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Definitions and abbreviations 

Capillary bud CD31 immunostained endothelial cell structure without 
a visible lumen or peri-endothelial structures 

CCR5 Chemokine receptor, also a co-receptor for HIV 

CD Cluster of differentiation 

CD31 Immunohistochemical marker of endothelial cells 

CD3 Immunohistochemical marker of T cells  

CD4 Immunohistochemical marker of CD4+ T cells, and 
main receptor for HIV 

CD68 Immunohistochemical marker of monocyte-derived cell; 
monocytes and macrophages 

CD8 Immunohistochemical marker of CD8+ T cells 

CD4+ T lymphocyte / cell T cell expressing CD4 receptor on the surface 

Computer-assisted image analysis Digital quantification of image components 

Contact bleeding Mucosal bleeding by only slight contact 

CXCR4 Chemokine receptor, also a co-receptor for HIV 

Cytotoxic T cell CD8+ T cell with the capacity to destroy human cells 
infested with intracellular pathogens 

Delayed hypersensitivity (type IV) A type of T cell-mediated immune response 

Dendritic cell (DC) A “guardian” cell of the innate immune system 

Ectocervix The vaginal portion of the uterine cervix 

Endocervix The canal connecting the vagina with the uterine cavity 

Endothelial cell Cell that lines the inner surface of a blood vessel 

Eosinophil granulocyte One of the main effector cells in the immune response to 
schistosomiasis 

Established blood vessel vWF-immunostained vessel structures other than buds 

Female genital schistosomiasis Schistosome ova in female genital tissue 

Female genital tract Ovaries, tubes, uterus including the cervix, and vagina 

Granulation tissue Tissue reaction with capillary buds, activated endothelial 
cells and immature fibroblasts 

Granuloma Histopathological reaction to a foreign body such as ova; 
clusters of immune cells, especially activated monocytes 

HE Haematoxylin and eosin; standard stain for microscopic 
examination of human tissue 

Histopathology The scientific study of tissue by light microscopy 
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HIV Human immunodeficiency virus 

HIV target cells The (CD4+) cells susceptible to HIV infection 

HIV transmission The transfer of HIV infection between individuals 

HPF High-power field; the microscopic area viewed through 
objective lens 40 

HPV Human papillomavirus 

IL Interleukin 

Immunohistochemistry Protein detection by use of immunological markers for 
analysis of cells and tissue structures 

Langerhans cell Dendritic cell in the mucosal membrane and skin 

Macrophage Monocyte-derived phagocytic cell (literally big eater) 

Morphological Here with regard to histopathological findings 

Mucosa The epithelial lining of inner surfaces, such as the 
alimentary, urinary and genital tracts 

Ovum (ova) Egg(s); here parasite egg(s), which may be viable or 
non-viable / calcified 

Plasma cell Mature B cell capable of producing antibodies 

Pseudotubercle Term previously used for granuloma (see this term) 

SEA Soluble egg antigen 

S100 (protein) Immunohistochemical marker of several cell types, 
among others dendritic cells 

Sandy patch Sandy looking mucosal area with or without distinct 
grains; a typical sign of S. haematobium infection 

Schistosoma haematobium Parasite that commonly infects the female genitals 

Rubbery nodule Pustoloid, firm and beige nodule in the mucosa, 
associated with S. haematobium infection 

Schistosomiasis Disease caused by infection with schistosomes 

T lymphocyte / cell Pivotal immune cell of the innate immune system 

Th1 / Th2 cell Subsets of CD4+ T lymphocytes 

Transformation zone The transitional zone between the squamous and 
columnar epithelium of the cervical portio; the main area 
of colposcopic examination with regards to cancer  

Urogenital Which affects the urinary and/or genital tract(s) 

vWF von Willebrand Factor; immunohistochemical marker of 
established blood vessels 

WHO World Health Organization 
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1.0. Summary 

Schistosomiasis is, after malaria, the most important parasite disease in terms of public 

health impact. Schistosoma haematobium infects millions of people through fresh water 

contact, especially in sub-Saharan Africa. Recent knowledge of the genital manifestations of 

schistosomiasis and the possible association with human immunodeficiency virus (HIV) 

infection, has led to increased focus on this common but neglected tropical disease. Anti-

schistosomal treatment could potentially become an intervention point against HIV 

transmission. It is therefore imperative that the possible mechanisms by which female 

genital S. haematobium infection might influence HIV transmission is explored. 

 

S. haematobium infection is a frequent cause of mucosal pathology in the female genital 

tract. To our knowledge, this is the first study to perform systematic immunohistochemical 

analyses on S. haematobium infected female genital mucosa. This thesis presents the results 

of up-to-date immunohistochemical and image analyses of periovular mucosal blood vessels 

and HIV target cells, and of clinicopathological correlates in women with cervicovaginal S. 

haematobium infection in two cross-sectional studies in Malawi and Madagascar. 

 

In line with previous reports, we found a variety of tissue reactions to S. haematobium ova. 

Female genital mucosa infected with S. haematobium contained a higher density of HIV 

target cells, i.e. CD4+ T lymphocytes and CD68+ macrophages than uninfected mucosa. 

The infected genital mucosa was significantly more vascularised compared to healthy tissue. 

Clinicopathological analyses suggest that characteristic, abnormal mucosal blood vessels 

might be suggestive of a persistent tissue reaction to female genital S. haematobium ova, 

and that thrombosis might contribute to the pathogenesis. Finally, we developed a simple 

model for precise and efficient computer-assisted image analysis of immunostained tissue. 

 

In conclusion, the findings show that S. haematobium infected female genital mucosa may 

contain a higher density of HIV target cells and blood vessels than uninfected mucosa. 

Pathological changes in both acute and chronic tissue reactions to genital mucosal S. 

haematobium infection could facilitate cervicovaginal HIV transmission in women. Further 

studies are needed to explore the findings, and to provide clinical advice on the risks and 

effect of anti-schistosomal treatment on female genital schistosomiasis. 
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2.0. Background 

2.1. Schistosomiasis 

2.1.1. History 

The symptoms of schistosomiasis had been known for centuries when Schistosoma 

haematobium was first discovered by the German physician Bilharz in Egypt in 1851 [1]. 

Symptoms and signs of schistosomiasis have been found in Egyptian papyrus fragments as 

early as 1900 BC [2]. These descriptions have later been confirmed by the detection of S. 

haematobium ova in the kidneys of Egyptian mummies [3], and more recently of S. mansoni 

and S. japonicum in Egyptian and Chinese mummies, respectively [4,5]. 

 

In the beginning of the 20th century, S. mansoni and S. japonicum were distinguished from 

S. haematobium [6,7], followed by identification of the intermediate hosts; the fresh water 

snails, and thus the parasites’ life cycles [8]. The parasite and disease were named Bilharzia 

and bilharziasis, respectively, until 1954, when the international nomenclature was changed 

to Schistosoma and schistosomiasis [2]. However, both terms are still commonly used. 

 

2.1.2. Epidemiology 

Schistosomiasis is, next to malaria, the second most important cause of parasitic disease 

burden in terms of public health impact [9,10]. Close to 800 million people are currently 

exposed to schistosomiasis, and more than 600 million of these live in Africa [9,11]. 

Estimates indicate that more than 200 million Africans are infected; however, probably less 

than 15% of these are treated for the disease [12]. 

 

Five main schistosome species may cause disease in humans: S. haematobium, S. mansoni, 

S. japonicum, S. intercalatum and S. mekongi [13-16]. The geographical distribution of the 

various schistosome species follows the distribution of the respective intermediate hosts (see 

2.1.3. Life cycle) [17,18]. S. haematobium is found in Africa and the middle East, S. 

mansoni in Africa, the Caribbean, South America and the middle East, and S. japonicum in 

China, Indonesia and the Philippines (Figure 1) [17]. S. intercalatum and S. mekongi are 

found in limited areas of sub-Saharan Africa and Southeast Asia, respectively [17]. Man-
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made ecological changes such as irrigation and the migration of infected populations further 

contribute to the epidemiology of schistosomiasis [18,19]. 

 

 

Figure 1. The global distribution of schistosomiasis. (Reprinted with permission from 

Elsevier and courtesy of Professor B. Gryseels). 

 

2.1.3. Life cycle 

The main features of the life cycle are similar for the various schistosome species that cause 

disease in humans (Figure 2). Infection may be initiated when people through leisure or 

occupational activities, or otherwise come in skin contact with fresh water infested with 

schistosomal cercariae; the infectious larval stage of the parasite [13]. In case of infection, 

the cercariae penetrate the skin, develop into schistosomula, gain access to the blood stream 

and end up in the portal vein of the liver. Following sexual maturation, the pair of female 

and male schistosomes migrates against the blood stream to the site of ova deposition. 



16 

 

 

The female S. haematobium and S. intercalatum worms lay oval ova with a terminal spine, S. 

mansoni produce ova with a lateral spine, and S. japonicum and S. mekongi lay round ova 

with only a minute spine. For reasons still unknown, each species tends to home to a more 

or less specific venous plexus of the human body; S. haematobium worms tend to prefer the 

urogenital venous plexus, whereas the other species prefer the venous plexus of the 

intestinal tract [13]. A number of anastomoses exist between the pelvic venous plexuses, 

possibly affecting the final destination of the schistosome worms and ova [20]. 

 

The intravascular ova traverse the wall of the venule to enter the stroma. The ova secrete 

substances which lead to disintegration of the tissue, allowing them to pass through the 

stroma and reach the lumen of the organ in which they are deposited; frequently the lumen 

of the urinary bladder or the colon. A number of ova are frequently retained in the tissue 

stroma, and are the main cause of pathology in schistosomiasis (see 2.1.5. Histopathology). 

Figure 2. The life cycle of Schistosoma haematobium. The main aspects of the 

schistosome life cycle are similar for the species that infect humans. The snail, cercariae, 

ova, miracidium and worms have been enlarged for the sake of clarity. 
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Mature ova are excreted from the body mainly through urine (S. haematobium) or faeces (S. 

mansoni and S. japonicum). It is not yet clear whether the female genital tract also 

constitutes a route of transmission [21]. The ovum hatches when it comes in contact with 

water, liberating a miracidium. To complete the cycle, the miracidium must penetrate a 

fresh water snail (intermediate host) and develop into cercariae that are shed into the fresh 

water. Each species has its own specific snail host, which explains why the disease follows 

the distribution of the respective snails [13]. 

 

2.1.4. Clinicopathology of urinary schistosomiasis 

The World Health Organization (WHO) has recently recommended that disease caused by S. 

haematobium should be called urogenital schistosomiasis [22]. Disease caused by S. 

mansoni or S. japonicum is known as intestinal schistosomiasis [12]. This thesis will focus 

on the description of clinical features of urogenital schistosomiasis (see also 2.2. Female 

genital schistosomiasis). 

 

Urinary S. haematobium infection may cause inflammatory and calcified lesions in the 

urinary tract, leading to obstructive uropathy such as hydroureter and hydronephrosis, renal 

lesions such as acute and chronic pyelonephritis and probably a predisposition to squamous 

carcinoma of the urinary bladder [23-26]. Authors of primate and human autopsy studies 

have hypothesised that S. haematobium-induced lesions develop through three main stages; 

polypoid patches, fibrous patches and sandy patches [23,27-30]. Occasionally, reports have 

described lesions surrounded by dilated blood vessels or hyperaemia [31]. Some studies 

indicate that the degree and outcome of pathology is dependent on the focal location and 

variable intensity of infection characteristically observed in urinary S. haematobium 

infection [23,29,32,33]. 
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2.1.5. Histopathology of urinary schistosomiasis 

The histopathology caused by S. haematobium infection in general differs from that caused 

by other schistosome species [34]. In the following, mainly literature concerning S. 

haematobium infection will be cited. Results of relevant S. mansoni studies will be referred 

to only where no equivalent studies of S. haematobium exist. A more detailed account of the 

histopathology specific to female genital schistosomiasis will be given in chapter 2.2. 

Female genital schistosomiasis. 

 

Pathogenesis. S. haematobium-induced disease in humans is primarily caused by a form of 

delayed hypersensitivity reaction (type IV) to deposited ova [23,31,35]. The adult parasite 

worms evade the human immune system by adopting and integrating human antigens on 

their own surface [36]. Besides ova, dead worms, immature schistosomes and schistosomula 

may be susceptible to human immune responses [31,37]. There are, however, indications 

that adult S. haematobium worms may undergo immune-mediated clearance over time [38]. 

S. haematobium worms tend to remain in a single location for long periods, which may 

result in the deposition of large numbers of ova; up to two hundred ova daily [33,39]. 

 

More than half of the S. haematobium ova laid by the female worm may be retained in the 

tissue; characteristically found as clusters of calcified ova [33,35,40]. The intensity of 

urinary infection has been correlated to macroscopic and microscopic pathological findings, 

especially in children and young adults [23,27,35,41-43]. However, studies indicate that the 

deposition of S. haematobium ova is focal and patchy in humans and primates, although the 

variation of ova burden decreases with increasing intensity and/or duration of infection 

[24,29,33]. Moreover, factors other than the duration and density of ova deposition may 

affect the degree of pathology, such as the site and rate of ova deposition, in utero 

sensitisation to schistosome antigens, nutrition, anti-schistosomal treatment, host immune 

system, genetic predisposition and co-infections [19,44-49]. 

 

Authors of autopsy and surgical specimen studies of S. haematobium infection in Egypt 

have hypothesised that the disease develops through two main stages; ‘active’ and ‘inactive’ 

disease [27,30,42]. The active stage of disease, observed in children and teenagers, was 

characterised by mature adult worms and mostly viable ova with periovular granulation 

tissue and infiltrates of mainly lymphoid cells and eosinophils [27,28]. The inactive stage, 



19 

observed mostly from the third decade of life, was characterised by calcified ova and 

healing granulomas with few eosinophils [27,28]. A study of S. haematobium ova in mice 

suggests that calcifying ova may give a persistent granulomatous reaction in the tissue [50]. 

To our knowledge prospective studies of S. haematobium infection have not been performed 

in man, and thus the understanding of disease stages are hitherto based on hypotheses. 

 

Schistosomal granuloma. Several studies indicate that the periovular granuloma 

(previously termed ‘pseudotubercle’) is a common histopathological finding in urinary S. 

haematobium infection [51-56]. The schistosomal granuloma is a T lymphocyte-mediated 

immune response against miracidial products and consists predominantly of mononucleated 

cells, i.e. lymphocytes and plasma cells, monocytes, macrophages and fibroblasts, and a few 

neutrophils, eosinophils and mast cells (Table 1) [51-55]. 

 

Studies of granuloma formation in S. mansoni infection indicate that the schistosomal 

granuloma is a dynamic process in which suppressor T lymphocytes drive the 

granulomatous reaction, closely regulated by mononucleated cells [57,58]. Both T and B 

lymphocytes have been shown to be a part of the immune response against S. mansoni ova 

[59,60], and plasma cells may produce antibodies targeted at S. mansoni antigens [61]. 

Macrophages surround non-viable S. haematobium ova and ova shells are infiltrated by 

multinucleated giant cells (Table 1) [62]. Although not a dominating feature of the 

schistosomal granuloma, studies indicate that eosinophils are among the main effector cells 

in the immune defence against S. haematobium and S. mansoni [62-67]. 

 

Dendritic cells. In vitro antigen presentation by dendritic cells (DCs) may overcome T 

lymphocyte hypo-responsiveness observed in chronic S. haematobium infection [68]. In 

experimental in vitro and in vivo S. mansoni infections, DCs are competent inducers of T 

lymphocytes (Table 1) [69]. Binding of antigen to DCs, macrophages and other antigen-

binding cells may affect the polarisation of the immune response in schistosomiasis (see 

below, 2.1.6. Other immunopathological aspects) (reviewed in [70]). 
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Cell type Origin Functions 

 
 
 
 
 

Lymphocyte 

T cells originate from the 
bone marrow and mature 
in the thymus, B cells 
develop in the bone 
marrow 

T lymphocytes (CD4+, CD8+) and 
natural killer cells: cell-mediated 
immunity and immune regulation. 
B lymphocytes: humoral immunity 
(antibody production). 

 
 
 
 
 

Plasma cell 

Differentiate from 
B cells 

Produce antibodies in the host 
defence against invading 
pathogenic agents 

 
 
 
 
 

Eosinophil 

Develop and mature in the 
bone marrow 

Host immune response to 
multicellular parasites and 
involved in allergic responses 

 

 
 

Macrophage 

Monocytes from the bone 
marrow develop into 
tissue macrophages 

Engulf and digest infectious 
agents, foreign bodies and cancer 
cells. Stimulate immune cells. 

 
 
 
 
 

Giant cell 

Fusion of monocytes 
and/or macrophages 

Fusion of monocytes and 
macrophages in response to a large 
or refractory foreign body. 

 
 
 
 
 

Dendritic cell 

Originate from immature 
cells from the bone 
marrow 

Process and present antigens to 
other immune cells. 

 
 
 
 
 

Fibroblast 

Originate from the 
primitive mesenchyme 

Produce extracellular tissue 
content, such as collagen. 
Important for wound healing. 

Table 1. The main cells involved in the tissue response to S. haematobium ova [71]. 
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Other tissue reactions. Squamous epithelial hyperplasia constitutes a prominent feature of 

urinary S. haematobium infection, and may be found in association with severe urinary 

schistosomiasis [28,35]. Fibrosis may be characteristic of chronic S. haematobium infection, 

and fibroblasts have been found to adhere to fresh or partially damaged ova and produce 

extracellular collagen fibres [62]. In S. mansoni infection, fibrosis appears to be age- and 

sex-dependent [72]. 

 

2.1.6. Systemic immunopathological aspects 

At present, few appropriate experimental study models of S. haematobium infection are 

available, and most of our knowledge of the immunopathogenesis in schistosomiasis has 

been deduced from studies of murine S. mansoni infection [70]. Studies indicate that a 

closely regulated immune response against schistosomes acts to suppress the parasites’ 

virulent effects, and may further be essential for host survival [73,74]. 

 

In S. mansoni infection, the first 4-6 weeks of infection are characterised by a moderate T 

helper 1 cell (Th1) dominated immune response, followed by a shift to a T helper 2 cell 

(Th2) dominated immune reaction (reviewed in [70]). Th1 cells, a subset of CD4+ T 

lymphocytes, are recruited in response to schistosomula and immature adult worms, and 

produce cytokines such as interferon (IFN)-� involved in macrophage activation [75,76]. 

Th2 cells, another subset of CD4+ T lymphocytes, are activated in response to ova 

deposition and produce interleukins such as IL-4, IL-5 and IL-13 involved in establishing 

eosinophilic and granulomatous reactions and in generating fibrosis (IL-13) [75,76]. 

Following a peak at around 8 weeks post infection, the Th2 dominant response is down-

modulated towards chronic infection [70]. IL-10 regulates the shift from Th1 to Th2 

dominant immune responses, and, alongside regulatory T lymphocytes (T regs or 

CD4+CD25+ T cells) prevents severe pathology due to excessively polarised responses [70]. 

 

The immune profile in chronic schistosomiasis, including S. haematobium infection, may 

affect the disease burden of co-infections as well as the capability to adequately respond to 

vaccines (see chapter 2.3. Schistosomiasis and human immunodeficiency virus (HIV) 

infection) [77]. On the other hand, data suggest that the immune profile in chronic helminth 

infections could protect against diseases such as asthma, allergy and autoimmunity [78-80]. 
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2.2. Female genital schistosomiasis 

2.2.1. History 

The earliest reports of female genital schistosomiasis are found in two case studies 

published in Egypt in 1899, with descriptions of schistosome ova in cervical and vaginal 

tissue, respectively [81,82]. In the years that followed, a number of case reports were 

published, and in 1925, Gibson thought it “probable that the incidence of genital 

Bilharziasis in the female is much commoner than the published reports of cases would 

suggest” [83]. 

 

Experimental studies have shown that S. haematobium infection may lead to various forms 

of pathology in the female genital tract of infected non-human primates [29,32,55,84,85]. 

Although animals show individual variations to S. haematobium infection, three main 

reactions have been identified in the genital mucosa: tan and firm polypoid patches, pale 

fibrous patches, and small, gritty sandy patches [32]. 

 

From the middle of the twentieth century a number of cross-sectional autopsy and surgical 

specimen studies were performed. Table 2 gives an overview over the main characteristics 

of the histopathological studies of S. haematobium infection in the lower female genital tract. 

Autopsy and surgical specimen studies are often biased to hospitalised and seriously ill 

patients, and the clinical relevance of the results must be interpreted as such. None of these 

studies describe the histopathology of the female genital mucosa of the controls [86-89]. 
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Author, year Material Numbera Country 

Gelfand, 1949 Autopsies   30 South Africa 

Charlewood, 1949 Surgical specimens   31b South Africa 

Badawy, 1962 Surgical specimens   68 Egypt 

Berry, 1966 Surgical specimensc   161 South Africa 

Williams, 1967 Surgical specimens   14 Nigeria 

Bland, 1970 Surgical specimens   12 Zimbabwe 

Gelfand, 1971 Autopsies   25 Zimbabwe 

Renaud, 1971 Surgical specimens   46 Ivory Coast 

Diouf, 1973 Surgical specimens   20 Senegal 

Coulanges, 1975 Surgical specimens   26 Madagascar 

Edington, 1975 Autopsies   34 Nigeria 

Koller, 1975 Surgical specimens   21 South Africa 

Loubière, 1977 Surgical specimens   51 Ivory Coast 

Bayo, 1981 Surgical specimens   51 Mali 

van Raalte, 1981 Surgical specimens   145 Tanzania 

Wright, 1982 Surgical specimens   139 Malawi 

Gouzouv, 1984 Surgical specimens   27 Republic of the Congo 

Ricosse, 1985 Surgical specimens   40 Franced 

Renaud, 1989e Community-based   46 Niger 

Helling-Giese, 1996 Out-patient departmentf   33 Malawi 

Leutscher, 1997e Community-based   12 Madagascar 

Poggensee, 2000e Community-based   134 Tanzania 

 

Table 2. Histopathological studies of human S. haematobium infection in the lower 

female genital tract. All the included studies are cross-sectional. 
aNumber of cases with schistosomiasis of the lower female genital tract by histopathological 

findings and/or digestion technique. Only studies with more than ten cases are included in 

the table. bAdditional 66 histopathological slides from other cases than those whose 

cytological results are presented. cIncludes 139 cervical smears. dInstitut de Médicine 

Tropicale du Service de Santé des Armées, Marseille. eNo detailed histopathological 

analyses other than presence or not of schistosome ova. fPatients and next of kin. 
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2.2.2. Clinical manifestations of female genital mucosal schistosomiasis 

Women with S. haematobium infection of the genital tract may suffer from pelvic pain, 

genital itch, abnormal vaginal discharge, irregular menstruation and infertility [90-92]. One 

study showed that women with genital schistosomiasis report significantly more often 

spontaneous abortions than uninfected controls [90]. S. haematobium infection of the female 

genital mucosa may present as sandy patches, with or without contact bleeding or abnormal, 

i.e. convoluted, reticular, branched and unevenly calibered mucosal blood vessels [93,94]. 

The gynaecological manifestations in women with genital S. haematobium infection may or 

may not be found together with urinary S. haematobium infection [90,93,95,96]. 

 

Female genital schistosomiasis may clinically resemble malignant lesions and/or sexually 

transmitted infections (STIs), and both may be relevant differential diagnoses [91,93]. Also 

S. mansoni and S. japonicum may infect the female genital tract, and some report findings 

similar to those found in S. haematobium infection [20,97-100]. 

 

2.2.3. Histopathology of female genital mucosal schistosomiasis 

Following the publications by Pétridis and Madden in 1899, a number of cases of S. 

haematobium infection in the female genital organs were reported [81,82,101-112]. The 

histopathological reactions vary considerably, ranging from periovular granulomas and 

infiltrates composed of eosinophils, lymphocytes, plasma cells, giant cells and fibroblasts, to 

predominantly fibrous tissue with little or no apparent periovular cellular reaction. In a 

review of female genital schistosomiasis published in 1943, Gilbert noted that the varied 

histopathological manifestations may also be found side by side in the same specimen [113]. 

 

The first systematic description of the pathogenesis in female genital S. haematobium 

infection was presented in 1919 [84]. In this study of experimental S. haematobium 

infection in monkeys, a range of tissue reactions were reported; from periovular 

multinucleated giant cells, eosinophils and small mononucleated cells to calcified ova 

surrounded by fibrotic tissue [84]. 

 

Autopsy and surgical specimen studies. The histopathology of human female genital S. 

haematobium infection has been explored in a number of autopsy and surgical specimen 
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studies from all regions of Africa (see Table 2) [86-89,114-127]. It must be noted that most 

studies have not controlled for STIs. The organ distribution of S. haematobium ova in 

infected women varies between studies; however, the lower genital tract is the most frequent 

detection site in biopsies, commonly taken from the cervix by routine sampling and/or as 

part of cancer diagnostics [87-89,115,117-120,123-126]. 

 

In a study of surgical specimens from South Africa, Charlewood et al noted a marked 

variation in the morphological reaction to schistosome ova; from slight reactive changes to 

chronic inflammation, often with abscesses of eosinophils [114]. The authors also remarked 

that the tissue reaction was not necessarily related to the density of ova in tissue, as in some 

cases “the degree of response appears to be out of all proportion to the number of ova 

found” [114]. Infected tissue lined by squamous epithelium, such as the vulva, vagina and 

ectocervix, often showed hyperplastic changes and papilloma formation of the epithelium, 

whereas tissue lined by columnar epithelium showed little or no epithelial reaction. 

 

In a study in Egypt, Badawy suggested that so-called schistosomal pseudotubercles; 

consecutive layers of epithelioid cells, eosinophils and lymphocytes surrounding an ovum 

engulfed by a giant cell, were characteristic for S. haematobium infection of the cervix [115]. 

Squamous epithelial hyperplasia and gradual replacement of ‘pseudotubercles’ by fibrosis 

were other characteristics associated with cervical S. haematobium infection [115]. 

 

A large variation in histopathological findings was also reported by Berry in 1966 [86]. 

Schistosome ova, most often deposited in the subepithelial tissue of the transformation zone, 

were commonly surrounded by increased vascularity, ‘pseudotubercles’, eosinophilic 

reaction, ulceration, lymphocyte infiltrates, multinucleated histiocytes and epithelial 

hyperplasia. However, the periovular tissue reaction could also show little or no apparent 

involvement at all [86]. Comparing the histopathological findings to an analysis of cervical 

and vaginal smears of other cases, the author “felt that ova (which could often be seen 

escaping) could have been retrieved in smears” [86]. Others report the findings of S. 

haematobium ova close to denuded or atrophic epithelium and in cytological material 

[21,105,116,128]. However, one study suggests that cervical smears are unreliable for the 

diagnosis of female genital schistosomiasis [129]. 
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Categories of histopathogical changes. In a detailed and systematic analysis of surgical 

specimens from Ivory Coast, Renaud et al suggested that tissue reactions to female genital S. 

haematobium infection develop through three main stages: ‘exudative’, ‘productive’ and 

‘sclero-cicatricial’ [87]. The exudative stage was characterised by abundant 

neovascularisation and numerous micro-abscesses containing neutrophils and eosinophils, 

lymphocytes, histiocytes and red blood cells surrounding an often viable schistosome ovum. 

The second, productive stage was characterised by the apparition of ‘pseudotubercles’ 

around both viable and non-viable schistosome ova. Finally, the sclero-cicatricial stage was 

characterised by dense fibrous tissue with scattered giant cells, few ova remnants without 

any apparent periovular reaction. The authors also frequently found hyperplastic changes of 

the squamous epithelium in the S. haematobium infected genital mucosa [87]. 

 

In line with the findings by Renaud et al, a retrospective analyses of surgical specimens in 

Malawi identified five different tissue reactions to schistosome ova: 1) diffuse infiltration by 

eosinophils, neutrophils, plasma cells, lymphocytes and macrophages, 2) granulomas or 

pseudotubercles with epithelioid cells, lymphocytes, eosinophils and fibroblasts, 3) foreign 

body giant cells surrounding shell fragments, 4) large numbers of shell fragments trapped in 

fibrous tissue and 5) sparse shell fragments with no apparent tissue reaction [118]. The 

authors hypthesised that the different categories represented different phases of progress of 

S. haematobium-induced histopathology [118]. 

 

The results of the first community-based study were published in 1989 by Renaud et al 

[120]. Vaginal biopsies were sampled from 61 otherwise unselected Nigerien women, 

identifying a prevalence of vaginal schistosomiasis of 75%. In line with previous studies 

[89,117], Renaud et al found that the intensity of urinary S. haematobium infection as 

measured by urinary ova output and vesical lesions detected by ultrasound, was significantly 

associated with vaginal S. haematobium infection [120]. 

 

Most of the studies discussed above describe a diversity of histopathological tissue reactions 

to schistosome ova, however, in a number of studies, the majority of cases are limited to a 

moderate to mild tissue reaction [89,117,119,123,124,126]. No study has yet explored the 

possible pathophysiological mechanisms for this variation of tissue reactions. 
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Ova detection in tissue specimens. The deposition of S. haematobium ova in the female 

genital mucosal tissue may be highly focal and affect the analyses of the related tissue 

reactions [89,113,114]. Several studies have explored the ability of tissue digestion with 

potassium hydroxide as a detection method of schistosome ova [89,113,117,130]. A 

digestion study in 30 consecutive autopsies in South Africa found S. haematobium ova in 

the genitals of all the cases [130]. In a retrospective autopsy study in Nigeria, complete 

digestion and histopathological findings were compared in the pelvic organs in 34 females 

with urinary S. haematobium infection, and the two ova detection methods proved to 

perform well in severe infections, whereas the ability to detect ova by histopathology was 

reduced compared to digestion technique in milder infections [117]. However, a 

Zimbabwean study of block dissections of the pelvic organs from 64 consecutive autopsies 

concluded that neither digestion nor histological examination was sufficient to successfully 

detect ova in the tissue [89]. 

 

2.2.4. Clinicopathological correlates 

A clinicopathological, hospital-based study in Malawi from 1994, which correlated 

histopathological results with clinical findings in female genital S. haematobium infection, 

indicated that sandy patches consist of ova in various stages of disintegration surrounded by 

a limited cellular reaction, and that polyps consist of a more pronounced immune reaction 

with a cellular infiltrate [127]. These findings correspond with an experimental study of 

urogenital S. haematobium infection in baboons in which polypoid patches; sharply 

delimited, resilient patches, were found to consist of large numbers of ova with infiltrates of 

eosinophils, macrophages, plasma cells and lymphocytes; fibrous patches of fibrosis with 

some inflammation; and sandy patches of closely packed ova with little inflammation [32]. 

 

Although the abovementioned findings may be plausible, no other clinical or experimental 

evidence definitely supports the hypothesis that acute schistosomal lesions evolve into 

sandy patches [42]. However, the hypothesis is supported by the findings of what is 

regarded as acute pathology in children and teenagers with urinary S. haematobium 

infection, and what is thought to be progressive pathology in adults [23,27,28,131]. 
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2.3. Schistosomiasis and human immunodeficiency virus (HIV) infection 

Recently, the possible association between schistosomiasis and HIV infection has received 

increased attention [132-135]. On the one hand, concomitant HIV infection could affect 

schistosomal morbidity or susceptibility to schistosome infection, and on the other hand, 

concomitant schistosomiasis could affect HIV-related morbidity or risk of HIV transmission 

[136,137]. To our knowledge, there are no studies of HIV-2 infection and schistosomiasis. 

In the following HIV-1 will be referred to as HIV. 

 

2.3.1. The female genital mucosa and HIV transmission 

The lower female genital tract is the main site of HIV transmission, and is also one of the 

most common sites for female genital S. haematobium infection [93,138]. Similar to STIs, it 

has been suggested that genital lesions caused by S. haematobium ova may provide points of 

entry for HIV [133,139-142]. Studies have been demonstrated that S. haematobium 

infection may compromise the barrier function of the female genital mucosa 

[86,93,94,118,143]. 

 

Studies indicate that CD4+ T cells, Langerhans cells and macrophages are among the 

earliest cervicovaginal cell populations to be infected with HIV [144-149]. Further, HIV co-

receptors CCR5 and CXCR4 may be necessary for the propagation of HIV infection 

[150,151]. It has been hypothesised that S. haematobium induced immune reactions in the 

genital mucosa could increase the density of HIV susceptible immune cells [133,152]. This 

could potentially facilitate the transmission of HIV in co-endemic areas [153]. 

 

2.3.2. Epidemiological data on schistosomiasis and HIV infection 

Several aspects of the uneven burden of the HIV epidemic warrant further understanding of 

the possible factors responsible for driving the epidemic [152]. A disproportionately high 

HIV prevalence affects Sub-Saharan Africa, and there appears to be a geographical overlap 

between co-endemic areas for HIV and S. haematobium infection [22]. Further, there is an 

unexplained gender quotient disfavouring women, especially in younger age groups [154]. 
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2.3.3. Immunological data on schistosomiasis and HIV infection 

HIV more readily infects and replicates in Th2 lymphocytes, and the Th2-dominated 

immune response in chronic schistosomiasis might increase HIV-related morbidity in 

concomitant schistosomal infection (see 2.1.6. Other immunopathological factors) 

[132,155,156]. In vitro peripheral mononuclear blood cells from S. mansoni infected 

individuals were more susceptible to HIV infection than mononuclear blood cells of non-

infected individuals [157]. Furthermore, CD4+ cells in patients with S. mansoni infection 

expressed a higher density of HIV co-receptors CCR5 and CCXR4 than did CD4+ cells in 

patients treated for schistosomiasis [158]. 

 

On the other hand, studies indicate that CD4+ T lymphocytes may be essential for the host 

response to S. mansoni infection, and some suggest that a depletion of CD4+ cells in HIV 

infection could increase schistosomal morbidity and affect susceptibility to schistosomal re-

infection [73,74,137]. Moreover, ova excretion may be reduced in schistosomiasis and HIV 

co-infected, thereby possibly increasing ova-related pathology [159,160]. A cross-sectional 

study, however, did not find any difference in egg excretion between low-intensity 

schistosomiasis and HIV co-infected patients and patients with schistosomiasis alone [161]. 

Studies suggest that Th17 cells may affect the mucosal immune response in HIV-1 infection; 

however, their role has not yet been explored in schistosomiasis [70,162,163]. 

 

2.3.4. Clinical data on a possible association with HIV infection 

A cross-sectional, community-based study in Zimbabwe found a nearly three-fold increased 

odds of HIV infection in women with genital S. haematobium infection compared to women 

without [135]. Women with urinary S. haematobium infection were more often co-infected 

with HIV infection than women without urinary schistosomiasis [164]. These findings are in 

line with the results from an experimental study of S. mansoni infected rhesus monkeys, in 

which the infectious dose of simian-human immunodeficiency virus was 17-fold lower in 

parasitised compared to non-parasitised animals [165]. 



30 

2.4. Computer-assisted image analysis 

Quantification of immunostained cells and tissue structures in formalin-fixed, paraffin-

embedded tissue sections is a core element of histopathological methodology [166,167]. In 

many laboratories, immunohistochemical quantification is still mostly performed manually, 

both in routine and research pathology. This procedure is time-consuming and tiring, and 

the results may be compromised by intra- and inter-observer variabilities [167]. 

 

Computer-assisted image analysis can improve the reliability and validity of quantitative 

analyses of immunostained tissue sections [168-171]. Costly software has been customised 

for specific clinical purposes; however, there is a need for simple and comprehensible 

models for low-cost computer-assisted image analyses [172]. 
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3.0. Study objectives 

3.1. Broad objectives 

The aim of this study was to explore the histopathological and immunohistochemical factors 

which might affect cervicovaginal HIV susceptibility, and to explore the histopathological 

correlates of clinical findings in female genital mucosal S. haematobium infection. 

 

3.2. Specific objectives 

A. To develop a simple method for precise computer-assisted quantitative analyses of 

immunostained formalin-fixed and paraffin-embedded tissue sections (Paper IV). 

 

B. To study the histopathological and immunohistochemical tissue reactions immediately 

surrounding S. haematobium ova in cervicovaginal mucosal biopsies, by 

1. quantifying and determining the characteristics of periovular endothelial cell 

structures (Paper I). 

2. quantifying the density of periovular CD4+ T lymphocytes, macrophages, 

Langerhans cells and CCR5 and CXCR4 receptors (Paper II). 

 

C. To explore the histopathological correlates of abnormal mucosal blood vessels in 

cervicovaginal S. haematobium infection (Paper III). 
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4.0. Materials and methods 

4.1. Study population and design 

The analyses were performed on endemic archive biopsies from a study in Malawi and on 

non-endemic archive biopsies from Norway (Figure 3). An overview of the study groups is 

shown in Table 3. One of the patients presented in the case study (Paper III) originated from 

a cross-sectional study in Madagascar which will be described at the end of this section. 

 

Non-endemic 
normal cervix 

Endemic without 
FGSa 

Endemic 
with FGSa 

Non-endemic 
chronic cervicitis 

No S. haematobium 
ova seen 

No S. haematobium 
ova seen  

S. haematobium ova 
identified 

No S. haematobium 
ova seen 

Less than 10 immune 
cells per HPFb 
 

  Predominance of 
plasma cells and/or 
lymphocytes 

No non-specific 
tissue proliferation 
 

  Less than 20 PMNsc 
and less than 5 
eosinophils per HPFb 

No other signs of 
pathology 

  No other signs of 
pathology 

 

Table 3. The study groups. The histopathological characteristics of endemic Malawian and 

non-endemic Norwegian biopsies included in the study. aFGS = Female genital mucosal S. 

haematobium infection. bHPF = high-power field. cPMN = polymorphonuclear neutrophil. 

 

Endemic cases and controls. The archive biopsies of endemic cases and controls originated 

from a study of women with urogenital S. haematobium infection at Mangochi District 

Hospital in Malawi in 1994 [173]. All sexually active women between 15 and 49 years of 

age, irrespective of their complaints or whether they were patients or next of kin, present in 

the out-patient department before lunch time, were invited to submit urine samples. Women 

who were willing to provide a urine sample, and who by filtration of the urine were found to 

have S. haematobium ova in the urine, were invited for an interview and gynaecological 

examinations. 



33 

 

Figure 3. Archive biopsies from an S. haematobium endemic study site (Mangochi) were 

analysed with Norwegian archive biopsies as non-endemic controls. 

 

Women who declined a gynaecological examination or biopsy, virgins, pregnant women (as 

indicated by the medical history and confirmed by human chorionic gonadotropin (hCG) 

test in urine) and postmenopausal women were excluded from the study. Excluded women 

were offered equal medical services and referred to the hospital staff if necessary. Pregnant 

women with schistosomiasis were asked to come back for treatment after delivery. 

 

Following free and informed consent, a gynaecological examination was performed. 

Cervical biopsies were taken routinely. In total, biopsies from the cervix and/or vagina were 

sampled from 61 women. The pathology was photographed using a portable 

photocolposcope (Leisegang Medical, Berlin, Germany). Results from analyses of HE-

stained biopsies and of other specimens collected in 1994 have been published previously 

[127]. All women with urogenital schistosomiasis were weighed and offered supervised 

treatment with a single dose of praziquantel 40 mg/kg body weight. 

 

Malawian women with S. haematobium ova in genital mucosal biopsies were included as 

endemic cases, whereas Malawian women without S. haematobium ova in genital mucosal 

biopsies served as endemic negative controls. In order to avoid undetected ova situated just 
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outside the biopsy borders in presumed negative cases (Figure 4), only women without S. 

haematobium ova in genital mucosal biopsies in both the original and present studies were 

included as endemic negative controls. A previous study has indicated an association 

between HPV and urogenital S. haematobium infections; however, specific signs of HPV 

infection were not observed in the endemic biopsies with S. haematobium ova [174]. In 

addition to the cervical biopsies, three vaginal biopsies were included. The histopathological 

reactions and ova viability were similar in the cervical and vaginal biopsies, and the biopsies 

were therefore analysed together. 

 

 
 

Figure 4. Ova location and tissue sectioning. Due to focal deposition in the tissue, S. 

haematobium ova may be missed by only a few micrometres and the possibility of 

remaining ova-related histopathology might be misinterpreted. 

 

Non-endemic controls. Non-endemic Norwegian archive biopsies were selected by 

searching the database at the Department of Pathology at Oslo University Hospital Ulleval 

from 1994 for combinations of the anatomical site ‘cervix uteri’ and the morphological 

diagnoses ‘cervicitis’ and ‘normal morphology’. Included as negative non-endemic controls 

were women with histologically normal uterine ectocervices with intact tissue architecture 

(Figure 5). Excluded were all endocervical biopsies, and ectocervical biopsies with more 

than ten inflammatory cells per high-power field (HPF), non-specific vessel proliferation, 

epithelial hyperplasia, polyps, cysts, atypical or dysplastic changes, or signs of human 

papilloma virus (HPV) infection, i.e. clustered koilocytosis and dyskeratosis. 

 

B A 
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Included as positive non-endemic controls were women with chronic non-specific cervicitis; 

defined as ectocervices with intact tissue architecture and a distinct, generalised infiltrate 

dominated by lymphocytes and/or plasma cells (Figure 6). Excluded were all endocervical 

biopsies, and ectocervical biopsies with more than 20 granulocytes or 5 eosinophils per HPF 

and specimens with signs of HPV infection, erosion, ulcerations, granulation tissue or extra-

vascular erythrocytes (in order to avoid non-specific immunostaining). 

 

For each immunostain, different numbers of biopsies were available in the respective study 

groups (Table 4). Endemic biopsies were excluded due to insufficient tissue for further 

analyses and when ova lacked in subsequent sectioning. Non-endemic biopsies were 

excluded due to technical reasons such as non-specific cross-reactions and insufficient tissue 

with preserved architecture. The limited number of available biopsies restricted the 

possibility for stratification by age, and this is addressed during the statistical analyses. 

 

Immunostain 
(antibodies) 

Non-endemic 
normal cervix 

Endemic 
without FGSa 

Endemic 
with FGS 

Non-endemic 
chronic cervicitis 

 Incl Excl Incl Excl Incl Excl Incl Excl 

vWFb 28 1 24 0 20 17 11 7 

CD31c 29 0 24 0 20 17 15 3 

CD3/8 29 0 16 8 13 24 16 2 

CD68 29 0 23 1 19 18 18 0 

S100 28 1 14 10 17 20 15 3 

 

Table 4. Included and excluded specimens. Biopsies were excluded for technical reasons 

such as insufficient tissue for further analyses or lack of ova in subsequent sectioning of 

endemic biopsies with previously detected S. haematobium ova. aFGS = Female genital 

mucosal S. haematobium infection. bvWF = von Willebrand Factor (previously Factor VIII 

Related Antigen). cCD = Cluster of differentiation. 
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Figure 5. Non-endemic negative control. Archive biopsies of non-endemic Norwegian 

women with normal cervices were included as negative controls. 

 

 

 

 
Figure 6. Non-endemic positive control. Archive biopsies of non-endemic Norwegian 

women with non-specific chronic cervicitis were included as positive controls. 
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The Madagascan study. A population-based cross-sectional study was carried out in 

women between 15 and 35 years of age in the district of Miandrivazo in Western 

Madagascar in June and July of 2010. The surfaces of the lower genital tract were examined 

in a standardised manner, and accurate biopsies were sampled from observed pathology 

using biopsy forceps 2.3 mm (ENDO-FLEX GmbH, Voerde, Germany). The precise 

location of the biopsy was recorded using a pointer and photographed using an Olympus E-

420 10 megapixel single lens reflex (SLR) camera (Olympus America Inc., Center Valley, 

PA, USA) mounted on an Olympus OCS-500 colposcope (Olympus America Inc.) in order 

to correlate the clinical findings with the histopathological results. Standard 

histopathological examinations were performed on the Madagascan biopsies. 

 

4.2. Histopathology 

All biopsies were fixed in formalin, routinely processed and embedded in paraffin. For 

histopathological analyses, 3.5 �m serial sections of the included specimens were cut using 

a Microm HM 355 microtome (Thermo Fisher Scientific Inc., Waltham, Massachusetts, 

USA) and placed on SuperFrost slides (Menzel-Gläser, Braunschweig, Germany). The 

sections were deparaffinised and rehydrated prior to standard HE staining. 

 

4.3. Immunohistochemistry 

For immunohistochemical analyses of the Malawian biopsies, 3.5 �m thick serial sections of 

the included specimens were cut using a Microm HM 355 microtome (Thermo Fisher 

Scientific) and placed on SuperFrost Plus slides (Menzel-Gläser). The 

immunohistochemical stains were performed using BenchMark XT (Ventana Medical 

Systems Inc., Tucson, Arizona, USA); an automated immunostain system based on the ABC 

avidin-biotin-peroxidase method. 

 

The automated slide preparation system performed sequential deparaffinisation, antigen 

retrieval, and incubation with primary and secondary antibodies, respectively. Enzyme-

mediated horseradish peroxidase (HRP) labelled to diaminobenzidine (DAB) reporter 

molecules was used for colour detection. Amplification was achieved by secondary 

antibody conjugation to biotin molecules and by avidin protein bound enzymes. All sections 

were counter-stained with haematoxylin. Optimal antigen retrieval, antibody concentrations 
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and incubation times were pre-tested on endemic and non-endemic specimens for each 

immunostain. Table 5 shows the specifications and final dilutions used for each 

immunostain. Negative and positive controls were included for analyses according to 

manufacturer recommendations. All slides were examined microscopically by a senior 

pathologist (BR) for immunohistochemical antigen detection combined with morphological 

identification. 

 

The immunostains were specifically chosen in order to meet the respective study objectives. 

For the identification of blood vessels, two endothelial cell markers were used; monoclonal 

antibodies to CD31 (Dako Denmark A/S, Glostrup, Denmark) (Figure 7) and polyclonal 

antibodies to von Willebrand Factor (vWF) (Ventana) (Figure 8). In line with previous 

reports, immunohistochemical antibodies to CD4, CCR5 and CXCR4 cross-reacted non-

specifically and could not be interpreted (Figure 9). For identification of CD4+ T 

lymphocytes, a mature T lymphocyte marker and a cytotoxic T cell marker were applied on 

two consecutive 3.5 �m thick serial sections of each biopsy; rabbit monoclonal antibodies to 

CD3 (Ventana) (Figure 10) and mouse monoclonal antibodies to CD8 (Dako), respectively 

(Figure 11). Macrophages were identified using mouse monoclonal antibodies to CD68 

(Dako) (Figure 12) and Langerhans cells were identified using rabbit polyclonal antibodies 

to S100 protein (Ventana) (Figure 13). 

 

All specimens were originally stored in formalin. Further analyses of receptor expression or 

activity other than HE and immunohistochemical staining could thus not be performed. 

Enzyme immunohistochemical analyses were preferred to immunofluorescence techniques, 

in order to allow for visualisation of tissue architecture and thereby the relative location of 

the respective tissue reactions to S. haematobium ova. 
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Antigena Antibodyb Clonec Manufacturer Dilution Incubationd 

CD31e Monoclonal, mouse JC70A Dakof 1/80 32’ 

vWFg Polyclonal, rabbit - Ventanah Ready to usei 20’ 

CD4 Monoclonal, mouse 1F6 Leicaj 1/10 36’ 

CD3 Monoclonal, rabbit 2GV6 Ventana Ready to usei 32’ 

CD8 Monoclonal, mouse C8/144B Dako 1/150 30’ 

CD68 Monoclonal, mouse KP1 Dako 1/3000 32’ 

CD14 Monoclonal, mouse 7 Leica 1/15 40’ 

CCR5k Polyclonal, rabbit - AbD Serotecl 1/60 32’ 

CXCR4m Polyclonal, rabbit - AbD Serotec 1/50 32’ 

S100 Polyclonal, rabbit - Ventana Ready to usei 16’ 

 

Table 5. Antigen markers used for immunohistochemical staining. aTarget antigen. 
bAntibody characteristics. cClone number of monoclonal antibodies. dIncubation time 

(minutes) of primary antibody. eCD = Cluster of differentiation. fDako Denmark A/S, 

Glostrup, Denmark. gvWF = von Willebrand Factor (previously Factor VIII Related 

Antigen). hVentana Medical Systems Inc., Tucson, Arizona, USA. iNo dilution needed prior 

to application. jLeica Biosystems Newcastle Ltd., Newcastle Upon Tyne, UK. kAlso named 

CD195. lAbD Serotec, Oxford, UK. mAlso named CD184. 
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Figure 7. Capillary budding in tissue with S. haematobium ova. Immunostain to CD31 of 

sprouting of capillary buds (brown) surrounding several calcifying ova. Note the viable, 

intravascular ovum (left) and the ovum undergoing digestion by a multinucleated giant cell. 

 

Figure 8. Established blood vessels in tissue with calcified S. haematobium ova. 

Immunostain to vWF clearly demarcates established blood vessels (brown) surrounding a 

cluster of calcified ova 

S. haematobium 
ova 

Giant cell 
digesting an 
S. haematobium 
ovum 

Cluster of 
calcified S. 
haematobium ova 
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.  

 

 

 

 

Figure 9. Non-specific protein detection. Immunostain of endemic biopsy with antibodies 

to CD4 (A) and CCR5 (B) stain non-specific epitopes on ova and other structures and could 

therefore not be interpreted. Similar results were seen for antibodies to CXCR4 (not shown). 

Non-specific 
immunostain 

Non-specific 
immunostain 

S. haematobium 
ova 

A 

B 
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Figure 10. CD3 immunostain. Section of biopsy with CD3+ T lymphocytes (brown) 

surrounding S. haematobium ova (3.5 �m above the next serial section (Figure 11)). 

 

 

Figure 11. CD8 immunostain. The consecutive section of the same biopsy as in Figure 10 

(3.5 �m below the previous section). 

S. haematobium 
ova 

Immunostain to 
CD3 (brown) 

Immunostain to 
CD8 (brown) 

S. haematobium 
ova 
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Figure 12. Macrophages in S. haematobium infected cervical mucosa. Immunostain to 

CD68 demonstrates tissue macrophages (brown). Note the fusion of macrophages (giant cell) 

surrounding a viable S. haematobium ovum. 

 

 

Figure 13. Dendritic cells in female genital mucosa. Immunostain to S100 protein 

visualises dendrites of Langerhans cells (brown). S. haematobium ova are located 

immediately beneath the analysed epithelium (other sections, not shown). 

Viable S. 
haematobium ova 

Macrophages 
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Identification of ova spines is deemed insufficient for determination of schistosome species 

in tissue specimens [86]. A modified Ziehl-Neelsen stain (VWR International, LLC, Radnor, 

Pennsylvania, USA) was therefore used to distinguish S. haematobium type ova from S. 

mansoni or S. intercalatum ova (Figure 14) [175]. In addition, characteristic features such as 

ova clustering and calcification contributed to the identification of S. haematobium type of 

schistosome ova [86]. 

 

 

Figure 14. Species identification of S. haematobium ova. A modified Ziehl-Neelsen stain 

developed by Rousset et al distinguishes S. haematobium ova (dark blue) from other 

schistosome ova (none identified in these study populations). 

 

4.4. Microscopy and photomicrography 

The sections were examined using a Nikon Eclipse 80i and a Leica DM3000 microscope 

with standard illumination. The former was used for histopathological analyses and 

immunohistochemical analyses of blood vessels, whereas the latter was used for 

immunohistochemical analyses of immune cells. The change of microscopes was due to 

logistics at the department where the analyses took place. The sections were photographed 

at 40x objective magnification using a SPOT Insight 2 Megapixel Firewire Color 3-shot and 

S. haematobium 
ova 
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a Leica DFC420 digital camera digital camera, respectively. The cameras were attached to 

the respective microscope and a Hewlett-Packard Compaq stationary computer. Colour 

photomicrographs of 1600 by 1200 pixels and 2592 by 1944 pixels, respectively were 

obtained. 

 

The morphological and immunohistochemical analyses and photomicrographs were 

performed in a standardised manner. Blinded for the immunostain results, the candidate 

evaluated the HE-stained sections. An HPF of the HE-stained sections of the endemic 

biopsies with S. haematobium ova was photographed with the ovum or ova placed centrally. 

The area of tissue surrounding the ovum or ova in one such photograph was defined as 

‘periovular’. To study the histopathology directly adjacent to the ova, and to avoid the 

possible influence of undetected ova just outside the biopsy borders, the sections were 

photographed only in areas containing ova (see Figure 4). In biopsies with more than one 

cluster of ova, the most representative area for the respective biopsy’s tissue reaction was 

included. The control biopsies were photographed in a subepithelial area representative for 

the pathologist’s overall diagnosis of the biopsy. The subepithelium was chosen since this is 

the most common location for female genital mucosal S. haematobium ova [86]. 

 

Once the HE-stained sections had been analysed and photographed, the near-exact same 

areas of the consecutive immunostained serial sections were photographed, identified by 

histological anatomical structures. All sections were examined microscopically and all 

photographs evaluated by an experienced pathologist (BR). The area of S. haematobium ova 

and by extra-mucosal space was estimated for the respective photomicrographs by 

superimposing a centimetre grid on the computer screen. 

 

S. haematobium ova were defined as ‘viable’ if miracidia with eosinophilic glands or 

germinal cells were seen [86], whereas ova containing dark purple stain identified 

histologically as calcification were defined as ‘calcified’. The histopathological tissue 

reaction was defined as ‘granulation tissue’ if dominated by capillary buds with activation 

of endothelial cells and immature fibroblasts. The tissue reaction was defined as ‘fibrosis’ if 

dominated by collagen rich stroma with scant mature fibroblasts. 
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4.5. Manual immunohistochemical quantification 

The heterogeneous immunostaining and diverse topographical distribution of endothelial 

cell structures and Langerhans cells required manual analyses for accurate quantification. 

Although the specimens were evaluated several times by two investigators who attempted to 

be objective, blinding was not possible due to the presence of schistosome ova and the 

respective immunostains. 

 

Immunostained blood vessels (by vWF and CD31 (Figures 7 and 8)) were counted in 

accordance with pre-established criteria [176,177]. ‘Capillary buds’ were defined as 

immunostained vessel structures without an identifiable lumen or peri-endothelial structures, 

whereas all other stained vessel structures were counted as ‘established blood vessels’. The 

density of capillary buds and vessels were calculated per mm2 cervicovaginal tissue, 

correcting for the space made up by ova and extra-mucosal space. In sections with more 

than 300 capillary buds per mm2, the numbers were truncated to 300. 

 

For quantification of Langerhans cells (Figure 13), the epithelium of the 

immunohistochemically stained sections was photographed at 40 times objective 

magnification and reconstructed using Adobe® Illustrator® CS5 software (Adobe Systems 

Inc., San Jose, CA, USA). Langerhans cell structures were counted manually in an area 

equivalent to one HPF to each side of the epithelium overlying the original photograph of 

the HE-stained section (Figure 13). Counted were only immunohistochemically stained 

epidermal structures with distinct demarcation and immunostained cells with distinct 

dendritic processes located in the basal and parabasal strata (Ventana, USA). 

 

The immunostained structures in each photograph were counted manually by the candidate, 

and one in ten randomly selected photographs of immunostains to endothelial cell structures 

were quality controlled by a senior pathologist (BR). The immunostain to Langerhans cells 

showed a larger variation and therefore every third photograph was counted by the senior 

pathologist. Discrepancies were resolved by consensus, if necessary after consulting a 

second senior pathologist. Finally, each photograph was recounted. 



47 

4.6. Computer-assisted immunohistochemical quantification 

Stromal immune cells were distinctly immunostained with antibodies to CD3, CD8, and 

CD68. Following pre-defined criteria, two independent investigators counted manually a 

random selection of ten photomicrographs of each immunostain. Immunostained 

cytoplasma or membrane structures of at least the average diameter of a lymphocyte and/or 

immunostained perinuclear cell structures were counted. For the quantification of T 

lymphocytes, non-intact cell structures histopathologically identified as apoptotic cell 

fragments were registered separately. 

 

Macros (computer algorithms) were developed for computer-assisted image analysis using 

ImageJ version 1.44p; a Java image processing application available at the website of the 

National Institutes of Health (NIH) [168,172,178,179]. A macro was developed for the 

respective immunostain to quantify the number of immunostained cells in each series of 

photomicrographs, based on the average manual counts as described above. Results were 

given as the density of separate cells for T lymphocytes and as the area of macrophages; 

correcting for the area made up of ova and extra-mucosal space. An outline of the final 

structures was superimposed on the original photographs and manually validated. The 

results were verified by a senior pathologist, and a second senior pathologist was consulted 

if necessary. 

 

A three step algorithm for computer-assisted image analysis of immunostained tissue 

structures was developed. In step one, the immunostained structures are identified by 

selecting the colour properties which correspond best to the structures of interest. This is 

achieved using a perceptive colour model in which a specific colour is defined by its 

respective hue, saturation and brightness (HSB). The structures of interest are isolated based 

on the intersection of selected threshold intervals in each colour channel. Such a perceptive 

colour model has the advantage of being more intuitive to the human eye than a purely 

technical colour model such as red, green and blue (RGB) or cyan, magenta, yellow and key 

black (CMYK). The selected structures are measured (step two) and the results verified 

(step three). A macro may then be recorded based on the average threshold values and 

applied for analysis of any number of immunostained tissue sections. 
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4.7. Data analyses 

4.7.1. Sample size calculation 

The effect of S. haematobium on genital cell receptor expression has not previously been 

explored. Based on previous studies of HIV co-receptors in sexually transmitted genital 

ulcers [139,150], we assumed that the true average percentage of HIV target cells would be 

11% in the endemic cases with genital schistosomiasis, and that the standard deviation (SD) 

of percentage of HIV target cells would be 2.5% in both endemic cases and controls. We 

assumed that the true average percentage of HIV target cells would be 5% and the SD 3% in 

the non-endemic controls. The available study samples consisted of between 18 and 29 

subjects in each group. It may be shown that the study will have 80% probability (test power) 

to detect a significant difference in percentage of HIV target cells between the groups and 

the test power will be sufficient. 

 

4.7.2. Statistical analyses 

The statistical analyses and sample size estimation were performed with SPSS version 16.0 

and PS Power and sample size calculations version 2.1.31. Most variables were not 

normally distributed and non-parametric tests were therefore used when studying 

associations. Medians and interquartile ranges (IQR) were used to describe the results. The 

Mann-Whitney U and Kruskal-Wallis H tests were applied where appropriate. For the 

calculation of odds ratio (OR), it was necessary to tertilise the not normally distributed 

variables. Spearman’s rank correlation coefficient was used when studying associations 

between continuous variables. Intra-observer variability was determined by calculating the 

intra-class correlation coefficient (ICC) after log-transformation of the data. A 5% 

significance level was used throughout. 
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4.8. Ethical considerations 

Permissions for the histopathological and immunohistochemical investigations of 

anonymised archival Malawian and Norwegian biopsies, without additional consent from 

the study subjects, were granted by the National Health Science and Research Committee of 

Malawi (2009/NHSRC #620) and the Norwegian Regional Ethics Committee (2009/1250a). 

The permissions were based on the fact that the proposed analyses did not require 

identifiable information or history, did not have any direct relevance to the physical, mental 

or social well-being, and did not have any direct diagnostic or therapeutic implications for 

the study women. Permissions for the study in Madagascar were obtained from the 

Ministère de la Santé, Comité d’Ethique No 031-CE/MINSAN. The histopathological 

examinations of the Madagascan biopsies were performed by the Department of Pathology, 

Rigshospitalet, Copenhagen. 

 

Study information was provided to the study populations in the local languages. 

Participation in the studies was voluntary, and free informed consent was obtained. Each 

study participant went through an information session with a female nurse or medical doctor 

about the purpose of the study, the procedures, the benefits and negative consequences of 

participation, confidentiality and the possibility to withdraw at any point during the 

investigations. To assess the participants’ understanding, the clinician posed control 

questions to the women. The women were allowed to ask questions at any time. All 

investigations were performed after further oral permission re-ascertained by the physician 

before each step of the investigations and sampling. 

 

Women who withdrew from study participation received the same possibility of health 

support. All women, including those who declined further investigations, were offered 

treatment with praziquantel. Treatment and follow-up for schistosomiasis, STIs, cancer and 

other conditions were given in collaboration with the local health care professionals. All 

non-endemic controls were followed up by the referring clinician in Norway. 

 

There are some concerns associated with sampling of biopsies from women with genital 

mucosal S. haematobium infection. A biopsy of the female genital mucosa will disrupt the 

mucosal barrier and might increase the risk of HIV infection and other STIs. In these studies, 

only superficial biopsies were taken and vascular lesions were avoided (Dr. Kjetland, 
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personal communication). The participating women were not asked for HIV testing. 

Participating women were asked if they could abstain from sex or would consistently use 

condoms for two weeks following a possible biopsy. Biopsies were performed in women 

with lesions only and were confined to a few millimetres of the observed pathology. 

Occasionally, more than one biopsy was taken if the procedure did not discomfort the 

woman. Each biopsied woman was offered condoms in the examination room. All data, 

specimens, paper and digital documentation were coded. The connection list between the 

data and personal identities was stored securely. 
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5.0. Summary of articles 

Paper I 

Increased vascularity in cervicovaginal mucosa with Schistosoma haematobium infection 

Jourdan PM, Roald B, Poggensee G, Gundersen SG, Kjetland EF. 

PLoS Negl Trop Dis. 2011 Jun;5(6):e1170 

 

Background. Female genital mucosa infected with S. haematobium may appear inflamed 

with abnormal mucosal blood vessels, and may provide mucosal points of entry for HIV. 

The aim of this study was to quantify and analyse the characteristics of the blood vessels 

surrounding S. haematobium ova in mucosa of the lower female genital tract. 

 

Methods. Cervicovaginal biopsies with S. haematobium ova (n=20) and control biopsies 

(n=69) were immunostained with CD31 and von Willebrand Factor (vWF), which stain 

endothelial cells in capillary buds and established blood vessels, respectively. 

 

Results. S. haematobium ova were found in 44% (20/45) of the Malawian women, with a 

median of 3 (IQR = 1-8) ova per HPF (Figures 14-16). We found a variety of tissue 

reactions surrounding S. haematobium ova, ranging from marked periovular granulation 

tissue to fibrosis. Genital mucosal tissue surrounding S. haematobium ova had a higher 

density of established blood vessels (vWF) compared to non-endemic healthy controls (p = 

0.017). There was no significant difference in the density of capillary buds between women 

with cervicovaginal S. haematobium infection and non-endemic or endemic negative 

controls (p = 0.44 and p = 0.95, respectively). However, immunostain to CD31 identified 

significantly more granulation tissue surrounding viable compared to calcified ova (p = 

0.032), and a tendency to increased density of capillary buds in tissue surrounding viable 

ova compared to healthy cervical mucosa (p = 0.052). 

 

Conclusion. Female genital mucosa with S. haematobium ova was significantly more 

vascularised compared to the density of established blood vessels in healthy cervical tissue. 

These findings might add to the understanding of the pathophysiological mechanisms in 

female genital schistosomiasis and of the postulated association with HIV infection. 
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Paper II 

HIV target cells in Schistosoma haematobium-infected female genital mucosa 

Jourdan PM, Holmen SD, Gundersen SG, Roald B, Kjetland EF. 

Am J Trop Med Hyg. 2011 85(6):1060–1064 

 

Background. S. haematobium frequently causes genital lesions in women and, similar to 

sexually transmitted infections, might increase the risk of HIV transmission. The aim of this 

study was to quantify the HIV target cells in schistosome infected female genital mucosa. 

 

Methods. The same cohort of cervicovaginal biopsies as in Paper I were immunostained for 

quantification of CD4+ T lymphocytes (CD3, CD8), macrophages (CD68) and dendritic 

Langerhans cells (S100 protein). 

 

Results. The density of periovular CD4+ T lymphocytes and macrophages were 

significantly higher in women with than in women without S. haematobium infected genital 

mucosa (p = 0.034 and p = 0.018, respectively). The highest density of macrophages was 

found in genital mucosa with viable ova and in non-endemic chronic cervicitis; between 

which there was no significant difference (p = 0.32). The highest densities of CD4+ T 

lymphocytes were found in cervicovaginal tissue with calcified S. haematobium ova; 

however, the median densities of CD4+ T lymphocytes were similar in tissue with viable 

ova (n = 2) and in tissue with calcified ova (n = 11, significance testing not performed due 

to low sample sizes). There was no increased density of Langerhans cells in S. haematobium 

infected female genital mucosa in this study (p = 0.25). There was no significant association 

between age and the density of CD4+ T lymphocytes or macrophages in the two groups (p = 

0.51 and p = 0.65, respectively). The median ages were similar in women with viable ova (n 

= 2) and in women with calcified ova (n = 11, significance testing not performed). 

 

Conclusion. The findings indicate that S. haematobium may significantly increase the 

density of HIV target cells (CD4+ T lymphocytes and macrophages) in the female genitals, 

possibly affecting HIV susceptibility in infected women. 
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Paper III 

Pathological mucosal blood vessels in active female genital schistosomiasis 

New aspects of a neglected tropical disease 

Jourdan PM, Randrianasolo BS, Feldmeier H, Chitsulo L, Ravoniarimbinina P, Roald B, 

Kjetland EF. 

Int J Gynecol Pathol. 2012, in press 

 

Background. S. haematobium infection is a prevalent, but neglected cause of 

gynaecological pathology in African women, and precise clinical descriptions are rarely 

available alongside histological sections. The aim of this study was to explore the 

histopathology of the mucosal vascular findings in female genital schistosomiasis. 

 

Methods. This case study presents previously unreported histopathological correlates of 

colposcopic images of abnormal mucosal blood vessels in two women with genital mucosal 

S. haematobium infection. 

 

Results. Colposcopic inspection showed schistosomal lesions surrounded by dilated, 

unevenly calibered and convoluted blood vessels in the cervicovaginal mucosa. In one case, 

histopathology revealed dilated and tortuous mucosal venules containing viable Schistosoma 

haematobium eggs surrounded by a thrombus (Figure 17). In another case, the 

histopathology showed a viable ovum penetrating the venule wall and the surrounding 

stroma was characterised by an intense host response with sprouting capillary buds (CD31) 

and endothelial cell activation. 

 

Conclusion. Thrombosis might in part explain the pathogenesis of the abnormal mucosal 

blood vessels visible in female genital schistosomiasis. The characteristic blood vessels 

could be an indication of a persistent tissue reaction to female genital S. haematobium ova. 
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Paper IV 

A simple method for precise quantification of immunohistochemically stained cells 

Jourdan PM, Holmen SD, Kjetland EF, Sandvik L, Roald B. 

Submitted 

 

Background. Computer-assisted image analysis may facilitate and even improve the 

quantitative analyses of immunostained tissue sections. However, access to simple, valid 

and low-cost models is limited. The aim of this study was to explore the validity and 

efficiency of a user-friendly and low-cost method developed in Papers I and II. 

 

Methods. Immunostained immune cells (CD3, CD8, CD68) and endothelial cell structures 

(vWF, CD31) in cervicovaginal tissue sections (n = 414) were quantified manually and by 

computer-assisted image analysis using ImageJ (National Institutes of Health, USA). 

 

Results. Automated counts corresponded very well with manual counts of CD3, CD8 and 

CD68 immunostained cells (intra-class correlation coefficients (ICCs) = 0.93-0.98), but less 

well with manual counts of vWF and CD31 immunostained endothelial cell structures (ICCs 

= 0.62-0.68). Significant ICCs between manual and computer-assisted counts of 

immunostained cells were achieved following inclusion of a limited number of images, and 

inclusion of more than ten images did not significantly improve the correlation coefficients. 

Computer-assisted image analysis would, according to this model, be faster and more valid 

and reliable than cell manual counting for analyses of approximately 50 images or more. 

 

Conclusion. The low-cost model for computer-assisted image analysis presented in this 

study is an efficient method for precise quantification of immunostained cells. The method 

should, however, be used with caution for more unevenly stained structures, such as 

endothelial cell structures. Further studies are warranted to explore other comprehensible 

and low-cost alternatives of computer-assisted image analysis. 
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Figure 14. Moderate tissue reaction to S. haematobium ova in the cervical mucosa. A 

moderate tissue reaction to S. haematobium ova was seen in most cases. Note the cluster of 

calcified ova, characteristic of S. haematobium infection. 

 

Figure 15. Granulation tissue and cellular infiltrate surrounding S. haematobium ova. 

In a few cases a heavy infiltrate of lymphocytes, plasma cells, eosinophils and macrophages 

dominated the periovular tissue reaction. 
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haematobium ova 

Eosinophils 
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Figure 16. Fibrous tissue surrounding S. haematobium ova in the genital mucosa. 

Pronounced fibrosis with extracellular collagen fibres was seen in a few cases. Note the 

calcified S. haematobium ova and lack of cellular tissue response. 

 

Figure 17. Thrombus surrounding viable S. haematobium ova in the cervical mucosa. 

Note the dilated venule and presence of eosinophils. 
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6.0. Discussion 

This study demonstrates an increased density of blood vessels and HIV target cells in S. 

haematobium infected female genital mucosa. The clinically observed abnormal mucosal 

blood vessels could be an indication of a persistent tissue reaction to S. haematobium ova, 

and ova-associated thrombosis might in part contribute to the pathogenesis. Moreover, low-

cost computer software may provide valid and reliable analyses of tissue specimens. S. 

haematobium infection is a frequent cause of pathology in the female genital mucosa 

[90,93,94,180]. Studies indicate that female genital schistosomiasis could increase the risk 

of HIV transmission; however, the potential pathophysiological mechanisms for such an 

association have hitherto not been sufficiently explored [133,135,136].  

 

Periovular density of blood vessels 

This study found a significantly higher blood vessel density in S. haematobium infected 

genital mucosa compared with healthy cervical tissue from non-endemic controls. The 

denser vasculature consisted mainly of established blood vessels, whereas cases with viable 

ova contained granulation tissue rich in sprouting capillary buds significantly more often 

than cases with calcified ova. Similar changes were seen in positive controls. 

 

Some histopathological studies of female genital S. haematobium infection have described 

localised, increased vascularity in association with S. haematobium ova [86,87,119]. Studies 

of blood vessel proliferation in S. mansoni infection have suggested that soluble egg 

antigens (SEA) from viable ova induce neovascularisation by stimulating endothelial cell 

activation and proliferation [181,182]. Recent experimental studies indicate that blood 

vessel proliferation in S. mansoni not only accompanies hepatic fibrogenesis, but possibly 

also regression of fibrosis after treatment [183]. Wound healing is a variegated process 

depending on cause and extent of damage, but the formation of new blood vessels is not a 

commonly reported feature of the end stages [184,185]. 

 

Increased vascular density may impair the cervicovaginal tissue structure and lead to 

disruption of the genital mucosal barrier [143,186]. In clinical studies, cervical S. 

haematobium infection has been associated with bleeding tendency of the mucosal 
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membrane [93]. Further, endothelial cell surface proteoglycans have been reported to serve 

as HIV-1 receptors, and endothelial cells have been suggested to harbour HIV [187-190]. 

 

Periovular density of HIV target cells 

Human histopathological studies have demonstrated a range of periovular immune cells in 

standard HE stained tissue specimens of female genital S. haematobium infection 

[86,87,114,118,127]. The present study indicates that S. haematobium infected mucosa may 

contain a higher density of HIV target cells; CD4 + T lymphocytes and macrophages than in 

uninfected mucosa. On the one hand, this may create conditions conducive to HIV 

transmission to women. On the other hand, in S. haematobium and HIV co-infected women, 

the findings could imply an increased risk of HIV transmission from women [136,191]. 

 

Deposition of viable S. haematobium ova may recruit HIV target cells to the genital mucosa, 

similar to STIs [140,142,133,139,144,148,152,192]. In this study, an increased density of 

macrophages was found in association with viable S. haematobium ova. Studies indicate 

that eosinophils are among the main effector cells in the host response to the deposition of S. 

haematobium ova [62,65]. Some in vitro studies suggest that eosinophils may be susceptible 

to HIV infection [193-197], however this could not be assessed in our study due to the 

limited sample size. 

 

A moderate tissue reaction against S. haematobium has been seen in several 

histopathological studies [89,117,119,123,124,126,136,144,191]. The increased density of 

CD4+ T lymphocytes surrounding calcified ova in the present study suggests that chronic S. 

haematobium infection may sustain a long-lasting immune reaction in the tissue. 

Furthermore, the CD4+ T lymphocytes were associated with CD4+ cell apoptosis, 

indicating a persistent immune activation in the tissue [70]. Clinical data indicate that S. 

haematobium infection may cause chronic damage to the genital mucosa [93,96,198]. 

Moreover, the findings are in line with one study of S. haematobium infected mice, in which 

calcifying S. haematobium ova were capable of sustaining a persistent granulomatous 

reaction in the tissue [50]. 

 

We did not identify any association between the density of epithelial Langerhans cells and S. 

haematobium ova in the stroma. Recently, a study indicated that the function of dendritic 
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cells might be impaired in human S. haematobium infection [199]. Results from 

experimental studies indicate that S. mansoni infection activates dendritic cells by a 

modulated rather than a conventional pathway [200]. It was not possible to explore dendritic 

cell function or activation, or alternative dendritic cell markers in these tissue specimens due 

to formalin fixation and the limited biopsy sizes. 

 

A recent experimental study on rhesus monkeys found an increased mucosal susceptibility 

to de novo HIV infection in acute S. mansoni infection [201]. Taken together, this suggests 

that both acute and chronic schistosomiasis could stimulate immunological tissue responses 

in the female genital mucosa facilitating HIV transmission. The findings might add to the 

understanding of potential mechanisms for the epidemiologically observed increased odds 

of HIV infection in two S. haematobium endemic areas of Africa [135,191,202]. 

 

Clinicopathological correlates 

Gynaecological examinations of S. haematobium infected women may reveal dilated, 

tortuous and unevenly calibered blood vessels in the cervicovaginal mucosa [93]. These 

abnormal blood vessels are poorly described in pathological specimens. Post mortem and 

experimental studies of S. mansoni and S. haematobium infections suggest that abnormal, 

dilated blood vessels in schistosomiasis may be caused by the parasite worms or ova 

themselves, or by perivascular ova-induced granulomas and oedema [84,203-205]. In one of 

the study cases with largely dilated venules we demonstrated viable S. haematobium ova 

surrounded by a thrombus. The clinically observed abnormal mucosal blood vessels might 

be a result of endothelial damage, abnormal blood flow or thrombosis associated with ova 

deposition [84,203-206]. The clinical implications of these findings need to be further 

explored. 

 

Computer-assisted image analyses 

This study describes an efficient method for precise quantification of immunostained cells 

using low-cost software for computer-assisted image analysis. The method should, however, 

be used with caution for more unevenly stained structures such as endothelial cell structures. 

Our results correspond with a number of reports which suggest that computer-assisted 

quantitative analyses may be a valid and reliable way to quantify immunohistochemically 
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stained structures [166,169-172]. To our knowledge, this is one of few studies to have 

validated a simple and user-friendly model for computer-assisted image analyses of 

immunostained tissue. 

 

The method described in this study was run on a highly endemic, but neglected disease in 

Africa and would be particularly useful for pathologists with access to large series of tissue 

samples but with limited resources for addressing important research issues. Further studies 

are warranted to confirm the findings and to explore other comprehensible and low-cost 

alternatives for computer-assisted image analysis. 

 

Study limitations  

The sample size of the Malawian population is small and the data are not normally 

distributed. Age could therefore not be corrected for in regression analyses. Age was not 

significantly associated with the density of established blood vessels, CD4+ T lymphocytes 

or macrophages when tested with non-parametric tests. A small sample size makes the 

findings prone to type 1 and type 2 errors. This complicates the interpretation of the results, 

especially those related to viable ova, and particularly when findings are non-significant. 

 

The endemic biopsies originated from a study in rural Malawi and were 14 years old at the 

time of analyses, whereas most of the control biopsies were 10 to 20 years old. We cannot 

preclude that the process of fixation and duration of storage might have impaired the quality 

of antigen detection [207,208]. Furthermore, variations in the cervicovaginal tissue reactions 

between endemic and non-endemic populations may have affected the results [209]. 

However, the findings indicate that computer-assisted immunohistochemical quantification 

method may be valid for use on archival biopsies. 

 

Although the tissue areas selected for analysis were considered representative for the 

respective biopsies, only a limited area of the entire biopsy was analysed. Recently, one 

study demonstrated that the analysis of small biopsies may be comparable to that of larger 

specimens; however, the small area selections may have affected the representativity of our 

data [210]. Furthermore, analyses were performed by two investigators, and, although a 

second senior pathologist was consulted when necessary, the interpretations may have 

differed from that of other pathologists. Although initially blinded for the immunostains, the 
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investigators might have been influenced by the tissue reactions apparent in the HE-stained 

sections in the selection process of the regions of interest. 

 

In presumed negative cases, schistosome ova might have been located just outside the 

studied tissue sections, possibly affecting the histopathological results. Moreover, 

cervicovaginal biopsy procedures are cumbersome and the identification of pathology is 

dependent on adequate optical magnification and precisely sampled biopsies [93]. There 

was no true schistosomiasis negative endemic control group, as is the case for most studies 

on schistosomiasis [86,89,114,117-119,126], and the observed differences between cases 

and controls may therefore have been underestimated. 

 

The density of CD4+ T lymphocytes was estimated by subtracting the number of CD8+ 

cells from the number of CD3+ cells on two consecutive 3.5 �m thick sections. Although 

the thickness of the sections were less than half the average diameter of a lymphocyte, the 

reported CD4+ cell density may to some extent have differed from its true value [178]. Our 

calculations of CD4+ T lymphocytes might have been slightly underestimated since 

antibodies to CD8 also recognise CD8 antigen on �� T cells and natural killer cells (Dako). 

 

We were not able to apply computer-assisted image analyses on endothelial cell structures 

in this sample due to inconsistent immunostaining. Previous studies indicate that CD31 and 

vWF may show heterogeneous immunostaining [211-214]. One study found increased 

endothelial cell activation and vWF expression in HIV infected individuals [215]. Moreover, 

endothelial properties may be affected by the menstrual cycle [216]; however, this could not 

be assessed in this study due to a limited sample size. 

 

The HIV prevalence in Malawi is estimated to have been approximately 10% of the 

population at the time of sampling (1994) [217]. Infection with HIV may have affected the 

genital mucosal levels of CD4+ T lymphocytes [218]. HIV diagnosis was not a part of the 

original project and could therefore not be performed. Moreover, STIs may affect the 

pathogenesis in S. haematobium infected genital mucosa [93]. Apart from 

histopathologically apparent HPV infection, STIs could not be corrected for in the original 

study. Other factors that could have affected the immunological tissue processes, such as 

microtrauma and menstrual cycle, could not be adequately corrected for in this study [219]. 
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Pathogenesis in female genital S. haematobium infection 

In line with previous reports, this study found a variety of tissue reactions surrounding S. 

haematobium ova in the genital mucosa ranging from marked granulation tissue with potent 

eosinophils surrounding viable ova, to waning inflammation, calcified ova and fibrosis 

[86,87,89,114,117-119,123,124,126,127]. Fibrosis has by some been regarded as the end-

stage pathology in schistosome infected tissue [31]. In our study, there was an association 

between calcified ova and HIV target cells, whereas we found no significant association 

between calcified ova and fibrosis. The latter must be interpreted with caution as biopsies 

were directed at clinical pathology, and as the small sample size may lead to type 2 errors. 

 

The pathogenesis of female genital S. haematobium infection is still not fully understood. 

Prospective studies of human infection have not been performed and the sequence of 

pathological processes has not been adequately explored [220]. A clinicopathological study 

of S. haematobium-infected chimpanzees suggested that pathology in S. haematobium 

infection develops through polypoid patches to fibrous patches and sandy patches in the 

urinary and gastrointestinal tract [29]. A number of terms have been used to describe the 

various disease stages observed in human autopsy and surgical specimen studies; such as 

‘exudative’, ‘productive’ and ‘sclero-cicatricial’ stages [87] and ‘active’ and ‘inactive’ 

stages of disease [23,27,28,30,118]. 

 

Our findings suggest that any tissue reaction to S. haematobium ova, viable or calcified, 

should be regarded as schistosomal disease. Thus, we believe that terms such as ‘active’ and 

‘inactive’ do not adequately represent the potential clinical implications for the patient. In 

spite of the apparent lack of tissue reaction in some cases of female genital mucosal S. 

haematobium infection, our findings suggest that the histopathological changes could affect 

HIV susceptibility and morbidity in co-endemic areas [89,117,119,123,124,126,136,191]. 

 

The immunological host response to schistosome infection is complex and may be affected 

by a number of factors, including in utero sensitisation, the site of ova deposition, the 

frequency and degree of exposure, the duration and intensity of infection, and host factors, 

including genetic predisposition, nutrition, anti-schistosomal treatment and co-infections 

with other infectious agents [19,44-49]. Some studies have demonstrated increased urinary S. 

haematobium ova excretion in young children; a peak in teenagers and young adults and a 
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fall in older age groups; suggesting that the respective pathological processes may be age-

dependent [27,28,221-224]. However, others have reported a constant presence of S. 

haematobium-associated lesions across different adult age groups [93,94]. Although urinary 

ova excretion may decrease following anti-schistosomal treatment, S. haematobium induced 

urinary or genital mucosal lesions may remain refractory to such treatment [225-229]. 

 

Although a disputed matter, epidemiological and clinical data suggest that individuals in 

endemic areas may acquire immunological resistance to re-infection with S. haematobium 

[47,48,230-232]. Cheever et al suggested that “the pathologic effect of a given number of 

eggs per gram tissue varies greatly with the degree of host reaction to the eggs” [33]. The 

systemic immunological status may affect the local tissue reaction, and we hypothesise that 

the various tissue reactions to S. haematobium ova depend on the current immune status of 

the infected individual and the respective stage of immune adaptation to S. haematobium 

ova (Table 6 and Figure 18) [42]. The initially viable ova may thus be destroyed by 

macrophages and eosinophils (acute reaction), remain and calcify in the tissue, or possibly 

pass through and out of the tissue (chronic reaction). We would argue that the 

histopathological reactions to S. haematobium ova are pivotal in understanding the clinical 

implications of infection for the individual patient and the appropriate timing of treatment. 

 

 First infections prior to 
immune modulation 

Re-infections and gradual 
immune modulation 

Main immune cells 
involved 

Macrophages 
Eosinophils 

Lymphocytes 

Clinical manifestations Polypoid patches, 
rubbery nodules 
Abnormal mucosal blood 
vessels and contact bleeding 

Sandy patches 
Fibrous patches? 
Abnormal mucosal blood 
vessels and contact bleeding 

Reversibility? Possible Chronic changes probable 

Table 6. The suggested clinicopathological reactions to S. haematobium ova in the 

female genital mucosa. 
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Figure 18. A model for immunopathogenesis in S. haematobium female genital tissue. 

Immune adaption to S. haematobium infection might result in various histopathological 

reactions, depending on a number of factors including age, number of re-infections, anti-

schistosomal treatment and the individual genetic profile. Effector cells (black) such as 

macrophages and eosinophils, and chronic immune cells (white) such as lymphocytes may 

influence the clinical implications and susceptibility to HIV infection. Established blood 

vessels (far right) may be found in association with calcified S. haematobium ova. 

 

Male genital schistosomiasis and HIV susceptibility 

Male genital schistosomiasis is a highly neglected tropical disease and is poorly understood 

[126,233]. S. haematobium infection may cause lesions in all parts of the male genital tract, 

and may have a role in HIV transmission in co-endemic areas [84,126,191,234]. Genital 

ulcer disease may put men at high risk of HIV infection [235], and further understanding of 

the possible implications of male genital schistosomiasis is urgently needed. 
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7.0. Conclusions and perspectives for future research 

In conclusion, this study indicates that acute and chronic S. haematobium infection of the 

female genital mucosa might facilitate HIV transmission. Increased vascularity and density 

of CD4+ T lymphocytes surrounding calcified ova suggest that S. haematobium infection 

could create a long-lasting HIV susceptibility in chronically infected women. Characteristic, 

abnormal mucosal blood vessels might be a sign of persistent tissue reactions to ova. 

Histopathological and clinicopathological studies are needed to validate the findings and to 

further understand the pathogenetic mechanisms in female genital S. haematobium infection. 

 

Biopsy studies, including autopsy digestion and analyses of surgical specimens, should be 

performed in order to further explore the pathophysiological mechanisms in female genital S. 

haematobium infection. A better understanding of genital schistosomal disease staging and 

identification is warranted. In order to make recommendations regarding treatment, the 

effect of patient age and duration of infection should be explored. Furthermore, features 

associated with HIV susceptibility and infection should be explored, such as the role of 

immunological factors; immune activation, HIV co-receptors and Th17 cells, and the barrier 

function of the genital mucosal membrane. 

 

Clinicians working in S. haematobium and HIV co-endemic areas need to be aware of the 

clinical implications of female genital schistosomiasis in order to give appropriate advice 

and treatment. Present mass treatment campaigns in schistosomiasis endemic areas should 

be followed by targeted clinical investigations of sexually active females to explore whether 

the clinical findings could be used to monitor the effect of intervention. 

 

Finally, appropriate studies of male genital schistosomiasis, as well as studies of genital 

schistosomiasis due to S. mansoni, should be included in the targeted efforts to explore the 

possible HIV susceptibility in schistosomiasis endemic areas. 



66 

8.0. References 

1. Bilharz T. Fernere Mittheilungen uber Distomum haematobium. Zeitsch Wiss Zool. 

1852;4:454-456. 

2. Farooq M. Historical development. In: Karger, ed. Epidemiology and Control of 

Schistosomiasis. Baltimore: University Park Press; 1973:1-16. 

3. Ruffer MA. Note on the Presence of "Bilharzia Haematobia" in Egyptian Mummies 

of the Twentieth Dynasty 1250-1000 B.C. Br Med J. Jan 1 1910;1(2557):16. 

4. Hibbs AC, Secor WE, Van Gerven D, Armelagos G. Irrigation and infection: the 

immunoepidemiology of schistosomiasis in ancient Nubia. Am J Phys Anthropol. 

Jun 2011;145(2):290-298. 

5. Chen LB, Hung T. Scanning electron microscopic view of parastic worm ova in an 

ancient corpse. Acta Academiae Medicinae Sinicae. Mar 1981;3(1):64-65. 

6. Sambon LW. Remarks on Schistosoma mansoni. J Trop Med Hyg. 1907;10:303-304. 

7. Katsurada F. Schistosomum japonicum, ein neuer menshlicher Parasit durch welchen 

eine endemisch Krankheit in verschiedenen Genenden Japans erusacht wird. Annot 

Zool Japan. 1904;5:147-160. 

8. Leiper RT. Report on the results of the Bilharzia mission in Egypt. J R Army Med 

Corps. 1915;25:1-55; 147-192. 

9. Steinmann P, Keiser J, Bos R, Tanner M, Utzinger J. Schistosomiasis and water 

resources development: systematic review, meta-analysis, and estimates of people at 

risk. Lancet Infect Dis. Jul 2006;6(7):411-425. 

10. King CH, Dangerfield-Cha M. The unacknowledged impact of chronic 

schistosomiasis. Chronic Illness. Mar 2008;4(1):65-79. 

11. WHO. Preventive chemotherapy and transmission control databank: World Health 

Organization; 2010. 

12. WHO. Schistosomiasis Fact sheet No 115. Geneva: World Health Organization;2012. 

13. Sturrock R. The parasites and their life cycles: Description of the adult schistosomes 

infecting man and other schistosomes which may parasitize man. In: Jordan P, 

Webbe G, Sturrock R, eds. Human schistosomiasis. Wallingford, UK: CAB 

International; 1993:16-20. 

14. Southgate VR, van Wijk HB, Wright CA. Schistosomiasis at Loum, Cameroun; 

Schistosoma haematobium, S. intercalatum and their natural hybrid. Z Parasitenkd. 

Apr 30 1976;49(2):145-159. 



67 

15. Tchuem Tchuente LA, Southgate VR, Jourdane J, Webster BL, Vercruysse J. 

Schistosoma intercalatum: an endangered species in Cameroon? Trends Parasitol. 

Sep 2003;19(9):389-393. 

16. Stich AH, Biays S, Odermatt P, et al. Foci of Schistosomiasis mekongi, Northern 

Cambodia: II. Distribution of infection and morbidity. Trop Med Int Health. Oct 

1999;4(10):674-685. 

17. Gryseels B, Polman K, Clerinx J, Kestens L. Human schistosomiasis. Lancet. Sep 23 

2006;368(9541):1106-1118. 

18. WHO. Atlas of the global distribution of schistosomiasis. Geneva, Switzerland: 

World Health Organization; 1987. 

19. Jordan P, Webbe G. Epidemiology. In: Jordan P, Webbe G, Sturrock R, eds. Human 

schistosomiasis. Wallingford, UK: CAB International; 1993:87-158. 

20. Poggensee G, Krantz I, Kiwelu I, Diedrich T, Feldmeier H. Presence of Schistosoma 

mansoni eggs in the cervix uteri of women in Mwanga District, Tanzania. Trans R 

Soc Trop Med Hyg. May-Jun 2001;95(3):299-300. 

21. Shennan DW, Gelfand M. Bilharzia ova in cervical smears a possible additional 

route for the passage of ova into water. Trans R Soc Trop Med Hyg. 1971;65(1):95-

99. 

22. WHO. Report of an informal working group meeting on urogenital schistosomiasis 

and HIV transmission. Geneva, Switzerland: World Health Organization;2009. 

23. Cheever AW, Kamel IA, Elwi AM, Mosimann JE, Danner R, Sippel JE. 

Schistosoma mansoni and S. haematobium infections in Egypt. III. Extrahepatic 

pathology. Am J Trop Med Hyg. Jan 1978;27(1 Pt 1):55-75. 

24. Christie JD, Crouse D, Pineda J, Anis-Ishak E, Smith JH, Kamel IA. Patterns of 

Schistosoma haematobium egg distribution in the human lower urinary tract. I. 

Noncancerous lower urinary tracts. Am J Trop Med Hyg. Jul 1986;35(4):743-751. 

25. Hatz CF, Vennervald BJ, Nkulila T, et al. Evolution of Schistosoma haematobium-

related pathology over 24 months after treatment with praziquantel among school 

children in southeastern Tanzania. Am J Trop Med Hyg. Nov 1998;59(5):775-781. 

26. Richter J. Evolution of schistosomiasis-induced pathology after therapy and 

interruption of exposure to schistosomes: a review of ultrasonographic studies. Acta 

Trop. Oct 23 2000;77(1):111-131. 



68 

27. Smith JH, Elwi A, Kamel IA, von Lichtenberg F. A quantitative post mortem 

analysis of urinary schistosomiasis in Egypt. II. Evolution and epidemiology. Am J 

Trop Med Hyg. Sep 1975;24(5):806-822. 

28. Von Lichtenberg F, Edington GM, Nwabuebo I, Taylor JR, Smith JH. Pathologic 

effects of schistosomiasis in Ibadan, western state of Nigeria. II. Pathogenesis of 

lesions of the bladder and ureters. Am J Trop Med Hyg. 1971;20(2):244-254. 

29. Sadun EH, Von Lichtenberg F, Cheever AW, Erickson DG, Hickman RL. 

Experimental infection with Schistosoma haematobium in chimpanzees. Am J Trop 

Med Hyg. May 1970;19(3):427-458. 

30. Lehman JS, Jr., Farid Z, Smith JH, Bassily S, el-Masry NA. Urinary schistosomiasis 

in Egypt: clinical, radiological, bacteriological and parasitological correlations. 

Trans R Soc Trop Med Hyg. 1973;67(3):384-399. 

31. Farid Z. Schistosomes with terminal-spined eggs: Pathological and clinical aspects: 

Infection with S. haematobium. In: Jordan P, Webbe G, Sturrock R, eds. Human 

schistosomiasis. Wallingford, UK: CAB International; 1993:159-194. 

32. Cheever AW, Kuntz RE, Myers BJ, Moore JA, Huang TC. Schistosomiasis 

haematobia in African, hamadryas, and gelada baboons. Am J Trop Med Hyg. May 

1974;23(3):429-448. 

33. Cheever AW, Kamel IA, Elwi AM, Mosimann JE, Danner R. Schistosoma mansoni 

and S. haematobium infections in Egypt. II. Quantitative parasitological findings at 

necropsy. Am J Trop Med Hyg. Jul 1977;26(4):702-716. 

34. Jordan P, Webbe G. Epidemiology: Disease in the Community. In: Jordan P, Webbe 

G, Sturrock R, eds. Human schistosomiasis. Wallingford, UK: CAB International; 

1993:123-131. 

35. Smith JH, Kamel IA, Elwi A, Von Lichtenberg F. A quantitative post mortem 

analysis of urinary schistosomiasis in Egypt. I. Pathology and pathogenesis. Am J 

Trop Med Hyg. Nov 1974;23(6):1054-1071. 

36. Woolhouse ME, Hagan P. Seeking the ghost of worms past. Nature Med. Nov 

1999;5(11):1225-1227. 

37. Butterworth AE, Sturrock RF, Houba V, Rees PH. Antibody-dependent cell-

mediated damage to schistosomula in vitro. Nature. Dec 6 1974;252(5483):503-505. 

38. Agnew AM, Murare HM, Doenhoff MJ. Immune attrition of adult schistosomes. 

Parasite Immunol. May 1993;15(5):261-271. 



69 

39. Webbe G, James C. A comparison of two geographical strains of Schistosoma 

haematobium. J Helminthol. 1971;45(2):271-284. 

40. Smith JH, Torky H, Mansour N, Cheever AW. Studies on egg excretion and tissue 

egg burden in urinary schistosomiasis. Am J Trop Med Hyg. Mar 1974;23(2):163-

168. 

41. Forsyth DM, Macdonald G. Urological Complications of Endemic Schistosomiasis 

in School-Children. I. Usagara School. Trans R Soc Trop Med Hyg. Mar 

1965;59:171-178. 

42. Smith JH, Christie JD. The pathobiology of Schistosoma haematobium infection in 

humans. Human Pathol. Apr 1986;17(4):333-345. 

43. Edington GM, von Lichtenberg F, Nwabuebo I, Taylor JR, Smith JH. Pathologic 

effects of schistosomiasis in Ibadan, Western State of Nigeria. I. Incidence and 

intensity of infection; distribution and severity of lesions. Am J Trop Med Hyg. Nov 

1970;19(6):982-995. 

44. Hagan P, Blumenthal UJ, Dunn D, Simpson AJ, Wilkins HA. Human IgE, IgG4 and 

resistance to reinfection with Schistosoma haematobium. Nature. Jan 17 

1991;349(6306):243-245. 

45. Webbe G, James C, Nelson GS, Smithers SR, Terry RJ. Acquired resistance to 

Schistosoma haematobium in the baboon (Papio anubis) after cercarial exposure and 

adult worm transplantation. Ann Trop Med Parasitol. Dec 1976;70(4):411-424. 

46. Dalton PR, Pole D. Water-contact patterns in relation to Schistosoma haematobium 

infection. Bull World Health Organ. 1978;56(3):417-426. 

47. Wilkins HA, Blumenthal UJ, Hagan P, Hayes RJ, Tulloch S. Resistance to 

reinfection after treatment of urinary schistosomiasis. Trans R Soc Trop Med Hyg. 

1987;81(1):29-35. 

48. Satayathum SA, Muchiri EM, Ouma JH, Whalen CC, King CH. Factors affecting 

infection or reinfection with Schistosoma haematobium in coastal Kenya: survival 

analysis during a nine-year, school-based treatment program. Am J Trop Med Hyg. 

2006;75(1):83-92. 

49. Colette J, Sellin B, Prod'Hon J, Baudoin C, Camus D. Detection by means of 

indirect immunofluorescent technique (antigen: Schistosoma mansoni) of 

schistosomiasis antibodies among children born to mothers infected by Schistosoma 

haematobium. Med Trop. 1977;37:41-43. 



70 

50. Smith JH, von Lichtenberg F. Tissue degradation of calcific Schistosoma 

haematobium eggs. Am J Trop Med Hyg. Jul 1976;25(4):595-601. 

51. el-Shoura SM. Human bilharzial ureters. II. Cellular dynamic against deposited eggs. 

Ann Parasitol Hum Comp. 1993;68(3):121-124. 

52. Bentley AG, Doughty BL, Phillips SM. Ultrastructural analysis of the cellular 

response to Schistosoma mansoni. III. The in vitro granuloma. Am J Trop Med Hyg. 

Nov 1982;31(6):1168-1180. 

53. Phillips SM, Lammie PJ. Immunopathology of granuloma formation and fibrosis in 

schistosomiasis. Parasitol Today. Nov 1986;2(11):296-302. 

54. Moore DL, Grove DI, Warren KS. The Schistosoma mansoni egg granuloma: 

quantitation of cell populations. J Pathol. Jan 1977;121(1):41-50. 

55. Kassis AI, Warren KS, Mahmoud AA. The Schistosoma haematobium egg 

granuloma. Cell Immunol. Jul 1978;38(2):310-318. 

56. Gaafar T, Ismail S, Helmy M, Afifi A, Guirguis N, el Ridi R. Identification of 

Schistosoma haematobium soluble egg antigens that elicit human granuloma 

formation in vitro. Parasitol Res. 1993;79(2):103-108. 

57. Perrin PJ, Phillips SM. The molecular basis of granuloma formation in 

schistosomiasis. III. In vivo effects of a T cell-derived suppressor effector factor and 

IL-2 on granuloma formation. J Immunol. Jul 15 1989;143(2):649-654. 

58. Elliott DE, Ragheb S, Wellhausen SR, Boros DL. Interactions between adherent 

mononuclear cells and lymphocytes from granulomas of mice with schistosomiasis 

mansoni. Infect Immun. Jun 1990;58(6):1577-1583. 

59. Chensue SW, Boros DL. Population dynamics of T and B lymphocytes in the 

lymphoid organs, circulation, and granulomas of mice infected with Schistosoma 

mansoni. Am J Trop Med Hyg. Mar 1979;28(2):291-299. 

60. Doughty BL, Phillips SM. Delayed hypersensitivity granuloma formation and 

modulation around Schistosoma mansoni eggs in vitro. II. Regulatory T cell subsets. 

J Immunol. Jan 1982;128(1):37-42. 

61. Von L. Studies on Granuloma Formation. Iii. Antigen Sequestration and Destruction 

in the Schistosome Pseudotubercle. Am J Pathol. Jul 1964;45:75-94. 

62. el-Shoura SM. Human bilharzial ureters: III. Fine structure of the egg granuloma. 

Appl Parasitol. Nov 1993;34(4):265-273. 



71 

63. de Brito PA, Kazura JW, Mahmoud AA. Host granulomatous response in 

schistosomiasis mansoni. Antibody and cell-mediated damage of parasite eggs in 

vitro. J Clin Invest. Nov 1984;74(5):1715-1723. 

64. Butterworth AE, Sturrock RF, Houba V, Mahmoud AA, Sher A, Rees PH. 

Eosinophils as mediators of antibody-dependent damage to schistosomula. Nature. 

Aug 28 1975;256(5520):727-729. 

65. Hagan P, Wilkins HA, Blumenthal UJ, Hayes RJ, Greenwood BM. Eosinophilia and 

resistance to Schistosoma haematobium in man. Parasite Immunol. Nov 

1985;7(6):625-632. 

66. James SL, Colley DG. Eosinophil-mediated destruction of Schistosoma mansoni 

eggs. J Reticuloendothel Soc. Nov 1976;20(5):359-374. 

67. Hussein MR, Abu-Dief EE, El-Hady HA, Mahmoud SS, Salah EM. Quantitative 

comparison of infected schistosomiasis mansoni and haematobium: animal model 

analysis of the granuloma cell population. J Egypt Soc Parasitol. 2005;35(2):467-

476. 

68. van Den Biggelaar AH, Grogan JL, Filie Y, et al. Chronic schistosomiasis: dendritic 

cells generated from patients can overcome antigen-specific T cell 

hyporesponsiveness. J Infect Dis. Jul 2000;182(1):260-265. 

69. MacDonald AS, Straw AD, Bauman B, Pearce EJ. CD8- dendritic cell activation 

status plays an integral role in influencing Th2 response development. J Immunol. 

Aug 15 2001;167(4):1982-1988. 

70. Burke ML, Jones MK, Gobert GN, Li YS, Ellis MK, McManus DP. 

Immunopathogenesis of human schistosomiasis. Parasite Immunol. Apr 

2009;31(4):163-176. 

71. Alberts B, Johnson A, Lewis J, Raff M, Roberts K, Walter P. Chapter 22, Histology: 

The Lives and Deaths of Cells in Tissues. Molecular biology of the cell, 4th edition. 

New York: Garland Science; 2002. 

72. Booth M, Mwatha JK, Joseph S, et al. Periportal fibrosis in human Schistosoma 

mansoni infection is associated with low IL-10, low IFN-gamma, high TNF-alpha, 

or low RANTES, depending on age and gender. J Immunol. Jan 15 

2004;172(2):1295-1303. 

73. Fallon PG, Dunne DW. Tolerization of mice to Schistosoma mansoni egg antigens 

causes elevated type 1 and diminished type 2 cytokine responses and increased 

mortality in acute infection. J Immunol. Apr 1 1999;162(7):4122-4132. 



72 

74. Brunet LR, Finkelman FD, Cheever AW, Kopf MA, Pearce EJ. IL-4 protects against 

TNF-alpha-mediated cachexia and death during acute schistosomiasis. J Immunol. 

Jul 15 1997;159(2):777-785. 

75. Fallon PG, Richardson EJ, McKenzie GJ, McKenzie AN. Schistosome infection of 

transgenic mice defines distinct and contrasting pathogenic roles for IL-4 and IL-13: 

IL-13 is a profibrotic agent. J Immunol. Mar 1 2000;164(5):2585-2591. 

76. Cheever AW, Xu YH, Sher A, Macedonia JG. Analysis of egg granuloma formation 

in Schistosoma japonicum-infected mice treated with antibodies to interleukin-5 and 

gamma interferon. Infect Immun. Nov 1991;59(11):4071-4074. 

77. Sabin EA, Araujo MI, Carvalho EM, Pearce EJ. Impairment of tetanus toxoid-

specific Th1-like immune responses in humans infected with Schistosoma mansoni. 

J Infect Dis. Jan 1996;173(1):269-272. 

78. van den Biggelaar AH, van Ree R, Rodrigues LC, et al. Decreased atopy in children 

infected with Schistosoma haematobium: a role for parasite-induced interleukin-10. 

Lancet. Nov 18 2000;356(9243):1723-1727. 

79. Zaccone P, Fehervari Z, Phillips JM, Dunne DW, Cooke A. Parasitic worms and 

inflammatory diseases. Parasite Immunol. 2006;28(10):515-523. 

80. Weinstock J, Summers R, Elliott DE. Helminths and harmony. Gut. 2004;53(1):7-9. 

81. Pétridis AP. Deux cas de Bilharzia haematobia dans le tissu musculaire du col de 

l'uterus de la femme. Grèce Méd. 1899;1:33-38. 

82. Madden FC. A case of Bilharzia of the vagina. Lancet. 1899:1716. 

83. Gibson RWB. Bilharzia disease of the female genital tract. S Afr Med Rec. 

1925:413-414. 

84. Fairley NH. Egyptian Bilharziasis: Its recent pathology, symptomatology and 

treatment The Royal Society of Medicine;1919. 

85. Kuntz RE, Myers BJ, Moore JA, Huang TC. Schistosoma haematobium: 

experimental infection in capuchin monkey, Cebus apella. Exp Parasitol. Feb 

1971;29(1):33-41. 

86. Berry A. A cytopathological and histopathological study of bilharziasis of the female 

genital tract. J Pathol Bacteriol. Apr 1966;91(2):325-338. 

87. Renaud R, Brettes P, Carrie J, et al. Bilharziasis of the internal female genital organs. 

Rev Fr Gynecol Obstet. Jan 1971;66(1):1-18. 

88. Bland KG, Gelfand M. The effects of schistosomiasis on the cervix uteri in the 

African female. J Obstet Gynaecol Br Commonw. Dec 1970;77(12):1127-1131. 



73 

89. Gelfand M, Ross MD, Blair DM, Weber MC. Distribution and extent of 

schistosomiasis in female pelvic organs, with special reference to the genital tract, as 

determined at autopsy. Am J Trop Med Hyg. Nov 1971;20(6):846-849. 

90. Leutscher P, Ravaoalimalala VE, Raharisolo C, et al. Clinical findings in female 

genital schistosomiasis in Madagascar. Trop Med Int Health. Apr 1998;3(4):327-332. 

91. Kjetland EF, Kurewa EN, Ndhlovu PD, et al. Female genital schistosomiasis--a 

differential diagnosis to sexually transmitted disease: genital itch and vaginal 

discharge as indicators of genital Schistosoma haematobium morbidity in a cross-

sectional study in endemic rural Zimbabwe. Trop Med Int Health. Dec 

2008;13(12):1509-1517. 

92. Bullough CH. Infertility and bilharziasis of the female genital tract. Br J Obstet 

Gynaecol. Oct 1976;83(10):819-822. 

93. Kjetland EF, Ndhlovu PD, Mduluza T, et al. Simple clinical manifestations of 

genital Schistosoma haematobium infection in rural Zimbabwean women. Am J Trop 

Med Hyg. Mar 2005;72(3):311-319. 

94. Poggensee G, Kiwelu I, Weger V, et al. Female genital schistosomiasis of the lower 

genital tract: prevalence and disease-associated morbidity in northern Tanzania. J 

Infect Dis. Mar 2000;181(3):1210-1213. 

95. Leutscher P, Raharisolo C, Pecarrere JL, et al. Schistosoma haematobium induced 

lesions in the female genital tract in a village in Madagascar. Acta Trop. Jun 24 

1997;66(1):27-33. 

96. Poggensee G, Kiwelu I, Saria M, Richter J, Krantz I, Feldmeier H. Schistosomiasis 

of the lower reproductive tract without egg excretion in urine. Am J Trop Med Hyg. 

Nov 1998;59(5):782-783. 

97. Arean VM. Manson's schistosomiasis of the female genital tract. Am J Obstet 

Gynecol. Nov 1956;72(5):1038-1053. 

98. Billy-Brissac R, Foucan L, Gallais A, Wan-Ajouhu G, Roudier M. Genital 

Schistosoma mansoni bilharziasis in women: apropos of 2 cases in Guadeloupe. Med 

Trop. 1994;54(4):345-348. 

99. Carpenter CB, Mozley PD, Lewis NG. Schistosomiasis Japonica Involvement of the 

Female Genital Tract. JAMA. May 18 1964;188:647-650. 

100. Qunhua L, Jiawen Z, Bozhao L, et al. Investigation of association between female 

genital tract diseases and Schistosomiasis japonica infection. Acta Trop. Nov 2 

2000;77(2):179-183. 



74 

101. Mawad NM, Hassanein OM, Mahmoud OM, Taylor MG. Schistosomal vulval 

granuloma in a 12 year old Sudanese girl. Trans R Soc Trop Med Hyg. Nov-Dec 

1992;86(6):644. 

102. Arora HL, Chadda S, Chadda VS. Schistosomiasis of female genital tract. Indian J 

Pathol Microbiol. Jan 1986;29(1):71-73. 

103. Youssef AF, Abdine FH. Bilharziasis of the pregnant uterus. J Obstet Gynaecol Br 

Empire. Dec 1958;65(6):991-993. 

104. Sharma SD, Trussell RR. A case of schistosomiasis (bilharziasis) hematobium of the 

cervix. Acta Cytol. May 1970;14(5):305-306. 

105. el-Zeneiny AH, Badawy SZ, Iskander SG. Bilharziasis of the female genital tract. J 

Egypt Med Assoc. 1968;51(6):543-553. 

106. Le Guyader A, Kekeh K, Richier ME, Ferrand B, Chevrel ML. Genital biharziasis in 

women. A case of endometritis due to Schistosoma haematobium. Arch Anat Pathol. 

Dec 1965;13(4):256-258. 

107. Adeleye JA, Odjegba A. Schistosomiasis of the uterus in association with uterine 

fibroids. Trop Geogr Med. Jun 1975;27(2):206-208. 

108. Camain R. Schistosomiasis of the male and female genitalia due to Schistosoma 

haematobium; cases observed in French West Africa. Bull Soc Pathol Exot Filiales. 

1953;46(3):412-434. 

109. Savioli L, Gabrielli A, Neve H. Vulvar Schistosoma haematobium lesion treated 

with praziquantel. Trop Doct. Jan 1990;20(1):45-46. 

110. des Lingeries MJA. A case of schistosomiasis of the female pelvic genitalia with 

subsequent tubal pregnancy and abortion. Med J S Afr. 1921:46-48. 

111. Leslie TA, Goldsmith PC, Dowd PM. Vulval schistosomiasis. J R Soc Med. Jan 

1993;86(1):51. 

112. Attili VR, Hira SK, Dube MK. Schistosomal genital granulomas: a report of 10 

cases. Br J Vener Dis. Aug 1983;59(4):269-272. 

113. Gilbert B. Schistosomiasis (Bilharziasis) of the female genital tract and neighbouring 

tissues. J Obstet Gynaecol Br Commonw. 1943;50(5):317-336. 

114. Charlewood GP, Shippel S, Renton H. Schistosomiasis in gynaecology. J Obstet 

Gynaecol Br Emp. Jun 1949;56(3):367-385. 

115. Badawy AH. Schistosomiasis of the cervix. Br Med J. Feb 10 1962;1(5275):369-372. 

116. Williams AO. Pathology of schistosomiasis of the uterine cervix due to S. 

haematobium. Am J Obstet Gynecol. Jul 15 1967;98(6):784-791. 



75 

117. Edington GM, Nwabuebo I, Junaid TA. The pathology of schistosomiasis in Ibadan, 

Nigeria with special reference to the appendix, brain, pancreas and genital organs. 

Trans R Soc Trop Med Hyg. 1975;69(1):153-156. 

118. Wright ED, Chiphangwi J, Hutt MS. Schistosomiasis of the female genital tract. A 

histopathological study of 176 cases from Malawi. Trans R Soc Trop Med Hyg. 

1982;76(6):822-829. 

119. Gouzouv A, Baldassini B, Opa JF. Anatomicopathological aspects of genital 

bilharziasis in women. Med Trop. Oct-Dec 1984;44(4):331-337. 

120. Renaud G, Devidas A, Develoux M, Lamothe F, Bianchi G. Prevalence of vaginal 

schistosomiasis caused by Schistosoma haematobium in an endemic village in Niger. 

Trans R Soc Trop Med Hyg. Nov-Dec 1989;83(6):797. 

121. Koller AB. Granulomatous lesions of the cervix uteri in Black patients. S Afr Med J. 

Jul 16 1975;49(30):1228-1232. 

122. Diouf B, Spay G, Toure P. Genital bilharziasis in women. Bull Soc Med Afr Noire 

Lang Fr. 1973;18(4):517-519. 

123. Loubière R, Ette M, Nozais J-P, et al. Bilharziosis in Ivory Coast from the 

perspective of the laboratory of pathological anatomy. Méd Afr Noire. 

1977;24(6):453-461. 

124. Bayo S, Mamantou P, Samassekou M. Bilharziasis of the uterine cervix in Mali. Afr 

Méd. 1981;19(17):252-256. 

125. van Raalte JA, Venkataramaiah NR, Shaba JK. Bilharziasis of the female genital 

tract in Tanzania. East Afr Med J. Jul 1981;58(7):543-547. 

126. Ricosse JH, Emeric R, Courbil LJ. Anatomopathological aspects of schistosomiasis. 

A study of 286 pathological specimens. Med Trop. Jan-Feb 1980;40(1):77-94. 

127. Helling-Giese G, Sjaastad A, Poggensee G, et al. Female genital schistosomiasis 

(FGS): relationship between gynecological and histopathological findings. Acta Trop. 

Dec 30 1996;62(4):257-267. 

128. Youssef AF, Fayad MM, Shafeek MA. The diagnosis of genital bilharziasis by 

vaginal cytology. Am J Obstet Gynecol. Mar 15 1962;83:710-714. 

129. Feldmeier H, Helling-Giese G, Poggensee G. Unreliability of PAP smears to 

diagnose female genital schistosomiasis. Trop Med Int Health. Jan 2001;6(1):31-33. 

130. Gelfand M. Schistosomiasis of the female genital tract. S Afr Med J. 1949:255-257. 



76 

131. Jordan P, Webbe G. Epidemiology: Indices of human infection. In: Jordan P, Webbe 

G, Sturrock R, eds. Human schistosomiasis. Wallingford, UK: CAB International; 

1993:106-116. 

132. Fincham JE, Markus MB, Adams VJ. Could control of soil-transmitted helminthic 

infection influence the HIV/AIDS pandemic. Acta Trop. May 2003;86(2-3):315-333. 

133. Feldmeier H, Krantz I, Poggensee G. Female genital schistosomiasis as a risk-factor 

for the transmission of HIV. Int J STD & AIDS. Sep-Oct 1994;5(5):368-372. 

134. Harms G, Feldmeier H. HIV infection and tropical parasitic diseases - deleterious 

interactions in both directions? Trop Med Int Health. Jun 2002;7(6):479-488. 

135. Kjetland EF, Ndhlovu PD, Gomo E, et al. Association between genital 

schistosomiasis and HIV in rural Zimbabwean women. AIDS. Feb 28 

2006;20(4):593-600. 

136. Secor WE, Sundstrom JB. Below the belt: new insights into potential complications 

of HIV-1/schistosome coinfections. Curr Opin Infect Dis. Oct 2007;20(5):519-523. 

137. Karanja DM, Colley DG, Nahlen BL, Ouma JH, Secor WE. Studies on 

schistosomiasis in western Kenya: I. Evidence for immune-facilitated excretion of 

schistosome eggs from patients with Schistosoma mansoni and human 

immunodeficiency virus coinfections. Am J Trop Med Hyg. May 1997;56(5):515-

521. 

138. Asin SN, Eszterhas SK, Rollenhagen C, Heimberg AM, Howell AL. HIV type 1 

infection in women: increased transcription of HIV type 1 in ectocervical tissue 

explants. J Infect Dis. Sep 15 2009;200(6):965-972. 

139. Sheffield JS, Wendel GD, Jr., McIntire DD, Norgard MV. Effect of genital ulcer 

disease on HIV-1 coreceptor expression in the female genital tract. J Infect Dis. Nov 

15 2007;196(10):1509-1516. 

140. Chen L, Jha P, Stirling B, et al. Sexual risk factors for HIV infection in early and 

advanced HIV epidemics in sub-Saharan Africa: systematic overview of 68 

epidemiological studies. PloS One. 2007;2(10):e1001. 

141. Kaul R, Pettengell C, Sheth PM, et al. The genital tract immune milieu: an important 

determinant of HIV susceptibility and secondary transmission. J Reprod Immunol. 

Jan 2008;77(1):32-40. 

142. Grosskurth H, Gray R, Hayes R, Mabey D, Wawer M. Control of sexually 

transmitted diseases for HIV-1 prevention: understanding the implications of the 

Mwanza and Rakai trials. Lancet. Jun 3 2000;355(9219):1981-1987. 



77 

143. Myer L, Wright TC, Jr., Denny L, Kuhn L. Nested case-control study of cervical 

mucosal lesions, ectopy, and incident HIV infection among women in Cape Town, 

South Africa. Sex Transm Dis. Nov 2006;33(11):683-687. 

144. Greenhead P, Hayes P, Watts PS, Laing KG, Griffin GE, Shattock RJ. Parameters of 

human immunodeficiency virus infection of human cervical tissue and inhibition by 

vaginal virucides. J Virol. Jun 2000;74(12):5577-5586. 

145. Miller CJ, Shattock RJ. Target cells in vaginal HIV transmission. Microbes Infect. 

Jan 2003;5(1):59-67. 

146. Pudney J, Quayle AJ, Anderson DJ. Immunological microenvironments in the 

human vagina and cervix: mediators of cellular immunity are concentrated in the 

cervical transformation zone. Biol Reprod. Dec 2005;73(6):1253-1263. 

147. Hladik F, Sakchalathorn P, Ballweber L, et al. Initial events in establishing vaginal 

entry and infection by human immunodeficiency virus type-1. Immunity. Feb 

2007;26(2):257-270. 

148. de Jong MA, Geijtenbeek TB. Human immunodeficiency virus-1 acquisition in 

genital mucosa: Langerhans cells as key-players. J Int Med. Jan 2009;265(1):18-28. 

149. Levine WC, Pope V, Bhoomkar A, et al. Increase in endocervical CD4 lymphocytes 

among women with nonulcerative sexually transmitted diseases. J Infect Dis. Jan 

1998;177(1):167-174. 

150. Yeaman GR, Asin S, Weldon S, et al. Chemokine receptor expression in the human 

ectocervix: implications for infection by the human immunodeficiency virus-type I. 

Immunology. Dec 2004;113(4):524-533. 

151. Moore JP, Kitchen SG, Pugach P, Zack JA. The CCR5 and CXCR4 coreceptors--

central to understanding the transmission and pathogenesis of human 

immunodeficiency virus type 1 infection. AIDS Res Hum Retroviruses. Jan 

2004;20(1):111-126. 

152. Secor WE. Interactions between schistosomiasis and infection with HIV-1. Parasite 

Immunol. Nov 2006;28(11):597-603. 

153. Johnson LF, Lewis DA. The effect of genital tract infections on HIV-1 shedding in 

the genital tract: a systematic review and meta-analysis. Sex Transm Dis. Nov 

2008;35(11):946-959. 

154. 2011 High level meeting on AIDS. Panel 4: Women, girls and HIV. 2011. 



78 

155. Maggi E, Mazzetti M, Ravina A, et al. Ability of HIV to promote a TH1 to TH0 shift 

and to replicate preferentially in TH2 and TH0 cells. Science. Jul 8 

1994;265(5169):244-248. 

156. Bentwich Z, Kalinkovich A, Weisman Z. Immune activation is a dominant factor in 

the pathogenesis of African AIDS. Immunol Today. Apr 1995;16(4):187-191. 

157. Shapira-Nahor O, Kalinkovich A, Weisman Z, et al. Increased susceptibility to HIV-

1 infection of peripheral blood mononuclear cells from chronically immune-

activated individuals. AIDS. Sep 10 1998;12(13):1731-1733. 

158. Secor WE, Shah A, Mwinzi PM, Ndenga BA, Watta CO, Karanja DM. Increased 

density of human immunodeficiency virus type 1 coreceptors CCR5 and CXCR4 on 

the surfaces of CD4(+) T cells and monocytes of patients with Schistosoma mansoni 

infection. Infect Immun. Nov 2003;71(11):6668-6671. 

159. N'Zoukoudi-N'Doundou MY, Dirat I, Akouala JJ, Penchenier L, Makuwa M, Rey JL. 

Bilharziasis and human immunodeficiency virus infection in Congo. Med Trop. 

1995;55(3):249-251. 

160. Mwanakasale V, Vounatsou P, Sukwa TY, Ziba M, Ernest A, Tanner M. 

Interactions between Schistosoma haematobium and human immunodeficiency virus 

type 1: the effects of coinfection on treatment outcomes in rural Zambia. Am J Trop 

Med Hyg. Oct 2003;69(4):420-428. 

161. Kallestrup P, Zinyama R, Gomo E, et al. Schistosomiasis and HIV-1 infection in 

rural Zimbabwe: implications of coinfection for excretion of eggs. J Infect Dis. 

2005;191(8):1311-1320. 

162. Brenchley JM, Douek DC. HIV infection and the gastrointestinal immune system. 

Mucosal Immunol. Jan 2008;1(1):23-30. 

163. McKinnon LR, Kaul R. Quality and quantity: mucosal CD4+ T cells and HIV 

susceptibility. Curr Opin HIV AIDS. Mar 2012;7(2):195-202. 

164. Ndhlovu PD, Mduluza T, Kjetland EF, et al. Prevalence of urinary schistosomiasis 

and HIV in females living in a rural community of Zimbabwe: does age matter? 

Trans R Soc Trop Med Hyg. May 2007;101(5):433-438. 

165. Chenine AL, Shai-Kobiler E, Steele LN, et al. Acute Schistosoma mansoni infection 

increases susceptibility to systemic SHIV clade C infection in rhesus macaques after 

mucosal virus exposure. PLoS Negl Trop Dis. 2008;2(7):e265. 



79 

166. Bloom K, Harrington D. Enhanced accuracy and reliability of HER-2/neu 

immunohistochemical scoring using digital microscopy. Am J Clin Pathol. May 

2004;121(5):620-630. 

167. Taylor CR, Levenson RM. Quantification of immunohistochemistry--issues 

concerning methods, utility and semiquantitative assessment II. Histopathol. Oct 

2006;49(4):411-424. 

168. Abramoff MD, Magalhaes PJ, Ram SJ. Image processing with ImageJ. Biophotonics 

Int. 2004;11:36-42. 

169. Arihiro K, Umemura S, Kurosumi M, et al. Comparison of evaluations for hormone 

receptors in breast carcinoma using two manual and three automated 

immunohistochemical assays. Am J Clin Pathol. Mar 2007;127(3):356-365. 

170. Masmoudi H, Hewitt SM, Petrick N, Myers KJ, Gavrielides MA. Automated 

quantitative assessment of HER-2/neu immunohistochemical expression in breast 

cancer. IEEE Trans Med Imaging. Jun 2009;28(6):916-925. 

171. Skaland I, Ovestad I, Janssen EA, et al. Comparing subjective and digital image 

analysis HER2/neu expression scores with conventional and modified FISH scores 

in breast cancer. J Clin Pathol. Jan 2008;61(1):68-71. 

172. Furness PN. The use of digital images in pathology. J Pathol. Nov 1997;183(3):253-

263. 

173. Kjetland EF, Poggensee G, Helling-Giese G, et al. Female genital schistosomiasis 

due to Schistosoma haematobium. Clinical and parasitological findings in women in 

rural Malawi. Acta Trop. Dec 30 1996;62(4):239-255. 

174. Petry KU, Scholz U, Hollwitz B, von Wasielewski R, Meijer CJ. Human 

papillomavirus, coinfection with Schistosoma haematobium, and cervical neoplasia 

in rural Tanzania. Int J Gynecol Cancer. 2003;13:505-509. 

175. Rousset JJ, Houin R, Buttner A. Acid-alcohol resistance of various schistosome eggs. 

Modification of the technic of Brygoo, Capron and Randriamalala. Ann Parasitol 

Hum Comp. Oct-Dec 1962;37:866-869. 

176. Giatromanolaki A, Koukourakis MI, Theodossiou D, et al. Comparative evaluation 

of angiogenesis assessment with anti-factor-VIII and anti-CD31 immunostaining in 

non-small cell lung cancer. Clin Cancer Res. Dec 1997;3(12 Pt 1):2485-2492. 

177. Lenzi HL, Sobral AC, Lenzi JA. Participation of endothelial cells in murine 

schistosomiasis. Braz J Med Biol Res. 1988;21(5):999-1003. 



80 

178. Halama N, Zoernig I, Spille A, et al. Estimation of immune cell densities in immune 

cell conglomerates: an approach for high-throughput quantification. PloS One. 

2009;4(11):e7847. 

179. van Der Laak JA, Pahlplatz MM, Hanselaar AG, de Wilde PC. Hue-saturation-

density (HSD) model for stain recognition in digital images from transmitted light 

microscopy. Cytometry. Apr 1 2000;39(4):275-284. 

180. Swai B, Poggensee G, Mtweve S, Krantz I. Female genital schistosomiasis as an 

evidence of a neglected cause for reproductive ill-health: a retrospective 

histopathological study from Tanzania. BMC Infect Dis. 2006. 

181. Freedman DO, Ottesen EA. Eggs of Schistosoma mansoni stimulate endothelial cell 

proliferation in vitro. J Infect Dis. Sep 1988;158(3):556-562. 

182. Loeffler DA, Lundy SK, Singh KP, Gerard HC, Hudson AP, Boros DL. Soluble egg 

antigens from Schistosoma mansoni induce angiogenesis-related processes by up-

regulating vascular endothelial growth factor in human endothelial cells. J Infect Dis. 

Jun 1 2002;185(11):1650-1656. 

183. Andrade ZA, Santana TS. Angiogenesis and schistosomiasis. Mem Inst Oswaldo 

Cruz. Jul 2010;105(4):436-439. 

184. Tonnesen MG, Feng X, Clark RAF. Angiogenesis in wound healing. J Investig 

Dermatol. 2000;5:40-46. 

185. Singer AJ, Clark RAF. Cutaneous wound healing. N Engl J Med. 1999;341(10):738-

746. 

186. Davis CW, Doms RW. HIV transmission: closing all the doors. J Exp Med. Apr 19 

2004;199(8):1037-1040. 

187. Bobardt MD, Salmon P, Wang L, et al. Contribution of proteoglycans to human 

immunodeficiency virus type 1 brain invasion. J Virol. Jun 2004;78(12):6567-6584. 

188. Pomerantz RJ, de la Monte SM, Donegan SP, et al. Human immunodeficiency virus 

(HIV) infection of the uterine cervix. Ann Int Med. Mar 1988;108(3):321-327. 

189. Rhodes RH, Ward JM, Cowan RP, Moore PT. Immunohistochemical localization of 

human immunodeficiency viral antigens in formalin-fixed spinal cords with AIDS 

myelopathy. Clin Neuropathol. Jan-Feb 1989;8(1):22-27. 

190. Miller CJ, Alexander NJ, Vogel P, Anderson J, Marx PA. Mechanism of genital 

transmission of SIV: a hypothesis based on transmission studies and the location of 

SIV in the genital tract of chronically infected female rhesus macaques. J Med 

Primatol. Feb-May 1992;21(2-3):64-68. 



81 

191. Mbabazi PS, Andan O, Fitzgerald DW, Chitsulo L, Engels D, Downs JA. Examining 

the Relationship between Urogenital Schistosomiasis and HIV Infection. PLoS Negl 

Trop Dis. Dec 2011;5(12):e1396. 

192. Laga M, Manoka A, Kivuvu M, et al. Non-ulcerative sexually transmitted diseases 

as risk factors for HIV-1 transmission in women: results from a cohort study. AIDS. 

Jan 1993;7(1):95-102. 

193. Lucey DR, Dorsky DI, Nicholson-Weller A, Weller PF. Human eosinophils express 

CD4 protein and bind human immunodeficiency virus 1 gp120. J Exp Med. Jan 1 

1989;169(1):327-332. 

194. Chelucci C, Casella I, Federico M, et al. Lineage-specific expression of human 

immunodeficiency virus (HIV) receptor/coreceptors in differentiating hematopoietic 

precursors: correlation with susceptibility to T- and M-tropic HIV and chemokine-

mediated HIV resistance. Blood. Sep 1 1999;94(5):1590-1600. 

195. Conway B, Baskar P, Bechtel LJ, et al. Eosinophils as host cells for HIV-1. Arch 

Virol. 1992;127:373-377. 

196. Weller PF, Marshall WL, Lucey DR, Rand TH, Dvorak AM, Finberg RW. Infection, 

apoptosis, and killing of mature human eosinophils by human immunodeficiency 

virus-1. Am J Respir Cell Mol Biol. 1995;13(5):610-620. 

197. Freedman AR, Gibson FM, Fleming SC, Spry CJ, Griffin GE. Human 

immunodeficiency virus infection of eosinophils in human bone marrow cultures. J 

Exp Med. 1991;174(6):1661-1664. 

198. Kjetland EF, Ndhlovu PD, Kurewa EN, et al. Prevention of gynecologic contact 

bleeding and genital sandy patches by childhood anti-schistosomal treatment. Am J 

Trop Med Hyg. Jul 2008;79(1):79-83. 

199. Everts B, Adegnika AA, Kruize YC, Smits HH, Kremsner PG, Yazdanbakhsh M. 

Functional impairment of human myeloid dendritic cells during Schistosoma 

haematobium infection. PLoS Negl Trop Dis. 2010;4(4):e667. 

200. Perona-Wright G, Jenkins SJ, MacDonald AS. Dendritic cell activation and function 

in response to Schistosoma mansoni. Int J Parasitol. May 31 2006;36(6):711-721. 

201. Siddappa NB, Hemashettar G, Shanmuganathan V, et al. Schistosoma mansoni 

enhances host susceptibility to mucosal but not intravenous challenge by R5 Clade C 

SHIV. PLoS Negl Trop Dis. Aug 2011;5(8):e1270. 



82 

202. Downs JA, Mguta C, Kaatano GM, et al. Urogenital schistosomiasis in women of 

reproductive age in Tanzania's Lake Victoria region. Am J Trop Med Hyg. Mar 

2011;84(3):364-369. 

203. Cameron GR, Bhattacharyya KK. Portal Hypertension in Experimental 

Schistosomiasis. J Pathol Bacteriol. Jan 1965;89:1-12. 

204. Ramos OL, Saad F, Leser WP. Portal Hemodynamics and Liver Cell Function in 

Hepatic Schistosomiasis. Gastroenterol. Sep 1964;47:241-247. 

205. Andrade ZA, Cheever AW. Alterations of the intrahepatic vasculature in 

hepatosplenic schistosomiasis mansoni. Am J Trop Med Hyg. May 1971;20(3):425-

432. 

206. Shaw FH. The pathogenesis of pulmonary schistosomiasis in Egypt with special 

reference to Ayerza's disease. J Pathol Bacteriol. 1938;XLVI:401-424. 

207. D'Amico F, Skarmoutsou E, Stivala F. State of the art in antigen retrieval for 

immunohistochemistry. J Immunol Methods. Feb 28 2009;341(1-2):1-18. 

208. Fritschy JM. Is my antibody-staining specific? How to deal with pitfalls of 

immunohistochemistry. Eur J Neurosci. Dec 2008;28(12):2365-2370. 

209. Cohen CR, Moscicki AB, Scott ME, et al. Increased levels of immune activation in 

the genital tract of healthy young women from sub-Saharan Africa. AIDS. Aug 24 

2010;24(13):2069-2074. 

210. Anagnostou VK, Lowery FJ, Syrigos KN, Cagle PT, Rimm DL. Quantitative 

evaluation of protein expression as a function of tissue microarray core diameter: is a 

large (1.5 mm) core better than a small (0.6 mm) core? Arch Pathol Lab Med. Apr 

2010;134(4):613-619. 

211. Miettinen M, Lindenmayer AE, Chaubal A. Endothelial cell markers CD31, CD34, 

and BNH9 antibody to H- and Y-antigens--evaluation of their specificity and 

sensitivity in the diagnosis of vascular tumors and comparison with von Willebrand 

factor. Mod Pathol. Jan 1994;7(1):82-90. 

212. Middleton J, Americh L, Gayon R, et al. A comparative study of endothelial cell 

markers expressed in chronically inflamed human tissues: MECA-79, Duffy antigen 

receptor for chemokines, von Willebrand factor, CD31, CD34, CD105 and CD146. J 

Pathol. Jul 2005;206(3):260-268. 

213. Poncelet C, Madelenat P, Feldmann G, Walker F, Darai E. Expression of von 

Willebrand's factor, CD34, CD31, and vascular endothelial growth factor in uterine 

leiomyomas. Fertil Steril. Sep 2002;78(3):581-586. 



83 

214. Pusztaszeri MP, Seelentag W, Bosman FT. Immunohistochemical expression of 

endothelial markers CD31, CD34, von Willebrand factor, and Fli-1 in normal human 

tissues. J Histochem Cytochem. Apr 2006;54(4):385-395. 

215. Jong E, Louw S, Meijers JC, et al. The hemostatic balance in HIV-infected patients 

with and without antiretroviral therapy: partial restoration with antiretroviral therapy. 

AIDS Patient Care STDs. Dec 2009;23(12):1001-1007. 

216. Rees MC, Heryet AR, Bicknell R. Immunohistochemical properties of the 

endothelial cells in the human uterus during the menstrual cycle. Hum Reprod. Aug 

1993;8(8):1173-1178. 

217. UNAIDS. Global report: 2008 report on the global AIDS epidemic2008. 

218. Shacklett BL. Immune responses to HIV and SIV in mucosal tissues: 'location, 

location, location'. Curr Opin HIV AIDS. Mar 2010;5(2):128-134. 

219. Prakash M, Patterson S, Gotch F, Kapembwa MS. Recruitment of CD4 T 

lymphocytes and macrophages into the cervical epithelium of women after coitus. 

Am J Obstet Gynecol. Feb 2003;188(2):376-381. 

220. Kjetland EF, Leutscher PD, Ndhlovu PD. A review of female genital schistosomiasis. 

Trends Parasitol. Feb 2012;28(2):58-65. 

221. Wilkins HA. Schistosoma haematobium in a Gambian community. I. The intensity 

and prevalence of infection. Ann Trop Med Parasitol. Mar 1977;71(1):53-58. 

222. King CH, Keating CE, Muruka JF, et al. Urinary tract morbidity in schistosomiasis 

haematobia: associations with age and intensity of infection in an endemic area of 

Coast Province, Kenya. Am J Trop Med Hyg. Oct 1988;39(4):361-368. 

223. Woolhouse ME, Ndamba J, Bradley DJ. The interpretation of intensity and 

aggregation data for infections of Schistosoma haematobium. Trans R Soc Trop Med 

Hyg. 1994;88(5):520-526. 

224. Yirenya-Tawiah D, Amoah C, Apea-Kubi KA, et al. A survey of female genital 

schistosomiasis of the lower reproductive tract in the volta basin of Ghana. Ghana 

Med J. Mar 2011;45(1):16-21. 

225. Richter J, Poggensee G, Kjetland EF, et al. Reversibility of lower reproductive tract 

abnormalities in women with Schistosoma haematobium infection after treatment 

with praziquantel--an interim report. Acta Trop. Dec 30 1996;62(4):289-301. 

226. Doehring E, Ehrich JH, Bremer HJ. Reversibility of urinary tract abnormalities due 

to Schistosoma haematobium infection. Kidney Int. Oct 1986;30(4):582-585. 



84 

227. Kjetland EF, Mduluza T, Ndhlovu PD, et al. Genital schistosomiasis in women: a 

clinical 12-month in vivo study following treatment with praziquantel. Trans R Soc 

Trop Med Hyg. Aug 2006;100(8):740-752. 

228. Silva IM, Thiengo R, Conceicao MJ, et al. Therapeutic failure of praziquantel in the 

treatment of Schistosoma haematobium infection in Brazilians returning from Africa. 

Mem Inst Oswaldo Cruz. Jul 2005;100(4):445-449. 

229. Alonso D, Munoz J, Gascon J, Valls ME, Corachan M. Failure of standard treatment 

with praziquantel in two returned travelers with Schistosoma haematobium infection. 

Am J Trop Med Hyg. Feb 2006;74(2):342-344. 

230. Butterworth AE. Immunology of schistosomiasis. In: Jordan P, Webbe G, Sturrock 

R, eds. Human schistosomiasis. Wallingford, UK: CAB International; 1993:331-366. 

231. Bradley DJ, McCullough FS. Egg output stability and the epidemiology of 

Schistosoma haematobium. II. An analysis of the epidemiology of endemic S. 

haematobium. Trans R Soc Trop Med Hyg. 1973;67(4):491-500. 

232. Wilkins HA, Goll PH, Marshall TF, Moore PJ. Dynamics of Schistosoma 

haematobium infection in a Gambian community. III. Acquisition and loss of 

infection. Trans R Soc Trop Med Hyg. 1984;78(2):227-232. 

233. Leutscher P, Ramarokoto CE, Reimert C, Feldmeier H, Esterre P, Vennervald BJ. 

Community-based study of genital schistosomiasis in men from Madagascar. Lancet. 

Jan 8 2000;355(9198):117-118. 

234. Leutscher PD, Pedersen M, Raharisolo C, et al. Increased prevalence of leukocytes 

and elevated cytokine levels in semen from Schistosoma haematobium-infected 

individuals. J Infect Dis. May 15 2005;191(10):1639-1647. 

235. Hughes JP, Baeten JM, Lingappa JR, et al. Determinants of Per-Coital-Act HIV-1 

Infectivity Among African HIV-1-Serodiscordant Couples. J Infect Dis. Feb 

2012;205(3):358-365. 



Paper I 



 



Increased Vascularity in Cervicovaginal Mucosa with
Schistosoma haematobium Infection
Peter Mark Jourdan1,2*, Borghild Roald2,3, Gabriele Poggensee4, Svein Gunnar Gundersen5,6, Eyrun

Floerecke Kjetland1

1Centre for Imported and Tropical Diseases, Department of Infectious Diseases, Oslo University Hospital Ulleval, Oslo, Norway, 2 Faculty of Medicine, University of Oslo,

Norway, 3Centre for Paediatric and Pregnancy Related Pathology, Oslo University Hospital Ulleval, Oslo, Norway, 4Department of Infectious Disease Epidemiology,

Robert Koch Institute, Berlin, Germany, 5 Research Unit, Sorlandet Hospital HF, Kristiansand, Norway, 6Centre for Development Studies, University of Agder, Kristiansand,

Norway

Abstract

Background: Close to 800 million people in the world are at risk of schistosomiasis, 85 per cent of whom live in Africa.
Recent studies have indicated that female genital schistosomiasis might increase the risk of human immunodeficiency virus
(HIV) infection. The aim of this study is to quantify and analyse the characteristics of the vasculature surrounding
Schistosoma haematobium ova in the female genital mucosa.

Methodology/Principal Findings: Cervicovaginal biopsies with S. haematobium ova (n = 20) and control biopsies (n = 69)
were stained with immunohistochemical blood vessel markers CD31 and von Willebrand Factor (vWF), which stain
endothelial cells in capillary buds and established blood vessels respectively. Haematoxylin and eosin (HE) were applied for
histopathological assessment. The tissue surrounding S. haematobium ova had a higher density of established blood vessels
stained by vWF compared to healthy controls (p= 0.017). Immunostain to CD31 identified significantly more granulation
tissue surrounding viable compared to calcified ova (p= 0.032), and a tendency to neovascularisation in the tissue
surrounding viable ova compared to healthy cervical mucosa (p= 0.052).

Conclusions/Significance: In this study female genital mucosa with S. haematobium ova was significantly more vascularised
compared to healthy cervical tissue. Viable parasite ova were associated with granulation tissue rich in sprouting blood
vessels. Although the findings of blood vessel proliferation in this study may be a step to better understand the implications
of S. haematobium infection, further studies are needed to explore the biological, clinical and epidemiological features of
female genital schistosomiasis and its possible influence on HIV susceptibility.
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Introduction

Schistosomiasis is the most important parasite infection in the

world after malaria [1]. Of the estimated 780 million people

exposed to this fresh water parasite, 85 per cent live in Africa.

Schistosoma haematobium and human immunodeficiency virus (HIV)

are co-endemic in large parts of this area [2,3]. In a recent cross-

sectional study from Zimbabwe a near 3-fold increased odds for

HIV infection was found in women with genital schistosomiasis

[4].

The lower female reproductive tract is a major entry site in HIV

transmission, and is also a common site for S. haematobium

oviposition [5–7]. The S. haematobium infected cervix appears

inflamed with abnormal mucosal blood vessels, contact bleeding

and pathognomonic lesions named sandy patches [7–9]. It has

been suggested that products from schistosome ova (S. mansoni)

may induce endothelial cell proliferation and activation [10,11].

Similar to sexually transmitted infections, it has been postulated

that female genital schistosomiasis may provide mucosal points of

entry for HIV [12,13].

The aim of this study is to combine immunohistochemical

protein detection of endothelial cells with histopathological

evaluation to quantify and analyse the characteristics of the blood

vessels surrounding S. haematobium ova in biopsies of the lower

female genital tract.

Methods

Ethics statement
Permissions for the histopathological and immunohistochemical

investigations of anonymised archival Malawian and Norwegian

biopsies, without additional consent from the study subjects, were

granted by the National Health Science and Research Committee

of Malawi (2009/NHSRC #620) and the Norwegian Regional

Ethics Committee (2009/1250a). The permissions were based on

the fact that the proposed analyses did not require identifiable
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information or history, have any direct relevance to the physical,

mental or social well-being, or have any direct diagnostic or

therapeutic implications for the study women.

The majority of the Malawian women who volunteered in the

1994 study were illiterate [8]. Study information was provided in

Yao and Chichewa (the local languages) and free informed oral

consent was obtained. Following consent, all women who had

urinary schistosomiasis were offered gynaecological examination.

Consent was reascertained orally by the physician before each step

of sampling and investigations. Treatment and follow-up for

sexually transmitted infections, cancers and other complaints were

done in collaboration with the physicians in Mangochi District

Hospital [8]. The women were not asked for HIV testing. All

women, including those who declined further investigations, were

offered treatment with praziquantel. All non-endemic controls

were followed up by the referring clinician in Norway.

Study subjects
As described previously [8], biopsies from the cervix and/or

vagina were sampled from 61 women with urogenital S.
haematobium infection in Mangochi District Hospital in Malawi in

1994. In short, sexually active women between 15 and 49 years of

age present in the out-patient department, irrespective of whether

they were patients or next of kin, were invited to submit urine

samples. Women with S. haematobium ova in the urine were invited

for further interviews and gynaecological examinations. Samples

including biopsies were taken from observed lesions or at random

if no lesions were present. Women without urinary schistosomiasis

were excluded.

An overview of the study groups is given in Figure 1. The cases

with S. haematobium ova in genital tissue included 17 cervical and

three vaginal biopsies. The histopathological changes and ova

viability were similar in the cervical and vaginal biopsies, and the

biopsies were therefore analysed together. Malawian women with

urinary schistosomiasis who were found not to have S. haematobium
ova in the biopsy specimen served as endemic negative controls.

Non-endemic Norwegian control biopsies were selected by

searching the database from 1998 for key word combinations of

the anatomical site ‘cervix uteri’ and the morphological diagnoses

‘cervicitis’ and ‘normal morphology’. Women included in the

negative non-endemic control group had histologically normal

uterine ectocervices with intact tissue architecture. Excluded were

endocervical biopsies and biopsies showing signs of pathology, i.e.

more than 10 inflammatory cells per high-power field, non-specific

vessel proliferation, epithelial hyperplasia, polyps, cysts, atypical or

dysplastic changes, or signs of human papilloma virus (HPV)

infection (i.e. clustered koilocytosis and dyskeratosis).

Women included in the positive non-endemic control group had

chronic non-specific cervicitis; i.e. biopsies with a distinct,

generalised infiltrate dominated by lymphocytes and/or plasma

cells. Excluded were endocervical biopsies with more than 20

granulocytes or 5 eosinophils per high-power field and specimens

with signs of HPV infection, erosion, ulcerations, granulation

tissue or extra-vascular erythrocytes.

Immunohistochemistry and histopathology
The biopsies were fixed in formalin, routinely processed,

embedded in paraffin, sectioned and stained. Findings from the

histological examination of haematoxylin and eosin (HE)-stained

sections have been published previously [14].

For the analyses in this study, 3.5 mm thick serial sections of the

included specimens were cut and placed on SuperFrost slides

(Menzel-Gläser, Braunschweig, Germany) for HE-stain and on

SuperFrost Plus slides (Menzel-Gläser) for immunohistochemical

stains. The immunohistochemical stains were performed using

Benchmark XT, Antibody diluent (251-018) and Detection Kit

Ventana ultraView Universal DAB (760-500) (Ventana Medical

Systems, Inc., Tucson, Arizona, USA), an automated immuno-

stain system based on the ABC avidin-biotin-peroxidase method,

including negative and positive controls. For identification of

blood vessels, two endothelial cell markers were used; mouse

monoclonal antibody CD31 (clone JC70A, Dako Denmark AS,

Glostrup, Denmark) and rabbit polyclonal antibody von Will-

ebrand Factor (vWF) (Ventana). All slides were examined

microscopically for immunohistochemical antigen detection com-

bined with histological identification.

Microscopy and image analysis
The sections were examined using a Nikon Eclipse 80i

microscope and photographed at 406 objective magnification,

obtaining 1600 by 1200 pixels colour images using a SPOT Insight

2 Megapixel Firewire Color 3-shot digital camera attached to the

microscope and a Hewlett-Packard Compaq stationary computer.

The morphological and immunohistochemical analyses were

performed in a standardised manner. First, the HE-stained

sections were evaluated. Ova were defined as ‘viable’ if miracidia

with eosinophilic glands or germinal cells were identified [15],

whereas ova containing dark purple stain identified histologically

as calcification were defined as ‘calcified’. The histopathological

tissue reaction was defined as ‘granulation tissue’ if dominated by

neovascularisation with activation of endothelial cells and by

immature fibroblasts. The tissue reaction was defined as ‘fibrosis’ if

dominated by collagen rich stroma with scant mature fibroblasts.

A high-power field (406 objective magnification) of each HE-

stained section containing S. haematobium ova was photographed

with the ovum or ova located centrally. The area of tissue

surrounding the ovum or ova in one such photograph was defined

as ‘periovular’. In the controls, one high-power field of a

subepithelial area was photographed, as this is the most common

location for oviposition [15,16]. This area was representative for

the pathologist’s overall diagnosis of the section. In order to

analyse the same area in the consecutive immunohistochemically

stained serial sections of each biopsy, the near-exact same areas,

Author Summary

Schistosomiasis is a fresh water parasite infection that
affects millions of people, especially in Africa. Recent
knowledge about the genital manifestations of schistoso-
miasis; especially its possible association with human
immunodeficiency virus (HIV) infection, has led to
increased focus on this neglected tropical disease. Millions
of women remain undiagnosed for genital schistosomiasis,
and may suffer from abnormal mucosal blood vessels,
contact bleeding and lesions named sandy patches. This
study analyses a unique selection of female genital
biopsies containing parasite eggs. Protein detection and
standard histopathological assessment are combined to
quantify and study the characteristics of the mucosal
blood vessels surrounding the eggs. Our results show that
the genital mucosa with parasite eggs is more vascularised
compared to healthy tissue, and that viable eggs tend to
be surrounded by proliferating blood vessels. These
findings have not yet been correlated directly to clinical
manifestations. Further studies are needed in order to
provide clinical advice on the risks and consequences of
mucosal lesions particular to female genital schistosomi-
asis.

Genital Mucosal Vascularity in Schistosomiasis
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Figure 1. Overview of the study groups.
doi:10.1371/journal.pntd.0001170.g001
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identified by histological anatomical structures, were photo-

graphed. In areas where the morphology of the immunohisto-

chemically stained section differed from the HE-stained section,

the closest approximation was photographed. All selections were

controlled by an experienced pathologist (BR).

Immunostained blood vessels (by vWF and CD31) were counted

in accordance with pre-established criteria [17,18]. ‘Capillary

buds’ were defined as vessel structures without an identifiable

lumen or periendothelial structures, whereas all other stained

vessel structures were counted as ‘established blood vessels’. The

density of capillary buds and vessels were calculated per mm2. In

sections with more than 300 capillary buds per mm2, the numbers

were truncated to 300. Each photograph was counted manually

and one in ten randomly selected photographs were quality

controlled. Discrepancies were resolved by consensus, if necessary

after consulting a second senior pathologist. Finally, each

photograph was recounted.

Statistical analyses
The statistical analyses and sample size estimation were

performed with SPSS version 16.0 and PS Power and sample

size calculations version 2.1.31. Most variables were not normally

distributed and non-parametric tests were therefore used when

studying associations. Medians and interquartile ranges were used

to describe the results. The Mann-Whitney U and Kruskal-Wallis

H tests were applied where appropriate. For the calculation of

odds ratio (OR), it was necessary to tertilise the not normally

distributed variables. Spearman’s rank correlation coefficient was

used when studying associations between continuous variables.

Intra-observer variability was determined by calculating the intra-

class correlation coefficient (ICC) after log-transformation of the

data. A 5% significance level was used throughout.

Results

The median age of the Malawian patients was 23.5 years

(interquartile range (IQR)= 20.0–31.5), and the median age of the

Norwegian control patients was 44.0 years (IQR=30.5–55.5). In

the biopsies with S. haematobium ova, the median number of ova per

high-power field was 3 (IQR=1–8), of which 80 per cent were

calcified. Most ova were localised in the subepithelial tissue,

whereas only a few ova were found deeper in the stroma. Calcified

and viable ova were found together in the same biopsy in one

patient only. No schistosome worms were seen.

Figures 2 and 3A show the distributions of established blood

vessels and capillary buds respectively per mm2 genital tissue in the

four study groups. The periovular tissue contained significantly

Figure 2. Density of established blood vessels per mm2 in the four study groups. Established blood vessels stained with von Willebrand
Factor. FGS= cervicovaginal tissue with S. haematobium ova. aComparison of women with FGS and non-endemic women with normal cervical tissue.
doi:10.1371/journal.pntd.0001170.g002
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more established blood vessels compared with non-endemic

healthy cervices (p=0.017). However, ova viability was not

significantly associated with the density of established blood vessels

(p=0.40). There was no significant difference in the density of

established blood vessels between endemic biopsies with and

without S. haematobium ova (p=0.51).

As shown in Figure 3A, there were no significant differences in

the density of capillary buds between the Malawian cases and the

non-endemic or endemic negative controls (p=0.44 and p=0.95

respectively). However, there was a large variation in periovular

capillary bud density. As shown in Figure 3B, there was a tendency

towards a higher density of capillary buds surrounding viable ova

compared with non-endemic healthy cervical tissue (OR=13.0,

Confidence Interval (CI) = 1.0–172.9, p=0.052). Furthermore,

viable ova were more often found in granulation tissue compared

to calcified ova (p=0.032). There was no association between

calcified ova and fibrous tissue (p=0.53). The main histopatho-

logical periovular tissue reactions are shown in Figures S1 and S2.

In the endemic cases with cervicovaginal S. haematobium ova, age

was neither associated with the number of ova (p=0.45) nor the

viability status of the ova (p=0.50). There was no significant

difference in density of established blood vessels or capillary buds

between tissue with viable ova and non-endemic tissue with

chronic cervicitis (p=0.20 and p=0.053 respectively). All other

study groups had significantly lower densities of established blood

vessels and capillary buds than tissue with chronic cervicitis (data

not shown).

The intra-observer reliability of counting established blood

vessels and capillary buds were 0.93 (95% Confidence Interval

(CI) = 0.90–0.95, p,0.001) and 0.88 (95% CI= 0.82–0.91,

p,0.001), respectively.

Discussion

To our knowledge, this is the first study to analyse the quantity

and characteristics of the mucosal vasculature surrounding female

genital S. haematobium ova. Similar to non-specific chronic

cervicitis, the mucosa of the Malawian women diagnosed with

genital schistosomiasis was significantly more vascularised than

healthy cervical tissue of non-endemic controls. The denser

vasculature consisted of established blood vessels as opposed to

currently active neovascularisation. However, cases with viable

ova contained granulation tissue rich in sprouting blood vessels

significantly more often than cases with calcified ova.

Similar to previous reports of genital and urinary schistosomi-

asis, we found a variety of tissue reactions surrounding S.

haematobium ova; ranging from marked periovular granulation

tissue to fibrosis [14–16,19–25]. Although fibrosis is regarded as

the end-stage pathology in schistosome infected tissue [26], there

was no significant association between calcified ova and fibrosis in

our study.

This study has several limitations. Firstly, the sample size is

small and the findings are prone to type 1 and 2 errors. Secondly,

there may have been schistosome ova just outside the biopsy

borders in presumed negative cases, which might explain why

there was no significant difference in capillary density between

endemic cases and controls in this study. As in most schistosomiasis

studies, there was no true schistosomiasis negative endemic control

group [27]. The differences between women with and without

genital S. haematobium ova may therefore have been underestimat-

ed. Thirdly, the analyses may have been affected by the age of the

endemic biopsies, and by endothelial cell activation or vWF which

may be elevated in HIV positive individuals [28]. The HIV

prevalence has subsequently been estimated to be approximately

10 per cent of the population in 1994 [2], but individual HIV

diagnosis was not a part of the original project and could therefore

not be done. Lastly, although the specimens were evaluated several

times by two investigators who attempted to be objective, blinding

was not possible due to the presence of schistosome ova in the

tissue.

Previous studies on blood vessel proliferation and schistosomi-

asis have suggested that soluble egg antigens (SEA) from viable S.

mansoni ova induce neovascularisation by stimulating endothelial

cell activation and proliferation [10,11]. Recent experimental

studies indicate that blood vessel proliferation in S. mansoni not only

accompanies hepatic fibrogenesis, but possibly also regression of

fibrosis after treatment [29]. To our knowledge, there have been

no studies on S. haematobium and blood vessel proliferation.

Female genital schistosomiasis is associated with genital mucosal

bleeding tendency; a clinical finding that might support the

suggested HIV susceptibility in these women [30]. Endothelial cell

surface proteoglycans have been reported to serve as HIV-1

receptors, and endothelial cells have even been suggested to

harbour HIV [31–34]. Finally, an increase in microvessel density

may impair the original tissue structure and lead to easy disruption

of the genital mucosal barrier [35,36].

Women living in endemic areas are prone to high burdens of

infection and frequent reinfections with S. haematobium [37]. The

histopathological correlates of the clinical signs in female genital

schistosomiasis, e.g. abnormal blood vessel proliferation and

contact bleeding, have not yet been studied in detail [38]. It is

therefore not known which clinical manifestations may increase

the risk of reproductive tract morbidity or possibly HIV

acquisition. Hence it is not yet possible to give clinical advice

related to the risks and consequences of the typical lesions in

female genital schistosomiasis. In order to determine the

implications for the patients, further studies are needed to

correlate the clinical signs to morphological and immunohisto-

chemical findings.

In conclusion, this study shows that female genital mucosa

infected with S. haematobium is significantly more vascularised than

healthy cervical tissue. Viable schistosome ova are more often

surrounded by highly vascularised granulation tissue compared

with calcified ova. These results might contribute to improve the

understanding of the pathophysiological mechanisms in female

genital schistosomiasis and of the postulated association with HIV

infection. However, further studies are needed to validate these

findings, to study the immunological tissue reaction and to explore

the clinical correlates of the various histopathological manifesta-

tions in female genital schistosomiasis.

Supporting Information

Figure S1 Section of uterine cervix with calcified S.
haematobium ova. A. Histopathology Calcified schistosome

ova (white arrows) with periovular collagenised fibrous tissue (long,

Figure 3. Density of capillary buds. A. Density of capillary buds per mm2 in the four study groups. Capillary buds stained with CD31;
counts were truncated at 300 buds per mm2 for technical reasons. All non-endemic women with chronic cervicitis had capillary bud densities above
300 per mm2. FGS= cervicovaginal tissue with S. haematobium ova. aComparison of women with FGS and non-endemic women with normal cervical
tissue. B. Density of capillary buds per mm2 tissue with viable versus calcified ova.
doi:10.1371/journal.pntd.0001170.g003
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thin black arrows), scant mature fibroblasts (short, thin black

arrows) and established blood vessels (thick black arrow).

Haematoxylin and eosin (HE), 406 objective magnification. B.
Immunohistochemical detection of established mucosal
blood vessels Calcified schistosome ova (white arrows) with

periovular established blood vessels (black arrows). von Willebrand

Factor, 406 objective magnification.

(TIF)

Figure S2 Section of vagina with viable S. haematobium
ova. A. Histopathology Viable schistosome ova and shell

fragments (white arrows) surrounded by giant cells (long, thin

black arrows), granulation tissue, i.e. endothelial cell proliferation

and activation (E) and proliferation of immature fibroblasts (short,

thin black arrows), and inflammation with marked eosinophilia

(Eos). A tissue artifact (Art) traverses the lower half of the image.

Haematoxylin and eosin (HE), 406 objective magnification. B.
Immunohistochemical detection of mucosal blood vessel
budding Viable schistosome ova (white arrows) with abundant

periovular capillary blood vessel budding (black arrows). CD31,

406 objective magnification.

(TIF)
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