Five milliliters of venous blood was collected in plain container from each Schistosoma haematobium infected
volunteer and allowed to clot at room temperature. The sera were separated using centrifugation at 3000 rpm for
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10 minutes. Then aliquoted in cryotubes and frozen at −20˚C. Their peripheral blood from all participant was
examined for plasmodium parasite using ICT malaria with two species device (P.F & P.v) (SD Bio standard Diagnostics PVT-LTD India) to exclude malaria infection. All the positive participants were offered anti-helminthic treatment with the recommended dose of praziquantel, 40 mg/Kg body weight after collection of
blood samples. Malaria cases were treated according to the treatment regime prescribed by the Ministry of
health in Sudan.
A second blood and urine sample was collected from all the participant four weeks after treatment and
processed as before. All the samples were transported frozen in cold box to the laboratory of Parasitology Department in the College of Medical laboratory Sciences National Ribat University, and stored at −80˚C. The
samples were deforested for the first time for prior to testing.
2.4.3. Control Samples
A group of 42 individuals were chosen from the area of the study on the basis that they had negative urine samples for Schistosoma haematobium ova and had no past history of Schistosoma. Infection in addition they were
neither ill nor under any type of therapy at the time of sample collection. This represent controls from the endemic area. Another group of 28 apparently healthy individuals, living in non-endemic area, were included in
the study as controls from a non-endemic area.
2.4.4. Cytokines Measurement
Enzyme-Linked Immunosorbent Assay (ELISA) kits e Bioscience were used to determine the levels of three
cytokines (IL-5 and IL-10) in serum and urine samples of Schistosoma haematobium infected individuals and
controls from the endemic and non-endemic areas. All samples were run in single and the concentrations were
calculated using standard curves.
2.4.5. Assay Procedure
The assay procedures the same for all three cytokines both in sera and urine. Ninety six polystyrene microtiter
plate (corning costar 9018) were coated with recommended concentration of capture antibody 100 μl/well in
coating buffer. The plate was sealed and incubated overnight at 4˚C. Wells were aspirated (emptied) and washed
five times with 250 μl/well washing buffer one minute a time were allowed for soaking during each wash step.
Plate was blotted on absorbent paper. 200 μl of 1x assay diluents were added/well and the plate was incubated at
room temperature for one hour (blocking). Aspiration and wash was done as before. Standards samples were diluted with 1x assay diluents. Two fold serial dilution of the top standards were performed to make the standard
curve, and 100 μl/well of standard were added to appropriate wells, also 100 μl/well of samples were added to
appropriate wells. The plate was sealed and incubated over night at 4˚C. Aspiration/ wash was done as before.
100 μl/well of detection antibody diluted in 1 x assay diluents was added to each well, and the plate was sealed
and incubated at room temperature for one hour. Aspiration and washing was done as before. Subsequently 100
μl of Avidin-horseradish peroxidase diluted in assay diluents was added to the wells and sealed and incubated at
room temperature for 30 minutes. Aspiration/wash was done as before (soaked in wash buffer for 1 - 2 minutes
prior to aspiration, repeated for a total of 7 washes. 100 μl/well of substrate solution was added to each well and
then incubated at room temperature for 15 minute. The reaction was stopped by adding 50 μl of stop solution.
Optical density of each well was measured with a micro plate reader at 450 nm.
2.4.6. Statistical Analysis
The data were analyzed using Statistical Package for Social Sciences (SPSS version, 17). Thus parametric methods were used to evaluate results. The study population was categorized as infected (positive egg) or uninfected (endemic and non-endemic controls). Significance of difference, between mean values were assessed by
student’s t-test. P-values less than 0.05 were regarded as significant. The comparison between Schistosoma egg
positive and egg negative were analyzed by chi-square test. The relation between cytokine levels and infection
intensity, as well as between cytokines in pair were conducted using a one-tailed non parametric spearman correlation procedure [19].

3. Results
A total of 130 individual met the inclusion criteria of the study, 81 (62%) males and 49 (38%) females. Mean
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infection intensity for the study population was 61.92 eggs/10ml urine (range 0 - 430 eggs/10ml urine, standard
deviation (57.66). The prevalence of Schistosoma haematobium infection, according to different age groups, of
130 volunteers were found among young people aged (3 - 13 year old), and then decreased with increasing of
age. There were a significant difference in infection prevalence between males 62% and females 38%. Figure 1
showed the intensity of the infection (53.1% light infection and 46.9% heavy infection), according to the WHO
classification. The intensity in the majority of participants was considered as light infected.

Cytokine Profile
The cytokine profile measurement in sera of the infected individual, before and one month after treatment,
showed high levels of IL-5 after treatment than before treatment, but the difference was not significant (P =
0.032) but in case of IL-10 the high production was detected before treatment and the difference was found to be
significant (P = 0.000). Figure 2(a) and Figure 2(b) show the mean levels of cytokine profile in serum before
and after treatment.
Table 1 summaries the cytokine profile in urine before treatment and one month after treatment. There was
high level of different cytokines before treatment than after treatment. The difference was statistically significant
in case of IL-5 (P = 0.001), but the differences were insignificant in case of IL-10 (P = 0.477). In case of IL-5
and IL-10 the detected amount in both sera and urine were found to be reverse, IL-5 low in serum but high in
urine before treatment and high in serum and low in urine after treatment. IL-10 high in serum low in urine before treatment and low in serum and high in urine after treatment.
The serum level of cytokines detected in different groups (infected individual before and after treatment, controls from endemic and non-endemic area) were as follow. IL-5 in infected samples 9.41 ± 12.49 before, 13.99 ±
29.90 after treatment. 3.79 ± 8.27 and 0.45 ± 1.62 endemic and non-endemic controls respectively. IL-10 in infected samples 32.22 ± 53.84 before and 7.47 ± 11.85 after treatment. 12.68 ± 16.54 and 10.01 ± 18.18 endemic
and non-endemic controls respectively. The highest levels of the tested cytokines detected in the three groups
was IL-10.
The multiple comparison of cytokines between different samples groups were summarized as follows. The
comparison of IL-5 in infected samples with controls from endemic and in infected samples with none endemic
controls was (P = 0.004 and P = 0.001 respectively), but the comparison of IL-5 to the two controls showed no
significant differences (P = 0.253). In case of IL-10 the comparison of infected samples with endemic controls
was significant (P = 0.015), infected samples with non-endemic controls was also significant (P = 0.038), but the

Figure 1. Frequency and percentages of the intensity of infection among Sudanese patients infected with
Schistosoma haematobium.
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Figure 2. (a) Comparison of IL-5 levels in sera of Sudanese patients infected with Schistosoma haematobium before and after treatment; (b) Comparison of IL-10 levels in sera of Sudanese patients infected with Schistosoma haematobium before
and after treatment.
Table 1. Cytokine profile in the urine of Sudanese patients infected with Schistosoma haematobium before and after treatment.

Pair 1
Pair 2

Cytokine

Mean

N

Std. D.

IL-5 in urine before treatment

21.70

127

47.88

IL-5 in urine after treatment

5.30

127

26.17

IL-10 in urine before treatment

3.37

124

4.33

IL-10 in urine after treatment

2.66

124

9.82

P-value
0.001
0.477

endemic controls with the non-endemic controls was not significant (P = 0.824).
Table 2 shows sex cytokine profiles in patients before treatment. Females produce high levels of IL-10, than
the males. And there was significant differences (P = 0.0045). But there was no significant different in the production of IL-5 (P = 0.2888).
The age cytokine profiles before treatment were shown that. The IL-10 was significantly increased with age,
but IL-5 did not follow age profile pattern. The differences in cytokines levels in all age groups were significant
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in case of IL-10. IL-5 shows no significant differences to age (<13) vs (13 - 23) (P = 0.0628 and P = 0.0749 respectively).
Table 3 shows the relation between the intensity of the infection and cytokine production. All tested cytokines (IL-5 and IL-10) were found to be high in heavy infected individuals than in low infected. And the differences were statistically significant (p = 0.0143, and 0.0381 respectively).
The levels of cytokines in urine according to the intensity of the infection were found to be as follows. IL-5
were high in heavy infection than in low infection, and IL-10 showed no change.
The correlation between cytokines levels and age in Schistosoma haematobium infection showed a positive
correlation. IL-10 were strongly related to age ˃ 23 (r = 0.81 P = 0.0025), but IL-5 correlate with age ≤ 13 (r =
0.71 P = 0.0039).

4. Discussion
The relationship between age, intensity of infection and gender has been observed in many epidemiological situations, (endemic and epidemic) [20]-[22].
This study examined systemic cytokine responses in Sudanese individuals exposed to Schistosoma haematobium infection to determine the relationship between urinary and serum cytokine before and after treatment. The
cytokines studied were anti-inflammatory, IL-5 as markers of Th2 responses, and IL-10, which originally classified as both Th1 and Th2 cytokine in humans [23]. Recently it considered as marker for immune-modulator
responses including regulatory T cells responses [7] [24]. All participants had adetectable levels of all studied
cytokines with different concentration. The Th2 like responses dominating later in response to infection, this
shift in response from Th1 to Th2 has being enhanced by treatment [25]. The increase of IL-5 after treatment indicate an increase in anti-inflammatory, Th2, cytokine responses. This finding is similar to that reported by [11]
and also this was supported by [26], who postulated that antigens released from dead worms would stimulate
strong Th2 responses. It is therefore not surprising that pre-treatment cytokine levels in infected individual are
low for the worm antigen that is believed to have immune evasion mechanism while in post-treatment the drugs
would kill the worms and make the antigen available and become recognized by the immune response. IL-10 is
an immunoregulatory cytokine that has a down-regulatory effect, particularly on Th1 responses in human, and
mice [27] [28]. In human several studies have linked IgE responses and IL-5 with protection from reinfection
[29]-[31]. Th1 responses have been linked to the so-called endemic normal [32] [33] such uninfected healthy individuals living in an area where Schist soma is transmitted produce higher levels of parasite specific IFNγ and
lower levels of IL-10. This coincide with our finding of these cytokine among endemic control individuals. This
study also showed that there were high production of all tested cytokines in females than in males. Similar observation were seen in immunoglobulin’s in other studies. We deduce these increases in female to hormonal
function. Age cytokines profile in our study follow distinct age-profile with the relationship between age and
cytokine except IL-5 which decreased by the aging. Normally levels of IL-10 response rose to peak early in
childhood declining thereafter while levels of IL-5 rose more slowly to peak later. This discrepancy may be due
Table 2. Sex cytokine profile in serum before treatment.
Cytokines
IL-5

IL-10

Sex

Mean + STD

Male (n = 81)

9.08 ± 12.11

Female (n = 49)

9.86 ± 12.86

Male (n = 81)

27.22 ± 31.72

Female (n = 49)

39.45 ± 76.61

T-test

P-value

5.84

0.2888NS

28.77

0.0045*

Table 3. Intensity of the infection and the cytokines levels in sera before treatment.
Cytokines
IL-5

IL-10

Groups

Mean + SD

Light infected group (n = 69)

7.36 ± 8.31

Heavy infected group (n = 61)

11.66 ± 15.50

Light infected group (n = 69)

30.73 ± 60.52

Heavy infected group (n = 61)

33.08 ± 44.26

38

T-test

P-value

11.33

0.0143*

9.48

0.0381*
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to the blocking or modulating effect of IL-10 on Th2 cytokine. So that the age groups where infection intensity
and prevalence are lowest coincide with high IL-5 and light IL-10. Furthermore the study showed a positive
correlation between age and all cytokines. So the IL-10 were increased with age while IL-5 decline with aging.
This finding were comparable with [6]. In this study the intensity of the cytokines profile, showed high production of all tested cytokines in heavy infected individuals than light infected. IL-5 cytokines are believed to be
important in protection against re-infection with Schistosoma haematobium [31] as well as IL-10 which has previously been associated with immunemodulation. The positive association between intensity of the infection and
IL-5 were also reported by [34] in Brazilian Schistosoma mansoni infected individuals. Two possible explanation for this positive association are 1) IL-10 could simply be reflecting exposure to parasite antigens or 2) high
levels of IL-10 are stimulated by high infection levels so as to prevent the development of excessive
Th2-mediated pathology in addition to Th1-mediated pathology [35] [36]. The cytokine profile in urine showed
almost similar results as serum, high before treatment and low after treatment. Some cytokines were detected
more in urine than in sera this may be due to the possibility of local production of this cytokine in the bladder.
These finding concur with those reported by [37] when studied cytokines in serum and urine of children infected
with urinary bacteria. Very recently a similar finding was shown by [13] when studied urinary cytokine and related it with urinary tract pathology in children.

5. Conclusion
The low level of IL-5 that detected in study samples showed that the urinary Schistosomiasis in the study area
could be considered in the acute stage of the disease. Also the result showed that IL-10 responses develop early
compared to IL-5 responses and this definitely due to down modulating immune pathological responses that occur during the early phase of infection. IL-5 was working in reverse to IL-10 when studying these in sera and
urine before and after treatment and we deduced that it was due to the modulating effect of IL-10. The study also
showed that it is possible to use urine to study different cytokines in urinary Schistosomiasis which may indicate
that there is a possibility of local production of cytokines in bladder.
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