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ABSTRACT 

BARTSCH, R. C. & VANWYK, J. A., 1974. Studies on schistosomiasis. 9. Pathology of the 
bovine urinary tract. The Onderstepoort Journal of Veterinary Research 44 (2), 73-94 (1977). 

Pathological findings in the urinary tract of 40 head of cattle, experimentally or naturally 
infested with Schistosoma mattheei, are presented. Lesions of the ureter found in 57,5% of the 
cases consisted of linear granulomata with associated haemorrhages or granular patches. The 
segmental hydro-ureter caused by disruption of the muscular tunic by a granular patch type of 
lesion was a prominent finding. 

Bilharzia! bladder lesions observed in 75% of the animals were of 4 distinct types: granulomatous 
foci 1-2 mm in diameter, granular patches, polypoid patches and polyps. In all cases with bladder 
lesions the fundus was affected; neck and trigonal lesions tended to occur in the more severely 
affected bladders. 

The Hoeppli phenomenon was more common than in other species and was associated with 
the subacute stage of lesion. Urinary bladders with ovum granulomata: throughout the lamina had 
more severe microscopic lesions than those with ovum granulomata in the submucosa only. The 
stage of development of the bladder lesion was related directly to the length of infestation of the 
animal. There was an inverse rat io between the percentage of live ova in the bladders and increased 
chronicity of the lesions. 

Since the effects of reinfestation on the pathology were quantitative, a larger percentage of the 
reinfested animals had bladder and ureteric lesions, which tended to be more severe and, in the 
bladder, more chronic than in singly infested animals. 

A significant rank correlation was observed between the W- D index (relating the worm burdens 
and the duration of infestation) and the severity of macroscopic and microscopic bladder lesions 
(P< 0,001). 

The duration of infestation and the W-D index were significantly greater in animals with 
bladder lesions than in those without (P< 0,000 1) and no lesions of the bladders and ureters were 
fo und in animals infested less than 185 days, indicating an extended prepatent period in bovine 
urinary schistosomias is. On the other hand, there were no sign ificant differences between the worm 
burdens of animals with or without bladder lesions, suggesting that the first lesions appear between 
70 and 185 days after infestat ion, regard less of the number of worms present. 

Possible migration routes to the urinary tract are discussed . 
The bilharzia! granulomata observed in the renal pelvis of 20% of the animals is the first 

reported incidence of bilharzia! lesions of the renal pelvis. 
The incidence of renal parenchymal lesions in infested animals was more than double that in 

uninfested controls. 

*Some of the material presented in this paper was submitted by R .C.B. in January 1974 in partial fulfilment of the requirements 
for the degree Master of Veterinary Medicine (Pathology) in the Faculty of Veterinary Science, University of Pretoria 

(1) Present address: Affiliated Pathologists Laboratories, 9201 North Seventh Avenue, Phoenix, Arizona 85021, U.S. A. 
(")Please order reprints from this address (J . A. v. W.) 

Received 27 January 1977-Editor 
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STUDIES ON SCHISTOSOMIASIS. 9 

Resume 
ETUDES SUR LA SCHISTOSOMIASE. 9. LA PATHOLOGIE DU TRACTUS URINAIRE 

L'anatomo-pathologie du tractus urinaire est decrite d'apres 40 boeufs in/estes soit experimentale
ment so it dans !a nature avec Schistosoma mattheei. Les lesions de 57 , 5% de ces animaux au 
niveau de l'uretere etaient des granulomes lineaires ou en taches, parfois accompagnes d 'hemorragies. 
Un effet exceptionnel de ces lesions etait !a segmentation de l'uretere a cause de Ia rupture de sa couche 
musculaire. 

On a pu distinguer 4 types distincts de lesions au niveau de !a vessie chez 75% des animaux: 
des foyers granulomateux de 1- 2 mm de diametre, plaques granu/euses, plaques po/ypeuses et polypes. 
Le fond de Ia vessie etait constamment atteint, tandis que /e col et le trigone vesicaln'etaient atteints 
que pour les vessies gravement a.flectees. 

Le phenomene de Hoepp/i, plus marque que chez les autres especes, s'est assode avec les lesions 
subaigues. Les lesions microscopiques etaient plus marquees en tant que les granulomes paraissaient 
dans toute Ia paroi de Ia vessie que dans Ia sousmuqueuse seule. Le developpement des lesions cystiques 
etait en rapport direct avec Ia duree de !'infestation de !'animal. D 'autre part, le pourcentage d'oeufs 
viables dans Ia paroi vesicate etait en rapport inverse avec Ia chronicite des lesions. 

Com me l'effet d'une reinfestation sur Ia pathog§nie eta it quantitatif, davantage d'animaux reinfestes 
montraient des lesions au niveau de Ia vessie et de 13 uretere avec une tendance a etre plus importantes 
et plus chroniques (au niveau de Ia vessie) , que chez /es animaux in/estes une seule fois . 

Un rapport significatif entre /'index W-D (rapport entre /e nombre de parasites et Ia duree de 
!'infestation) et !'importance des lesions macroscopiques et microscopiques de Ia vessie a pu etre mis 
en evidence (P< 0,001). 

La duree de !'infestation et !'index W-D eta it plus important chez les animaux avec lesions cystiques 
que chez ceux sans lesions (P< 0,000 1). Les vessies et les ureteres des animaux in/estes au-de/a de 
185 ;ours etaient indemnes de lesions ce qui montre une periode de prepatence prolongee dans le cas de Ia 
schistosomiase urinaire des boeufs. D'autre part il n'y avail aucune difference entre le nombre de 
parasites recueillis chez des animaux avec ou sans lesions de !a vessie, ce qui suggere /'apparition des 
premieres lesions a partir de 70 jusqu'a 185 }ours apres !'infestation sans egard au nombre de parasites 
presents. 

INTRODUCTION 

Although the pathology of schistosomiasis has been 
extensively studied in humans and some experimental 
animals, information on the pathology of the disease 
in cattle is limited. In man, urinary schistosomiasis 
has received a great deal of attention, but in cattle 
this aspect is largely unreported or undescribed. 

Schistosoma mattheei infestation of ruminants was 
fi rst described after an investigation of sheep deaths 
on the farm of MrS. W. Matthee in the Humansdorp 
district of the Cape Province (Veglia & Le Roux, 
1929). In his report on the pathological findings of 
this outbreak, Le Roux (1929) observed that a 
comparative study of spontaneous animal and 
human schistosomiasis would have elucidated various 
points associated with human schistosomiasis which 
have puzzled man for years, but his comment has 
largely gone unheeded. 

Despite reports on the high incidence of the 
disease, descriptions of urinary tract lesions in cattle 
are uncommon and concern only the bladder. 
Hussein (1968; 1971) and Malek (1969) observed no 
lesions of the urinary tract in naturally or experi
mentally infested cattle. Condy (1960) reported 
that 3% of 1 000 urinary bladders from Rhodesian 
abattoirs contained schistosome ova. In a similar 
survey Lawrence & McKenzie (1972) found that 
10,5% of 869 bovine urinary bladders contained 
ova of S. mattheei. McCully & Kruger (1969) found 
gross lesions of the urinary bladder in cattle and 
detected ova in 7 of 9 bladders examined micro
scopically. Neither gross nor microscopic involvement 
of the ureters or kidneys in bovine bilharziasis has 
been reported. 

This study on urinary involvement in bovine 
bilharziasis was undertaken for the following reasons: 

l. A systematic, morphological study of frequency, 
distribution and pathogenesis of the lesions in the 
urinary tract is fundamental to a full understanding 
of the d isease in cattle. 

2. A comparison of the pathology of experimental 
and spontaneous infestations in cattle should provide 
a basis for future studies of the host-parasite 
relationship. 
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3. A study emphasizing the comparative pathology 
and pathogenesis of urinary lesions in S. mattheei 
infestation of cattle with similar lesions in man may 
lead to a better understanding of human urinary 
bilharziasis. 

4. A comparative investigation may help to 
elucidate the poorly documented lesions of the bovine 
urinary tract. 

MATERIALS AND METHODS 

Forty head of cattle infested with S. mattheei were 
utilized for pathological studies. Thirty of these were 
experimentally infested (Van Wyk, unpubl ished data, 
1971) and 10 were naturally-infested field cases (Van 
Wyk, Bartsch, Van Rensburg, Heitmann & Goosen, 
1974). With the exception of 5 bulls and 1 heifer in 
the experimental group and 1 bull in the naturally
infested group, all the animals were steers. The 
experimental animals were maintained at Onderste
poort in pens containing shelters and were fed dry 
lucerne hay ad libitum with concentrate and mineral 
supplement. Five of the naturally-infested animals, 
which originated from the far m "Otthilie" near 
Tolwe in the north western Transvaal, were treated 
with trichlorphon as a vermicide (Van Wyk et a!., 
1974). 

The experimental animals were from several 
experiments, but only those data pertinent to the 
pathological findings of the urinary tract will be 
presented here. 

The experimental design is sum marized in Table 1. 
Details of the dates and numbers of cercariae given 
to individual animals in each of the 5 experimental 
groups will be published separately. 

Groups VI and VII consisted of field cases. The 
cattle in Group VI were untreated while those in 
Group VII were treated with various doses of 
injectable trichlorfon*. 

The techniques used for the maintenance of 
S. mattheei in the laboratory and for infesting cattle 
were those descri bed by Van Wyk & Groeneveld 
(1973) and Van Wyk (1973). 

* Dylox Injectable, Bayer Agrochem 
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TABLE I Experimental design 

No. of Mean age at Primary Secondary Interim Remarks Group cattle death infestation** Interim infestation** before death (months) 

I. ..... . . . . . 10 25 31 913 - - 16-18 m Killed for worm recovery 

II . . .. .. . .. . 3 21 146 741 - - 56-59 d Died or killed in ex tremis 
(439/kg) 

III. ....... . 6 25 31 813 10m 123 844 6m Killed for worm recovery 

IV .. . . .. . . . . 6 32 9 882 15 m 
(437/kg) 
142 787 4-6 m Oxen E20 & E24 killed in ex-

(436/kg) tremis. Others sacrificed fo r 
worm recovery 

v ... . .... .. 5 20 9 548 - - 2-6m Killed for worm recovery 

VI.. .... .. . . 5 ± 24 Not known Not known Not known > 6 m* Field cases (untreated) 

VII .... . ... . 5 ± 24 Not known Not known Not known > 6 m* Field cases (treated) 

* See van Wyk et a!., 1974 for origin of estimate 
** Mean number of cercariae 

With the exception of Calf El2, which died 
naturally, the animals were injected intravenously 
with 50 000 units of heparin before being killed. 
Calves Ell, El3, E20, E24, N31 and N39 were killed 
in ex tremis, all the rest being killed for worm recovery 
at the termination of the various experiments. 
Animals E3, Ell, El3, E24, E25 and N31 were 
killed by severing the spinal cord at the atlanto
occipital joint; N36 and N37 were shot and 
exsanguinated, and E30 was anaesthetized with 
sodium pentobarbitone* before exsanguination . 

Visceral perfusion and schistosome collections were 
performed in situ by adapting the techniques used 
by McCully & Kruger (1969) for perfusing sheep. 
With the exception of 3 field cases of bilharzia where 
aliquot counts were used for estimating the worm 
burden (Van Wyk et a!., 1974), a total count was 
made of the worms collected from the mesenteric 
and gastric radicles of the portal vein, intra-hepatic 
portal vessels and the pulmonary arteries of the 
remaining cases. Only the total number of worms 
collected is recorded in Table 2; the distribution of 
parasites will be dealt with in a later publication. 

After the parasites had been collected from the 
mesentery, necropsies usually commenced within an 
hour of death. 

Classification of bladder lesions 
The appearance, location, severity and chronicity 

of the lesions were recorded semi-quantitatively and/or 
qualitatively. 

Macroscopic 
(a) Types of granulomata : The granulomata were 

classified into 4 types, ranging from individual small 
foci to conglomerations of granulomata and polyps 
(see Results). 

(b) Severity and frequency: Lesions of the urinary 
bladder were evaluated according to the fraction of 
the mucosal surface involved: up to 1/ lOth involve
ment was marked slight or 1; from 1/ IOth to 1/Sth, 
mild or 2; 1/Sth to l /3rd, moderate or 3; l /3rd or 
greater, severe or 4. 

(c) Location : e.g. fundus, neck or trigone of 
bladder. 

* Sagatal (May & Baker) 
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Microscopic 
(a) Severity and frequency of the lesions: The 

lesions were classified as follows: 
I . slight or infrequently observed lesions ; 
2. mild or occasional lesions ; 
3. moderate or frequently observed lesions; and 
4. severe or very frequent lesions. 

(b) Stage of development of the lesion (stage of 
lesion): The lesions were divided into subacute, 
chronic active and chronic stages (see Results). 

(c) Grade (laminar distribution) of lesion: Laminar 
distribution of ovum granulomata was graded as 
follows: In Grade 1, granulomata occurred only 
in the submucosa; in Grade 2, in the submucosa and 
superficial muscularis and in Grade 3, throughout the 
bladder wall. 

(d) Ova: The number of ova per mm2 as well as 
the frequency of necrotic and calcified ova and of the 
Hoeppli phenomenon (see pp. 81 and 88) were 
determined in representative sections. 

Uninfested 'control animals 
Kidney specimens from 25 head of randomly 

selected, apparently healthy slaughter cattle were 
collected for histological comparison with the kidneys 
of the infested animals. The control animals were 
2-3 years old, not infested with schistosomes and 
moreover originated from areas in which schisto
somiasis is not enzootic. 

Processing of specimens for histopathology 
Tissue specimens for histopathological examination 

were collected in 10% buffered formalin and paraffin 
sections prepared. Besides haematoxylin and eosin 
(H & E), the following special stains were used : 
Giemsa, Masson's trichrome, Schmorrl's method for 
lipo-fuchsin, the PAS reaction, Perl's method for 
iron, Pickworth's benzidine method for haemoglobin , 
crystal violet for amyloid , oil red 0 on frozen sections 
for lipids, Mayer's mucicarmine and Fraser-Lendrum 
stain for fibrin. 

Macroscopic and microscopic post mortem findings 
of individuals and groups were compared and 
correlated with the number of worms found post 
mortem and with the duration of infestation . 
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Statistical Evaluation 
1. Differences in experimental values between 

groups of cattle or between treatments (e.g. single or 
reinfestation) and lesions were examined for statistical 
significance (5% level of significance) by means of 
the Kruskal-Wallis one-way analysis of variance by 
ranks test (Siegel, 1956) and the Nemenyi multiple
comparison test (Miller, 1966) when more than 2 
groups were compared simultaneously, or by the 
Mann-Whitney U test (Siegel, 1956) when 2 groups 
were compared at a time. 

2. The various values per animal were tested for 
significant correlations (5 % level of significance) by 
either Pearson's coefficient of correlation (Downie & 
Heath, 1965) or Kendall's coefficient of correlation 
by ranks (Siegel, 1956). 

Worm-Day Index (W-D Index) 

A worm/day index was calculated to obtain an 
indication of a possible cumulative effect of the 
worm burden and the duration of the infestation of 
the animal host (Table 2): 

() W D
. d Wa x (Da- 45) + Wp x (Dp-45) 

a - m ex 105 

where Wa= the number of worms recovered at 
autopsy, 

Wp = the estimated primary worm burden at 
the time of reinfestion (from Lawrence, 
1973), 

Da=the number of days between reinfest
ation and the autopsy, and 

Dp = the number of days between the 
primary infestation and reinfestation. 

Deposition of ova by the worm is generally accepted 
to be responsible for most of the pathology in the 
host (Warren, 1973). Hence the prepatent period 
(45 days; Van Wyk, unpublished data, 1971) was 
subtracted from the duration of infestation for both 
the primary and challenge infestations. 

The W-D index was also calculated in 3 other 
ways : 

(b) As for (a), but the worm burdens were multiplied 
with the duration of infestation (in days) instead of 
the patent period ; 

(c) An approximate mean worm burden was 
calculated, taking into account an expected mean 
development of 60% at 60 days after infestation, 
diminishing to 12% of this total by 12 months after 
infestation (Lawrence, 1973). 

This mean worm burden was substituted for the 
worm burdens in the 2 formulae above for obtaining 
the remaining 2 W-D indices. 

As the 4 values for each animal correlated highly 
significantly with one another, the minimum r-value 
being 0 , 839 4 (P < O,OOO 1), only the first method 
of calculating the W- D index is described and this 
index is listed in Table 2 for each animal. 

RESULTS 

I . Urinary Bladder Pathology 
A. Macroscopic pathology 

Macroscopic granulomata were observed in the 
mucosa of the urinary bladder in 75% (30) of the 
cattle. 
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1. Types of granulomata 

The following 4 types of granulomata were 
recognized (Table 3) : 

(a) The smallest lesions were grey-white granulo
mata, slightly raised, and 1-2 mm in diameter (Fig. 1). 
These were generally found scattered over areas up 
to 5-10 em in diameter. 

(b) More densely aggregated granulomata, called 
granular patches, formed slightly raised foci 1-2 em 
in diameter ; these lesions were also grey-white and 
haemorrhagic, presenting a rough granular surface 
with poorly demarcated borders (Fig. 1). 

(c) Polypoid patches were 1-3 em in diameter and 
raised up to 1 em. These conglomerations of granulo
mata, also grey-white in colour or haemorrhagic, with 
a rough surface, were sharply demarcated from the 
surrounding mucosa and somewhat oedematous on 
the cut surface (Fig. 2) . 

(d) Finally, one pedunculated polyp 4 em long with 
a pedicle 1 em in diameter was observed in the 
bladder of Animal EIO ; it was haemorrhagic with a 
rough surface and oedematous on incision (Fig. 3). 

In all 4 types of lesion petechiae and ecchymoses 
were commonly observed within the granulomatous 
areas . 

In lightly affected bladders there were granulomata 
mostly 1-2 mm in diameter, or a few granular patches, 
or else a combination of the two types of lesions. The 
1- 2 mm foci occurred in 12 of 30 cases (40 ,0% ) and 
appeared to be the initial gross lesions, progressing by 
confluence and aggregation into the larger granular 
patches which occurred in 25 of 30 cases (83 , 3 % ) . The 
types of granulomata correlated highly significantly 
with the macroscopic (r= 0,656 5; P < O,OOl) as well 
as the microscopic severity of the lesion (r= O, 824 7 ; 
P < O,OOI), and significantly (r= 0 , 252 8 ; P < 0,05) 
with the grade (laminar distribution) of lesion (below). 

More severely affected cases had a higher incidence 
oflesions in the neck of the bladder; granulomata were 
found here in only 20% of lightly affected bladders, 
compared with 33% in mild, 67% in moderate and 
50% in severe cases. 

2. Severity and frequency of gross lesions (Table 2). 

The mean severity of gross lesions was 2,3 in 
Group I ; 0,0 in Group II ; 2,5 in Group III ; 2 , 7 in 
Group IV; 0,2 in Group V ; 3 , 6 in Group VI and 0 ,6 
in Group VII. The lesions varied from slight in 
5 cattle to severe in 10. 

There was a highly significant negative rank 
correlation between the gross severity of the lesions 
and the percentage of live ova (r= -0 ,500 9 ; 
P < O,OOI) , as well as a positive rank correlation 
with the W-D index (r= 0 , 532 4; P < O,OOl ) and the 
severity of the microscopic lesions (r = O, 77 1 l ; 
P < 0 , 00 l ). A significant negative rank correlation 
was found with the percentage of ova showing the 
Hoeppli phenomenon (r= -0, 323 8 ; P < 0 , 05). 

In one animal (E2l) severe discrete polypoid lesions 
1 em in diameter, confluent at times, involved 80% 
of the bladder mucosa. There were raised foci of 
haemorrhage and oedema 1 em in diameter scattered 
over the trigonal region. The bladder of another 
animal (N35) contained confluent, villous, haemor
rhagic granular and polypoid patches involving most 
of the fundus (Fig. 2). 
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FIG. 1 Urinary bladder showing 1 to 2 mm focal granulomata and haemorrhage (A) and the larger granular patches (B). Not 
haemorrhages and granulomata at trigone and distal ureters (C) 

FIG. 2 Severely affected bladder containing many polypoid patches throughout fundus. Note involvement of the neck and trigonal 
area (arrow) 
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3 

) 

·113~-¥+ ]4~ · .. · ~ •fs J 

l llltl ,,,,,,,,lfl!lil 

FIG. 3 Urinary bladder with a large polyp (arrow) originating from the neck and trigone region. Note the polypoid patches in the 
fundus 

FIG. 4 Close-up of the renal pelvis showing the linear relationship of the granulomata and haemorrhages 

78 



R . C. BARTSCH & J. A. VAN WYK 

TABLE 2 Number of worms recovered and a summary of the pathological data 

Classification of bladder lesions Number of ova 

Worms/ 

No. of kg Macroscopic Microscopic W-D 
Group Animal worms (Imm. With Index before 

/mm2 Live(%) Hoeppli 
death) Type of reaction Seve-Severity* Granu- rity** Stage*** Gradet (%) 

lomatt 

I. ....... . .... El 8 381 20,69 4 1,5 4 1 
2 10 104 24 ,35 2 2,5 4 1 
3 3 757 8,84 2 1,5 2 2 
4 9 208 21,07 3 1 ,5 1 1 
5 4 144 11,58 2 1,0 1 1 
6 6 604 22,39 2 2 ,0 4 1 
7 2 796 7,36 1 1,5 2 1 
8 1 751 5,27 2 2,0 3 1 
9 2 767 8,76 2 1,5 2 1 

10 2 542 5,22 3 2 , 3 4 1 
MEAN 5 205 2,3 1 ,73 2 ,7 1,1 

II .... ...... . . Ell 102 467 334,86 0 0 0 a-
12 80476 268 ,25 0 0 0 -
13 61 814 219,20 0 0 0 -

MEAN 81586 0,0 0 ,0 0,0 b· 

III ...... ..... E14 32 306 98,48 1 2,0 1 3 
15 33 673 107 ,93 2 1 '5 2 3 
16 95 162 280,71 2 2,0 3 2 
17 17 812 44,53 4 2,0 4 2 
18 34 350 81 ,59 2 2,0 4 2 
19 65 420 161,93 4 2,0 4 2 

MEAN 46454 2,5 1,91 3,0 2,3 

IV ...... . ... . E20 25 728 74 ,79 4 I ,0 2 2 
21 31 752 94,78 4 2,5 4 2 
22 36 637 87,65 4 2,0 4 3 
23 46 568 92,95 3 2,0 3 3 
24 39 542 136 ,82 1 2,0 3 2 
25 31 960 85,68 2 1,0 3 2 

MEAN 35 365 2,7 1,75 3,2 2 ,3 

v . ........... E26 6 149 0 0 0 -
27 6 203 0 0 0 -
28 6 087 0 0 0 -
29 4 059 1 1 1 -
30 5 961 0 0 0 -

MEAN 5 692 0,2 0,2 0,2 

VI. .. .. ....... N31 41 654 4 2,0 4 3 
32 56 833 231,97 4 2,5 4 3 
33 64 434 241,33 4 2,5 4 2 
34 54 603 280,02 2 1,0 2 3 
35 71 083 4 2,5 4 2 

MEAN 57 721 3,6 2,1 3,6 2,6 

VII .. . .. .. . ... N36 1 815 0 0 0 0 
37 46 342 0 0 0 -
38 24 751 2 2,5 4 1 
39 15 896 0 0 0 -
40 1 517 1 2,0 3 3 

MEAN 18 064 0 ,6 0,7 1,4 1,0 

Key to Table 

Macroscopic severity Types of Microscopic severity Classification of lesions* granulomatatt of lesions** 

0 ...... ...... No lesions (included No lesions (included No lesions (included 
in mean values) in mean values) in mean values) 

1. .. .. . . ..... < 1/10 of bladder Foci 1-2 mm diam. Slight or infrequent 
mucosa involved 

2 ... ... . ..... 1/ I0-1 /5th of mucosa Granular patches 1-2 Mild or occasional. . 
involved em diam. 

3 .. .... .... . . l /5th-l /3rd of mu- Polypoid patches 1-3 Moderate or frequent 
cosa involved em diam. 

4 ... . .. .... . . > 1/3rd of mucosa Pedunculated polyps Severe or very fre-
involved quent 

a- Not apphcable or no bladder lesions or too few eggs for classification 
b · Unknown or not calculated 
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3 0,55 24 6 35,20 
3 0,74 53 10 47 , 39 
2 0,12 95 0 16,68 
2 0,05 56 0 41 '71 
1 0,02 60 0 18,69 
3 0,16 42 5 29 ,65 
3 0,22 43 2 12,86 
3 0 ,06 33 11 8,28 
1 0,15 60 0 13 ,92 
3 0,30 50 3 11,85 
2,4 0 ,24 51,6 3,7 23 , 62 

- - - - 12 ,30 
- - - - 9,66 
- - - - 8,65 

10 , 20 

2 - - - 71,71 
2 - - - 65 ,28 
3 0,42 48 0 160,96 
3 0,24 22 1 37 ' 17 
3 0,97 23 0 85,79 
2 0, 76 29 0 113 , 23 
2,5 0, 60 30,5 0,25 89 ,02 

1 2,04 33 0 34,01 
1 0,18 18 0 51,25 
3 0,12 5 0 55 , 01 
3 0,05 3 0 88' 16 
3 1,36 22 0 32,16 
3 0,06 13 12 57 , 95 
2 ,3 0,64 15,7 2 ,0 53 ,09 

- - - - 0,74 
- - - - 0,74 
- - - - 1,58 
- - - - 5,72 
- - - - 8,41 

3,44 

3 3,98 5 0 
1 4,94 9 0 
3 0,24 31 0 
2 0,72 35 0 
3 0,50 22 0,3 
2,8 2 , 08 20,4 0 ,06 

- - - -
- - - -

3 1,30 21 5 
- - - -
- - - -

3,0 1,30 21,0 5,0 

Grade (laminar 
Stage of lesion*** distribution) of 

lesionst 

- -

Subacute ...... .... . Lesions in submucos a 
only 

Chronic active .... . In submucosa+ super 
ficial muscularis 

Chronic ... ....... . Throughout bladder 
wall 

- -
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TABLE 3 Severity of the gross bladder lesions and the type and location of the lesions 

Type of lesion Location of lesion 

Severity of Animal 
lesion number 1-2 mm 1-2 em 

granular foci patches 

I. ....... .. . .... E 7 + + 
El4 - + 
E24 - + 
E29 + -
N40 - + 

2 . . ............ . E 2 - + 
E 3 + + 
E 5 + -
E 6 - + 
E 8 - + 
E 9 + + 
E15 + + 
E16 - + 
E18 - + 
E25 + -
N34 + -
N38 - + 

~ 

3 .. .. .. . . . ... ... E4 + + 
ElO + + 
E23 - + 

4 .. .. .. ....... .. E 1 + + 
E17 - + 
El9 - + 
E20 + -
E21 - + 
E22 - + 
N31 - + 
N32 - + 
N33 - + 
N35 - + 

3. Location of lesions (Table 3) 
In all 30 cases with bladder lesions the fundus 

was involved. In addition I 2 animals had lesions of 
the bladder neck and in 3 cases the trigone was 
enlarged, oedematous and haemorrhagic and con
tained granulomatous foci. 

4. Relationship between gross lesions and infestation 
The W-D index of animals with gross bladder 

lesions was significantly higher (P < O,OOO I) than 
those without lesions. While the period of infestation of 
animals with bladder lesions was significantly longer 
(P< O,OOO 1) than in those without, there were no 
significant differences between the worm burdens of 
animals with or without bladder lesions, indicating 
that the first lesions appear between 70 and 185 days 
after infestation, regardless of the number of worms 
present. Note that there were no observations in 
these investigations for the period between 70 and 
185 days . 

All reinfested cattle had bladder lesions compared 
with only 73 /;; of the singly infested animals. 
However, if one disregards the singly infesttd 
animals infested for 70 days or less, there were bladder 
lesions in II of 12, or 92 /;; . On the other hand the 
reinfested animals had more serious lesions than the 
singly infested animals (the mean severity of the 
former group being 3, 0 and the latter 1 , 33 ; P < O, 0 I). 
The grade of lesions (laminar distribution) of the 
reinfested anirr. als did not differ significantly from 
that of the singly infested cattle (P> 0,4). 

Polypoid Pedunculated Fundus Neck Trigone patches polyps 

- - + + -
- - + - -
- - + - -
- - + - -
- - + - -

+ - + -
- - + + -
- - + - -
- - + + + 
- - + - -
- - + - -
- - + - -
- - + + -
- - + - -
- - + + -
- - + - -
+ - + - -

- - + + -
- + + - -
- - + + -

- - + - -
- - + .+ -
- - + + + 
- - + - -

+ - + + + 
- - + + -
- - + - -
+ - + - -
+ - + + -
+ - + - -

B. Microscopic pathology of the urinary bladder 

1. General 
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Microscopic ovum granulomata were present in 
30 of the 40 urinary bladders (75, 0 /;;) and were not 
observed in bladders free of gross lesions . 

(a) Pathogenesis of the ovum granuloma 
The complete pathogenesis of the ovum granuloma 

could not be determined because the experiments were 
not specifically planned for this purpose. Ova. were 
mostly deposited in "convoys", which complicated 
elucidation of the pathogenesis of single granulomata, 
since most ova were located in areas of diffuse 
inflammatory reaction. However, a genera.! P.ro
gression of events became evident after exammatwn 
of the large number of bladder and ureter histological 
sections. It is possible that the earliest host reaction 
to the bilharzia ovum escaped detection, but the first 
apparent reaction was histiocyte infilt~ation . 
Apparently viable ova wer.e oft~n acc.ompa!lied ?Y 
histiocytes and few or no eosmophiis, while eosmophiis 
were never found in the absence of histiocytes around 
these ova. It appears, therefore, that histiocytes, 
followed closely by eosinophils, were the earliest 
inflammatory cells to respond to the presence C?f the 
foreign protein. This pattern se~med ~onstant m. all 
3 groups irrespective of previOus n~munolo!pcal 
c·lallenge. If the ovum did not pass ummpeded mto 
the lumen of the bladder or ureter, it became necrosed. 
At about this time most ova were engulfed by one or 
more foreign-body giant cells interspersed with, or 



immediately surrounded by, eosinophils. A small 
number of plasma cells, lymphocytes and histiocytes 
formed the peripheral layer of reactive cells. 

The cell reaction became strongly eosinophilic 
following necrosis of the contents of the ovum. 
At this stage of granuloma formation, the ovum was 
often immediately surrounded by a Hoeppli reaction 
(an acidophilic, crystalline coating radiating from the 
ovum cuticle in a stellate pattern-Von Lichtenberg, 
Smith & Cheever, 1966), then by several layers of 
eosinophils, followed by a layer of giant cells and 
histiocytes and finally a few layers of plasma cells, 
lymphocytes and eosinophils. 

Once the ovum had undergone necrosis the 
pathogenesis followed 1 of 2 pathways. If the ovum 
shell remained intact, a gradual diminution of the 
exudative inflammatory process and Hoeppli reaction 
was noticed as the cell contents of the ovum 
progressed from pyknosis to dissolution and loss of 
detail and finally to a homogeneous acidophilic 
mass within the shell. By this time the ovum had 
usually been engulfed by a giant cell surrounded by a 
few histiocytes, eosinophils, lymphocytes and plasma 
cells. Calcification of the ovum and its remaining 
contents appeared to be the next change and was 
associated with the loss of all inflammatory response. 
The final stage of the granuloma was a calcified 
focus, usually surrounded by collagen and with a 
few occasional lymphocytes nearby. 

Alternatively, some ova became ruptured and the 
contents pyknotic. The lesion in this case was 
characterized by a marked eosinophil infiltration 
called an "eosinophilic granuloma". Usually the large 
numbers of eosinophils were surrounded by histio
cytes, giant cells, lymphocytes and plasma cells. 
The extent of the eosinophilic granuloma decreased 
with the progressive removal of the ovum contents 
until only fragments of the shell remained. These were 
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engulfed by a foreign-body giant cell and surrounded 
by lymphocytes, plasma cells , histiocytes and a few 
eosinophils. Many ovum lesions were observed in 
this stage. The inflammatory process decreased 
progressively until finally the fragmented shell was 
associated with an occasional histiocyte or lympho
cyte. Both calcified and non-calcified shell fragments 
were seen. 

Fibroplasia did not become evident until late in the 
exudative stage of the granuloma. As the number of 
epithelioid cells, plasma cells and eosinophils 
decreased, they were gradually replaced by newly 
formed fibrous tissue. Eventually at the final stage of 
the granuloma, concentric rings of connective tissue 
formed around the remnants of the ovum. 

(b) The Hoeppli reaction: (Tables 2 and 4) 
Hoeppli reactions surrounded some ova in 15 of the 

30 ( 50/o) affected bladders. They occurred in 9 of 18 
(50/o ) singly infested animals, 4 of 12 (33 /o) reinfested 
ones and 2 of 10 (20/o) field cases. Furthermore, 
a highly significant negative rank correlati on between 
the percentage of ova showing the Hoeppli pheno
menon and the stage of lesion (r= -0,507 3 ; 
P < O,OOl) was observed most frequently in the 
subacute cases, and least often in the chronic cases. 
Seven of 10 (70/o) subacute cases listed in Table 2, 
compared with 3 of 11 (27 ,2 /o ) of chronic active 
cases, had Hoeppli reactions. Table 2 li sts only 10 
cases with Hoeppli phenomena. The additional 5 
animals mentioned above which had Hoeppli reactions 
contained fewer than 3 ova in the bladder sections 
examined and were deleted from the percentage 
calculations of Table 2. 

The Hoeppli reaction always appeared to be 
associated with necrotic or ruptured ova. The reaction 
was not found surrounding empty shell fragments or 
calcified ova. 

TA BLE 4 The stage of lesion, number of ova/ mm' of bladder section, percentage live ova and percentage of ova with Hoeppli reactions 

Stage of lesion Animal Number of ova Percentage Percentage ova 

number counted Ova/mm 2 
live ova with H oeppli 

react ion 

Sub-acute ... . .... . ... . . . . .. . .. .. . . E 1 71 0,55 24 6 
E2 119 0, 74 53 10 
E4 11 0,05 56 0 
E 5 5 0,02 60 0 
E 6 62 0,16 42 5 
E 7 38 0,22 43 2 
E 8 9 0,06 33 11 
E 9 59 0,15 60 0 
E10 83 0,30 50 3 
N38 221 1,30 21 5 
MEAN 67,8 0,36 44 ,2 4, 2 

Chronic active . ... . ... .. ...... . .. . E 3 17 0,12 95 0 
E16 32 0,42 48 0 
E17 90 0,24 22 1 
E18 171 0 , 97 23 0 
E19 130 0,76 29 0 
E20 276 2,04 33 0 
E24 233 1,36 22 0 
E25 8 0 , 06 13 12 
E21 54 0,18 18 0 
N33 56 0,24 31 0 
N35 241 0,50 22 0 ,3 
MEAN 118,9 0 ,63 32,4 1 ,2 

Chronic . .... ... . .. .......... . ... . E22 21 0,12 5 0 
E23 18 0 ,05 3 0 
N31 1 288 3 ,98 5 0 
N32 889 4 , 94 9 0 
N34 104 0,72 35 0 
MEAN 464,0 1,96 11,4 0 ,0 
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FIG. 5 Ureter affected with linear granulomata and associated haemorrhages (arrow) 
FIG. 6 The ureter below contains a large granular patch type of lesion and is markedly dilated compared to the normal ureter above 
FIG. 7 Photomicrograph of a submucosal venule from a urinary bladder. There is severe adventitial oedema and marked contiguous 

inflammatory reaction. The small arteriole shows severe vasculitis. x 75. H & E 
FIG. 8 Photomicrograph of a submcousal venule of a urinary bladder. Note the severe intimal and perivascular infiltrates. The 

infiltrating cells are predominantly eosinophils. The tunica media beneath the severe intimal infiltrate is hypertrophic. x 75. 
H&E 

FIG. 9 Photomicrograph of the muscularis of a ureter displaying marked separation and disorientation of the bundles of smooth 
muscle fibres by inflammation. There are several ova scattered throughout the field . x 75. H & E 

FIG. 10 Photomicrograph of a kidney showing the interstitial infiltration of lymphocytes and plasma cells surrounding an atrophying 
glomerulus (left) and tubule (right). x 200. H & E 
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(c) Vascular and perivascular lesions 

Lesions involving blood vessels were observed in 
all 3 groups. 

Perivascular cuffing and inflammation of the 
adventitia of small submucosal arterioles and venules 
were quite frequently found adjacent to the granulo
matous inflammatory reactions. The composition 
and extent of perivascular cuffs varied directly with the 
stage of the submucosal lesion. Cuffs associated with 
exudative lesions generally consisted of eosinophils 
with occasional plasma cells and lymphocytes, the 
numbers usually varying with the intensity of the 
inflammatory response. Submucosal lesions of cases 
in the chronic stage commonly contained vessels 
cuffed by a number of plasma cells, lymphocytes and, 
rarely, eosinophils . 

The adventitia of submucosal arterioles and venules 
of 9 cases was markedly thickened by loose connective 
tissue interspersed with slightly basophilic material 
(Fig. 7). No inflammatory reaction was noticed in the 
adventitia of these vessels and the thickening did not 
appear to involve the tunica media. Special stains did 
not assist in the identification of this material . 
Mayer's mucicarmine, the Fraser-Lendrum method 
for fibrin and the PAS reaction were all negative. 
However, the affected vessels were contiguous with, 
or in close proximity to, granulomatous inflammatory 
responses and this was thought to be an oedematous 
response resulting from the nearby inflammation. 

Vasculitis was encountered in 4 cases (E2, Group I; 
E17 & 18, Group III; E21, Group IV- Fig. 7 & 8). 
The severity varied from infiltration of the tunica by 
eosinophils and occasional lymphocytes to eosinophil 
and histiocyte-rich granulomata of the intima and 
adventitia . Several thrombosed veins were observed in 
I case (E2) in conjunction with severe vasculitis, 
ovum granulomata and necrotic worms. Hypertrophy 
of the tunica media was noted in the submucosa of 
only 1 urinary bladder (E 17- Fig. 8). The thickened 
portion of the arteriolar wall was contiguous with an 
eosinophilic granuloma of the interna. Mild 
endothelial hyperplasia was observed in the 4 cases 
with vasculitis. Endothelial hyperplasia was 
characterized by slight intimal thickening which led 
to formation of small villi in the endothelium. 

Neovascularity of the vesicular submucosa, con
sistently found in all cases displaying schistosoma! 
lesions, was characterized by a marked increase in the 
number of arterioles and capillaries and occurred in 
all 3 stages of lesion (discussed under severity and 
frequency of microscopic lesions). 

(d) Lesions of the laminae of the bladder 

The mucosa of most bladders with moderate or 
severe submucosal lesions was markedly hyper
plastic and characterized by the development of 
folds and papillary structures. In many instances 
circumscribed pockets of epithelial cells (epithelial 
nests of Von Brunn) were observed in the submucosa 
at varying depths. Small ulcers with associated 
haemorrhages were often noticed in areas of hyper
plasia adjacent to ovum granulomata. 

Submucosal thickening in bladders with active 
lesions varied directly with the extent of inflammation 
and granulomatous response. The most extreme 
examples of inflammatory reaction were found in 
Animals E21 and N38 where extensive oedema, 
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fibrin accumulation, haemorrhagic foci and very 
severe diffuse eosinophilic infiltration of the 
submucosa occurred . 

Marked fibrous thickening of the submucosa was 
encountered in 8 cases, the submucosa showing 
increased vascularity and resembling granulation 
tissue . The lesions in all but 3 (E25 in Group IV and 
N33 and N35 in Group VI) were in the chronic stage. 
By comparison, thickening of the submucosa of 
bladders in the chronic active stage was due to both 
exudative inflammatory reaction and active fibro
plasia . 

Usually the few inflammatory cells in the sub
mucosa of areas without ovum granulomata consisted 
of eosinophils and plasma cells accompanied by mild 
perivascular plasma cell and lymphocyte cuffing. In 
the chronic stage, submucosal areas free from ovum 
granulomata showed varying degrees of infiltration 
(Kloetzel , 1967) pigment-laden histiocytes , lympho
cytes and , infrequently, eosinophils . 

In many bladders foci of closely packed lympho
cytes were found near areas of ovum granulomata. 
These foci occurred in the submucosa of bladders in 
all 3 stages as well as in bladders without granu
lomata, but they were smaller in the latter. The 
aggregates of lymphocytes were usually found near 
a prominent ca pillary or arteriole . Submucosal 
connective tissue adjacent to granulomatous areas 
was usually oedematous and was infiltrated by 
varying numbers of eosinophils , plasma cells and 
lymphocytes. 

Granulomatous lesions of the lamina muscularis 
and serosa were similar to those of the submucosa. 
However. ovum granulomata of the muscularis 
contained a markedly higher proportion of histiocytes 
than those found elswhere. Moreover, most of the 
ovum granulomata in the muscularis occurred close 
to blood vessels , suggesting that the eggs are laid in 
this area and break through the venules of the lamina 
muscularis on their wa~y to the bladder lumen . 
Organization and fibrosis 'of granulomata in the 
muscularis cause separation of the smooth muscle 
bundles. 

2. Severity and frequency of microscopic lesions of 
the urinary bladder 

The microscopic lesions varied greatly in severity. 
Several bladders contained only a few ovum granulo
mata with minor associated changes, some were 
severely affected , whilst others , although containing 
few ovum granulomata, had severe secondary lesions, 
for instance, haemorrhage, fibrosis or cell infiltration. 
The mean severity was classified for the various 
groups as follows : 

2,7 in Group I (single, mild infestation) ; 
0,0 in Group II (single, heavy infestation); 
3 ,0 and 3 , 2 in reinfested Groups III and IV 

respectively ; 
0,2 in lightly infested Group V ; 
3,4 in untreated field Group VI; 
l ,4 in treated field Group VII. 

As in the case of the macroscopic lesion severity, 
there were highly significant rank correlations between 
the microscopic severity and the type of granuloma 
(r = 0,824 7 ; P < O.OOl) and the numbers of ova per 
mm2 (r = 0 , 432 2; P ~ O.OOl) and a similar negative 
rank correlation with the percentage of live ova 
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(r= -0,587 0; P<O,OOl). In addition there was a 
highly significant correlation with the grade of lesion 
(r=0, 353 8; P<O,Ol). There was no significant 
rank correlation with the percentage of ova showing 
the Hoeppli phenomenon. 

3. The stage of lesion 

This was classified according to the degree of 
chronicity of the bladder lesions (Table 4). 

(a) Subacute stage (Stage I). This was characterized 
by predominantly exudative inflammation with no I 
significant fibrosis. The most common infiltrating j 
reactive cells in this stage were eosinophils, histiocytic .£ 

or epithelioid cells and, to a lesser extent, plas- ~ 
macytes and lymphocytes. 2 

~ 

(b) In the chronic active stage (Stage II) exudative ~ 
inflammation, combined with some degree of fibro- ~ 
plasia, occurred in the ovum granulomata. The 0 

infiltrating cells of this stage also consisted of 
eosinophils and histiocytes but with a high proportion 
of plasma cells and lymphocytes. 

(c) The chronic stage (Stage III) consisted of 
massive numbers of apparently necrotic or calcified 
ova with little exudative response and a marked 
submucosal fibrosis and thickening. Eosinophils at 
this stage were uncommon. 

The lesions in the bladders of 2 animals (E21 and 
N38) were difficult to classify because of extensive 
submucosal inflammation. In each case an oedema
tous, haemorrhagic submucosal stroma was heavily 
infiltrated by eosinophils and few plasma cells. 
Number E21, however, was placed in the chronic 
active stage because of the presence of fibroplasia 
in the submucosa, whereas, since no fibrosis was 
evident in the bladder of N38, it was placed in the 
subacute stage. 

The relation between the stage of bladder lesion 
and the length of infestation is illustrated in Fig. 11. 
The difference in length of infestation between 
animals not containing bladder lesions and those with 
subacute lesions was highly significant (P<0,001). 
Owing to the arbitrary nature of the slaughter 
schedule, statistical analysis for differences between 
stages of lesions could not be assessed. 

The relation between the stage of bladder lesion 
and the W-D index is illustrated in Fig. 12. A 
significant difference (P < 0,02) was obtained when 
the W-D indices of the stage without any lesions and ,; 
the subacute stage were compared. Significant ~ 
differences were also observed between the W-D ~ 
indices of Stages I and II (P < 0, 02), but not between 
Stages II and III (P < O, 1). 

The stage of lesion showed a highly significant 
correlation with the worm burden (r=0,4643; 
P < 0, 001). 

Data are presented in Tables 2 and 4 comparing the 
stages of bladder lesion, percentages of live ova and 
Hoeppli phenomena, and the number of ova per 
mm2 bladder section. When 3 or fewer ova were 
encountered in a section, the animal was excluded from 
these comparisons. 

The mean percentage of live ova decreased highly 
significantly (r=-0,607 1; P < O,OOl) with increasing 
chronicity of the bladder lesion: subacute 44, 2%, 
chronic active 32,4% and chronic 11 ,4%. A similar 
negative rank correlation was found between the 
stage of bladder lesion and ova showing the Hoeppli 
phenomenon (r=-0,507 3; P < O,OOl). 
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FIG. 11 Relationship between the mean length of infestation 
and the stage of bladder lesion 

Stage of bladder lesion 

FIG. 12 Relationship between the mean W-D index (Worm
Day index; see p. 84 of the text) and the stage of 
bladder lesion 



4. Lesion grade 

The bladder lesions were graded microscopically 
according to the laminar distribution of ovum 
granulomata (Tables 2 and 5). 

In Table 2 it can be seen that the mean grading 
per group (mean laminar distribution) varied very 
little between Groups I, III, IV and VI in which the 
cattle, when killed, were untreated and infested for 
longer than approximately 200 days . The laminar 
d istribution of ovum granulomata (grade) was not 
related to the number of exposures (P> 0 ,4) or to 
the number of worms present in the cattle. 

TABLE 5 Macroscopic grade of the bladder lesions and the 
severity of the submucosal lesions 

Grade of bladder 
lesion* 

0 ... . . . . ... . . ..... ... . 

1 .. . .. . . . ...... . ..... . 

2 ... . .. . .... •.• . .. . . . . . 

3 . . . ... .. . . . .. . . ... . . . 

Animal 
number 

N40 

E 5 
E9 
E20 
N32 
E21 
MEAN 

E 3 
E4 
El4 
E15 
E19 
N34 
MEAN 

E 1 
E2 
E 6 
E 7 
E 8 
ElO 
El6 
E17 
E18 
E22 
E23 
E24 
E25 
N33 
N31 
N35 
N38 
MEAN 

* See Table 2 for classification 

Microscopic 
severity of lesion 

3 

1 
2 
2 
4 
4 
2,4 

2 
1 
1 
2 
4 
2 
2 ,0 

4 
4 
4 
2 
3 
4 
3 
4 
4 
4 
3 
3 
3 
4 
4 
4 
4 
3,6 

In Table 5 the lesion grade is compared with the 
severity of the microscopic lesion in the submucosa 
for each case. Whereas 40/';; of affected bladders 
contained ovum granulomata in the superficial layers 
(mucosa and submucosa), 56 , 7/';; had lesions 
throughout the wall . It is interesting to note that 
bladders with ovum granulomata only in the super
ficial layers (Grades 1 and 2) had milder submucosal 
lesions than those with ovum granulomata throughout 
the wall (r= 0 , 353 8 ; P < 0 ,01). The mean severity 
for Grade 1 plus Grade 2 was 2 , 2 compared with 
a mean of 3, 7 for Grade 3. Notable exceptions were 
cases E21 and N32 which were undergoing lesion 
exacerbations at the time of necropsy. Also, the 
bladder sections of Animal N40 contained no ovum 
granulomata (Grade 0) but the bladder, markedly 
fibrotic, was thought to represent an "end-stage" 
lesion, and was placed in the chronic stage, severity 3. 

The grade and stage of bladder lesion were not 
related (P> 0 ,05). 
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II. Pathology of the Ureters 
1. Macroscopic pathology 

One or both ureters of23 of the 40 animals (57 , 5/';;) 
contained the characteristically grey-white granulo
mata which usually extended linearly for a few centi
metre, were 1-2 mm wide, raised slightly and 
associated with haemorrhages (Fig. 5). These granu
lomata were similar to those of the renal pelves 
(see below). 

Other granulomata which occurred in 14 of 
the 40 head of cattle (35/';; ), were confluent and 
focal , forming a granular patch up to 2 em long and 
involving the entire circumference of the ureter (Fig. 
6) . Most ureters were thickened and dilated in these 
areas and, although no cases of hydronephrosis were 
observed, 2 affected ureters were di lated up to 4 em. 
Since the blood vessels of the urinary tract were not 
perfused, adult worm pairs were often encountered 
in small ureteric veins generally near granulomata, 
and especially the granular patches (Fig. 5). 

Ureteric lesions were always associated with 
lesions in the urinary bladder, and most ureteric 
granulomata (15 cases) were diffuse and bilateral. 
In addition, 10 of these 15 cases also contained focal 
or granular patches associated with some degree of 
ureteric dilatation. One millimetre diffuse foci were 
observed in the ureters of 1 animal. U reters from 
2 other cases contained only bilateral granular patches 
which were located at the proximal end of the 
ureters in one animal and the distal ends in the other. 
Left and right unilateral granular patches occurred 
In the ureters of 2 and 3 further cases, respectively, 

Gross ureteric lesions occurred more commonly in 
the reinfested animals. All12 (100/';;) of the reinfested 
groups (III and IV) compared to only 5 (27 , 7/';;) of 
the singly-infested groups (I, II and V) had gross 
ureteric lesions. However, no gross ureteric lesions 
were observed in the 6 singly-infested animals with 
infestation periods of less than 185 days. Therefore, 
disregarding these cases of short duration, there were 
6 of the 12 (50/;;) singly-infested animals with 
ureteric lesions, whi le 6 of the 10 (60/';; ) naturally
infested (field) cattle showed gross lesions of the 
ureters . 

2. M icroscopic pathology 
The occurrence of microscopic lesions corresponded 

to the gross changes in all but 1 animal (E7). In this 
animal, diffusely scattered foci 1 mm in d iamete~ w~re 
observed macroscopically, but repeated sect10mng 
disclosed no microscopic lesions. 

Ovum granulomatous lesions were found through
out the wall of the ureter in 19 of the 22 cases 
(86 ,4 /';; ). 

The mucosa 
Mucosal hyperplasia denoted by epithelial 

thickening and corrugation of the mucosa was 
striking in cases displaying moderate or severe ovum 
granulomas. In the severely affected cases, the 
mucosae were up to 15 cell layers thick compared 
with the 4 or 5 cell layers observed in unaffected 
ureters. In all cases with hyperplastic epithelium of 
the ureters the submucosa was also thickened. 

The submucosa 
The submucosa of the ureters was thickened to 

various degrees in 18 of the 22 animals (81 , 2/';;), the 
thickening being directly due to a granulomatous 
response to ova and/or fibrosis. 
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TABLE 6 A comparison of gross and microscopic lesions between singly and reinfested groups . The severity and grade of gross and 
microscopic lesions are presented as means of each group 

Number and Severity of Severity of Grade of percentage gross fundic micro. lesion lesion* 

Urinary bladder 

Singly infested . . .. . .. . . . . .. .. . . .. . 

Ureter ... . . . ... 

Urinary bladder 

Reinfested . . . .. ... . .. ... .. . . . . . .. . 

Ureter .. .. . .. . . 

* See Table 2 for classification 

Submucosal infiltration of inflammatory cells was 
evident in the ureters of 28 of the 40 animals (70, 0:%;). 
In 7 (25, 0%) of these cases the submucosa did not 
contain ovum granulomata. The inflammatory cells 
were most commonly plasma cells, lymphocytes and 
rarely eosinophils, except in 6 cases (21 ,4%) where 
eosinophils predominated. 

The lamina muscularis 
Ovum granulomata found in the muscular lamina 

of the ureters in 19 of the 22 cases (86, 4 %) were 
commonly observed between smooth muscle bundles 
which were markedly separated by associated 
inflammatory or proliferative responses (Fig. 9). 
Often the inflammatory reaction appeared dispro
portionately severe when few ova were present. 

Vascular lesions 
Vascular lesions of the ureter primarily consisted 

of perivascular reactive cells of the same types 
observed in the sub'itiucosa. Furthermore, a baso
philic, oedematous adventitia of arteries, similar to 
that seen in the urinary bladder, was observed in the 
ureters of 3 of the 22 animals (13, 6/';;). This also 
occurred in vessels located near ovum granulomata. 
Early mild villous subendothelial proliferation was 
found in 2 of the 22 cases (9, 1 /';;). Prominent sub
mucosal neo-vascularization occurred in 5 of the 22 
cases (22, 7:%;). 

Relation between lesions of the bladder and ureters 
The relation between the mean macroscopic and 

the mean microscopic lesion severity and that between 
grades of singly-infested and reinfested groups is 
given in Table 6. The mean severity of gross and 
microscopic lesions and the grade of lesions 
corresponded closely in the ureters and bladder in 
both singly- and reinfested animals. 

III. Kidney Pathology 

1. The renal pelvis 
Of the granulomatous lesions found in the sub

mucosa of the renal pelvis in 8 of the experimental 
cases, 7 occurred in reinfested animals from Groups 
IV and V. These grey-white linear granulomata 
1-2 mm in width were constantly associated with 
petechial and ecchymotic haemorrhages and were 
continuous with those of the ureters radiating in a 
divergent pattern into the pelvis of the involved 
kidneys (Fig. 4). The severity of pelvic lesions varied 

affected lesions 

11 /15 
(73% ) 2,4 2 ,5 2,3 

5/15 
(33% ) - 2,0 2, 0 

12/12 2 ,8 3,0 2,9 (100% ) 

12/12 2,8 2 ,9 (100% ) -
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from slight (a few granulomatous, haemorrhagic 
streaks) to severe (nearly confluent parallel lesions). 
Renal pelvic granulomata were bilateral in 3 cases. 
unilateral on the left in 4 cases and right unilateral 
in 1 case ; they were always associated with ureteric 
lesions. 

No granulomata were seen in the renal pelvis of 
the bilharzia field cases. 

2. The renal parenchyma 

While no gross lesions were seen in the renal 
parenchyma, microscopic lesions were common in 
each group of animals and were of 2 morphologic 
types: interstitial nephritis and mesangial pro
liferation . 

Interstitial lymphoid cell infiltration was observed 
in 27 of the 40 kidneys (67, 5/';;, Fig. 10). Eleven of 
18 (61, I%) singly-infested animals, 8 of 12 (61"/o) 
reinfested animals, and 8 of 10 (80%) naturally
infested animals had this lesion. In most cases the 
infiltrate consisted of small lymphocytes, large 
mononuclear lymphoid cells and plasma cells, while 
eosinophils comprised part of the cell infiltrate in 
1 case (N35). Although usually interstitial, the 
lymphoid infiltration was occasionally perivascul~r. 
Degenerating tubular or glomerular cells with 
karyorrhectic or pyknotic nuclei were common within 
these foci in which all stages of tubular and glomerular 
degeneration were found. Sclerotic thickening of the 
basement membranes of tubules and glomeruli was 
associated with loss of tubular epithelium, glomerular 
adhesions and atrophy. Atrophy of tubules and 
glomeruli continued until only a syncytium re.mained, 
consisting of a giant cell surrounded by a th1cken7d, 
sclerotic hyalinized basement membrane accompamed 
by the infiltrating lymphoid cells. These thickened, 
fibrosed , peri-tubular and peri-glom~~ular accumu
lations were only weakly PAS pos1t~ve and . v:ere 
negative for amyloid using crystal vwlet stami?g. 
The end result appeared to be complete resorptiOn 
of the degenerate tubules or glomeruli. 

Foci of oedematous interstitial fibrous tissue 
diffusely scattered throughout t~e kidney cortex 
were observed in 2 cases (E12 m Group II and 
N31 in Group VJ). Interspersed within the interstitial 
fibrosis were sparsely scattered lymphocytes, large 
mononuclear cells and plasma cells. These foci were 
thought to represent the residuum of intersti tial 
inflammatory reactions. 
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FIG. 13 Photomicrograph of a kidney from a control animal showing normal glomeruli. x 200. H & E 
FIG. 14 Photomicrograph of a kidney from an infested animal showing moderate mesangial hyperplasia. x 200. H & E 

Hyperplasia of the mesangium was observed in 
21 of 39 cases (53 , 8% ) (Fig. 14-compare with 
Fig. 13), consisting of 12 of 17 (71 %) singly infested 
animals, 6 of 12 (50%) reinfested animals and 5 of 
10 (50%) naturally-infested animals. Under micro
scopic examination, the mesangial cells in affected 
cases appeared focally or diffusely hyperplastic. 
Sometimes there was diffuse mesangial proliferation 
and thickening of the glomerular stalk or of specific 
focal areas of the glomerulus. Distortion of the 
normal glomerular shape accompanied focal hyper
plasia. Glomerular basement membranes were not 
thickened and contained no PAS reaction-positive 
material. With diffuse glomerular hyperplasia, the 
contents of Bowman's capsule appeared overcro~ded. 
In more severe, diffusely-affected cases, the mesangium 
developed a tree-like radiation and the mesangial 
cells often formed columns 2-3 cells thick. Focal 
adhesions between the glomerulus and Bowman's 
capsule were frequently seen in more severely affected 
glomeruli. However, no glomerulosclerosis or 
glomerular adhesions were observed progressing 
from the hyperplastic mesangial cells. Mesangial 
hyperplasia was not observed to progress to atrophic 
tubules and glomeruli surrounded by interstitial 
lesions. Renal specimens from the 25 controls 
examined for the presence of the above lesions showed 
mesangial proliferation in 6 of 25 cases (24,0%) and 
focal interstitial nephritis and associated tubular and 
glomerular degeneration in 8 of 25 cases (32,0% ). 

IV Urethra and Genitalia 
N o macroscopic or microscopic urethral or 

genital lesions were observed in any of the animals. 

DISCUSSION 

I. The Urinary Bladder 
1. Incidence and importance 

In this study the urinary bladder contained lesions 
in 75% of the cases, a much higher incidence than 
that found by other workers, except McCully & 
Kruger (1969), who found ova in 7 of 9 bovine 
bladders examined microscopically. 

The largest surveys on the frequency of bladder 
involvement in bovine populations have been done 
in enzootic areas of Rhodesia . Condy (1960) found 
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S . mattheei ova in only 3% of 1 000 bladders 
examined, although the overall incidence of bilhar
ziasis near Bulawayo was 35%. Later, Lawrence & 
McKenzie (1972), also working with S. mattheei, 
reported a 10,5% incidence of bladder involvement 
and an overall incidence of schistosomiasis of 63% 
near Bulawayo, Rhodesia. Similarly, in a survey in 
the eastern Transvaal , bladder lesions and ova were 
found in 3 , 5% of 346 cattle, while the overall incidence 
of bilharziasis in the local cattle population was 71 % 
(Pitchford, 1958). Although these authors concluded 
that bladder lesions were found only in heavily 
infested animals, their conclusion is not confirmed in 
the present study, as 7 animals (E3, E5, E7, E8, E9, 
EIO and E29) had substantial bladder lesions but 
less than 5 000 worms each. 

It must be borne in mind, however, that although 
there was no correlation between the worm burden 
and the presence of bladder lesions in the present 
study (see Results and Discussion below), the mean 
threshold value for development of these lesions 
may be below the minimum burdens encountered. 
Pitchford (1958), Condy (1960) and Lawrence & 
McKenzie (1972) determined the incidence at abattoi rs 
and, although worm burdens were not determined, 
these were probably much lower than in the 7 animals 
having bladder lesions and less than 5 000 worms 
each. There were, on the other hand, highly significant 
rank correlations (P < 0 ,001) between the gross 
(r= O, 532 4) and microscopic (r= 0,532 2) severity of 
the lesions and the W-D index, indicating that the 
worm burden did affect the severity of the lesions in 
older infestations. 

In human infestation with S. haematobium, the 
incidence of bladder lesions is often high in endemic 
regions. Gilles, Lucas, Adeniyi-Jones, Lindner, Anand, 
Braband, Cockshott, Cowper, Muller, Hire & 
Wilson (1965) found on radiologic examination that 
nearly 50% of 9- 15-year-old chi ldren in lbadan, 
Nigeria had abnormalities of the bladder. Later 
Edington, Von Lichtenberg, Nwabuebo, Taylor & 
Smith ( 1970) found lesions in 20% of 673 bladders 
from unselected necropsies in lbadan. Expanding on 
these findings, Young, Farid, Bassily & El-Masry 
(1973) performed urograms on 353 people with 
urinary schistosomiasis and discovered lesions of 
obstructive uropathy in 61 % . With intravenous 
pyelography (IVP), Gelfand (1973) demonstrated 
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macroscopic bladder lesions in 14 and ureteric 
involvement in a further 14 of 60 patients passing ova 
in the urine. The findings of Forsyth & MacDonald 
( 1965) in Tanzania are essentially similar; 27"/o of 
330 children had abnormal IVP's (bladder and 
ureters). In some endemic areas in South Africa, 
however, the incidence of bladder involvement 
in unselected cases appears to be lower than reported 
elsewhere (Gelfand, 1973, citing Craib, 1968, and 
Powell , 1967). 

From the present investigations it appears, therefore, 
that S. mattheei commonly involves the veins of the 
ureters and urinary bladders of cattle as in the case 
of S. haematobium infestation of man (Anderson, 
1971 ). 

2. Severity, frequency, types and localities of macro
scopic bladder lesions 

The 4 types of macroscopic bladder lesion appear 
to represent an orderly pathologic progression of 
bilharzia! tissue response. This supposition is 
supported by the highly significant rank correlation 
found between the type of lesion and both 
the macroscopic (r= O, 656 5) and microscopic 
(r=0 ,824 7) severity of the lesion (P < O,OOl). The 
1-2 mm granulomatous foci represent the smallest 
macroscopic lesion and consist of individual or small 
aggregates of ovum granulomata. Aggregation of 
many such granulomata and concomitant inflam
mation, fibrosis and calcification account for the 
development of the more severe granular and polypoid 
patches. Since no quantitative measurements were 
made to ascertain the parasite load of the urinary 
tract, any relation between lesion severity and 
infestation rate is purely speculative. The severity 
and di stribution of lesions probably depend on the 
number of parasites involved and their intravascular 
movement, length of infestation (Von Lichtenberg, 
Edington, Nwabuebo, Taylor & Smith, 1971) and host 
immunity . Therefore, development of the polypoid 
patches and the polyp-type of lesion may be related to 
a number of closely located and relatively stationary 
worm pairs. It has been observed in rodents infested 
with single schistosome pairs that the worms (S. 
mansoni and S. mattheei) migrate almost continuously 
(Pellegrino, personal communication, 1974; Van 
Rensburg, personal communication, 1974). Never
theless, worms sometimes appear trapped in areas 
where prominent granulomas have developed, e.g. 
on the small intestines of reinfested cattle (Van Wyk, 
unpublished data, 1971) and possibly this may occur 
in the bladder as well. 

The bladder lesions described in cattle do not 
correspond to those commonly observed at necropsy 
in man or chimpanzees, but rather to lesions found 
earlier in the pathogenesis of infestation in these 
hosts (Edington et a/., 1970). The polypoid patches 
observed in cattle possibly require a longer period of 
infestation to develop into fibrous and later sandy 
patches than in man (Warren, 1973). The infestation 
period was artificial as most of these animals did not 
die from the effects of bilharziasis but were euthanized 
at predetermined times. Moreover, the infestation in 
man is measured in years and decades as compared to 
weeks and months in the animals of the present study. 
Sadun, Yon Lichtenberg, Cheever, Erickson & 
Hickman (1970), however, found sandy patch-type 
lesions in chimpanzees infested 11 months or less, 
but extrapolation from this could be misleading 
because the chimpanzee may be an aberrant host 
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for S. haematobium. In the present study several 
urinary bladders contained microscopic lesions which 
appeared similar to those described as fibrous patches 
in man . In several cases prolific fibrosis and extensive 
ovum calcification were observed microscopically, 
but the macroscopic characteristics of whorled 
fibrous structures or a sandy surface appearance 
were absent. These bovine lesions may represent an 
early stage of a lesion similar to the fibrous patches 
observed in man. 

Lesions in the bladder of cattle have not been 
adequately described previously. Condy (1960) listed 
3 types of bladder lesion : a very early lesion consisting 
of petechiae and ecchymoses, an acute allergic type 
characterized by oedema and haemorrhage, and 
chronic lesions composed of various sized nodules. 
Examples of the latter type were prevalent (identified 
as granular and polypoid patches) in this study and 
were also seen by McCully & Kruger (1969), but the 
very early type of lesion was not observed. In 
addition, two bladders (cases E21 and N38) contained 
lesions characterized by oedema, haemorrhage and 
excessive eosinophil infiltration. These lesions may 
have represented hypersensitive reactions but the 
aetiological stimulus was not determined. 

As in man and in the chimpanzee, the fundic 
portion of the bovine bladder contained the most 
common and prominent lesions (Gilles et a/. , 1965 ; 
Sadun et a!., 1970; Edington et a/. , 1970). In fact 
in this study bladder lesions invariably involved the 
fundus. Lesions In the neck and trigone were less 
common and associated with severely affected 
bladders. In contrast Edington et a/. (1970) found a 
frequency of 66"/o trigone involvement in human 
cases with bladder lesions. 

Macroscopic lesions of the bovine bladder may 
be more obvious than in the human bladder. 
Edington et a!., (1970) warned that even the most 
heavily affected bladders of man appeared 
unremarkable on gross examination and may be 
overlooked if microscopic examination is not under
taken. In this study microscopic lesions were not 
found where gross examination was negative. The 
necropsy procedure involved mechanical di stension 
of the bladder and examination in strong light. 

3. Microscopic evaluation of bladder lesions 

The Hoeppli reaction : The occurrence of thi s lesion 
within the ovum granuloma appears to be a more 
prominent feature in cattle than in man or most 
experimental animals . Von Lichtenberg et a/. , (1966) 
concluded that the Hoeppli reaction occurred most 
frequently in acute cases (9- 15 weeks post exposure, 
when the host antibody titre was at peak levels) 
in organs with heavy egg deposition and involved 
not more than 10"/o of the eggs concurrently. In 
cattle, the Hoeppli reaction most frequently 
accompanied the subacute or exudative phase of 
lesion and involved up to 12"/o of ova counted . 
The Hoeppli reaction has been identified as 
schistosome antigen-host antibody complexes by 
immunofluorescence (Von Lichtenberg et a/., 1966). 

In these cattle the Hoeppli reaction invariably 
appeared around necrotic or necrosing ova (when 
the soluble egg antigens were being rapidly released). 
Its appearance also corresponded with the presel!ce 
of a large number of eosinophils many of which 
undergo necrosis themselves. It can be concluded 
that in cattle the Hoeppli reaction is a host response 



against the rapid release of large amounts of antigenic 
ovum material at a time when large numbers of ova 
are undergoing necrosis . 

Vascular lesions : As in the work of McCully & 
Kruger (1969) , a variety of vascular lesions was 
observed in the bladders and ureters . Thus peri
vascular cuffing and inflammation and arteriolar 
medial hypertrophy were associated with contiguous 
areas of diffuse ovum inflammatory response. 
Eosinophilic vasculitis and endothelial hyperplasia 
were probably precipitated by the passage of ova 
through the vessel wall or possibly by irritation 
caused by the adult worms. Likewise, thrombosis of 
venules was due to emboli formed by aggregates of 
ova and dead worms, probably predisposed, by the 
tortuosity of the venous complex of the bladder, as 
Sadun eta!., (1970) suggested. 

The grade of bladder lesion: The grade of micro
scopic lesion (laminar distribution of granulomata) 
was related to the microscopic severity of the lesion 
(P < O,Ol); bladders with ova only in the superficial 
layers usually had less severe lesions than those with 
ova throughout the bladder wall. On the other hand, 
there was no significant correlation between the 
grade of bladder lesion and the worm burden or the 
duration of infestation. 

The stage of bladder lesion: Statistically, the 
subacute stage of bladder lesion was directly related 
to the duration of infestation (P<O,OOl) and the 
W-D index compared with cases lacking lesions. 
The chronic active (P<O,Ol) stages were also directly 
related to the W-D index when compared with 
cases not revealing lesions. Furthermore there was a 
highly significant rank correlation between the stage 
of bladder lesion and the worm burden (P < O,OOl). 
Similarly, the stage of bladder lesion in human 
schistosomiasis has been related to time (i.e. the age 
of the patient) and to the intensity of infestation 
indicated by the number of ova per gramme of 
bladder tissue (Von Lichtenberg, Edington, Nwa
buebo, Taylor & Smith, 1971). 

The stage of bovine bladder lesion could also be 
related to the percentage of live ova counted micro
scopically (P < 0, 00 I), which decreased with increasing 
chronicity of the lesion and the duration of infestation . 
These results are again comparable with the findings 
of Von Lichtenberg, et a/., (1971) in man. Further
more, these workers found an increase in the number 
of ova per gramme of bladder tissue throughout the 
early active, chronic active and residual lesion stages 
and a decrease only in the inactive stage of lesion. 
This work was corroborated by Smith, Torky & 
Mansour (1972) who found that the 24 h rate of 
egg excretion as a function of tissue egg burden is 
more than 10 times greater in the active stage of 
disease than in the inactive disease. These workers 
also found a good correlation between the tissue egg 
burden and the urine egg excretion which is not the 
case in cattle where no ova were found in the urine 
of animals with bladder lesions (Condy, 1960). 

The decrease in percentage live ova as the infestation 
ages has important implications which are not 
immediately obvious. Cheever & Powers (1971) and 
Cheever & Anderson (1971) have shown that the 
initial " half life" (between egg deposition and either 
excretion or destruction in the body to an unrecog
nizable morphological form) of S. mansoni ova varies 
fro m 8 days in rhesus monkeys to 30 days in mice. 
Furthermore, in the latter, many ova accumulate with 
time, because the eggs which remain after 30 days 
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have subsequently a markedly lengthened half-life. 
In the monkey this accumulation did not occur. It is 
also known that S. mansoni ova remain alive for a 
maximum of only about 28-32 days in the tissues 
of mice (Gonnert, 1955; Maldonado, 1959). Because 
of similarities in the life cycles, this maximum survival 
probably applies also to S. mattheei. 

In view of the duration of the infestation (in months) 
in these cattle, it is unlikely that the inverse ratio 
between percentage live ova and the chronicity of 
the lesion was due to death of individual ova in a 
pool of live ova. This finding probably reflects a 
decreased rate of egg production coupled with 
retention of dead eggs in granulomata (Lawrence, 
1973). Furthermore, it indicates that schistosome ova 
are probably not as efficiently destroyed in cattle as in 
rhesus monkeys (Cheever & Powers, 1971), as some 
accumulate in the tissues in spite of reduced egg 
production as the worms age (Lawrence, 1973). 

II. The Ureters 
1. Incidence 

This appears to be the first report of bilharzia! 
lesions of the ureters in cattle. Such lesions occurred 
in 57, 5% of the animals in this study. 

In the human and some other primates the incidence 
of ureteric involvement in urinary bilharziasis at 
necropsy is also high. Thus, Bhagwandeen (1967) and 
Von Lichtenberg, eta/., (1971) reported an incidence 
of 73% and 75% respectively in man, while Obuyu 
(1970) found lesions in the ureters of 3 of 4 experi
mentally infested vervet monkeys and Sadun et a/. 
(1970) in 6 of 8 chimpanzees in another study. 

Dilatation of the ureter or hydro-ureter occurs in 
18, 5% to 37% of cases in human urinary bilharziasis 
(Bhagwandeen, 1967; Von Lichtenberg, eta/. , 1971; 
Gelfand, 1973) and 75% in vervet monkeys (Obuyu, 
1970) and chimpanzees (Sadun, eta/., 1970). Similarly 
hydronephrosis has been reported in 7, 3% - 20% 
and in l instance in 58% of humans with urinary 

• bilharziasis (Gelfand, 1948; Kisner, 1952; Honey & 
Gelfand, 1960; Bhagwandeen, 1967 ; Gelfand, 1973). 
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2. Importance 

Although 57,5% of the cattle in the present study 
had gross lesions similar to those leading to hydro
ureter in man, their clinical and pathological signi
ficance in cattle is unknown. While granulomatous 
lesions of the ureters of man tend to lead to hydro
ureter and hydronephrosis which may in turn lead 
to pyelonephritis and uraemia (Sayegh, 1950 ; Makar, 
1968; Da Silva, De Brito, Camargo, De Boni, Lopez 
& Gunji, 1970), none of these sequelae of hydro
ureter were observed in the present study. Possibly 
the infestations were not of sufficient duration for 
their development. 

3. Types and localities of macroscopic ureteric lesions 

As in human S. haematobium infestations (Bhag
wandeen, 1967; Von Lichtenberg, et a/., 1971), 
ureteric lesions in cattle are found only in the presence 
of bladder lesions. The most frequent (65% ) ureteric 
lesions in cattle were extensive bilateral linear granulo
mata. Granular patches accompanied the linear 
granulomata in 67% of the cases but occurred alone 
in 4 other cases. The granular patches occurred 
more frequently in the distal half of the ureter but 
did not appear to favour a specific site. 
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In man (Gelfand, 1948), the granular patches are the 
most common ureteric lesion and, according to most 
workers, have a definite predilection for the lower 
third of the ureter, especially the intrapelvic ureter 
(Sayegh, 1950). This was confirmed by Von Lichten
berg, eta!., (1971) who noted an incidence of 14,0% 
of lower ureteric lesions compared with an incidence 
of only 1, 6% in the upper ureter. Bhagwandeen 
(1967), however, in a study of 60 ureters from cases 
with urinary bilharziasis, reported an incidence of 
23% ureteric involvement in the lower third, 12% in 
the lower two-thirds and 27% along the whole ureteric 
length. He concluded that the entire ureter is more 
frequently involved than was previously reported. 

Dilatation of the ureter has been reported as occur
ring both throughout its length and segmentally in 
man (Gelfand, 1948; Von Lichtenberg eta!., 1971) 
whereas the bovine lesion was only observed to be 
segmental, in association with granular patches. 

4. Pathogenesis of hydro-ureter 

Dilatation and tortuosity of the entire ureter in 
man is usually thought to be due to stenosis of the 
the lower third or intramural ureter (Sayegh, 1950). 
The stenosis may be due to a ureterolith (Young et 
a!., 1973), or dense fibrosis of the ureter (Makar, 
1968), which usually occurs at the orifice and is caused 
by the extensive inflammatory response, fibrosis and 
calcification. 

Nevertheless, this theory, that stenosis is the usua1 

cause of hydro-ureter in bilharziasis, has been 
challenged by Gelfand (1948), Bhagwandeen (1967) 
and Von Lichtenberg, et a!., (1971), who found the 
incidence of hydro-ureter to be much higher than that 
of stenosis ; for instance 22,7% compared with 
2, 7% respectively (Gelfand, 1948). These authors 
concluded that stenosis is a late and uncommon 
complication of ureteric involvement, whereas seg
mental dilatation was found early in the disease in 
young patients and was related to intensity of 
infestation and severity of the disease in the bladder 
and ureters (Bhagwandeen, 1967; Von Lichtenberg, 
eta!., 1971). 

Edington et al., (1970), Sadun et a!., (1970) and 
Von Lichtenberg, et a!., (1971) were of the opinion 
that polypoid patches in the ureter and dilatation 
caused functional impai rment or aperistalsis, resulting 
in hydro-ureter. 

In the present study the lesions of the ureters were 
similar to those on which Gelfand (1948) based his 
proposal for the pathogenesis of ureteric dilatation 
and hydronephrosis. In addition the incidence of 
involvement was as high as in man. These lesions 
may, therefore, be of clinical significance in cattle, 
although it is an interesting question why no 
associated hydronephrosis was observed in this study. 

5. Immunity and re-infestation 

Van Wyk & Bartsch (1971) showed that an 
immunizing dose of cercariae protected cattle, at 
least partially, against a double lethal dose (for fully 
susceptible animals) of cercariae. 

Lawrence (1973) observed a peak schistosome egg 
count in cattle 10-11 weeks post infestation, followed 
by a rapid decline to very low numbers. Reinfestation 
of these animals produced only a slight or no rise in 
faecal egg count despite the fact that a large proportion 
of the challenge cercariae developed to adulthood. 
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The decrease in faecal egg count may be due to 
immune responses directed against both the ova and 
adult flukes or decreased ovum passage through the 
tissues. The progression from the acute to the chronic 
stage of S. mansoni infestation is accompanied by a 
decrease in size of granulomata, possibly because of 
enhanced antigen destruction (Von Lichtenberg, 
1967), and a marked increase in connective tissue in 
the intestines, which may act as a mechanical 
obstruction to egg passage (Gelfand, 1967 ; Buchanan, 
1971). The latter observation was also supported by 
our finding a significant correlation between large 
numbers of ova and chronicity of lesion in con
junction with the increase in fibrous tissue in the 
chronic lesions. 

Reinfestation had a greater effect on the number of 
lesions of the urinary tract thart on the composition of 
the lesions. Thus, lesions were present in the reinfested 
animals in a greater percentage of bladders (100% 
c.f. 92%) and ureters (100% c.f. 50%) but in fewer 
kidneys (50% c.f. 71 %). On the other hand it must 
be remembered that the reinfested cattle were more 
heavily infested for longer periods of time than the 
singly infested cattle. 

Although gross and microscopic lesions were 
basically similar in composition, the lesions in the 
reinfested animals tended to be more severe, both 
grossly (P < O,Ol) and microscopically (P<0,02). 
A more interesting difference was the tendency for the 
bladder lesion in reinfested animals to be in the 
chronic active or chronic stage whereas those in the 
singly infested animals were usually in the subacute 
stage. Lesions of reinfested animals were therefore 
usually more severe and more chronic than those of 
singly infested animals. However, owing to the 
differences in worm burden, it may be misleading to 
conclude that these results were due solely to 
reinfestation . 

There was no significant correlation between the 
occurrence of bilharzia! lesions in the urinary tract 
and the total number of parasites collected from the' 
lungs, liver and intestines, or the duration Of 
infestation. These results are somewhat inconclusive -
because the number of parasites in the urinary tract 
was not determined and the duration of infestation 
was arbitrary, since most of the animals were 
slaughtered according to a fi xed schedule, before the 
terminal stages of the disease. Furthermore, as 
postulated earlier, the lowest worm burdens in the 
experimental cattle may have exceeded the mean 
threshold required to produce lesions of the urinary 
system. 

6. Parasitic migration to the urinary tract 

Neither gross nor microscopic bladder lesions were 
observed in the 6 animals that died or were killed 
in extremis 57-70 days after a single infestation. 
Only minor lesions were found in 1 (£ 29) of the 
2 animals lightly infested for 185 days. These findings 
imply that the prepatent period of urinary infestation 
may be considerably longer than the 45- 49 days 
reported for intestinal infestation (Hussein, 1973; 
Lawrence, 1973 ; Van Wyk, unpublished data, 1971). 
In vervet monkeys infested with S. haematobium, 
Obuyu (1970) reported similar differences, namely 
that ova were found in the faeces of the monkeys 
10-16 weeks after infestation, while they appeared in 
the urine only 16-27 weeks after infestation. 



The schistosomes may reach the urinary tract as a 
result of aberrant migration, or of overcrowding of 
the intestinal sites or as part of the normal migratory 
pattern. These results do not support the overcrowding 
hypothesis since 7 animals with low worm burdens 
(under 5 000) and infested for long periods had 
urinary tract lesions, while animals with high worm 
burdens (above 80 000) and shorter periods of 
infestation did not have them. 

Movement of the parasites to the urinary tract 
involves migration from the portal venous system to 
branches of the posterior vena cava. It is unknown 
to what extent collaterals (anastomoses in the vicinity 
of the urinary tract) available to the schistosomes in 
man also occur in cattle. 

Portal hypertension, with a consequent increase in 
the number of collateral vessels, may facilitate 
aberrant worm migration. The time required for the 
development of collateral circulation may account for 
the delay in the arrival of the parasites in the urinary 
blood vessels. Another possibility is that the migrating 
shistosomulae may continue to migrate in the 
posterior vena cava instead of moving into the 
hepatic vein (Kruger, Heitmann, Van Wyk & 
McCully, 1969), but in this case the prepatent period 
of urinary schistosomiasis would not be much longer 
than that of the intestinal form. 

Further studies are required to elucidate the host
parasite relationship of urinary schistosomiasis in 
cattle and answer the questions raised by the above 
observations. 

//!. The Kidneys 

1. Lesions of the renal pelvis 
We can find no reference to the occurrence of 

bilharzia) granulomata of the renal pelvis in man, 
cattle or experimental animals. Linear granulomatous 
lesions were observed in 20% of the renal pelves in 
this study. All the affected animals were in the 
experimentally infested groups. Lesions at this site 
may possibly develop only with heavy urinary 
infestation since they were less commonly observed 
than ureteric lesions and were always associated 
with the more severe lesions in the ureters. However, 
despi te heavy infestations, none of the field cases 
had these lesions. The peculiar linear distribution of 
the granulomata provide evidence that the worm 
pairs may migrate as they produce ova. This agrees 
with observations by Pellegrino (personal com
munication, 1974) and Van Rensburg (personal 
communication, 1974) on mice and hamsters infested 
with single pairs of S. mansoni and S. mattheei, 
respectively , where the entire length of the intestine 
contained granulomata. 

The linear granulomata of the pelvis as in the 
ureters appear to be of little pathological significance. 

2. Interstitial nephritis 
The incidence of multifocal interstitial lymphoid 

infiltration and associated nephron atrophy was 
more than double in the bilharzia infested cattle 
(67, 5%) than in the uninfested controls (32,0%). 
Hydronephrosis was not present to account for the 
interstitial inflammation, nor was the cause or the 
pathogenesis of the interstitial lesions evident. 

In man, interstitial cellular infiltration with tubular 
and glomerular atrophy has been reported in urinary 
schistosomiasis and is considered secondary to 
pyelonephritis (Sabbour, EI-Said & Abou-Gabal, 
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1972). Kidneys in the cases studied by them also 
contained glomerular lesions ranging from mesangial 
proliferation to glomerulosclerosis , and a high 
percentage had significant proteinuria, hypoalbu
minaemia and varying degrees of subcutaneous 
oedema. Schistosomiasis was responsible for 50,5% of 
cases in their renal unit and renal fail ure was 
occasionally the direct cause of death in these patients. 

3. Mesangial hyperplasia 
Glomerular lesions were observed in 53,8% of 

the cases studied but these could not be correlated 
to either single infestation or reinfestation, to the 
worm burden or to the duration of infestation. 
The incidence of these lesions in the infested animals 
was more than double that of the abattoir controls 
(24,0%). Mesangial proliferation, thickening and 
glomerular adhesions did not appear to develop into 
the atrophic and sclerotic lesions that accompanied 
the interstitial infiltration of lymphoid cells. In human 
bilharziasis, on the other hand, Andrade, Andrade & 
Sadigursky (1971) graded glomerular lesions according 
to severity and speculated that there may be a 
progression leading to glomerulosclerosis. 

Similar renal changes, termed schistosoma! 
nephropathy, have been reported in man infested with 
S. haematobium (Gelfand & Weinberg, 1968) and 
S. mansoni (Da Silva et a!., 1970 ; Andrade et al., 
1971) and in experimentally infested chimpanzees 
(Von Lichtenberg, Sadun, Cheever, Erickson, Johnson 
& Boyce 1971; Cavallo, Galvanak, Sadun & Von 
Lichtenberg, 1972), rabbits (Von Lichtenberg, Sadun 
& Bruce, 1972) and Cebus monkeys (De Brito, 
Gunji, Camargo, Ceravolo & Da Silva, 1971) har
bouring either S. japonicum or S. mansoni. 

Schistosoma! renal disease in man, whether related 
to interstitial nephritis or glomerular lesions, is of 
clinical importance. However, the importance of the 
reported glomerulopathy and interstitial nephritis in 
cattle is unknown. Hypoalbuminaemia, hypergamma
globulinaemia and mild proteinuria were observed 
in the sole e~perimental animal tested, but haemo
dilution , owing to an increased plasma volume, 
seems to be a constant finding in animals and humans 
infested with s!(histosomiasis, and hence the 
hypoalbuminaemia in this one case is probably of 
significance (Dargie, MacLean & Preston, 1973). 

Mesangial hypertrophy and hyperplasia have 
frequently been reported in ultrastructural studies of 
schistosoma) nephropathy (Da Silva et a/., 1970; 
Sabbour et a/. , 1972; Von Lichtenberg et a/., 1972). 
Focal electron-dense, granular deposits were 
observed on the endothelial side of the basement 
membrane near or underlying mesangial cells and 
within the mesangial and endothelial cells (Da Silva 
eta!., 1970, Sabbour eta/., 1972). These ultrastructural 
findings were augmented by the immunofluorescent 
studies of Da Silva et a!., (1970), who demonstrated 
immunoglobulins (IgG, and lgM) and the f3,c 
fraction of complement in the glomeruli. They 
concluded that the glomerular capillary walls were 
probably the depot for immune complexes rather 
than a specific, antigen-antibody reaction site. 

Hypergammaglobulinaemia is a common finding 
in bilharzia-infested man and animals . However, 
schistosome-specific circulating antigens have only 
recently been reported in infested animals (Berggren 
& Weller, 1967). Subsequently, Gold, Rosen & 
Weller ( 1969) described a specific schistosoma! 
antigen in the circulation and also in the urine and 

------ ---
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attributed its occurrence in the urine to its low 
molecular mass (less than I 0 000). It is thought that 
the reaction between circulating host antibody and 
foreign antigen forms soluble complexes which may 
concentrate in the glomeruli resulting in injury 
(Dixon, Wilson & Marquardt, I 971 ). Immune
complex glomerular injury has been shown experi
mentally to stimulate mesangial proliferation and 
thickening and may initiate a progression toward 
chronic glomerulonephritis (Mauer, Sutherland, 
Howard, Fish, Najarian & Michael, I 973). It is 
possible that this hyperplasia and hypertrophy 
facilitate the removal of the deposited bilharzia 
immune-complexes and, if effective, prevent the 
development of glomerular damage leading to 
glomerulosclerosis. 
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