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„Apparently all gynecologists who 
have been practicing in southern 
Africa for any length of time, have 

encountered gynacological 
manifestations of Bilharzia. Yet it is 

surprising how meagre and 
unsatisfactory is the literature on 

this subject.“ 
 
 

G.P. Charlewood, F.R.C.S. 
J. Obstetrics and Gynaecology, 1949 
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S. haematobium Infection 
 

n  is already present in girls 
n persists in women of reproductive age 
n may affect genital, urinary and intestinal 

tract simultaneously or subsequently 
 

∑ FGS is a multi-organ disease 
 
 



Praziquantel 

Efficacy and Limitations 



Pharmacokinetics 
 

n  max. serum concentration attained rapidly 
   (min. 1 – max. 24 h) 
 

n  first-pass biotransformation in the liver 
90% of the absorbed dose is eliminated within 24h 
 

n  drugs inducing cytochrome P-450 pathway increase 
first-pass metabolism of praziquantel in the liver 

 treatment failure 



Immunodependence 
 

In T-cell depleted mice; the efficacy of praziquantel is 
low 
Sabal et al. Exp. Parasitol. 1985; Doenhoff et al. Parasitol. Today 1991 
 

The efficacy of praziquantel against S. mansoni depends 
on host antibody responses 
Brindley and Sher I. Immunology 1987 

 

praziquantel paralyzes worms temporarily 
 worms may recover, if not attacked by the 
 immune system 

 



Effect of a Single Dose of Praziquantel 
on different Developmental Stages of 

S. mansoni 

Duration of  infection 
(in days) 

Worm reduction (%) 
(average) 

0 60 

3 38 

7 57 

14 63 

28 61 

35 67 

42 84 

Xiao et al JID 1985 



Assessment of Cure after Schistosomiasis 
Mass Treatment in Niger * 

Frequency of  Marker 

Outcome 
measure 

Pre-treatment Post-
treatment 

„Cure“ 

Eggs in urine 80% 10% 87% 

Eggs in stool 71% 3% 90% 

Serum CAA 76% 53% 30% 

Serum CCA 60% 32% 47% 

Urine CAA 74% 63% 51% 

Urine CCA 95% 78% 18% 

De Clerq et al. 1997; 40mg/kg single dose 

A single dose cures patients in < 50% of  cases 



Efficacy of Praziquantel depends on 
many Factors 

§  helminth species (S. mansoni >  
S. haematobium) 

§  developmental stage of  worms 
§  intensity of  infection 
§  immuno-competence of  the host  
§  intake of  other drugs 
§  topographic location of  adult worms 

(worms temporally shifted towards the liver can 
more easily re-establish at original site) 

∑  Except in very light infections a single dose 
 reduces the worm load, but does not cure. 
 Provided ≥ 100 worm pairs are present, three 
 doses are needed to kill all worms with a 
 high probability. 



Host responses to Schistosome 
Antigens 



Lymphocyte Phenotypes in Children with 
Schistosomiasis 

Lymphocyte 
sub-population 

Patients Controls P-value 

median (95% CI) 

B-cells 31 (26-39) 11 (9-12) p < 0.01 

T-cells 35 (29-42) 75 (65-78) p < 0.01 

CD4+ T-cells 30 (25-35) 55 (51-61) p < 0.01 

CD8+ T-cells 22 (19-25) 25 (24-28) n.s. 

Feldmeier et al. Relationship between intensity of  infection and immunomodulation in human schistosomiasis. I. 
Lymphocyte subpopulations and specific antibody responses. 

Clin. exp. Immunol. (1985) 60, 225-233 



Correlation between the 
number of T-cells and 
intensity of infection 

 

 
rh

o 
=

 -
0.

64
; p

 <
 0

.0
01

 
rh

o 
=

 0
.5

0;
 p

 <
 0

.0
1 

  
  

Feldmeier et al. Relationship between intensity of  infection and immunomodulation in human schistosomiasis. I. 
Lymphocyte subpopulations and specific antibody responses. 

Clin. exp. Immunol. (1985) 60, 225-233 

Correlation between T-
helper/T-suppressor cell 

ratio and intensity of 
infection 

 

total T-cells 
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Correlation between Antigen-specific 
IgG and IgE Antibodies and Intensity of 

Infection 
Intensity of  infection (score) 

Antibody class 1-4 5-8 9-12 

median MONA (95% CI) 

IgG antibodies 5.8 
(4.3-11.4) 

11.6 
(7.6-12.8) 

40.5 
(25.0-72.0) 

IgE antibodies 4.4 
(3.8-5.1) 

5.9 
(4.9-15.3) 

> 256 
(24.4->256) 

Feldmeier et al. Relationship between intensity of  infection and immunomodulation in human schistosomiasis. I. 
Lymphocyte subpopulations and specific antibody responses. 

Clin. exp. Immunol. (1985) 60, 225-233; Index of  infection: intensity ranges from 0-12 points. 

IgG – AB: rho = 0.53; p = 0.001 
IgE – AB: rho = 0.73; p < 0.001 



NK-cells in Children with a 
Schistosomiasis* 

 

 

 
 

Gastl and Feldmeier. Human Schistosomiasis: Deficiency of  Large Granular Lymphocites and Indomethacin-Sensitive 
Suppression of  Natural Killing 

Scand J. Immunol. (1986) 23, 319-325 

 

* using K562 as target cell line 

Even at a high effector cell target 
cell ratio NK-cells of  patients 
remain ineffective 



Correlation between NK-
cell activity and intensity 

of infection 
 

 

 
 

Gastl and Feldmeier. Scand J. Immunol. (1986) 23, 319-325 

Feldmeier et al. Clin. Exp. Immunol. (1985) 60, 234-240 

 

Correlation between 
failure of T-cells to 
produce IL-2 and 

intensity of infection 

rho = -0.54 ; p < 0.005 

rho = -0.49 ; p < 0.01 



Normalization of Lymphocyte sub-
populations after Treatment with 

Praziquantel 

 

 
 

 

 

 

 

 
Feldmeier et al. Immune Response in Chronic Schistosomiasis haematobium and mansoni. 

Reversibility of  Alterations after Anti-Parasitic Treatment with Praziquantel 

Scand. J. Immunol. (1988) 28, 147-155 



Normalization of IL-2 
production of T-cells after 
treatment with praziqunatel 

Feldmeier et al. Immune Response in Chronic Schistosomiasis haematobium and mansoni 

Reversibility of  Alterations after Anti-Parasitic Treatment with Praziquantel 

Scand. J. Immunol. (1988) 28, 147-155 

p > 0.001 

Normalization of NK-cell 
activity after treatment 

with praziqunatel 

p > 0.025 



Indicators of Inflammation in Women with 
FGS of the Cervix 

Inflammation 
marker 

Determined in Concentration 

ECP biopsy 

ECP vaginal lavage 

Neopterin vaginal lavage 

Poggensee et al. Acta Tropica 1996; 62: 269-280 



Schistosomiasis 
§  induces a peculiar imbalance in lymphocyte 

sub-populations 
 

§  impairs important functions of  T-cells and NK-cells 
 

§  degree of  impairment is correlated to the intensity 
of  infection  
 

§  balance of  lymphocyte sub-populations and 
immune functions are restored when adult  
worms are eliminated 



The Clinical Picture of FGS 







Pathological Mucosal Blood 
Vessels in FGS 

Jourdan et al. Int. J. Gynaecol. Pathol. 2012; 32(1):138-140 



Abnormalities of the Cervix in 134 
Tanzanian Women with FGS 

Type of  abnormality 
 

Frequency 

Sandy patches 49% 

Disrupted epithelium 41% 

Erosion 39% 

Oedema 22% 

Petechia/contact bleeding 28% 

Altered / disrupted blood vessel 6% 

Poggensee et al. Journal of  Infectious Diseases 2000; 181: 1210 - 3 



Characteristics of Cervical 
Schistosomiasis 

Characteristic Type of  inflammation 

Grainy sandy patches Localized inflammation (TH1-
dependent?) 

Homogeneous sandy 
patches  

Generalized inflammation (TH1/
TH2-dependent?) 

Yellow rubbery nodules  Intense inflammation dominated 
by eosinophils (TH2-dependent?) 

Egg-induced thrombosis Thrombophlebitis 



Clinical Patholgoy of FGS 
n  reflects local inflammatory responses in 

vulva, vagina and/or cervix 
 

§  inflammation-related abnormalities account 
for ≥ 80% of  all abnormalities 

§  inflammation occurs in all layers of  epithelium 
including blood vessels 
 

§  inflammation is the result of  a complex 
immune response 
 

§  Inflammation is associated with presence of  viable 
eggs and worms 



The Histopathological Picture 
of FGS 





Histopathological Findings in 
Malawian Women with FGS 

Presence of  

Histological 
pattern 

Viable ova Dead ova 

Epithelial swelling 100% 22% 

Inflammation 100% 11% 

Infiltration of  
eosinophils 

71% 33% 

Presence of  ECP-
positive cells 

100% 5% 

Fibrosis 0% 50% 

Helling-Giese et al., Acta Tropica 1996 

viable eggs = inflammation constant 
dead eggs = inflammation variable 



Risk Factors of Inflammation  
of the Cervix 

*C. Trachomatis, N. Gonorrhoea, T Pallidum, V. Trichomonas ; Poggensee et al.  Journal of  Infectious Diseases 2000; 181: 
1210-1213 

Presence of  Clinical Pathology Histopathology 

(adjusted OR 95%CI) 
STDs * 
 

1.24 [0.65-2.38] 1.51 [0.68-3.36] 

FGS 2.35 [1.42-3.87] 2.49 [1.38-4.50] 



Treatment of FGS with 
Praziquantel: 

 
What is known 



Efficacy of Praziquantel in 33 Women with 
Urogenital Schistosomiasis: 

40 mg/kg single Dose 

Measurement Pre-treatment 6 months post-
treatment 

 

Eggs in urine 100% 0% 

Urine PCR 100% 18% 

Eggs in cervical smear 9% 0% 

Lavage PCR 27% 6% 

Downs et al. Trop. Med. Int. Health 2013 

Efficacy of  a single dose of  praziquantel ≈ 20% 



Colposcopic Findings Before and 
After Treatment with Praziquantel 

Patient re-
examined after 

weeks 

Findings 

before after 

9 grainy sandy patches resolved 

8 homogeneous sandy patches unchanged 

6 grainy sandy patches; 
Alceration at vulva 

resolved 

3 grainy sandy patches, 
papilloma in vagina 

diminished in size and 
number 

5 papilloma in vulva resolved 

5 grainy sandy patches unchanged 

2 neovascularization; 
multiple papilloma 

unchanged 

Richter et al. Acta Tropica 1996 



Treatment of FGS with Praziquantel  
Study 
performed 

Sample size Dose Outcome 
measure 

Outcome 
measure 

assessed after 

Reduction Authors 

Egypt 13 patients 1x 40 mg/
kg a 

infertility ? 46% El Mahgoub et al 
1982 

Madagascar 253 women 1x 40 mg/
kg 

complaints b 6 months 52-73% Leutscher et al. 
2008 

Tanzania 33 patients 1x 40 mg/
kg 

sandy patches, 
contact bleeding, 

neovascular. 

6 months 0% Downs et al. 2013 

Malawi 21 patients 1x 40 mg/
kg 

complaints c 2-9 weeks 25-33 % Richter et al. 1996 

Madagascar 142 women 1x 40 mg/
kg 

prevalence 1 month 
12 months 

26% 
73% 

Volonantenaina 
et al. 2002 

(unpublished) 

Zimbabwe ≈ 260 
patients 

1x 40 mg/
kg 

contact bleeding, 
homog. sandy 

patches 

3 months 
 

3 months 

~ 33% 
 

~ 50% 

Kjetland et al. 
2006 

a Praziquantel + atraumatic adnexolysis; b Dyspareunia, genito-pelvic discomfort; c Dyspareunia, genital itching  



Failures of  Previous Treatment Studies 
  

§  None of  the studies was appropriately 
designed (RCT) 

§  True efficacy of  praziquantel was not assessed 
 

§  No control of  re-infection  
 

§  Different outcome measures 
 

   No conclusion is possible  



Treatment of FGS with 
Praziquantel  

 
A Rationale develops into a 

Concept 
 



The five Fundamentals of Treatment 
of FGS with Praziquantel 

 
1.   clinical pathology is the result of a complex inflammatory 

response  
2.   persistent inflammation leads to erosion, ulceration and 

finally fibrosis 
3.   the inflammation persists as long as adult worms deposit 

eggs 
4.   lesions can only heal if a normal immune response is 

restored 
5.   all worms have to be eliminated and reinfection has to be 

prevented to allow healing 
 

  



Study Design 
RCT with three treatment arms 

 
Group A: 
Patients receive 1x40 mg/kg praziquantel 
 
Group B: 
Patients receive 3 doses of 40 mg/kg 
dose 1: immediately after diagnosis 
dose 2: 1 day later 
dose 3: 2 days later 
 
Group C: 
Identical to group B plus 
dose 4 after 5 weeks 
dose 5 after 10 weeks 
 
Patients are followed up 5, 10 and 16 weeks after initial treatment 

 

 
 



Major Outcome Measures 

n  disappearance/regression of rubbery yellow 
nodules 
  

n  disappearance/regression of grainy sandy patches  
 

n  disappearance/regression of homogenous sandy 
patches 
 

n  disappearance/regression of neovascularization 
 



Minor Outcome Measures 
n  disappearance/regression of specific 

complaints present at the baseline examination 
(complaint score) 

n  disappearance of contact bleeding 

n  disappearance of tumor-like lesions at the 
cervix, in the vagina, at the vulva 

n  disappearance of schistosoma DNA in vaginal 
fluid and cytobrush material 

 

Major and minor outcome measures are 
assessed at baseline, 5, 10 and 16 weeks of  

follow up 



Reserve 



Sample Size Calculation based  on 
Conservative Assumptions 

It is assumed that the difference in regression/
disappearance of egg-associated pathology between 
patients receiving the standard treatment (a single dose 
of praziquantel) and patients receiving the optimal 
treatment (a total of 5 doses of praziquantel) is 30%.  

à  70 women are needed in each of the three groups 
 (probability 0.95, power of the test 0.90). 

 

à  Taking confounders and a drop-out rate of 10% 
 into consideration, the overall sample size is 210.  



Putative Confounders for healing Confounder can be 
accounted for 

age + 

age at which schistosomiasis was 
aquired 

+/- 

duration of  FGS - 

intensity of  infection PCR or CAA 

severity of  FGS-associated pathology Severity score 

lesion type + 

current immunomodulation + 

bioavailability of  praziquantel + 


