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Abstract

Background: Schistosomiasis is estimated to affect more than 200 million people especialy in rural and agricul-
tural areas. Schistosoma haematobium causes significant urinary tract diseases and is mediated by T cell dependent
granulomatous responses to the schistosome eggs. Since tumor necrosis factor alpha (TNF) is elicited by Th 1 re-
sponses and implicated in granulomatous responses to the ovatrapped in the bladder wall of Schistosoma haemato-
bium infected persons, it is important to ascertain the relationship between intensity of infection and urinary tract
pathology in our locality.

Methodology: The urine samples from volunteers were subjected to parasitological investigations to ascertain the
presence of S. haematobium ovain their urine. The TNF profile was ascertained using standard enzyme-linked im-
munosorbent assay (ELISA). The ultrasonographical investigation was carried out on the S. haematobium infected
participants using transabdominal ultrasonography.

Results: Nineteen out of 40 rural Nigerians infected with S. haematobium showed severe infection while the re-
maining 21 individuals had light infection. Males (26) were more severely infected than females (14). Children
(30) were more infected than adults (10). The serum TNF concentration correlated positively with the intensity of
infection (r* = 0.97). Serum TNF was negatively correlated with the age of the volunteers (r* = -0.36). The mean
TNF concentration among subjects with heavy infection (535.7.4+ 415.5 pg/ml) was significantly higher than that
among those with light infection (93.8+ 40.9pg/ml) at (x* = 341.0, p<0.05). Also the concentration of TNF in the
sera of children (448.2+ 140.2pg/ml) was significantly higher than that in adults (180.0+ 152.1 pg/ml) at (x* =
114.6, p<0.05). The ultrasonographic investigation revealed eight types of urinary tract pathology, namely, abnor-
mal wall thickness (70%), irregular bladder wall (55%), echogenic particles (75%), cacification (60%), pseudo-
polyp (12.5%), masses (10%), residual volume (30%) and hydroureter (7.5%) among 28 subjects. These partici-
pants with urinary tract pathology had relatively high serum TNF ranging from 190.6+ 15.6 pg/ml in abnormal
wall thicknessto 630.6x 15.6 pg/ml among individuals with masses.

Conclusion: The bladder and kidney pathology revealed in this investigation as well as the intensity of infection
correlated with the levels of serum TNF among S. haematobium infected participantsin Ihieve-Ogben, Nigeria. We
observed an association between high level TNF with heavy infection and urinary tract pathol ogy.
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INTRODUCTION

Schistosomiasis is estimated to affect more than 200
million people, especially in rural and agricultural areas,
and between 500 and 600 million are said to be at risk of in-
fection globally [1]. S. haematobium causes significant uri-

nary tract diseases [2 - 6]. These urinary tract diseases range
from mild symptomatic heamaturia, irregular bladder wall
to hydronephrosis, hydroureter, kidney failure and
squamous cell carcinoma [1, 3]. Among these features,
Keita et al., documented irregular bladder wall as the most
frequent abnormal urinary tract pathology [7]. In many en-
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demic zones, variability among individuals to the develop-
ment of this disease is observed along with the manifesta-
tion of infection progressing into heavy infection [8, 9].

The development of urinary tract pathology in S. hae-
matobium infection is due to delayed hypersensitivity [10].
It ismediated by T cell dependent granulomatous responses
to the schistosome eggs [11, 12]. Tumor necrosis factor-

apha elicited by Thl responses has been implicated in
the development of granulomatous responses to ova trapped
in the bladder wall of subjects infected with urinary schis-
tosomiasis [3]. Furthermore, the production of cytokines
such as TNF is a key event in inflammation related to hu-
man infectious disease and malignancy such as bladder can-
cer [13].

Schistosome immuno-epidemiology studies have
shown that the development of antigen responses is related
to cumulative exposure to parasite antigen [14, 15] and that
the rate of development of different components of these re-
sponses, presents distinct profiles across the host age range.
Cytokine responses to S. haematobium infection have been
reported to show contrasting profiles with age [16]. A study
in Kenya indicated the association of schistosomiasis mor-
bidity with production of ahigh level of TNF[17].

There is little of information on the role of cytokines
such as TNF in pathology of urinary schistosomiasisin this
part of the globe, despite the relevance of the disease. This
paper therefore attempts to evaluate the relationship be-
tween intensity of infection, age, TNF and urinary tract pa-
thology in S. haematobium infection among rural Nigerians

MATERIAL AND METHODS

This study was carried out in lhieve-Ogben, a rural
community in the Owan East local government area of Edo
State. The study area is located within the guinea savanna
region of the state at latitude 6°N and longitude 6°E. The
majority of people are engaged in Agriculture especialy
farming and hunting, while a few, mostly women, are trad-
ers. The village has a stream which the inhabitants use as a
source of water and place for recreational activities. There
are about 1,000 inhabitants in this community.

The present investigation started with a community
mobilization campaign. This involved educating the inhabi-
tants regarding the significance of the study as well as seek-
ing their consent. Ethical permission was obtained from
FaithDome Medical Center, Ekpoma, Edo State, Nigeria
and the State Ministry of Health, Benin City, Edo State, Ni-
geria Mid stream urine samples were collected from in-
fected individuals between 11:00 and 13:00 GMT &fter
dlight physical exercise. The specimen was kept in a wide-
mouthed screw capped 50 ml size container. These bottles

containing the urine samples were immediately transported
to our parasitological laboratory for detection of the ova of
S. haematobium. The ova were quantified and classified as
light infection (>50 ova/10 ml) and heavy infection (>50
ova/10 ml) according to WHO standards [18].

Whole venous blood (3 ml) of individuals positive to S.
haematobium was collected from a peripheral vein by
venipuncture and kept in a sterile EDTA bottle. The blood
was processed by centrifugation, and the serum was imme-
diately subjected to cytokine assays. The serum TNF con-
centration was determined by standard enzyme-linked im-
munosorbent assay (ELISA) using kits obtained from Ab-
cam plc, Cambridge, United Kingdom. From the informa-
tion supplied by the manufacturer, the normal serum TNF
concentration was defined as 8 pg/ml.

Ultrasonographical investigations were carried out on
the 40 infected volunteers by transabdominal ultrasonogra-
phy at the Radiology Unit of FaithDome Medical Center,
Ekpoma, Edo State, Nigeria. The investigations were car-
ried out as described by Nmorsi et al., using a Fukuda Den-
shi UF 4000 (Japan) ultrasound machine with a 3.5 MH,
frequency curulinear real time probe [19]. The urinary tract
abnormalities were catagorised according to WHO stan-
dards[20].

The data obtained in this study were subjected to sta-
tistical analysis, namely, correlation and chi-square tests us-
ing Microsoft Excel statistical package.

RESULTS

Table 1 presents the mean serum TNF profile of the
volunteers by age and sex. The overall mean TNF level for
the 40 infected children was 314.9+ 140.3 pg/ml. The low-
est mean serum TNF (113.3+ 152.1 pg/ml) was reported
among the volunteers above 26 years, while the highest
(630.1 pg/ml) occurred among children 6 - 10 years old.
The highest egg burden (618.1 + 42.2) occurred among
these children. The serum TNF of the infected participants
correlated negatively with age (r = -0.2). Also the concen-
tration of TNF in the sera of the children (448.2+ 140.2pg/
ml) was significantly higher that in adults (180.0+ 152.1 pg
/ml) at (x* = 114.6, p<0.05).

The serum TNF concentration according to the inten-
sity of infection and age among the 40 S. haematobium in-
fected volunteers is presented in Table 2. A significant dif-
ference was observed between the mean serum TNF con-
centration of 21 participants with light infection (93.7+
76.9pg/ml) and that of 19 subjects with heavy infection
(535.7.4+ 415.5 pg/ml) at (x> = 341.0, p<0.05). The mean
egg burden and the serum TNF were positively correlated (r
= 0.97). The egg burden correlated with the mean serum



Table 1: The serum TNF concentration of S. haematobium in-

fected participants by age and sex.

Age group Sex TNF %antration eggNtI)leJ?gen/
Inyears Male Femae (pg/ml) 10ml of urine
1-5 2 1 115+ 60.4 42.5+ 38.9
6-10 10 6 630.1+ 450.1 618.1+ 42.2
11-15 8 3 560.0+ 304.0 599.5+ 33.9
16-20 3 2 290.1+ 140.3 397.2+ 73.7
21-25 2 1 180.4+ 73.7 96.5+ 20.1
>26 1 1 113.3+ 46.2 421+ 219
26 14 314.9+ 2275 299.0+ 274.1

Table 2: The intensity of S. haematobium infection with serum TNF concentration

Light infection (< 50 ova/10ml) of urine Heavy infection (< 50 ova/10ml) of urine
Age groups
?n ygeafsp No Egg conc-le;r'::'r:ation No Egg conc-g:lt'r:ation
burden burden
(pg/ml). (pg/m).

15 2 155+ 9.5 41.5+ 105 1 65.5+ 40.8 189+ 130.1
6-10 7 46.2+ 4.0 150.0+ 50.1 9 1189.9+ 295.1 1110+ 501.1
11-15 6 34.1+ 85 130.0¢ 70.1 4 1163.9+ 140.1 990+ 255.1
16-20 3 30.1+ 10.1 100.1+ 20.1 3 763.9+ 295.1 480+ 301.1
21-25 2 255+ 55 76.2+ 46.2 1 167.5¢ 84.1 284+ 140.2
>26 1 20.5+ 10.1 65.0+ 25.1 1 63.7+ 10.7 161+ 95.6
21 28.7+ 109 93.8+ 40.9 19 569.1+ 538.0 535.7+ 4155

Table 3: The serum TNF concentration of the participants with urinary tract pathology

Total Mean TNF

i Infection (No Infection concentration
U;;Ia:t]ﬁ:)}llc:;j Classification o No (%) (pg/m)

Male Female Both Sexes

Abnormal wall 1 14 8 22 190.6+ 15.6

thickness 2 4 2 6 290.6+ 40.1

Tota 18 10 28 (70) 240.6+ 65.2

Irregularity of 1 10 6 16 241.2+ 101.1

bladder wall 2 4 2 6 339.8+ 72.1

Total 14 8 22 (55) 290.5+ 98.1

Echogenic particles ad 20 10 30(75) 2157+ 41.4

Calcification 1 8 8 16 230.2+ 18.1

2 3 5 8 460.2+ 35.1

Tota 11 13 24 (60) 345.2+ 15.6

Pseudopolyp 2 3 2 5(12.5) 560.9+ 32.4

Masses 2 1 3 4(10) 630.6+ 15.6

Residua volume g 7 5 12 (30) 185.0+ 50.1

Hydroureter 3 2 3 5(7.5) 480.3+ 71.1

TNF concentration of the participants with both heavy in-
fection (r =0.97) and light infection (r = 0.98).

The serum TNF concentration of the participants with
urinary tract pathology is presented in Table 3. Eight types
of urinary tract pathology, namely, abnormal wall thickness
(70%), irregular bladder wall (55%), echogenic particles

(75%), calcification (60%), pseudopolyp (12.5%), masses
(10%), residua volume (30) and hydroureter (7.5%) were
observed among the S. haematobium infected participants.
These participants had ardatively high serum TNF concen-
tration ranging from individuals with abnormal wall thick-
ness >5mm (190.6x 15.6 pg/ml) to individuals with masses
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(630.6+ 15.6 pg/ml). Urinary tract pathology occurred in
all participants who had heavy infections. The TNF of the
participants with class 1 abnormal wall thickness (190.6+
15.6 pg/ml) were significantly lower than that of those with
class 2 (290.6 £ 40.1 pg/ml) at (x* = 20.8, p < 0.05). The
difference between the TNF level of the volunteers with
class 1 irregular bladder wall (241.2 + 72.1) was signifi-
cantly lower than that of those with class 2 irregular bladder
wall (339.9+ 72.1 pg/ml) at (x* = 16.8, p < 0.05). The par-
ticipants with category 2 calcification had a mean TNF level
of 460.2 £ 35.1 pg/ml while those with class 1 calcifica-
tion had alower TNF concentration ( 230.2 + 18.1 pg/ml).
This difference was statiticaly significant (x> = 26.6, p <
0.05).

DISCUSSION

We reported significantly elevated levels of serum TNF
in association with the intensity of S haematobium infec-
tion. Our findings support the documentation of King et al,
that S. haematobium infection induces the production of
TNF [21] and so implicates this cytokine in the disease
pathogenicity. The relevance of TNF in the disease process
is further supported by the enhancement of eosinophil tox-
icity by TNF elicited by Schistosoma larvae [22]. Moreover,
eosinophils have been shown to express major histocom-
patibility class Il and CD4 molecules and act as antigen pre-
senting cells in vitro [23 - 25]. The net effect is that in-
creased eosinophil production functions in parasite clear-
ance. Although the relationship between eosinophil and
TNF was not documented in the present study, this may be
consistent with our observation of increased TNF level with
intensity of infection.

The present investigation showed a significantly higher
serum TNF level in the <16 years age group than >16 years
age group. Our finding supports the report of Mwatha et al.,
in which high a morbidity of schistosome infection was
seen in children while a low morbidity was observed in
adults [17]. Children with high morbidity of infection pro-
duced higher level of TNF than adults. Thisfinding is com-
patible with the hypothesis that severe morbidity is associ-
ated with an over-exuberant Thl response which may be
modulated in disease-free individuals by a Th2 response
[17].

We reported the association of a relatively high serum
TNF level with urinary tract pathology. This observation
corroborates the finding of King et al., and so implicates
TNF as an important factor in bladder pathology associated
with S. haematobium infection [21]. The urinary tract pa
thology observed in this investigation, such as pseudopol-
yps, calcification and urinary masses has been implicated as

a probable part of the stages of disease culminating in blad-
der cancer [1, 26, 27], and elevated levels of TNF have been
observed in schistosomiasis patients with carcinoma of the
urinary bladder [13]. It has been documented that TNF re-
sponse to S haematobium infection is likely to develop into
an exaggerated granulomatous response to ova trapped in
the bladder wall associated with urinary tract pathology
[24]. Pathological changes in schistosome infestations are
caused by the position of the eggs in various tissues where
granulomas or pseudo tubercles form around them [28].
Granuloma formation may be the result of delayed type hy-
persensitivity reactions mediated through a T cell mediated
immune response to soluble egg antigen [10, 12, 20].

In conclusion, the bladder and kidney pathology as
well as the intensity of infection revealed in this investiga-
tion correlated with the levels of TNF among S. haemato-
bium infected participants in Ihieve-Ogben, Nigeria. Also,
we observed an association between high level productions
of TNF and both heavy infection and urinary tract pathol-

0ogy.

REFERENCES

0 O Mostafa, M. H., Sheweita, S. A. and Oconnor, P .J. O.
(1999). Relationship between schistosomiasis and bladder
cancer. Clin. Microb. Rev. 12 (1): 1-33.

0O O Nmorsi, O. P. G., Egwuyenga, A. D. and Bgjomo, D. O.
(2001). A survey of urinary schistosomiasis and trichono-
miasisin rural community in Edo State, Nigeria. Acta Med.
Biol. 49: 25-9.

0 O King, C. H. (2001). Disease in schistosomiasis haematobia.
In: Mahmoud, A. A. F, James, S. ed. Schistosomiasis. Vol.
3. London: Imperia College Press. pp 265-295.

0 O van der Werf M. and de Vlas S. (2001). Morbidity and in-
fection with schistosomes or soil- transmitted helminthes.
Rotterdam: World Health Organisation and Erasmus Uni-
versity. 1-103.

0 O Leutscher, P. D., Reimert, C. M., Vennervald, B, J. et al.,
(2000). Morbidity assessment in urinary schistosomiasisin-
fection through ultrasonography and measurement of
eosinophil cationic protein (ECP) in urine. Tropical Med
Int Health. 5: 88-93.

0O O Brouwer, K. C., Ndhlovu, P. D., Wagatsuma, Y., Munatsi, A.
and Shiff, C. F. (2003). Epidemiological assessment of
Schistosoma haematobium- induced kidney and bladder
pathology in rural Zimbabwe. Acta Trop. 85: 339-47.

0 O Keita, A. D., Sangho, H, Sacko, M., Diarra, Z., Yaya, S.,
Traore, |. (1997). Prevalence of schistosomiasis lesions de-
tected by ultrasonography in children in Molodo, Mali.
Gastroenterol. Clin. Biol. 29 (6-7): 652-655.

O O Christie, J., Crouse, D., Pineda, J., Anis-Ishak, E., Smith, J.
and Kamel, 1. (1986). Patterns of Schistosoma haemato-
bium egg distribution in the human lower urinary tract I.
Non cancerous lower urinary tracts. Am. J. Trop. Med. Hyg.,



35: 743-751.

O O Smith, D. H., Warren, K. S. and mahmoud, A. A. (1979).
Morbidity in schistosomiasis mansoni in relation to inten-
sity: study of a community in Kisumu, Kenya. Am. J. Trop.
Med. Hyg. 28: 220-229.

(00O Goldsmith R.S (2003). Infectious Diseases: Protozoa and
Heminthic in Current Medical Diagnosis and Treatment
(Tierney, McPhee and Papadakis eds). 42 Edition. McGraw
Hill USA. Pp 1447-1451.

(100 Wamachi, A. N., Mayadev, J. S., Mungai, P. L., Magak, P.
L., Ouma, J. H., Magambo, J. K., Muchiri, E. M., Koech, D.
K., King, C. H. and King, C. L. (2004). Increased ratio of
tumor necrosis factor-a to interleukin-10 production is as-
sociated with Schistosoma haematobium- induced urinary
tract morbidity. J. Infect. Dis. 190: 2020-2030.

(IO Cheever, A. W. and Yap, G. S. (1997). Immunologic basis
of disease and disease regulation in schistosomiasis. Chem.
Immunol., 66: 159-176.

(0O Raziuddin, S., Masihuzzaman, M, Shetty, S. and Ibrahim,
A. (1993). Tumor necrosis factor alpha production in schis-
tosomiasis with carcinoma of urinary bladder. Clin. Immu-
nol. 13 (1): 23-29.

(O Anderson, R. M. (1987). Determinants of infection in hu-
man schistosomiasis. Balliere's Clinical Tropical Medicine
and Communicable Diseases. 2: 279-299.

(100 Woolhouse M. E.J. and Hagan, P. (1999). Seeking the
ghost of worm past. Nature Medicine, 5: 1225-1227.

(0O Mutapi, F., Winborn, G., Midzi, N., Taylor, M., Mduluza,
T., Maizels, R. M. (1997). Cytokine responses to Schis-
tosoma haematobium in a Zimbabwean population: con-
trasting profiles for IFN-gamma, IL-4, IL-5 and IL-10 with
age. Infect. Dis. 7: 139.

(00 Mwatha JK, Kimani G, Kamau J, Mbugua G.G, Ouma, JH,
Mumo J, Fulford A.J.C, Jones FM, Butterworth A.E,
Roberts M.B and Dune D.W (1998). High levels of TNF,
soluble TNF Receptors, Soluble ICAM-1, and IFNy but low
levels of IL-5. are associated with Hepatosplenuc diseases
in HumH human schistosomiasis mansoni. J. Immunol.160:
1992-1999

(OO WHO (1983). Urine filtration technique of Schistosoma
haematobium infection. WHO PDP/83.4.

(00 Nmorsi, O. P. G., Ukwandu, N.C.D., Ogoinga, S., Blackie,
H. O. T. and Odike, M. A. C. (2007). Urinary tract pathol-
ogy in Schistosoma haematobium infected rural Nigerians.
Southeast Asian J. Trop. Med. Public Health, 38 (1): 32-37.

O WHO (1996). TDR/WHO.Ultrasound in schistosomiasis .
International Workshop on the use of ultrasonography in
relation to Schistosomiasis. Niamey, Niger. CERMES.

(IO King, C. L., Malhotra, I., Mungai, P, Wamachi, A., Kioko,
J., Muchiri, E. and Ouma, J. H. (2001). Schistosoma hae-
matobium induced urinary tract morbidity correlates with
increased tumor necrosis factor-alpha and diminished
interleukin-10 production. J. Infect. Dis. 184 (9): 1176-
1182.

(00 Silberstein, D. S. and David, J. R. (1986). Tumor necrosis
factor enhances eosinophil toxicity to Schistosoma mansoni
larvae. Proc. Natl. Acad. Sci. USA. 83 (4): 1055-1059.

O

(IO Lucey, D. R., Dorsky, D. T., Nicholson-Weller, A., Weller,
P. F. (1989a). Human eosinophil express CD4 protein and
bind human immunodeficiency virus 1 gp 120. J. Exp. Med.
169: 327-332.

(IO Lucey, D. R., Nicholas-Weller, A., Weller, P. F. (1989b).
Mature human eosinophils have the capacity to express
HLA-DR. Proc. Natl. Acad. Sci. USA. 86: 1348-1351.

(OO Weller, P F. R, Rand, T. H., Barret, T., Elovic, A., Wong, D.
T., Finberg, R. W. (1993). Accessory cell function of hu-
man eosinophils. HLA-DR dependent. MHC restricted an-
tigen presentation and IL-1 apha expression. J. Immunoal.,
150: 2554-2562.

(O Chen, M. G. Mott, (1989). Progress in the assessment of
morbidity due to Schistosoma haematobium infections: In
areview of the recent literature. Trop. Dis. Bull., 48: 2643-
8

(IO Thomas, J. E., Basset, M. T., Sigola, L. B. and Taylor, P.
(1990). Relationship between bladder cancer incidence,
Schistosoma haematobium infection and geographica re-
gion in Zimbabwe. Trans. R. Soc. Trop. Med. Hyg. 84: 551-
553.

(0 Kojima, S. (1998). Schistosomes: Clinical and pathological
aspects. In: Microbiology and Microbia Infections (Topley
and Wilson's eds.). 9" edition, published by Oxford Press,
Inc. New York, USA. 5: 479-505.

(0 Mutapi, F., Winborn, G., Midzi, N., Taylor, M., Mduluza,
T., Maizels, R. M. (1997). Cytokine responses to Schis-
tosoma haematobium in a Zimbabwean population: con-
trasting profiles for IFN-gamma, IL-4, IL-5 and IL-10 with
age. Infect. Dis. 7: 139.



