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Summary 

The internal fine structure of the partially calcified 
Schistosoma haematobium eggs in the lower ureteral 
segments of Saudi patients with chronic urinary 
schistosomiasis is described. The egg shell Is 
penetrated by cribriform pores and coasists of the 
three previously described layers: outer microspinous, 
middle intermediately dense, and inner dense layers. 
The space between the egg shell and the developing 
embryo is partitioned by three layers. An outer 
accllular Reynolds* layer of unknown origin and 
function consists of a fribrillar material mixed with a 
finely granular matrix extending to the egg-shell 
pores via racemose channels. The middle von 
Lichtenberg's envelope consists of a single layer of 
flattened epithelial cells containing several mitochondria 
as in other previously described Schistosoma eggs 
suggesting an active, and perhaps selective, transport 
in or out of the egg shell. The inner fluid filled 
cavity, or Lehman's lacuna, between the von 
Lichtcnbcrg's envelope and the embryo contains 
numerous lipoid bodies suggesting a relation to 
vitelline cells. Four systems (out of eight previously 
described for the free, mature Schistosoma 
miracidium) have been recognized for the first time 
in the developing miracidium within S. haematobium 
eggs and include: (1) ciliated epidermal plates 
representing the epithelial system, (2) an outer 
circular and an inner longitudinal muscle layer 
forming the musculatures, (3) lateral penetration 
glands, and (4) ciliated flame cells representing the 
excretory system. 

Resume 

La structure fine interne des ocufs schistosoma 
haematobium partiellement calcifies sc trouvant dans 
les segments infcricurs uret^raux des patients 
Saoudites souffrant de schistosomiase urinaire 
chronique est d<5critc. 

Le coquillagc est penetre de pores cribrifonmcs ct 
cotnprcnd trois couches deja dec rites: la couche 
microspineuse extcrieure, la couche moyenne un peu 
dense ct unc couche interieure plus dense. 

L'cspace cntre le coquillagc ct Pembryon qui sc 
developpe est cloissonce par trois couches. 

Unc couche de Reynold accelulairc d'origine ct 
de fonction inconnues sc trouvc & Pcxterieur. Elle 
comprend un materiel fibrillaire melange avec un 
matrix de granules fines ct s'ctendant jasqu 'aux 
pores du coquillagc via les voies racimoses. 

Au milieu sc trouvc Pcnvcloppe von Lichtcnbcrg 
composee d 'une couche unique de cellules 
epithelialcs plates qui comprcnncnt plusieurs 
milhochondria dans des oeufs dc Schistosoma ddcrits 
au prcalablc; cc qui suggcrc un transport act if ct 
probablemcnt sclcctif dans ou hors du coquillagc. La 
cavitc liquidc interieure ou la lacune dc Lehman 
entrc Pcnvcloppe Lichtenbcrg et Pembryon conticnt 
plusieurs corps lipoides, evidence d*un rapport avec 
les cellules vitellines. 

Quatrc systcmcs (parmi les huit d<5ja decrits pour 
Ic Schistosoma miracidium mature, libre) sont notds 
pour la premiere fois dans 1c miracidium dcveloppant 
a Pinterieur ties ocufs de S. haematobium ct ceci 
inclut: (1) des plants cilils epidcrmaux rcprescntant 
le systeme cpithcliale, (2) des couchcs dc muscles 
circulates a Pextcricur et longitudinales a Pintericur 
fonnant les musculatures, (3) des glandcs dc 
penetration lateralcs, et (4) des cellules de flamme 
cilliees representant le systeme cxcretoire. 

Introduction 

Tlic fine structure of the internal morphology of 
Schistosoma eggs has been described in previous 
studies but were limited to the egg shell proper(l-3J. 
Recently, the ultrastructure of the developing 
perimiracidial envelope and formation of the 
miracidial epidermal plates and ridges were studied 
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in 5. mansoni eggs collected from mice intestine(4). 
To our knowledge, nothing has been published on 
the fine structure of the internal morphology of S. 
haematobium eggs in general and on those deposited 
in the lower segments of human ureters in particular. 

Eggs of S. haematobium deposited at the lower 
end of the human ureters and the urinary bladder 
release enzymes and antigens to facilitate their 
migration out of the host body. These parasite 
products sensitize the host lymphocytes which 
migrate to areas of egg deposition and recruit other 
cells including monocytes, macropliages, multinucleated 
giant cells, lymphocytes, plasma cells, neutrophils, 
mast cells, and blood platelets (El-Shoura, submitted 
to Annales de Parasitologic) through the secretion of 
lymphokines. As a result, a compact cellular 
infiltrate, or granuloma, is formed to destroy the 
parasite eggs(5). These impede urine flow and cause 
hydroureter, bladder lesions and hydronephrosis. In 
severe infections, thick **sandy** patches coalesced 
to form a *'calcified tissue** as a result of 
subepithelial deposits of calcified eggs. This study 
describes the ultrastructure of S. haematobium eggs 
deposits in the submucosa and muscularis of the 
lower segments of the ureters of Saudi patients with 
chronic urinary schistosomiasis to contribute to the 
understanding of the in vivo ultras!ructural interac-
tions between the parasite egg and host tissues. 
Results obtained herein are also compared with those 
previously described for other human Schistosoma 
eggs obtained from experimental hosts. 

Materials and methods 

Seven biopsies were taken from the lower end of the 
ureter, about 5 cm above the bladder junction, of 
Saudi patients aged 26-63 (mean 38.5) with chronic 
urinary schistosomiasis. All patients were from Asir 
Province, in the South-West of the Kingdom of Saudi 
Arabia. Each biopsy was cut into 2-3 mm cubes, ami 
fixed in 2.5% glutaraldehyde in 0.1M sodium 
cacodylatc buffer, pH 7.2 at 4°C, for three hours. 
Specimens were decalcified in 1% EDTA in sodium 
cacodylatc buffer for five days at room temperature. 
After washing thoroughly in the buffer, specimens 
were post-fixed in 1% osmium tetroxide in the 
sodium cacodylatc buffer, for one hour, dehydrated 
in an ascending series of ethyl alcohol and embedded 
in Spurr 's resin. Thick sections, 0.5 pm, were stained 
with toluidine blue. Thin sections were stained with 
uranyl acetate and lead citrate and examined in a Jcol 

1200 EX transmission electron microscope (TEM) at 
80 kV. 

Results 
Thick sections (Figs. 1 a, b) showed many eggs 
scattered in the submucosa with a few of them 
trapped in muscle layers and surrounded by cells 
forming granulomas. The infiltrate extended from the 
base of the epithelium downward where a richly 
vascularized granulation tissue was dif fusely 
infiltrated by a massive number of these cells. 
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Fig. I : Light micrographs of thick sections showing a) — 
S. haematobium eggs (empty arrow) scattered in the ure ter 
submucosa (S) and muscle layers (M) and surrounded by 

the granuloma ccll (solid arrow), b) — Higher 
magnification of the arrowed egg seen in Fig. l a . X80, Fig 

lb. X 800. 

F i f r 2s Electron micrographs of a thin section of the egg 
seen in Fig. l b showing the relative thickness of the egg 

shell at the tip of the spine pole, compared with rest of the 
egg shell. X6000. 
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FljS, 3: Cross scction through an egg showing satisfactorily 
preserved internal structure. Note the three layers forming 

the egg shell. Reynolds* layer (R). von Lichtcnberg 
envelope (V) and Lehman 's lacuna (L). These three layers 

fill the space between the embryo surface which is 
represented by epidermal plates (P), and the egg shell. 

Beneath the epidermal plates (P) are the circular (C) and 
longitudinal (Lo) muscle layers. Note also the continuous 
space between the outer granuloma cell and the egg shell. 

Cilia (Ci) arise from the plates. Li. lipoid droplets in 
Lehman's Lacuna. Asterisk represents a calcified area. X 

8000. 

Fig. 4: Tangential section of an egg showing a lateral 
penetration gland packed with secretory granules (G) 

containing electron-dense cores. Note the close attachment 
of the outer granuloma cell to the egg surface where both 

the shell microspines and the separating space have 
disappeared (two small arrows). P. epidermal plates 

without cilia; R, Reynolds ' layer. Single arrow points to the 
peeled part of the shell. X 25,000. 

Mr . 5 : An egg shell containing two macrophages. X 4000. 

Thin sections revealed partially calcified eggs 
with variable degrees of preservation of both the egg 
shell and developing miracidium (Figs. 2-4). Several 
eggs were completely encircled by the granuloma 
cells or their, long cytoplasmic extensions (Fig. 3). 
Eggs containing macrophages (Fig. 5), or ccll debris 
(Fig. 6) were also seen. The egg shell (Fig. 7) 
consisted of an outer microspinous (250-350 nm 
thick), a middle intermediately dense (200-350 nm 
thick) and inner dense (60-70 nm thick) layers. In 
longitudinal sections (Fig. 7), the microspines were 
conical, up to 350 nm in length, with a base 
measuring 50-55 nm in diameter. These three layers 
were greatly thickened at the spinous pole (Fig. 2), 
apparently to provide firm penetration through the 
host tissues. Each microspine had a core with a basal 
diameter of 15-18 nm. The core was continuous with 
the middle intermediately dense layer. In cross 
sections, each core was surrounded by approximately 
14 ridges running from base to apex of the cone 
(Figs. 8,9). 

The egg shell was transversed obliquely by 
minute cribriform pores with serpiginous .branching 
and 30-35 nm diameter anastomosing channels. The 
channels were extended from the underlying 
Reynolds' layer. There was always a space filled 
with an intermediate dense material separating the 
egg shell from the granuloma ccll membrane (Figs. 3, 
10, 11); this space was almost defined by the spine 
length. Plasma membranes of the cells forming 
granuloma were in direct contact with the egg surface 
where the egg shell seemed to be peeled off 
externally (Fig. 4). 
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Fig. 6 : An egg empty but for a few debris. X 3000. 

Fig. Higher magnification of Fig. 7 showing thai cach 
microspinc is surrounded by ridges. X 250 .000 . 

Fig. 7: Longitudinal section through ihc egg shell showing 
the outer (O). middle (M) and inner (I) layers. Arrow 

points to a microspinc containing core. Asterisk represents 
a cribriform pore. X 90.000. 

Fig, 8 : Cross section through the microspinous outer layer 
(Q) of the egg shell. X 50,000. 

T h e s p a c e b e t w e e n t h e i n n e r , e l e c t r o n - d e n s e l a y e r 
o f t h e e g g she l l a n d t h e d e v e l o p i n g m i r a c i d i u i n w a s 
m o r p h o l o g i c a l l y p a r t i t i o n e d i n t o t h r e e l a y e r s ( F i g s . 3 , 
4 , 10, 11): R e y n o l d s * l a y e r , v o n L i c h t c n b c r g ' s 
e n v e l o p e , a n d L e h m a n ' s l a c u n a . T h e o u t e r a c c l l u l a r 
R e y n o l d s ' l a y e r , l y i n g i m m e d i a t e l y b e n e a t h t h e e g g 
s h e l l , c o n s i s t e d o f a f r i b r i l l a r m a t e r i a l m i x e d w i t h a 
f i n e l y g r a n u l a r m a t r i x ( F i g s . 3 , 4 , 10, 11) . T h e 
i n t e r m e d i a t e s i n g l e l a y e r o f f l a t t e n e d e p i t h e l i a l c e l l s 
f o r m i n g v o n L i c h t c n b c r g ' s e n v e l o p e s u r r o u n d e d t h e 
i n n e r c o n t e n t s o f t h e e g g . I n e a r l y s t a g e s o f 

Fig. 10: Higher magnification of the lop right / o n e in Fig. 
2 showing the ultraslructural details of its t issue. Note Ihc 

space (*) containing moderately dense material and 
separating Ihc granuloma cell f r o m the egg shell . Th i s 

space is defined by the microspine ' s length. Letterings as in 
Fig. 2. The arrow indicates a basal lamina beneath the cell 

forming the granuloma and separating them f rom the 
" h a l o " calcified zone. X 12.000. 
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miracidia, the nuclci of the von Lichtenberg's cells 
were usually opposite to the spine pole, but 
deteriorated in the mature miracidia[5). The inner 
fluid-filled cavity, or Lehman's lacuna, surrounding 
the developing miracidium, contained several dense 
bodies of variable sizes (Figs. 3, 10, 11). 

In some specimens, the degree of preservation 
allowed the recognition of certain miracidial internal 
structures. These included typical motile cilia arising 
from electron-dense epidermal plates and were 
protruding into the lacuna (Figs. 3, 10, 11). Scattered 
among the ciliary rootlets were numerous 
electron-dense, membrane-bound, round to oval 
bodies measuring up to 350 nm in diameter (Figs. 10, 
11). Outer circular and inner longitudinal muscle 
layers forming the musculature of the developing 
miracidium, were also visible (Figs. 3, 10, 11). In 
cross sections (Fig. 12), circular fibers appeared to 
encircle the entire developing miracidium. The 
circular myofibrils were attached to the base of the 
epidermal plates. One apical and two lateral large 
glandular cells, representing the presumptive 
penetration glands, were found to occupy much of 
the anterior area of the growing miracidia. Each 
gland was packed with round secretory granules of 
various sizes and containing electron-dense cores 
(Fig. 4). 

The flame cells previously described in the free, 
mature miracidium and representing its excretory 
system(61 consisted of a cyton, a hollow cylinder or 
barrel, and numerous cilia within the cylinder. In the 
present study, cross sectioned cilia were found 
enclosed within the electron-dcnSc cylinder wall (Fig. 
13). 

H g , 11: Higher magnification of the Ixittom zone in Fig. 2 
showing the ul trustructunil details of its internal tissue. 

Lettering as in Figs. 2 and 9. X 12,000. 

H f r 12: Cross section of the egg longitudinal muscle 
fibers running beneath the circular muscic layer. X 16.000. 

Fift. 13: Cross section through the cylinder wall (W) of a 
f lame ccll enclosing cilia. X 48,000. 

Discussion 

The egg shell proper of S. haematobium is 
structurally identical to that previously described for 
S. mansoni (3,4,71, but differs from S. japonicum [8] 
in which microspines arc finer and mope densely 
distributed over the surface. In addition, the central 
dense cores seen in the microspines of S. 
haematobium, and S. mansoni [4) are lacking in the 
individual spines of S. japonicum (81. These 
differences do not clarify the function of the 
microspincs. Hockly(91 has suggested three possible 
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correlates: a mechanical or abrasive action, a mode 
of increasing the shell surface area, or serving as 
conduits to localize egg or worm secretion on tlie 
shell surface. Accordingly, the relatively larger size 
of S. haematobium spines would suggest that here a 
mechanical or abrasive function is more likely I ban 
for the S. japonicum. In addition, microspines of llie 
S. haematobium eggs ohscrved by Schnitzer ct al. [81 
were bent beneath the surrounding granuloma ccll 
membranes indicating less firm spines. However, the 
spine length seems to define the space separating the 
egg shell surface from the granuloma ccll 
membranes. This space is usually filled with a 
material that could be derived from either the egg or 
the granuloma cells or both, and was suggested to be 

•the functional interface between the host and parasite 
and responsible for the egg lesion. The cribriform 
pores and their serpiginous branching and 
anastomosing channels contiguous with the 
underlying Reynolds* layer are similar to those 
described for the egg shell of S. mansoni 14). 
Existence of large perforations in Schistosoma 
eggs(l-3J makes it more difficult to explain the 
resistance of normal eggs to be penetrated by 
fixatives, clearing, and embedding agents. This has 
impeded progress in defining egg internal structure 
and development of miracidium for over 20 years. 

The acellular Reynolds* layer, consisting of a 
fibrillar material mixed with finely granular matrix, 
permeates the pores in the egg shell proper. This 
layer is similar to **pcri-vitelline material** described 
in Fasciola hepatica eggsJlO], and corresponds to 
the inner layer of Schistosoma egg shells studied 
previously! 11,12J. The origin of this layer is not 
known, and several possibilities have been 
suggested(4]. The most convincing explanation is 
that the antigen-antibody complexes formed when 
antibodies leak through the pores and combine with 
egg antigen produce a reverse Hocppli phenomenon. 
Inside the egg shelll 13], such a phenomenon has 
been seen microscopically in human and 
experimental S. japonicum infection. It has also been 
suggested that impregnation of Reynolds* layer by 
antigen-antibody complexes and their reaction with 
the fixatives and other media may play a role in the 
blocking of the egg pores against normal processing 
agents. However, the immunogcnicity, tissue toxicity 
or function of the material comprising Reynolds* 
layer is not yet known. 

The fine structure of von Lichtcnbcrg's envelope 
is identical to that described in S. mansoni eggs(4J, 

and corresponds to both the "ou te r envelope** of 
Swidcrski( 14-17), and the "vitell ine membrane** 
described earlier! 18,19). Scanning electron microscope 
observations of newly hatched miracidia showed that 
the envelope remains within the shell upon 
hatching[20J, while the earlier light microscope 
studies indicated that the envelope occasionally 
emerges surrounding the miracidium. Neill et al. [4] 
were able to detect a large number of mitochondria 
and several nuclei suggesting an indication of a high 
metabolic activity. This was consistent with active 
transport and subtentacular functions including a role 
in providing essential materials for growth and 
differentiation of the miracidium. Elimination of 
toxic products and maintaining chemical milieu 
occurred in Lehman's lacuna. The extracted lipoid 
bodies seen distributed throughout the Lehman 's 
lacuna were also observed in S. mansoni eggs[4] and 
were suggested to be related to the vitelline glands. 

The acellular organization of the free, mature 
miracidium of S. mansoni has been divided into eight 
major categories or systems(6]: terebratorium, 
nervous system, interstitial cells, germinal cells, 
epithelial system, musculature, penetration glands, 
and excretory system. The last four systems, 
represented respectively by ciliated epidermal plates, 
outer circular and inner longitudinal muscle layers, 
lateral penetration glands packed with secretory 
granules, and flame cells with cilia enclosed in a 
cylinder wall have been distinguished, for the first 
time at the TEM level, in the developing miracidium 
within S. haematobium eggs. Their fine structure is 
also identical to those described for the free, mature 
miracidium of S. mansoni. The present TEM 
observations have elucidated several ultrastructural 
similarities concerning the egg shell proper and 
certain organs or systems in the developing 
miracidium of S. haematobium eggs trapped in 
human ureters to eggs of other Schistosoma spp. This 
knowledge will assist biochemical studies to 
understand the geometric constraints in egg 
functions, but open up still, more questions than were 
initially posed for answer. 
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