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Chapter One 

Introduction and outline of this thesis 

Preschooler with schistosomiasis in Lake Albert, Uganda, November 2012 
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Bilharzia is not a tropical disease of place but of poverty…’ 

John Farley (1991) 

Background 

Well before the German physician Theodor Bilharz (working from 1841 at the Kasr-el-Aini 

hospital in Cairo) identified and described adult schistosomes for the first time in the portal 

vein of a deceased Egyptian farmer3,  a disease syndrome manifesting as blood in urine  

(classic for Schistosoma haematobium  infection) had been well described in ancient Egypt in 

the medical "Papyrus Ebers" dating from 1550 BC (Figure 1).  Calcified eggs have also been 

discovered in the kidneys of mummies from the XXth Egyptian dynasty (1250-1000 BCE) and 

from China.2 In 1847 in the Far East, a disease was described 4 affecting rice paddy workers 

that included induration and itching of the skin, enlargement of liver and spleen, fever, bloody 

stools, and death, and interestingly, affected cattle as 

well.  It was termed ‘kaburu’ and later ‘Katayama 

disease’ as it was very prevalent in the Katayama 

district of Japan.  However, it was not until 1904 that 

the responsible trematode parasite was identified and 

named Schistosoma japonicum as a fluke similar to  

Schistosoma haematobium in Egypt. . The confusion 

originally caused by Bilharz in the importance of egg-

spine morphology started to be resolved in  1902. Sir 

Patrick Manson found a lateral spined Schistosoma egg 

in the feces of a civil servant based in the West Indies 

and noted that 5 it was consistently different.  Manson 

postulated the existence of a different Schistosoma 

blood fluke species. The adult form was later 

identified and named Schistosoma mansoni in his honor by Sambon in 1907 . At that time 

however, it was not known how schistosomes were transmitted or acquired though it was 

suspected a snail host may be involved . These suspicions were later confirmed by Robert 

Leiper in 1915 2, 6 In 1909 Fujinami and Nakamura from Kyoto University, Japan carried out 

fascinating experiments exposing calves in rice paddies to waters by covering either their 

mouths or legs to ascertain the infective route.  The unequivocal transmission of Schistosoma 

japonicum through the skin was ascertained (and lesser extent via buccal mucosa) with  the 

Figure 1: Papyrus Ebers with graphic 

representation of   hematuria with the depicted 

hieroglyph [inset].  

Courtesy of Wellcome Trust Library.
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link to infested freshwater  established.7  Further studies by Miyairi and Suzuki elucidated the 

complete life-cycle of the schistosome and identified intermediate species-specific snails 

(Oncomelania) as transmission vectors for Schistosoma japonicum.  Upon a visit to Japan, this 

work was consolidated in China by Robert Leiper during his placement in Shangai. Upon 

Leiper’s subsequent research, the  African snail vectors responsible for the transmission  of S. 

haematobium (Bulinus spp.) and S. mansoni (Biomphalaria spp.) were recognised  (Figure 3).7 

Other Schistosoma species were later discovered and linked to human disease in different 

geographical areas and are summarized in Table 1.  

Table1: Summary of Schistosoma spp. Relevant to humans. Adapted from Manson’s Tropical Diseases.
2

Even as the understanding on the parasite life cycle increased, identifying the link to irrigation 

and farming practices along the Nile Delta, human disease went without available cure for 

over 50 years (Figure 3).  The first treatment, tartar emetic, was introduced in 1918 by 

Chistopherson.8 Although promising at first, it had very limited efficacy.9 Vector control and 

environmental measures introduced in the fight against schistosomiasis, but with mixed 

results in different endemic countries. 10  

 Figure 2. Life Cycle of Schistosoma 

Schistosoma spp. Transmission 
Geographic 

distribution 

Schistosoma mansoni 

Through skin in fresh water 
contaminated by feces; 

Intermediate host: freshwater 
Biomphalaria snail 

Africa 
Middle East 
Caribbean 

Latin America 

Schistosoma 
haematobium 

Through skin in fresh water 
contaminated by urine; 

Intermediate host: freshwater 
Bulinus snail 

Africa 
Middle East 

Schistosoma 
japonicum 

Through skin in fresh water 
contaminated by feces; 

Intermediate host: freshwater 
Oncomelania snail 

China, Southeast 
Asia, Philippines 

Schistosoma mekongi 
Through skin in fresh water 

contaminated by feces; 
Intermediate host: freshwater 

Trichula snail 

Southeast Asia 

Schistosoma 
intercalatum 

Through skin in fresh water 
contaminated by feces; 

Intermediate host: freshwater 
Bulinus snail 

Central and 
West Africa 

Schistosoma 
guineensis 

Through skin in fresh water 
contaminated by feces; 

Intermediate host: freshwater 
Bulinus snail 

Central and 
West Africa 
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As illustrated in Figure 3, the species-specific description of schistosomiasis-associated 

morbidity began early on in its history.  Necropsy studies largely contributed to this 

knowledge.2 As a result, the most overt organ-level morbidities, such as hepatosplenomegaly, 

peri-portal fibrosis, and subsequent portal hypertension with esophageal varices were linked 

to S. mansoni and S. japonicum.  Hematuria and urinary pathology (bladder polyps, 

hydroureter and hydronephrosis) with associations to bladder cancer were seen in patients 

with S. haematobium. 2, 11 However it took over 100 years to recognize more widespread and 

disabling systemic morbidities affecting all ages, and in particular children.12 

Now, with more than a century of subsequent discoveries, schistosomiasis is a well known 

disabling parasitic disease affecting over 240 million people living in 78 endemic countries 
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and 700 million at risk 13, 14, 15. More than 85 % live in sub-Saharan Africa and over half of 

them are children.11 Far from being eliminated it remains a considerable threat for those 

living in endemic areas. Yet, there is hope for effective large-scale control and elimination 

with renewed expansion of ‘deworming’ control programs worldwide 16 (Figure 3). The World 

Health Assembly in 1950 (WHA 3.26) set schistosomiasis in the public focus followed by the 

more recent WHA65.19.16 

 Children’s role in the history of schistosomiasis 

From early on in the history of epidemiological research, children have been recognized as the 

main transmitters of Schistosoma infection due to their high egg output (peaking in mid-

childhood between 10-15 years old) and increased water contact. Owing to their “careless” 

water use practices, including wading, playing and urinating or defecating in the water, the 

transmission cycle is much reinforced. 17, 18  Since detectable Schistosoma-specific morbidity 

(due to advanced organ fibrosis) is  mostly seen in early adulthood, children were 

traditionally not considered affected by infection until later in life. 19   In addition, risk for 

disease was often erroneously thought to be related only to high intensity infection. 20, 19   

 

Epidemiological surveys have often focused their efforts on school age children who, actually, 

Figure 3: A brief timeline summary of the more important events in the  history of schistosomiasis. In black, 
parasite biology discoveries; in red, schistosomiasis clinical description studies; in green, control efforts.  
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were already infected at the time they entered school. Due to inaccurate diagnostic methods, 

they were wrongly classified as ‘uninfected’ if eggs were not found in urine or stool and 

‘asymptomatic’ when overt morbidity was absent. 21, 22 More refined seroprevalence studies 

from highly endemic areas have now demonstrated that almost all children are infected by the 

time they reach puberty 11. Sadly, this misclassification of disease has confounded accurate 

burden of disease estimates, and delayed recognition of Schistosoma infection as a major 

cause of disease/disability burden in endemic countries. It has been proposed that 

community-based chemotherapy could be beneficial for the prevention of downstream 

chronic complications related to schistosomiasis, but there needs a better understanding of 

the time course from infection to disease. 23,24, 25, 26 and moreover, the  definition of ‘disease’ 

needs to be fully refined. 27 

Equating infection-related morbidity only to organ-specific chronic disease (e.g., 

hepatosplenomegaly) has been responsible for delaying effective clinical staging of 

schistosomiasis in children, without allowing for a broader more accurate definition of this 

illness. Once better defined, more aggressive and targeted treatment could then be considered 

along with environmental preventive measures.   

 Children get exposed to infected water very early in life, and although initial infection occurs 

‘silently’, it generates inflammation that precedes fibrosis and this will endure for decades.11 

Figure 4: Map depicting the worldwide distribution of schistosomiasis as taken from a variety of sources.10
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Nonetheless, children younger than school-age are mostly not included in Mass Drug 

Administration (MDA) programs until they reach school age, thus permitting up to six years of 

accumulated morbidity.23 Stronger evidence is emerging that very young preschool children 

do harbor egg-patent infection. 24, 25, 26, 28 However, preschool children are not yet considered 

eligible for treatment across national programs. This lack of recognition continues from early 

WHO reports on schistosomiasis, in which very young children were mentioned in the data, 

but were forgotten in later formulation of action plans. 29   

 

Schistosomiasis-associated disability in children 

 

The impact on work productivity of individuals infected with Schistosoma was mainly 

discounted after the 1960’s 22, 30 . This was followed by a large number of  studies of 

agricultural workers in Zimbabwe31, Madagascar, Ghana, China, and Sudan, 22  and road 

workers in Kenya32, 33 showing  greater absenteeism related to schistosomiasis and increased 

work-day lost per year with infection by any of the major Schistosoma species. 34 

Acknowledgment that children also have decreased productivity was even more delayed. 

However, upon formal study it quickly became apparent that schistosomiasis strongly 

correlated with decreased physical performance and spontaneous activity 35 . In specific, a 

single dose of anti-schistosomal treatment had a positive impact on reversing this outcome. 36 

37   

 

Inaccuracies on the definition of Schistosoma-related disability resulted from a sole focus on 

end-stage outcomes of organ failure. This led to an underestimation of the Schistosoma-

related disease burden across all ages, including children who were infected early on in life. 27 

In 2010, after including a greater range of Schistosoma-associated morbidities, the re-

estimation of the Disability-adjusted life-year (DALY) burden by the WHO/World Bank Global 

Burden of Disease (GBD) program resulted in an estimated 3.3 million DALYs lost due to 

Schistosoma infection, an almost 50 % increase from previous estimates. 38.  

 

Since the late 1980’s, the definition of ‘schistosomiasis’, that is, the disease caused by 

Schistosoma infection, is slowly becoming broader. This includes a new focus on pre-fibrotic 

morbidities that are more ‘subtle’ in presentation but nevertheless significantly disabling. 39, 

40, 41, 42 Studies in Kenya, Brazil, and South Africa looked at children’s impaired linear growth43, 
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44, anemia45 and decreased physical performance and cognition46 in relation to parasitic 

infections including schistosomiasis. 35, 45 Figure 5 shows the complex interplay between 

schistosomiasis and other co-endemic infections. The process starts in childhood, whereby 

increased inflammation interferes with normal metabolic functions of growth and 

development, which is exacerbated by blood loss and chronic malnutrition. These processes 

lead to a sub-optimal human development and a decreased quality of life.  

The neglected morbidities 

Important disease descriptions of schistosomiasis have failed to include until recently 

manifestations that strongly overlap with other diseases, particularly infections that co-exist 

in tropical environments. Fatigue due to anemia, decreased overall performance (both 

physically and intellectually) and impaired growth are neglected morbidities associated with 

schistosomiasis affecting mostly children. 

Figure 5: A proposed pathway for  mechanisms that result in disability
1
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Anemia leads to decreased physical fitness and decreased cognition 

The pathogenesis of schistosomiasis-related anemia is complex and multifactorial. 41 

Inflammation plays a pivotal role as it stimulates hepcidin, a hormone secreted by the liver 

and stimulated by pro-inflammatory cytokines (IL-6). There is a ‘trapping’ effect on the iron 

metabolism that becomes non-available for normal functions including hematopoiesis. In 

addition, iron deficiency, particularly if there is food insecurity as well as co-endemicity with 

hookworms and other STHs,  can also contribute to anemia.  This infection triggered pro-

inflammatory state, while providing partial protection against the Schistosoma parasite, 

results in diffuse, multi-organ granulomatous pathology leading to fibrotic disease. 47 Anemia 

is often a consequence of infection as well as decreased nutrition in impoverished areas. The 

anemic state is associated with decreased aerobic capacity45, decreased school performance46 

and decreased cognition39, 48  in Schistosoma stricken areas. 49 An association with anemia has 

been widely documented in S. japonicum 50,  S. mansoni51 and S. haematobium45 endemic 

countries. In recent studies, younger pre-school children with schistosomiasis are also being 

shown to suffer from anemia. Again, the practice of delaying treatment until a child reaches 

school is called into question. 52 

 Impaired linear growth 

Normal metabolic functions of growth and development are seriously challenged in children 

infected with any Schistosoma species.  Stunting (or chronic malnutrition) is widely seen in 

such settings. Studies in the Philippines in Schistosoma japonicum-endemic areas have found 

strong associations between infection and stunting. 53,54 The causal pathway appears to be 

mediated by pro-inflammatory cytokines.42, 53 Children harboring S. mansoni44 and S. 

haematobium55 are also known to have stunted growth. Stunted children have worse 

economic prospects when they become adults, as shorter individuals typically earn less and 

can have decreased productivity across a range of socioeconomic settings. 56, 57 Effective 

treatment can reverse or at least ameliorate chronic malnutrition through catch up growth, as 

long as it is given before linear growth arrests at puberty.58 ,45, 55, 59, 60  The risk of continuous 

Schistosoma re-infection poses a particular obstacle to normal growth in children living in 

high-transmission settings.61 

Decreased Quality of life 

The social effects of chronic disability can ostracize individuals from society and prevent them 
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from fulfilling their full potential.12 Children’s disabilities may be particularly undervalued in 

resource-limited areas as they don’t play a pivotal role in household function or economy. 

Their subjective experience of disease is seldom considered unless they also manifest overt 

morbidities. Even then they are seen more of a burden as they can’t perform their expected 

daily chores. As children become chronically unwell, they miss school and are unable to keep 

up with their peers at play. 62 

To better assess childhood burden of disease, new tools have been developed to gauge 

children’s quality of life when living with a disabling disease such as schistosomiasis.  These 

have been translated and adapted to African countries to capture this important aspect of the 

disease experience among children.63 

The unfriendly neighbors; living with co-endemic diseases 

Morbidity studies in the past decades are providing a more comprehensive view of disease 

within its geographical context and ecological reality. For example, the concept of a “wormy 

village” has guided efforts to study co-endemic diseases and their interaction. 64 65 

Interestingly, parasite partnerships are not always deleterious, as shown in studies in Malawi 

where children co-infected with S. haematobium and P. falciparum had blunted response to 

acute malaria. 66 However, across species, the multiple parasitic infections that are acquired 

sequentially throughout childhood have an effect on chronic anemia, stunting and cognitive 

function. 40, 67 Longitudinal studies from early childhood and into adulthood are still needed to 

better understand the natural history of this complex of diseases in co-endemic areas.  For 

example, the interplay between schistosomiasis and HIV is interesting to note. Girls suffering 

from Schistosoma haematobium infection suffer from Female Genital Schistosomiasis (FGS), 

and there is growing evidence that this increases risk of acquiring HIV and, potentially, other 

sexually transmitted diseases.68, 69, 70 Decreased fertility, dyspareunia, and pregnancy 

complications are additional concerns.71, 72 

Quantifying morbidity, what tools do we have? 

Morbidity does not always equate to active infection. 27, 73 The chronic fibrotic damage from 

past anti-egg inflammation persists long after infection and is qualitatively different from the 

granulomatous reaction of acute infection.2 Therefore morbidity assessment cannot rely 
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solely on diagnostic methods focused on detecting currently active infections.  The need for 

valid, low-cost and sensitive tools to detect schistosomiasis-associated morbidity is important 

for two main reasons. First, at an individual level these tools are necessary to detect 

potentially reversible disease that could be amenable to treatment, and second, the success of 

MDA programs is done through monitoring and evaluation of schistosomiasis-associated 

morbidity reduction at a community level. 74  

Quantifying anemia in field settings is easy and inexpensive 75, as is measuring growth. 

However for the latter, standardization of the anthropometrist is imperative for accurate and 

precise data collection.76 Advanced analytical tools are freely available from WHO (ANTHRO, 

ANTHRO Plus) to estimate wasting and stunting based on recently updated international 

growth charts.77 Cognitive testing applied to helminthic research is not yet standardized 46, 48 

and more rapid screening methods are being trialed in a search for low-cost alternatives. 78  

 Urogenital schistosomiasis 

In Schistosoma haematobium endemic areas, associated urinary tract pathology can be 

detected by protein in urine (albuminuria) or ultrasound findings of bladder polyps, or 

ureteral dilatation with hydroureter or hydronephrosis.  79, 80.  Intravenous pyelography is no 

longer in use since sensitive and specific examination by non-invasive ultrasound was 

introduced thirty years ago.81 Presently, for the diagnosis of FGS, there is a pressing need for 

morbidity diagnostic tools to replace the very costly colposcope. 70 A visual atlas for FGS 

diagnosis has been developed and will soon be freely available worldwide.  

 Intestinal and hepatosplenic schistosomiasis 

Ultrasound remains the most cost-effective tool for the detection of fibrotic disease of 

schistosomiasis. It has been widely used in sub-Saharan Africa, South America and the Far 

East. 82, 83, 84, 85 With its relatively low cost, it is able to detect fibrosis reliably and the WHO has 

developed a rigorous classification system to stage advanced morbidity for all species of 

Schistosoma. 86 In addition, since it is a non-invasive diagnostic tool it is typically welcomed 

across communities, including children, which is an essential feature for a successful 

implementation in low-resource settings.  A limitation to its use is the need for a highly 
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trained ultrasonographer.  

High cost endoscopies for the diagnosis of intestinal schistosomiasis, as sometimes used in 

China, are not a feasible tool for large-scale field studies of morbidity. 87 However, easier to 

use point-of-care tests for fecal occult blood and initial application of ELISA-based 

calprotectin assays have shown good correlation with intestinal morbidity. 88 

Children’s immune response and re-infection risks 

Host response to parasitic diseases is dominated by Th2 response. 89 A worrisome 

impairment of early childhood response to vaccinations (a typically Th1 activity) has been 

demonstrated in areas endemic for schistosomiasis and other parasites.90, 91 The consequence 

may be an important limiting effect on the public health impact of current vaccine programs. 

Pro-fibrotic cytokines are seen in Schistosoma japonicum-affected individuals.47 and these are 

particularly increased in children with undernutrition related to schistosomiasis.53 Studies in 

the Philippines suggest a change in infection susceptibility as children age. Specifically, there 

appears to be a re-infection protective effect of DHEA, a testosterone precursor, in pubertal 

males.  92 

Is praziquantel safe for children? 

The current anti-schistosomal drug of choice, praziquantel (PZQ), has displaced old drugs of 

lesser effectiveness since 1984 for all types of schistosomiasis. 93, 94, 95 PZQ is a 

pyrazinoisoquinoline drug with an estimated bioavailability of 36 % and a strong first-pass 

metabolism. 96 Its entire mechanism of action remains unclear, but it is thought to act at the 

schistosome ‘s tegument calcium ion channels. 93 Dose finding studies in the 1980’s concluded 

that a single PZQ dose of 40 mg/kg was effective for treating Schistosoma haematobium. 97 

However in highly-endemic areas, a more intense dosing approach is likely needed. 98 The 

only currently available alternative, oxaminiquine, is an effective drug, but only for 

Schistosoma mansoni infections, and it is used almost exclusively in Brazil. 99 

Since its introduction in the 1980s, praziquantel has been used safely in parasitized children 

with the caveat that dosages are directly extrapolated from pharmacokinetic studies 

performed in adults 89, 100, 101.  Work in Uganda in 2010 revealed sub-optimal PZQ cure rates 

for S. mansoni among preschool children; this raised legitimate concerns on the adequacy of 
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current dosing practices and suggested the importance of defining age-adjusted PZQ 

treatment.102 As the evidence on preschool schistosomiasis accumulates, the current policy 

decisions not to treat younger (pre-school) children become untenable. 23, 102 In 2011 The 

World Health Organisation103 issued an expert consultation report reviewing the inclusion of 

this age group in MDA programs. 104 To date, however, this has not yet materialized as policy, 

partly because of the significant lack of PK/PD data on PZQ levels in the youngest children. 

Without formal documentation of safety and effectiveness and amended regulatory approvals, 

PZQ therapy remains an off-label use in children under five.105 In contrast, a fair amount of 

work has gone into adult PZQ PK studies in both endemic 106,107 and non-endemic areas,108, 109 

,96 leaving very young children an understudied, undertreated minority. 

Large tablets, difficult to swallow, and to accurately adjust dosing-for-weight are other 

acknowledged problems with the current PZQ formulation.96 Child-appropriate formulations 

are being suggested 110 but they need to have a more robust PK evidence for proper dosing.  

The double treatment gap in MDA programs 

The success of control efforts for schistosomiasis has been very uneven over the last century.  

Efficacy has largely varied depending largely on the baseline prevalence of infection. 9,111 

Success stories in Japan, Morocco, 112 Iran, and Tunisia give hope to less developed countries 

confronting the ‘trap’ of self-perpetuating poverty. 113 Many of these latter countries are only 

just now starting to prioritize NTD control.114 To date, large-scale implementation of control 

in highly endemic areas has not shown permanent success, possibly due to ecological factors 

favoring transmission and human reinfection. Part of the unfortunate lack of success of many 

control efforts stem from the complex reality of a disease that involves social interactions in 

hot spots of high transmission. Campaigns frequently miss ‘superspreaders‘- children and 

individuals highly infected acting as reservoirs.16 The risk of reinfection or ‘reworming’ in 

high-transmission villages in Kenya was as high as 50 % over two years in an area with 

ongoing school-based MDA efforts.115 Even more disheartening is the return to high 

prevalence in the same are after control efforts had stopped for 8 years. 61 Older strategies, 

based on better access to clean water and the use of molluscicides may still have important 

adjuvant roles to play in MDA programs.  116, 117 
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The WHO estimated that in the 52 countries in need of schistosomiasis control, over 114 

million of school-age children need preventive chemotherapy, out of which only 25  million 

(17 %) receive it. 15,118. Therefore there is a large treatment gap remaining among this age 

group. Since the current control strategies primarily target children who attend school, those 

remaining at home, classically with more severe disease, don’t necessarily receive treatment 

from MDA.  A vicious cycle of relentless and progressive morbidity ensues.  Moreover, the 

under fives are being exposed to infected waters as they accompany their mothers through 

daily chores, leaving a considerable population at risk not receiving praziquantel until they 

are 6 years old or older.  Accumulated morbidity then becomes more difficult or impossible to 

reverse. 23, 119 This double treatment gap (preschool children and absent school aged children) 

is a health inequality that should become a priority in control program plans and 

implementation. Ambitious goals set by the WHO 2012 roadmap 105,120 have increased funding 

and raised the profile of schistosomiasis control, but with a long road remaining ahead for 

true elimination. 
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Aim	  

The	   Aim	   of	   this	   work	   is	   to	   contribute	   to	   the	   accurate	   estimation	   of	   the	   burden	   of	  

schistosomiasis-‐associated	  morbidity	  in	  East	  African	  children	  across	  two	  Schistosoma	  species	  

through	   the	   use	   of	   epidemiological	   tools	   and	   validation	   of	   novel	  morbidity	  metrics,	   and	   to	  

optimize	  anti-‐parasitic	  treatment.	  

	  Objectives	  

Within	  the	  epidemiological	  surveys	  to	  estimate	  the	  burden	  of	  schistosomiasis	  in	  children	  at	  a	  

community	  level:	  

1. To	   test	   and	   validate	   in	   a	  Schistosoma	  haematobium	  endemic	   area	   in	   Coastal	   Kenya,	   two

novel	  low-‐cost	  morbidity	  metric	  tools	  to	  accurately	  quantify	  decreased	  physical	  fitness	  (20

meter	  shuttle	  run	  test)	  and	  decreased	  quality	  of	  life	  (PedQL®)	  in	  children	  with	  urogenital

schistosomiasis.

2. To	   test	   and	   validate	   in	   a	   Schistosoma	  mansoni	   endemic	   area	   in	   Northern	   Uganda,	   two

point-‐of-‐care	  tests	  (fecal	  occult	  blood	  and	  calprotectin)	  as	  surrogate	  markers	  for	  intestinal

pathology	  in	  children	  with	  intestinal	  schistosomiasis.

3. To	   conduct	   the	   first	   praziquantel	   pharmacokinetic	   and	   pharmacodynamic	   study	   in

children	  infected	  with	  Schistosoma	  mansoni	  to	  optimize	  the	  use	  of	  the	  only	  available	  anti-‐

schistosomal	  drug.

4. To	  explore	  the	  production	  of	  pro-‐inflammatory	  and	  down-‐regulatory	  cytokines	  in	  children

infected	  with	  Schistosoma	  haematobium	  and	  their	  relationship	  with	  early	  morbidity.

5. Identify	  knowledge	  gaps	  to	  guide	  future	  research	  efforts,	  particularly	  co-‐endemicity	  with

HIV	  and	  malaria.
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OUTLINE	  OF	  THE	  RESEARCH	  WORK	  THIS	  THESIS	  

	  The	  work	  presented	  in	  this	  thesis	  started	  in	  Msambweni	  District,	  Coastal	  Kenya	  in	  2009	  with	  

the	  first	  parasitology	  survey	  in	  Nganga	  village.	  Data	  were	  collected	  in	  subsequent	  community	  

based	   surveys	   in	   the	   years	   2010,	   2011	   and	   2012.	   Demography,	   hazard	   exposure,	   health,	  

parasitology	   and	   anthropometric	   information	   of	   the	   area	   were	   collected	   through	  

questionnaires.	  	  A	  new	  tool	  for	  the	  assessment	  of	  pediatric	  quality	  of	  life	  was	  implemented	  in	  

2012	  to	  provide	  new	  insights	  in	  perception	  of	  parasitic	  disease.	  Subsequent	  analysis	  focused	  

on	   quantifying	   infection	   and	   morbidity	   and	   modeling	   was	   later	   applied	   to	   include	   socio-‐

economic	   factors	   measured	   as	   asset	   scores.	   The	   overall	   strategy	   followed	   an	   ecological	  

approach	   to	   schistosomiasis	   as	   a	   disease	   that	   requires	   coordinated	   study	   by	   multiple	  

disciplines.	  	  

STUDY	  LOCATION	  AND	  POPULATION	  

The	  data	  collection	  for	  the	  first	  part	  of	  this	  thesis	  took	  place	  in	  Msambweni	  District	  (Coastal	  

Kenya).	  This	  is	  an	  impoverished	  area	  in	  rural	  Kenya	  with	  high	  prevalence	  of	  multiple	  parasitic	  

diseases	  including	  malaria,	  filaria,	  hookworm,	  and	  Schistosoma	  haematobium,	  as	  well	  as	  high	  

daily	   exposure	   to	   unsafe	   water.	   Over	   2,000	   children	   resident	   of	   the	   area	   were	   surveyed	  

during	   the	   study	   period.	   Extensive	   village	   mapping,	   demography	   exposures	   and	   health	  

questionnaires	   were	   delivered	   ahead	   of	   community-‐based	   parasitological	   surveys	   that	  

included	  all	  villagers.	  In	  addition,	  rigorous	  anthropometric	  measurements	  were	  conducted	  on	  

all	   children	   ages	   5-‐18	   years.	   Blanket	   anti-‐parasitic	   treatment	   was	   provided	   for	   everyone	  

tested.	  Additional	  immunology	  work	  took	  place	  at	  the	  Center	  for	  Global	  Health	  and	  Diseases	  

at	  Case	  Western	  Reserve	  University	  in	  Cleveland,	  Ohio.	  

The	  second	  part	  of	  the	  thesis	  focuses	  on	  work	  conducted	  in	  in	  the	  fishing	  communities	  of	  Lake	  

Albert,	  Northern	  Uganda	  with	  the	  Liverpool	  School	  of	  Tropical	  Medicine.	  These	  communities	  

are	   hyperendemic	   for	   Schistosoma	  mansoni	  despite	   repeated	   community	   based	   treatments.	  

The	  work	  in	  this	  area	  focused	  on	  two	  different	  aspects.	  	  The	  first	  one	  was	  the	  validation	  and	  

testing	   of	   potentially	   useful	   point-‐of–care	   tests	   for	   the	   field	   diagnosis	   of	   intestinal	  

schistosomiasis.	   The	   second	   involved	   the	   first	   praziquantel	  

pharmacokinetic/pharmacodynamic	   study	   performed	   in	   children	   infected	  with	  Schistosoma	  

mansoni.	  
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FuFigure 4: Field study settings: Uganda (Lake Albert) and Kenya (Msambweni 

district).
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ABSTRACT 

Background: We measured prevalence of Schistosoma haematobium, Wuchereria bancrofti, 

Plasmodium falciparum, hookworm, and other geohelminths among school-aged children in 

four endemic villages in Kwale County, Kenya and explored the relationship between multiple 

parasite burden, undernutrition, and anemia.  

Methods: In 2009-2010 surveys, cross-sectional data including demographic and 

parasitological information were obtained for 2,030 children 5-18 years old.  

Results: Infections were most prevalent for S. haematobium (25-62 %), hookworm (11-28%), 

and falciparum malaria (8-24%). Over one-half of children were anemic, with high rates of 

acute and chronic malnutrition. Associations with infection status showed significant age and 

sex differences. For boys, young age, low socioeconomic standing (SES), S.haematobium, 

and/or malaria infections were associated with greater odds of anemia, wasting, and/or 

stunting;for girls, heavy S.haematobium infection and age were the significant cofactors for 

anemia, whereas low SES and older age were linked to stunting.  

Conclusions:  

The broad overlap of infection-related causes for anemia and malnutrition and the high 

frequency of polyparasitic infections suggest that there will be significant advantages to 

integrated control in this area.  
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INTRODUCTION 

 

Coinfection with two or more parasitic infections is very common in resource-limited areas 

such as rural Kenya.
1 However, it was not until recently that the combined detrimental effects 

of ployparasitism on childhood growth and development have emerged as research focus. 2-6 

The relationship between parasitic helminths and the subtle morbidities of undernutrition 

and anemia has been increasingly recognized in the past 20 years. 4-6  Previous studies have 

examined the overlapping effects of infection by soil-transmitted helminths ( STHs), including 

hookworm, Ascaris lumbricoides, and Trichuris trichiura, on these outcomes, and more 

recently, studies have examined the combined effects of STHs with Schistosoma infection.3,7,8  

The public health importance of chronic malnutrition and anemia is in their intrinsically 

disabling effects. Related manifestation can often include reduced global functioning9, 

decreased physical performance, 10,11 and impaired cognition2,12,13 resulting in decreased 

human capital among adults in affected populations 14,15 with a related loss in years of healthy 

life. 9 Past studies showing improvements in nutritional status and cognition after adequate 

antiparasitic treatment highlight the importance of effective control to prevent cognitive and 

growth impairment before they become irreversible. 5,7,16 Catch-up growth (or increased 

linear growth velocity after growth insult resolves)17  can happen if inflammation is alleviated 

and chronic diseases are controlled before children mature. Likewise, anemia of 

inflammation, the leading cause of the anemia associated with schistosomiasis, 18 can be 

significantly improved by curative therapy. 19 The ensuing question is to define which 

parasites ( or combination of parasites) are most clearly associated with growth impairment 

and anemia in areas with polyparasitism. In the present study, we present our findings from 

four villages in coastal Kenya known to be coendemic for Schistosoma haematobium, STHs, 

Plasmodium falciparum, and Wuchereria bancrofti. 1,20,24 

 

MATERIALS AND METHODS 

 

Study area and population. Cross-sectional data were collected from our villages, Nganja, 

Milalani, Vuga and Jego, in Coast Province, Kenya. All were known to be endemic for 

S.haematobium and other parasites ( i.e. P.falciparum malaria, W.bancrofti lymphatic filariasis  

(kLhF), and STHs, including hookworms). This study, targeting children, was part of a larger 

cokhmmunity-based project studying the ecology of vector-borne and soil-transmitted  
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parasitic infehctions. All children ages 5-18 years and resident of the area for more than 2 

yearks were eligihble to participate. Subjects were enrolled at the time of the village 

demography survey in February, August, and November of 2009 for Nganja, Milalani, and 

Vuga, respectively, and in 2010 for Jego. After an initial interview with the head of each 

household, in which general information about family structure and household living 

conditions were obtained, children were screened for the presence of endemic parasites, and 

their nutritional and fitness levels were assessed .  

Ethics statement. Before study participation, written informed consent was obtained 

from each subject’s parent or legal guardian, and individual verbal assent was obtained from 

participating children who were above the age of 7 years. Ethical clearance and oversight for 

this study were provided by the Institutional Review Board at the University Hospitals of 

Cleveland, Case Medical Center, and the Ethical Review Committee at the Kenya Medical 

Research Institute (KEMRI). Parasitic infections detected during the course of this survey 

were treated with antimalarials Artemisin Combination Therapy (ACT), 

Diethylcarbamazine(DEC)/albendazole, albendazole, or praziquantel at age-appropiate doses, 

as indicated for each individual’s testing outcomes.   

Urine examination. Egg burden for S. haematobium was assessed by Nucleopore urine 

filtration.25 The presence of gross hematuria was also recorded. The subjects provided single 

mid-morning urine specimens that was processed the same day. Three intensity categories 

were assigned as follows: negative for detectable eggs; light for 1-50 eggs/10 mL urine; or 

heavy for > 50 eggs/ 10 mL urine. Stool examination. Eligible subjects were given a stool 

container by local community health workers the night before the parasitology survey. The 

following morning, stool samples were taken to the central facility and examined in duplicate 

by the quantitative Kato-Katz method for microscopic detection of eggs. 26 For each stool 

specimen, eggs per 1 g feces (epg) were determined to quantify intensity of hookworinfection.  

The stool samples was processed and scored within 10-20 minutes to provide optimal 

 detection of hookworm ova. Other STH eggs, such as for A. lumbricoides or T trichiura , were 

scored as present or absent.  
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Blood collection and processing. Finger prick blood collection was performed in all 

eligible children. None refused blood draw. The blood was used to measure haemoglobin ( 

Hemocue, Ångelholm, Sweden) and perform rapid antigen testing for Pf malaria (ICT 

Diagnostics, Australia) and LF (Binax, Portland, ME). After haemoglobin determination, 

anemia and severe anemia were categorized according to World Health Organization (WHO) 

criteria for age and sex and scored as present or absent for each child. 27

Standardized anthropometric testing. Because growth is considered the best indicator of 

nutritional status in children, calibrated measurements of height and weight were used as 

study outcomes to assess developmental morbidity among study participants. Before the 

surveys, all technical staff performing anthropometric measurements received 

standardization training followed by independent reliability assessment. Supervised by a 

trained anthropometrist, trainees performed replicate measurements of height (until 

agreement within 0.5 cm) and weight (agreement within 1.0 kg) on 10 healthy volunteer 

children on the same day. The results were then compared for inter-and intraobserver 

reliability. The trainees’ intra- and interexaminer technical errors of measurement fell within 

reference values 28-30 and were, therefore, considered sufficiently accurate. Eligible study 

children were measured according to procedures described by Jelliffe31   while wearing a 

kanga- a traditional light cloth-wrapped around their bodies. Weight was obtained by digital 

weight scale (model 803; SECA, Hanover, MD) and rounded to the nearest 0.1 kg. Height was 

measured with the use of a stadiometer (model 214; SECA, Hanover, MD), and measurements 

were read to the nearest 1.0 cm. Instruments were calibrated daily before use. Every 

measurement was performed two times, and the mean values were used for analysis. 

Reference population Z scores were calculated for each subject’s height for age (HAZ) and 

body mass index for age (BAZ) using international reference standards for comparison taken 

from the WHO’s Anthro-Plus program for ages 5-19 years (WHO, Geneva, Switzerland) with 

reference growth standards from the year 2006 32,33 . 

Haz is considered an indicator of long-term linear growth, whereas BAZ variations better 

reflect acute changes in nutritional status. According to WHO standards, 32  stunting was 

categorized as an observed HAZ that was 2 or more SDs below average (HAZ score -2SD). 

Children were categorized as clinically wasted if their BAZ was more than 2 SDs below  
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average for their age (BAZ score – 2 SD). Children were further identified as severely wasted if 

their BAZ was -3SD. 

Data management and statistical analysis. Demographic data collected in the field were 

entered in handheld devices (Dell Axim, Round Rock, Tx) using Visual CE 10 (Cambridge, MA) 

backed up on paper forms. Both sets of duplicate data were then transferred into ACCESS 

2007 (Microsoft, Seattle, WA), and the databases were compared for errors. Parasitology and 

anthropometric data were similarly entered to complete the database. Exploratory analysis 

started with univariate distributions followed by bivariate analysis to explore the pair-wise 

relationships of individual outcomes. Hookworm egg counts were log-converted to adjust for 

their skewed distribution. Analysis of variance (ANOVA) or chi-squared testing was 

performed to assess the significance of associations among the study villages. Later, 

multivariable analysis was used to assess the significance of associations controlling for age, 

sex, infection, coinfection status, and a scale of household socioeconomic standing (SES) 

derived using principle component analysis (PCA) of combined asset scores. 10,34 As 

dependent variables, the presence or absence of morbidity outcomes anemia, wasting, and 

stunting were modelled by applying binary logistic regression with generalized estimating 

equation (GEE) modelling accounting for household-level clustering effects. A final model for 

each logistic regression was chosen after all variables in the model were either statistically 

significant or biologically plausible and marginally significant. This latter approach was based 

on previous published research on the relationship between different STH, schistosomiasis 

and anemia 35 and the synergistic effects of malaria and schistosomiasis coinfection. 36 Two 

analytic approaches were taken: the first approach included village as a covariate in the model 

to account for climatic variations, whereas the second approach clustered villages by 

schistosomiasis risk. In this paper, only the latter is presented in detail, because of the two 

approaches, it provided the best-fit parsimonious models based on information criteria. 

RESULTS 

Population characteristics. The demographic characteristics and parasitological findings for 

study participants are summarised in Table 1, with their hematologic and anthropometric 

outcomes summarized in Table 2. In all, 2,030 children, ages 5-18 years, were surveyed. Of 

these children, 2,013 had full parasitological and anthropometric data and were included in 

the final multivariable analysis; 76 % of all eligible children in Nganja (235/309), 51% of all  
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eligible children in Milalani (416/822), 74% of all eligible children in Vuga (726/983), and 

74% of all eligible children in Jego (653/890) participated in the survey. 

Parasite burden and polyparasitism. There were significant differences among villages in 

terms of S. haematobium prevalence. Two of them (Nganja and Milalani) had significantly 

higher prevalence of active Schistosoma infection, with over 60% of school-aged children 

positive on urine filtration testing, whereas the other two villages (Vuga and Jego) and lower 

prevalence (25 %). Table 1.The high-prevalence villages also had the greatest prevalence of 

polyparasitism, with over 30 % of children coinfected with S. haematobium and one or more 

STH (Figure 1 and Table 1). Figure 1 shows the proportion of children infected with one, two, 

three, or four or more parasites in the different study villages.  

Distribution of the different parasite infections is shown in Figure 2.  S. haematobium was the 

most common infection in all age groups followed by hookworm and Trichuris. P. falciparum 

malaria was common in all ages, but most prevalent among 11- to 12- year-old children. LF 

was most common among older children, particularly 17- to 18-year old children, perhaps 

reflecting the impact of LF elimination campaigns that have been active in the area since 2003 

resulting in fewer new infections.  

Morbidity outcomes: anemia, stunting, and wasting. Table 2 summarizes the hematologic 

and anthropometric findings of the children surveyed. Over one-half (50.8%) of the children 

studied were anemic, and 1.1% severely anemic. Hemoglobin levels increased with age but 

varied inversely with intensity of S. haematobium infection. Overall, the nutritional status of 

the children was poor, with a high prevalence of both acute and chronic undernutrition 

reflected as wasting ( BAZ -2SD) and stunting (HAZ – 2SD) respectively 
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* P value refers to significance of differences in prevalence among the villages by ANOVA or χ2 testing. 

 

 Total Nganja Milalani Vuga Jego P value* 

 N=2,030 N=235 N=416 N=726 N=653  

Demographic       
 
Age mean in years 
(range) 
 

11.0 
(5–19) 

11.2  
(5-19.5) 

11.1 
(5–19) 

11.6  
(5-19) 

10.4 
 (5–18) 0.071 

 
Female 

 
48% 

 
45% 

 
51% 

 
51% 

 
46% 

 
0.085 

Parasitology 
prevalence 

      

S. haematobium 37% 62% 62% 25% 25% < 0.0001 
 
Heavy intensity               
(> 50 eggs/10 mL urine) 20% 40% 32% 12% 14%       0.009 

 
Light intensity (1–50 
eggs/10 mL urine) 
 

17% 21% 30% 13% 11% < 0.0001 

 
Hookworm 20% 23% 28% 11% 24% < 0.0001 

 
P. falciparum (ICT card 
positivity) 

16.4% 8.5% 18% 11% 24% < 0.0001 

 
W. Bancrofti 9.8% 6.4% 9% 16% 4.3% < 0.0001 

 
A. lumbricoides 0.5% 0.4% 0.7% 0.2% 0.3%  

      0.800 
 
T. trichiura 18.1% 37% 37% 8.9% 10% < 0.0001 

 
S. haematobium intensity 
mean eggs/10 mL 

109.4 195.6 138.3 52.3 51.4 < 0.0001 

 
Hookworm intensity 
mean epg 

6.1 7.7 10.9 1.1 4.8 < 0.0001 

 
Coinfection       

 
S.   haematobium–Trichuris 
 

 
9.6% 

 
25% 

 
23.5% 

 
2.6% 

 
3.2% < 0.0001 

 
S. haematobium–hookworm 
 

9.3% 15.3% 17.5% 4.2% 7.6% < 0.0001 

 
S. haematobium–Pf malaria 
 

6.9% 6.4% 14.9% 2.9% 6.7% < 0.0001 

 
S.  haematobium–filarial 
 

4.2% 5.1% 6.7% 5.2% 1.2% < 0.0001 

 
Hookworm–Trichuris 
 

6% 10.2% 14.2% 1.5% 4.3% < 0.0001 

 
Hookworm–Pf malaria 
 

4.7% 3.4% 6.9% 1.2% 7.6% < 0.0001 

 
Hookworm-filaria 1.3% 1.3% 2.1% 1.2% 1.1%       0.481 

Table 1: Demography and distribution of parasite infection among study children in four Kwale Country villages, 
Kenya .  
ICT = rapid immuochromatography test for malaria. High- and low-risk villages refer to high and low S. 
haematobium prevalence, respectively. 
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Figure 2.   Parasite prevalence by age 
groups.

Figure 1.   Percentage of children per village coinfected with different parasites. 
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Total Nganja Milalani Vuga Jego P value*

Hematology      N=2,030 N=235 N=416 N=726 N=653 

Percent anemic†      50.8 %       47.5%     50.7%     45.2%     58.4%      0.0567 

Severely anemic‡ 1.1% 2.1% 1.9% 0.8% 0.6% 0.0961 
Mean Hemoglobin 

(range) 
11.85 

(3.4-15.8) 
11.9 

(4.8-17) 
11.8 

(6.3-15.7) 
11.9 

(5.2-15.9) 
11.9 

(3.4-15.8) 0.0217 

Anthropometrics 

Mean HAZ (range) 
−1.4 

(−6.6-7) 

−1.9 

(−5.7-1.9) 

−0.98 

(−3-1.9) 

−1.37 

(−6-7) 

−1.4 

(−6.6-2.6) 
0.0008 

Mean BAZ (range) 0.99 
(−6-4.1) 

−1.2 
(−3.7-0.9) 

−0.83 
(−4.2- 2.8) 

−1.15 
(−4.8- 4.1) 

−0.8 
(−6- 4.6) 

0.0019 

Wasting(%)§ 

WHO reference 

standard 19.2% 18.7% 12.9% 30.8% 10.4% < 0.0001 

Stunting¶ 

WHO reference 

standard 36% 45.4% 35.3% 43.0% 25.5% < 0.0001 

Severely Wasted 

(%)** 

WHO reference 

standard 
6.4% 3.3% 2.8% 13.6% 2.0% < 0.0001 

The prevalence of wasting and anemia was significantly higher among boys than girls in all 

villages (see below). In multivariable analysis, the significant interaction of sex with other 

covariates of our morbidity outcomes led us to stratify all subsequent analysis by sex.  

Anemia For both boys and girls, significant bivariate associations were found between 

anemia and age, single infections (Pf malaria, S. haematobium and hookworm), and 

polyparasitic infections (S. haematobium-hookworm, S.haematobium-Pf malaria, and 

hookworm-Pf-malaria). Results are summarised in Figure 4. Multivariable logistic regression 

modelling, accounting for household clustering, indicated that younger boys (5-6 years) were 

significantly more anemic than the reference group of 17-to 18-year –old children (P=0.026). 

In addition, both heavy-and light-intensity S.haematobium infection and Pf malaria were 

independently associated with anemia among boys. With respect to household resources, 

boys belonging to the fourth poorest stratum of households were also significantly more 

anemic. Although hookworm infection and combined infections with S. haematobium-

hookworm, S.haematobium-Pf malaria, and hookworm-Pf malaria were significantly  

* P value refers to significance of differences in prevalence among the villages by ANOVA or χ2 testing.
† Anemia: hemoglobin (Hb): for age < 12 years, Hb < 11.5 g/dL; for age > 12 years, Hb < 12 g/dL, except for males > 15 years, 
Hb < 13 g/dL.  ‡ Severely anemic: Hb < 8 g/dL.   § Wasting: BAZ < −2.  ¶ Stunting: HAZ < −2. **Severely wasted: BAZ < −3. WHO 
2007 growth reference charts. 

Table 2: Hematologic and anthropometric characteristics of children surveyed in Kwale County, Kenya 



CHAPTER 2|  

44 

associated with anemia among boys in the unadjusted analysis, this significance was not 

retained after multiple adjustment in the multivariable model.  

Among girls, odds of anemia were significantly greater in older girls (17-18 years) compared 

with 7- to 8- year-old children. As observed among boys, heavy intensity Schistosoma infection 

was independently associated with girls’ anemia. Different from what was found among boys, 

for girls, light S. haematobium infection was not a significant covariate for anemia. In 

bivariate analysis, coinfection with S. haematobium–hookworm or S. haematobium–Pf 

malaria was linked to anemia in girls but this relationship was no longer significant when 

adjusted for other covariates. 

Severe anemia. Bivariate analysis indicated significant associations between S.haematobium 

infection (either heavy or light intensity) and severe anemia. A significant link was seen for 

hookworm infection as well. Among boys, a strong interaction was seen between hookworm 

and Pf malaria as predictors of severe anemia (odds ratio (OR ) = 5.7, 95 % confidence 

interval (CI)=1.6, 20.1, P=0.0007) that was not found among girls. Being resident of a high-risk 

village was a significant predictor of severe anemia among girls (OR=3.7, 95 5 CI =1.4, 9.6, P < 

0.0001).However, after adjusting for other single and multiple infections, these associations 

were no longer significant. Figure 4 summarizes the findings. 

Acute malnutrition (wasting). In exploratory bivariate analysis, both boys and girls with S. 

haematobium  infection, Pf malaria, filaria, or Trichuris (data not shown) and boys infected 

with Pf malaria and coinfected with S. haematobium–filaria were likely to be  wasted.  Overall, 

there  were increased  levels  of  malnutrition  in  older  children,  which  was more evident in 

boys than girls (Figure 3).  
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As shown in Figure 5, on multivariable and stratification by sex, only boys had greater odds of 

wasting in the presence of light-intensity Schistosoma infection. An independent additive 

effect was significant when boys were coinfected with S. haematobium and Pf malaria 

(P=0.015). Older age ( > 10 years) was a significant correlate of wasting in both boys and girls. 

Girls who were (1) older than 10 years, (2) residents of a low-risk village, or (3) residents of 

the poorest stratum of households were significantly more likely to be wasted.  

Chronic malnutrition (stunting). In bivariate analysis, older age and S. haematobium infection 

were found to be associated with chronic undernutrition. Low SES and village were predictors 

of stunting in both boys and girls in unadjusted analysis. After sex-stratified multivariable 

analysis (Figure 5), age over 8 years and belonging to a poor ( lowest SES) household were 

significant predictors of stunting for both boys and girls. Only girls (but not boys) coinfected 

with S.haematobium-Pf malaria were more likely to be stunted. However, this effect was 

marginally significant in multivariable analysis (P=0.06). In assessing the impact of individual 

infections, analysis of the effects of infection by S. haematobium yielded opposite results for 

boys and girls: among boys light-intensity Schistosoma infection was associated with stunting, 

whereas uninfected girls were more likely to be stunted. We also found boys who resided in 

high-risk villages were more likely to be chronically undernourished.  

Figure 3.   Malnutrition distribution by age and  sex. 
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DISCUSSION 

Among children, anemia and undernutrition can  occur through many possible pathways. 

Although much of impaired   early childhood development in sub-Saharan Africa has been 

ascribed to protein, calorie, and micronutrient deficiencies, it is becoming increasingly 

apparent that the process of chronic parasitic infection is associated with continuing 

inflammation that can limit childhood growth6,7,37 and cause persistent or recurrent anemia of 

chronic inflammation.18 Despite the difficulties in isolating individual causes of undernutrition 

and anemia in developing areas, we were able to show a clear association between infection 

and both anemia and undernutrition after adjusting for sex-specific effects and possible SES 

and environmental confounders. 

Results of our surveys show an alarmingly high prevalence of anemia in an area where 

malaria, a major contributor to childhood anemia, is now decreasing in frequency.38 Anemia 

has been acknowledged as a major public health threat,27 with multiple measurable 

downstream effects on physical and cognitive function in children as well as risk for low-birth 

weight pregnancies and increased prematurity. Iron deficiency is typically considered the 

most common etiology of acquired anemia. However, in rural areas such as Kwale County, 

other mechanisms must be considered, particularly those mechanisms related to 

inflammation caused by endemic parasite infections.18 Boys surveyed in our study showed a 

consistent association between light-intensity Schistosoma infection, anemia, and both acute 

and chronic undernutrition. These findings suggest that a proinflammatory state, occurring 

even with low-level parasite burden, can lead to chronic morbidity.19 This process could 

undoubtedly lead to development of irreversible pathology beginning in early life that needs 

to be further explored.39   

Parasite migration, persistence in the circulation, egg retention, and consequent inflammatory 

response by the host is a plausible mechanistic pathway.  We found important age and sex 

differences in the association between infection, environmental effects, and anemia. Younger 

boys (5–6 years) and older girls (17–18 years) were more likely to be anemic. Post-menarchal 

girls presumably have a higher blood loss during their monthly cycle, which could exacerbate 

the mixed anemia caused by Schistosoma infection.40 If anemia is present in young school-

aged boys (5–6 years), it is more than likely caused by events occurring at a younger age. 
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Figure 5.   Adjusted ORs for wasting  and  stunting. 

Figure 4.   Adjusted ORs for anemia and severe  anemia. 
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The reality of early childhood helminth infection is gaining better recognition, because recent 

surveys in Uganda, Kenya, Niger, and Ghana show a Schistosoma egg shedding prevalence of 

over 50% in pre-school–aged children in high-risk areas.41–44 Of note, this population has not 

been reliably included in schistosomiasis control programs.45 It is also important to note that 

adolescents require attention in this respect as well,46 which is highlighted in our results for 

older girls. In our study, we noted that severely anemic boys were more likely to be coinfected 

with hookworm and Pf malaria, indicating the need for comprehensive intervention to 

prevent severe pathologic outcomes. 

Polyparasitic interactions have been previously shown to negatively affect the growth of 

children,47 although the relationship with chronic growth failure (stunting) has not been as 

clear.47,48 This gap in the association with chronic parasitic infection is probably caused by the 

prolonged lag (time elapsed) between initial infection and its effect on linear growth and the 

detection of growth failure (HAZ < −2), which takes months to years to become manifest.37 

Causality is, therefore, difficult to establish because of a multiplicity of potential confounders, 

particularly those confounders associated with poor diet, poverty, and low SES.49 In our study, 

unmeasured variation in cofactors among the different villages and lower participation in 

Milalani could have added undetected bias. Seasonal variation in malaria transmission risk 

could have affected the observed outcomes.38  

Despite the above limitations, our results clearly show (1) a marked sex difference, with boys 

being more undernourished than girls, which is in agreement with other studies and (2) that 

boys and girls with polyparasitic infections (Pf malaria–S. haematobium) had higher odds of 

being wasted and stunted, respectively. The impact of SES in all of our study’s morbidity 

outcomes  points  to  a  social  stratification  in  an already impoverished area. These effects  

were better seen in acute undernutrition rather than stunting, likely because of the shorter 

time from infection to disease for the wasting outcome. One limitation of our surveys is the 

lack of data regarding enteric infections.  The relationship between diarrheal diseases and 

stunting is well-known50,51 and could potentially have served as additional causes of stunting 

in our study communities. Also, single urine and stool sampling is likely to miss a variable 

proportion of each helminth infection, leading to some misclassification bias. Causality cannot 

be established with cross- sectional data, which was presented in our study. However, there is 
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a strong suggestion that parasitic infections in childhood have a consistent association with 

growth and hemoglobin status in the school-aged child. Our previous report has detailed the 

impact of anemia and stunting on the physical fitness of Kwale County children.10 We believe 

that these effects can be reversed if adequate treatment is in place, particularly if it is 

associated with decreased risk for reinfection,37  because children have a limited window for 

growth rebound (catch-up growth) before reaching puberty that would allow them to achieve 

normal or nearly normal adult physical growth parameters if they remain free from 

infection.17,37,52 

The high prevalence of anemia and malnutrition in our villages and the associations found 

between single or multiparasite infections and childhood morbidity suggest a serious need for 

integrated parasite control efforts. The reversibility of the morbidity outcomes presented 

here will only be determined with adequate antiparasitic treatment delivered through 

committed, integrated control programs that are sadly up to date still absent from this area.  
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CHAPTER THREE 

Validity and feasibility of novel morbidity metric tools  for subtle manifestations of disease; 

anaemia and decreased quality of life. 

Measuring fitness in Kenyan children with polyparasitic infections using the 

20-meter shuttle run test as a morbidity assessment tool. 

Bustinduy AL, Thomas, CH, Fiutem, J., Parraga, IM, Mungai, PL, Mutuku, F., 
Muchiri E., Kitron, U., King, CH. 
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Evaluation of the health-related quality of life of children in a 

Schistosoma haematobium-endemic area in Kenya. 
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Measuring fitness in Kenyan children with polyparasitic infections using the 

20-meter shuttle run test as a morbidity assessment tool. 

ABSTRACT 

Background: To date, there has been no standardized approach to the assessment of aerobic 

fitness among children who harbor parasites. In quantifying the disability associated with 

individual or multiple chronic infections, accurate measures of physical fitness are important 

metrics. This is because exercise intolerance, as seen with anemia and many other chronic 

disorders, reflects the body’s inability to maintain adequate oxygen supply (VO2 max) to 

the motor tissues, which is frequently linked to reduced quality-of-life in terms of physical 

and job performance. The objective of our study was to examine the associations between 

polyparasitism, anemia, and reduced fitness in a high risk Kenyan population using novel 

implementation of the 20-meter shuttle run test (20mSRT), a well-standardized, low-

technology physical fitness test. 

Methodology/Principal Findings: Four villages in coastal Kenya were surveyed during 2009–

2010. Children 5–18 years were tested for infection with Schistosoma haematobium (Sh), 

malaria, filaria, and geohelminth infections by standard methods. After anthropometric and 

hemoglobin testing, fitness was assessed with the 20 mSRT. The 20 mSRT proved easy to 

perform, requiring only minimal staff training. Parasitology revealed high prevalence of 

single and multiple parasitic infections in all villages, with Sh being the most common (25–

62%). Anemia prevalence was 45–58%. Using multiply- adjusted linear modeling that 

accounted for household clustering, decreased aerobic capacity was significantly associated 

with anemia, stunting, and wasting, with some gender differences. 

Conclusions/Significance: The 20 mSRT, which has excellent correlation with VO2, is a 

highly feasible fitness test for low- resource settings. Our results indicate impaired fitness is 

common in areas endemic for parasites, where, at least in part, low fitness scores are likely to 

result from anemia and stunting associated with chronic infection. The 20 mSRT should be 

used as a common metric to quantify physical fitness and compare sub-clinical disability 

across many different disorders and community settings. 
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INTRODUCTION 

In the context of chronic disease, exercise intolerance due to decreased physical fitness is 

a measurable outcome strongly related to decreased quality of life in many spheres of 

human performance. Among children, loss of physical fitness is associated with anemia, 

chronic inflammatory conditions, and inadequate nutrition leading to impaired growth  [1–

3]. Accurate, affordable measurement of physical fitness is expected to become a very 

valuable tool in gauging community burden of disease where such conditions are common. 

However, to date, no fitness-related standardized test has been widely adopted as a 

morbidity assessment tool. 

Exercise intolerance due to anemia and chronic parasitic diseases such as 

schistosomiasis can lead to chronic disability in children and to decreased adult 

productivity. These important morbidities have been routinely underestimated in past 

disease burden assessments [4,5]. Quantifying physical fitness can be done by many 

different methods, but their implementation and frequency of use most often relate to 

the resources available at the site of testing. In developed countries, measuring school-

age children’s fitness is a common practice, and well-controlled studies have been carried 

out to measure the maximum aerobic capacity and to compare pre- and post-training 

fitness results [6–8]. By contrast, in low resource settings, adequate assessment of 

aerobic capacity has rarely been done outside the research laboratory environment, 

and even then, a variety of different methods have been applied, with sometimes 

conflicting results. Reduced aerobic capacity was documented in Ethiopian and Indian 

children using cycle ergometry [9,10]. Other studies have utilized portable 

accelerometers [11] or the Harvard-Step test [12–15] as fitness measuring tools. But 

these were neither designed nor standardized for children under 17 years old. In 

Mozambique, a combination of observation and activity questionnaires [16] showed no 

correlation with morbidity outcomes such as undernutrition. Given the variability of 

results for the methods employed to date, there is an evident need for a rapid, 

affordable physical fitness test that can be uniformly implemented in many settings 

around the world. 

In this paper we present the results from cross-sectional surveys in four parasite- 
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endemic villages in coastal Kenya, during which participating  children  were   

uniformly  tested  using  the  well validated, low-technology multistage 20-meter shuttle 

run  test (20 mSRT). Our working hypothesis, as shown in Figure 1, was that children 

affected by infection-related anemia or undernutrition would be exercise intolerant (with 

decreased aerobic capacity), and that this could be reliably quantified by the 20 mSRT. To 

the best of our knowledge this is the first time that the 20 mSRT has been used in a low-

resource environment in parasitic disease research. 

METHODS 

Ethics statement and eligibility criteria 

Ethical clearance was obtained by the Institutional Review Board at the University 

Hospital Case Medical   Center   of Cleveland and the Ethical Review Committee of the 

Kenya Medical Research Institute (KEMRI). Children were   eligible  if they were residents 

of the area for at least two years, were between 5–18 

years old, and they had provided parental  consent. 

Study area and population 

This cross-sectional study was conducted in four 

Schistosoma haematobium (Sh) endemic rural villages  

(Nganja, Milalani, Vuga, and Jego, see Figure 2) in 

 Figure 2. Map of the study area with the 
villages surveyed. 

Figure 1. Proposed causal pathway of anemia and growth retardation 
manifesting as exercise intolerance due to polyparasitic diseases in conjunction 
with malnutrition. 
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Msambweni and Kwale   Districts  in Coast Province, Kenya [17]. This sub-study is part of a 

larger project in the area studying the ecology of transmission of vector borne parasitic 

infections. 78% of all eligible children in Nganja (N = 240/309), 51% (N = 416/822) in  

Milalani,  74%  in  Vuga (N = 726/983) and 73% in Jego (N = 652/890) agreed to participate. 

Non-participating children either i) belonged to households that refused to take part in the 

study or ii) did not complete all the phases involved.  

A common reason for refusal during the recruitment period was fear of being tested for 

Human Immunodeficiency Virus (although this was not part of the study) or refusal to 

handle the biological samples necessary for parasitology   testing. Subjects were enrolled 

at the time of the village demography survey in February, August and November of 

2009 for Nganja, Milalani and Vuga respectively and March of 2010 for Jego.  

After an initial interview with the head of the household, in which general information 

about living conditions was obtained, children were screened for the presence of Sh, 

Wuchereria bancrofti, malaria, and geohelminths (Ascaris lumbricoides, Trichuris trichiura, 

and hookworms). Nutritional and fitness assessment were also done. When available, 

dates of birth were cross-checked with national identification cards for adults and 

vaccination cards for children. 

  Urine examination 

Egg burden for Sh was assessed by the urine filtration method [18], and the presence of 

hematuria was also recorded. The subjects provided a single sample of a mid-morning 

urine specimen that was immediately processed for egg detection 

Stool examination 

The night prior to the parasitology survey, eligible subjects were given a stool container 

by local community health workers to provide a single stool sample. The following 

morning, the stool samples were taken to a central facility and examined in duplicate by 

Kato-Katz method for microscopic detection of parasite eggs. 

Blood collection and processing 

Finger prick blood was used to obtain a hemoglobin measurement (Hemocue, Ångelholm, 
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Sweden), and a rapid antigen test for P. falciparum for malaria (ICT Diagnostics, Australia) 

and W. bancrofti for filarial (Binax, Portland, ME). Testing was performed in all participating 

children except one. Anemia was categorized according to WHO criteria by age and sex [19]. 

  Standardization procedures for anthropometric assessments 

Because growth is considered the best indicator of nutritional status in children, 

standardized measurements of height and weight were taken. Prior to working in the 

surveys, all technical staff who performed anthropometric measurements received 

 standardization training followed by independent reliability assessment. 

Supervised by a trained anthropometrist, candidates performed duplicate 

measurements of height (agreement within 0.5 cm), weight (agreement within 1.0 kg), 

for ten healthy volunteer children on the same day. The results were then compared 

for inter and intra-observer reliability. The trainees’ intra- and inter-examiner 

technical errors of measurement fell within the reference values [20–22] and were 

therefore considered accurate. 

Anthropometric measurements 

Eligible children were measured according to procedures described by Jeliffe [23] 

while wearing a kanga- a traditional light cloth- wrapped around their bodies. Weight 

was obtained by digital weight-scale (SECA model 803, Hanover, MD) and was 

rounded to the nearest 0.1 kg. Height was measured with the use of a stadiometer 

(SECA model 214, Hanover, MD) and measurements were read to the nearest 1.0 cm. 

Instruments were calibrated daily prior to use. Every measurement was performed 

twice and the mean values were used for analysis. Reference population Z-scores 

were calculated for each subject’s height-for- age (HAZ) and body-mass index for age 

(BAZ) using two different reference populations for comparison: First, the standards 

included in the US Centers for Disease Control and Prevention’s Epi InfoTM, Version

3.5.1 (CDC, Atlanta, GA) from the year 2000 [24] and second, the World Health 

Organization’s Anthro-Plus for ages 5-19 years old (WHO, Geneva, Switzerland) with  

reference growth standards from the year 2006 [25,26].HAZ is considered an indicator 

of long-term linear growth whereas BAZ variations better reflect acute changes in 

nutritional status. According to WHO standards [27], stunting was categorized as an 
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observed HAZ that was two or more standard deviations (SD) below average (HAZ 

score< -2). Children were categorized as clinically wasted if their BAZ was more than 

two SD below average for their age (BAZ score< -2). Children were further identified 

and classified with the same criteria as severely wasted if their BAZ was < -3. 

  Exercise testing 

The 20 meter shuttle run test (20 mSRT), initially validated in Canadian schoolchildren, 

was used to determine the maximal aerobic capacity of children enrolled in this study 

[28,29]. The test was carefully explained to the participating children before the start. A 

demonstration was then performed by one of the recorders. Materials needed for the 

test included: a measuring tape to mark the 20 meter track, a battery-powered CD 

player, study-ID coded score sheets, and pencils. A table or desk was usually provided 

by the village school to facilitate data recording. The schematic diagram of the test is 

illustrated in Figure 3. Briefly, a group of 5–15 children were instructed to run back and 

forth on a 20 meter course that had been previously marked off in a flat, shady area of 

the village. A soccer field was used in 2 of the 4 villages.  

Although there was often a mixture of ages and body sizes, this did not interfere with 

the performance of the test, as every individual was able to run up to his or her 

personal limit. The number of children simultaneously performing the test was 

determined based on the number of recording staff available. After several pilot runs, it 

Figure 3. Field protocol set up for the 20 m shuttle run test adapted from Leger et. al (29). 
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was concluded that every observer could effectively monitor 4–5 children per test. The 

subjects each lined up behind the starting line and waited for the starting beep on the 

pre-recorded CD. They then had to run towards the marked 20 m line, reaching it before 

(or at the same time as) the second beep sound  signal  from  the  CD.  The interval  of  

these  signals progressively shortened, increasing the pace by 0.5 km h every minute, 

from a starting speed of 8.5 km h. Each change of level, and thus speed, was announced 

every minute by the pre-recorded CD. Each cohort of children took between 5–11 minutes 

to complete the test. When the subject could no longer follow the pace, he/she was 

asked to stop, and their highest level obtained was recorded as the fitness score in a Study 

ID coded sheet. Higher scores correlated with better fitness, and these were later translated 

into standardized estimates of maximum oxygen consumption (VO2max) [28] for each 

child. 

 

Data management and statistical analysis 

Demographic data collected in the field were double entered in hand-held devices (Dell 

Axim, Round Rock, Texas) using Visual CE 10 (Cambridge, MA) and a paper form. 

Data were then transferred in duplicate into ACCESS 2007 (Microsoft, Seattle, WA) 

and the databases compared for errors. Parasitology and anthropometric data were 

similarly entered to complete the database. Exploratory analysis started with univariate 

distributions followed by bivariate analyses to explore the  pairwise  relation- ships of 

individual outcomes.  Egg counts were log- converted to adjust for their skewed 

distribution. Later multivariable analysis was used to assess associations controlling for 

age, gender, infection, co-infection status and intensity and a scale of socioeconomic 

status derived using Principal Component Analysis (PCA) of combined asset scores [30]. 

Linear regression modeling of fitness scores was performed to obtain estimates of their 

relationship to other subject variables measured in the study.  Generalized Estimating 

Equation (GEE) modeling  was used to account for houseold 
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clustering effects. Multiple regression diagnostic analyses were performed (R2, C(p),

MSE) to aid in the choice of the optimal model. Variance Inflation Factor (VIF) was 

also calculated to test for co-linearity among model variables. 

  The model outcome of interest was fitness level (as scored on the 20 m SRT) and the final 

GEE-linear regression models presented here were fit to establish its multiply-adjusted 

association with age, anemia, wasting, and stunting (using WHO age-and sex-based 

definitions). Additional alternative variables that were explored during model 

development included continuous variables for weight, height, other observed 

anthropometrics, hemoglobin, and/or hookworm and schistosomiasis burden (using 

log-trans- formed egg counts).We also explored the use of dichotomous/ polyotomous 

variables for malaria or filaria infection, and infection intensity categories 

(light/moderate/heavy) for hook- worm and schistosomiasis. All analyses were 

performed using SAS 9.2 (Cary, NC) and SPSS 17 (Chicago, IL). 

RESULTS 

Participation 

Of the 2034 children 5–18 years old who participated in the surveys, 1950 children 

(95.9%) with complete parasitological data completed the 20 m SRT, and were included 

in the final analysis. Seven children refused to run, and 23 (1.1%) were unable to 

participate due to limiting physical conditions that included asthma, seizures, 

pregnancy, club-foot, leg wounds and feeling unwell. Thirty-six (1.8%) did not wait for 

fitness testing and left after providing their biological samples. 

Performance 

After a brief explanation and demonstration of the test, study participants were batched 

in groups of 5–15 individuals for testing. The running surface was dirt and most of the 

children ran barefoot, with which they typically felt most comfortable. There was a very 

good overall understanding of the test, with occasional need for repetition of instructions 

and a few false starts. When this happened, a rest period was instituted that lasted 

between 15–20 minutes. In performing the test, several situations were taken into 

consideration: i) If a child was lagging behind the recorded marked pace he/she was  
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asked to stop and the level obtained was recorded accordingly, ii) If a false start 

happened, all children were asked to re-start, iii) If tripping occurred, the child was 

asked to stop and after a recovery period he/she restarted the test. 

Study group demography and parasitology 

No significant differences were observed among the four villages in terms of sex or age 

distribution, however significant inter-village differences were observed in the prevalence of 

anemia, mean hemoglobin and malnutrition parameters as shown in Table 1. Village-specific 

parasite prevalence is illustrated in Figure  4. Prevalence of Sh was highest (25%–62%) 

followed by geohelminths (15–35%), P. falciparum (9–24%) and W. bancrofti (4–9%). 

  Anthropometrics and nutritional status 

Both acute and chronic undernutrition were present in each of the four communities, as 

measured by wasting and stunting prevalence, respectively (see Table 1). Growth 

references from the CDC-2000 [24] as well as from the newer WHO-2006 [25] were 

used for comparison. When both results were compared, statistically significant 

differences in nutritional scoring were detected between these two standard 

references, with CDC growth standards indicating higher levels of undernutrition when 

compared to WHO growth standards (data not shown). 

Figure 4. Parasite prevalence in each of the four villages 

surveyed
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  Association between 20 m SRT exercise results, individual infection and nutritional 

status 

As was expected, based on growth physiology, there were marked gender differences 

in 20 m SRT performance scores, so the final analysis of fitness outcomes is stratified 

here by sex. Because inter-village variations in fitness outcomes were small, all village 

data were merged and included in a single morbidity model. A separate model was run 

to compare estimated VO2 max results for Kenyan children with the reference Canadian 

cohort [29]. Initial bivariate parameter estimates for each potential explanatory 

variable, along with their 95% confidence interval (accounting for household clustering) 

are shown in Table 2. Several multivariable modeling strategies were then explored, 

which revealed co linearity between infection and anemia consistent with the pathways 

to exercise intolerance shown in Figure 1. For this reason, infection status was  

VILLAGES 
(Number 
studied) 

TOTAL 
(N = 2034) 

NGANJA 
(N = 240) 

MILALANI 
(N = 416) 

VUGA 
(N=726) 

  JEGO 
(N = 652) 

P* 
value 

DEMOGRAPHIC 

MEAN AGE (RANGE) 11.0 yr 

(0.2–19) 

11.2 yr 

(5–19.5) 

11.1 yr 

(5–19) 

11.6 yr 

(2–19) 

10.4 yr 

(0.2–18.2) 
0.0715 

% FEMALE 48% 44% 51% 51% 46% 0.0852 

HEMATOLOGIC 

% ANEMIC+ 51% 48% 51% 45% 58% 0.0567 

MEAN HEMOGLOBIN 
(RANGE) 

11.7 g/dL 

(3.4–18.9) 

11.7 g/dL 

(4.8–17) 

11.6 g/dL 

(6.3-15.4) 

11.8 g/dL 

(5.2–16.4) 

11.9 g/dL 

(3.4–18.9) 
0.0217 

ANTHROPOMETRIC 

% WASTED# 19% 19% 13% 31% 10% <0.001 

% STUNTED̂ 36% 45% 35% 43% 25% <0.001 

% SEVERELY 
WASTED** 

6.4% 3.3% 2.9% 13.5% 2% <0.001 

Table 1. Distribution of demographic, hematologic, and anthropometric features of 2034 
children in four study villages in Msambweni and Kwale districts, Coast Province, Kenya 

 *P value refers to significance of differences among the villages by ANOVA or chi-square testing. Statistically significant differences
indicated in bold. 

 +Anemia based on WHO age-specific hemoglobin (Hb) criteria (19): for ages < 12 yr, Hb < 11.5 g/dL; for ages > 12 yr 
 , Hb < 12 g/dL; 
 but   for males > 15 yr, Hb < 13 g/dL. 
#Wasting: < -2  in BMI-for-age Z score (BAZ),  ˆStunting, < -2  in height-for-age Z score (HAZ).

 **Severely Wasted: < -3  in BAZ, based on WHO 2006 growth standards (25) 
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ultimately excluded from the final model. The results from the best-fit Generalized 

Estimated Equation (GEE) multivariable modeling are summarized in Table 3. 

For girls, in bivariate analysis, being anemic and harboring hookworm infection 

negatively correlated with fitness scores (estimates of -0.299 and -0.124 respectively, 

Table 2). Increasing age significantly associated with better aerobic capacity (estimate 

0.080 per   year   of  age).  When adjusted f or   other  covariates (Table 3), stunting 

reached significance (estimate 20.310) and both anemia and age remained as significant 

predictors of fitness score. 

For boys, bivariate correlation analysis indicated a positive association between 

increasing age and better fitness scores (estimate 0.257 per year), as had been seen 

with girls. Malnutrition parameters and anemia negatively correlated with fitness 

scores, both in bivariate as well as multivariable analysis (stunting adjusted estimate-

1.007; wasting adjusted estimate -0.829; anemia adjusted estimate   -0.282).   After   this  

multivariable   adjustment, no additional association was seen between fitness and 

parasite infection per se.  

VO2 max outcomes. There were marked differences in mean fitness scores according to 

age and sex. Boys manifested a relatively constant VO2 max (at about 51 ml kg-1 min-

1) from ages 5–10 in all villages (Figure 5). This was, however, followed by an evident

decline to 42 ml kg-1 min-1 by 18 years of age. The girls’ results show a progressively

descending VO2 max with age, from 53 ml kg-1 min-1 at 5 years to 32 ml kg-1 min-1

at 18 years old. Kenyan boys, when measured against a reference group of Canadian 

boys, performed comparably up to age 10, followed by a relatively sharp decline in VO2 

max relative to the Canadian standard. Canadian and Kenyan girls had few 

differences across all age groups (Figure 5). 
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 Bivariate Association 

Parameter Estimate 95% CI 

Age in years 

Males 0.257 (0.21, 0.30) 

Females 0.080 (0.04, 0.11) 

Anemiaa

Males -0.671 (-0.98, -0.35) 

Females -0.299 (-0.53, -0.05) 

Stuntingb

Males -0.731 (-1.06, -0.39) 

Females -0.253    (-0.51, 0.01) 

Wastingc

Males -0.382 (-0.75, -0.01) 

Females -0.199     (-0.51, 0.11) 

S. haematobium 
intensityd

Males 0.026 (-0.08,0.13) 

Females 0.083    (-0.01, 0.17) 

Hookworm 

Intensitye

Males 
- 0.073      (-0.22, 0.07) 

Females - 0.124  (-0.24, 0.00) 

Malaria 

Infectionf

Males 0.194 (-0.22, 0.60) 

Females 0.130 (-0.21, 0.47) 

Filaria 

Infectionf

Males - 0.006 (-0.50, 0.49) 

Females - 0.114 (-0.47, 0.24) 

Multivariable model 

Parameter Estimate 95% CI 

Age in 
years 

Males 0.314  (0.27,0.35) 

Females 0.095   (0.05,0.13) 

Anemiaa

Males -0.282  (-0.56, -0.04) 

Females -0.279  (-0.52, -0.03) 

Stuntingb

Males -1.007  (-1.31, -0.69) 

Females -0.310  (-0.60, -0.01) 

Wastingc

Males -0.829  (-1.20, -0.45) 

Females -0.302        (-0.67,0.07) 

Table2. Associations between 20 m SRT exercise 

scores ( VO2max) 

Bivariate analyses stratified by sex.

Table 3. Multivariable GEE linear modelling with and 

age, anemia, nutritional status, or infection status-                 

exercise performance score as outcome, 

stratified by sex. 

d
S.haematobium intensity as log transformation of individual egg count in   10 mL of urine. 
eHookworm intensity as log transformation of individual egg count in 1 gm of stool.
fMalaria/Filaria infection scored as present or absent by rapid antigen detection card. 

 Estimates in bold are significantly associated with increased or decreased exercise scores. 
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 DISCUSSION 

There is a need for a standardized aerobic fitness test in epidemiological surveys. In the 

past, fitness has been   measured among children harboring parasitic infections in several 

different ways, but none have proven to be both sufficiently easy to perform and reliable so 

as to become a standard test for field studies [1,11,16,32]. The Harvard Step Test (HST) has 

been one of the most widely implemented field tests in previous studies. For example, it 

has been used to monitor changes in fitness scores after treatment of schistosomiasis and 

geohelminths in Kenya [13,33]. In Brazil, the HST has been used to document the 

association between diarrheal disease and decreased fitness [1]. In Zimbabwe it was used 

to assess physical work performance and improvement in adult cane cutters after anti-

schistosomiasis treatment [14] 

Figure 5:  VO2 max differences between Canadian and Kenyan 
childre 
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and in China it was a useful tool in advanced adult Schistosoma japonicum disease [15]. 

However, the HST has never been formally validated in younger children. Because the HST 

requires  accurate  timing and pulse taking, the number of children who can be tested per 

day is limited, and there are questions about its operational limitations in terms of inter- 

and intra-observer variability. Our group pilot tested the HST before exploring other 

exercise options, and found that there was a wide inter and intra-recorder variation in the 

required pulse measurements at 1, 5, and 10 minutes post-exercise. 

Accelerometers have also been used to measure spontaneous activity [11], but activity does 

not necessarily represent fitness [34– 36]. Physical fitness relates to a normal physiological 

functional capacity allowing the individual to have adequate oxygen supply to the tissues. 

For the accelerometer approach, one must consider that cultural differences contribute to 

different activity patterns for boys and girls, and these differences need to be accounted 

for in the interpretation of activity data. Questionnaires have been used for activity 

assessments in Mozambique, but were found to have limited utility for estimating 

energy expenditure [16]. Other tests addressing strength and endurance have been 

used for testing adolescent girls in Senegal, and these have documented apparent 

fitness reductions in an undernourished group [37]. 

Our choice of the 20 mSRT was based on its simplicity as a field test and its validity 

vis a vis laboratory-based physiological testing [6–8,38]. Since its development by 

Leger and Lambert in 1982 [38], the 20 mSRT has been widely used in the developed 

world as a means of estimating aerobic capacity in adults and children. Its prediction 

of the maximum aerobic capacity (VO2 max) is calculated by age and gender-adjusted 

linear regression from the maximum speed obtained in the test [29]. In this benchmark 

Canadian study, the accuracy of the 20 m SRT was validated against standard 

multistage treadmill testing (correlation of SRT score to the VO2 max attained was r = 

0.90). Test-retest reliability coefficients were 0.89 for children and 0.95 for adults [29]. 

Since Leger and Lambert’s initial description in 1982 [38], numerous studies (all in 

developed countries) have reported similar test-retest reliability with applicability for 

large scale fitness  

assessments [39,40]. In Germany, Mechelen et al. performed a study in order to 

counter-validate the 20 mSRT in children against direct measurements of VO2 max 
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using a multistage maximal treadmill test in boys and girls ages 12–14 years. They 

concluded that the 20 mSRT is a valid tool to be used to evaluate the maximal aerobic 

power in children [41]. 

With slight variations in protocol, the 20 mSRT may be the most widely used aerobic 

fitness field test among children and adolescents in industrialized countries [6,7]. It has 

also been used in asthmatic children to monitor cardiorespiratory changes during an 

aerobic training program [40]. However, to our knowledge, the 20 mSRT has never been 

used as a disability measuring tool in a low-resource setting. Aandstad and colleagues from 

Norway used the 20 mSRT in Tanzania to compare aerobic fitness   in Tanzanian and 

Norwegian children. However, this study did not take into consideration infection or other 

morbidity status of the participants  [42]. 

Although we were not able to compare 20 m SRT results to formal laboratory or 

ergometer testing, our results conform to those obtained in Canada in correlating 

fitness with increasing age, increasing height, and gender differences. This strongly 

supports the validity and applicability of the 20 m SRT as a useful tool in gauging fitness 

in less-developed areas. Consistent with international testing results (summarized in a 

meta-analysis of 109 studies from 37 countries [8]) we found that boys, overall, had 

better scores than girls. Comparison between our cohorts reveal Kenyan scores to be, 

overall, below those obtained in Canada for children 5–18 years [28], based, primarily 

on boys being less fit after 10 years of age. 

In our field-based studies of parasitic disease burden, we approached local validation of 

the 20 m SRT by examining whether sex-specific and age-adjusted fitness scores were 

significantly modified by physical conditions such as anemia that are known to limit 

physical fitness in other populations. As expected, anemic girls and boys scored 

significantly lower on the 20 mSRT than their non-anemic local counterparts, reflecting 

a measurable  

relative disability. Girls with hookworm infection had more exercise intolerance than 

boys, however this effect was not seen in the multivariable-adjusted model suggesting 

that the  

hookworm effect was mediated through anemia or nutritional variables in the model.  
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Malaria or filarial infection were not significantly associated with aerobic capacity in 

either gender, but because these two infections were relatively rare, we might not 

have had sufficient power in the study to see an independent effect for each infection. 

The bivariate association seen in boys between schistosomiasis and increased fitness 

may reflect a selective increase in exposure to infected water in more active children, 

as previously described among South African boys [34]. We hope to further clarify this 

effect as we evaluate personal activity patterns in our expanded study. 

Malnutrition parameters, in particular, stunting and wasting, emerged as strong 

predictors of decreased fitness, predominantly in boys. This is consistent with findings 

of previous studies about stunting [35], which indicate that children develop better 

biomechanical motor efficiency as their height increases. However, wasted boys were also 

significantly less fit, underscoring the importance of assessing both types of acute and 

chronic measures of nutritional status when measuring disability. 

There were limitations to our study. First, this cross-sectional study can only indicate 

significant associations with reduced fitness, but cannot indicate causality. We did not 

approach the comprehensive measurement of fitness testing in terms of aerobic capacity, 

strength, flexibility, or body composition. However, we were able to establish that the  

20 m SRT is feasible, and appears to be reliable in a rural, resource-limited setting, 

with minimal requirements for observer and participant training. As a limitation of our 

analysis, misclassification of infection prevalence by underdiagnosis of active infections 

may have limited our ability to establish a direct association between infection status 

and fitness. Given that our diagnoses were based on screening parasitology of a single 

day’s blood, urine or stool specimens using methods known to have incomplete 

sensitivity [18,43–46], parasite prevalence (as well as infection intensity) was, no doubt, 

underestimated in our study. In our future analysis, we plan to refine our estimates of 

past and present infection with specific anti- parasite antibody detection [47]. 

In summary, this study was able to link fitness, as measured by a low-technology field test, 

with prevalent anemia and growth stunting, which are known morbidity outcomes affecting 

children with chronic parasitic infections. We believe the results presented in this paper can 
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serve as a point of reference for other projects aiming to measure fitness in low-resource 

settings. Prior international standardization of the 20 mSRT makes it an especially 

valuable tool for refining estimates of disease burden in less-developed countries. Beyond its 

use in epidemiological research, it could be easily implemented in rural schools as a 

screening fitness test to detect underlying health conditions, as is commonly done in 

industrialized countries. Through simplified detection of sub-clinical morbidity at the 

community level, children at risk for anemia and/or associated parasite infections could then 

be brought to earlier medical attention, thereby enhancing the impact of national control 

programs. 
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Evaluation of the health-related quality of life of children in a 

Schistosoma haematobium-endemic area in Kenya.

ABSTRACT 

Background: Schistosomiasis remains a global public health challenge, with 93% of the 237 

million infections occurring in sub-Saharan Africa. Though rarely fatal, its recurring nature 

makes it a lifetime disorder with significant chronic health burdens. Much of its negative 

health impact is due to non-specific conditions such as anemia, undernutrition, pain, exercise 

intolerance, poor school performance, and decreased work capacity. This makes it difficult to 

estimate the disease burden specific to schistosomiasis using the standard DALY metric. 

Methodology/Principal Findings: In our study, we used Pediatric Quality of Life Inventory 

(PedsQL), a modular instrument available for ages 2–18 years, to assess health-related 

quality of life (HrQoL) among children living in a Schistosoma haematobium-endemic area 

in coastal Kenya. The PedsQL questionnaires were administered by interview to children 

aged 5–18 years (and their parents) in five villages spread across three districts. HrQoL 

(total score) was significantly lower in villages with high prevalence of S. haematobium (-

4.0%, p=0.001) and among the lower socioeconomic quartiles (-2.0%, p < 0.05). A greater 

effect was seen in the psychosocial scales as compared to the physical function scale. In 

moderate prevalence villages, detection of any parasite eggs in the urine was associated with 

a significant 2.1% (p < 0.05) reduction in total score. The PedsQL reliabilities were 

generally high (Cronbach alphas > 0.70), floor effects were acceptable, and identification 

of children from low socioeconomic standing was valid. 

Conclusions/Significance: We conclude that exposure to urogenital schistosomiasis is 

associated with a 2–4% reduction in HrQoL. Further research is warranted to determine 

the reproducibility and responsiveness properties of QoL testing in relation to 

schistosomiasis. We anticipate that a case definition based on more sensitive parasitological 

diagnosis among younger children will better define the immediate and long-term HrQoL 

impact of Schistosoma infection. 
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INTRODUCTION 

Schistosomiasis remains a public challenge globally with 93% of the estimated 237 

million infections occurring in Africa [1]. Its transmission is mainly influenced by 

exposures to environmental factors (contact with infested water, distance to infected 

water bodies), individual characteristics (treatment history, sex, and age) and 

socioeconomic factors (occupation and education) [2–5]. Schistosomiasis is rarely fatal, 

but due to its recurring nature is manifested as a persistent chronic disorder in 

endemic areas, resulting in significant health burden [6–8]. It is estimated that people 

living in Schistosoma -endemic areas carry the infection one- third to one-half of their 

lives [9], yet they may only rarely exhibit the advanced morbidities that are classically 

associated with schistosomiasis, such as advanced hepatic fibrosis with portal 

hypertension (for S. mansoni), or bladder and kidney deformity, bladder cancer, or 

infertility (for S. haematobium) [7]. In reality, much of the negative health impact is 

due to less obvious or specific conditions such as anemia, undernutrition, abdominal 

pain, exercise intolerance, poor school performance, and lowered work capacity [7,8,10]. 

The non-specificity of chronic infection symptoms, manifested as these subtle 

morbidities, makes it difficult to accurately estimate the specific disease burden due to 

schistosomiasis. As pointed out by King and Bertino [11], the present disability-

adjusted life year (DALY) system of the World Bank and the World Health Organization 

(WHO) [12] not only ignores these morbidities, but also disregards the pervasiveness of 

co-morbidities, including polyparasitism, in Schistosoma-endemic areas. 

While the debate on DALY estimates of disease burden persists, attention is turning to the 

use of patient-reported outcomes, such as health-related quality of life (HrQoL) 

[6,7,11,13]. Use of quality of life (QoL) assessment tools in evaluating schistosomiasis 

and other neglected tropical disease (NTD) burden is gaining greater standing [13–16]. 

Quality of Life is defined as an individual’s perception of one’s position in life in the 

context of culture and value systems, as well as in relation to one’s goals, expectations, 

standards and concerns [17]. The World Health Organization defines health as being 

not only the absence of disease and infirmity but also the presence of physical, mental 

and social well- 
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 being’’ [18]. HrQoL therefore refers to the physical, psychological, and social scales of 

health seen in functional areas influenced by a person’s experiences, beliefs, 

expectations, and perceptions. Measuring HrQoL is an important outcomes indicator 

in evaluating health-care interventions and treatments, in understanding the burden 

of disease, in identifying health inequalities, in allocating health resources, and in 

epidemiological studies and health surveys [19]. Unlike in other chronic conditions 

such cancer and sickle cell disease where HrQoL tools have been widely used, for NTDs 

these tools have only been used to assess the burden of advanced schistosomiasis 

(using EQ-5D plus or WHO QoL-bref questionnaires) [13,15,20], soil-transmitted 

helminthes (using both EQ-5D and SF-12) [16], and echinococcosis (using SF-12) [21], 

and to assess the burden of polyparasitism in Cote d’Ivoire (using SF-36v2 

questionnaire but only the physical scale) [14]. SF-12 has also been used to describe 

the impact of acute schistosomiasis on quality of life in a group of travelers returning 

from a luxury safari trip in Tanzania [22]. Results of most of these studies suggest that 

the burden of schistosomiasis has been consistently underestimated [13,15,21]. 

Moreover, in two of these studies by Jia and colleagues, by only targeting people with 

chronic schistosomiasis [13] or advanced schistosomiasis [15] it was not possible to 

contrast HrQoL findings among schistosomiasis patients to people living in same localities 

without schistosomiasis. Additionally all these studies used QoL tools that do not capture 

the changes in QoL that occur in different developmental stages of children, the most 

important epidemiological demographic for active Schistosoma infection [23]. 

The choice of the HrQoL tool depends mainly on the purpose (the health conditions being 

investigated) and the target population (the general population, adults only or children 

only) [24,25]. Measurement of HrQoL in children is particularly difficult because of the need 

for different instruments in different age groups, and the need for instruments that 

accommodate the different cultures. Two types of HrQoL measures have been developed, 

generic and condition-specific instruments. Generic or non- categorical instruments 

typically include global or  summary ratings of multiple scales or health profile approaches. 

In contrast, condition-specific measures of HrQoL address the challenges associated with a 

  particular illness, such as cancer. Since our target population in this study was children 

 aged 5–18 years, we decided to use the Pediatric Quality of Life Inventory (PedsQL).  
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PedsQL is available in two generic instruments; one that comprises 23 items (PedsQL) 

with forms for adult (over 26 years), young adult (18–25 years), adolescent (13–18 years), 

child (8–12 years), young child (5– 7 years) and toddler (2–4 years) and a shorter 

instrument with 15 items (PedsQL 4.0 SF15) which has forms for adolescent, child, young 

child, and toddler. Furthermore, there are PedsQL disease- specific modules including 

modules for arthritis, asthma, cerebral palsy, cardiac, diabetes, family impact, family 

information, oral health and transplant among   others  (http://www.pedsql.org/ [26]). The 

validity and reliability of the instrument have been confirmed as a population health 

measurement tool and in different child populations with chronic illnesses in descriptive 

and evaluative studies [27–30]. The PedsQL has been used in children with different 

debilitating conditions such as those associated with asthma, transplant recipients, 

attention-deficit hyperactivity disorder (ADHD) and neuromuscular disorders [31–34]. 

The present study evaluated health related quality of life (HrQoL) in children living in a S. 

haematobium endemic area in coastal Kenya, and determined the utility of the pediatric 

quality of life inventory short form (PedsQL 4.0 SF15) in assessing HrQoL. Additionally, we 

determined the impact of local transmission features and socioeconomic standing, which 

are considered potentially important modifiers of S. haematobium– related disease 

burden. 

METHODS 

Ethics statement and eligibility criteria 

Ethical clearance was obtained by the Institutional Review Board at the University 

Hospital Case Medical Center of Cleveland and the Ethical Review Committee of the Kenya 

Medical Research Institute (KEMRI). Children were eligible if they were residents of the 

area for at least two years, were between 5–18 years old, and had provided child assent 

and written parental consent. 

 Study area and population 

The study population comprised children aged 5–18 years old. who participated in both 

parasitological and nutritional studies in the five selected endemic rural villages 

(Milalani,  

http://www.pedsql.org/
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Magadzoni, Gwadu, Dzitenge and Kinango A) in the three districts (Msambweni, 

Kinango, and Kwale) of Kwale County in Coast Province, Kenya [10,35–37] (Figure 1).  

This sub-study was embedded in a larger study of the ecology of transmission of 

vector-borne parasitic infections (the ‘Polyparasitism Project’). This project enrolled 

participants through house-to-house demographic surveys in May–June 2009 for Milalani 

and in June, July, August and August–September 2010 for Gwadu, Dzitenge, Kinango A, and 

Magadzoni, respectively.  Parasitological testing and anthropometric measurements were 

conducted simultaneously in July–August 2009 for Milalani, in October–November 2010 for 

Gwadu, Dzitenge, and Kinango A, and in April–May 2011 for Magadzoni. Treatment for any 

parasite infections detected during survey testing was provided immediately after the 

completion of each village survey. Due to logistical constraints, the PedsQL 4.0 SF15 

questionnaires (see below) were administered at varying (3– 16 month) intervals 

afterwards: in December 2010 for Milalani, in April–May 2011 for Gwadu, Dzitenge, and 

Kinango A,  and  in July 2011 for Magadzoni. 

The numbers of participants per village at enrolment, at parasitological 

testing/anthropometric assessment, and at HrQoL assessment are detailed in Figure 2. All  

Figure 1: Map of the study area showing location of study villages 
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children with full parasitological and anthropometric results were eligible for inclusion in 

the study. For Milalani and Magadzoni villages, we randomly selected 92 children who 

had been S. haematobium egg- positive and 91 who had been S. haematobium egg-negative 

in each community for PedsQL 4.0 SF15 tool administration. For the other villages, we 

targeted all eligible children, irrespective of their initial egg-output status, for PedsQL 4.0 

SF15 administration. 

Parasitological methods 

Subjects submitted one midday sample for examination for S. haematobium infection. 

Ten-milliliter aliquots from well-mixed urine samples were subjected to standard 

Nucleopore filtration [38]. A single stool examination by Kato-Katz method [39] was 

used to identify infection by hookworm and other soil-transmitted helminths. All 

children included in this analysis provided finger prick blood for hemoglobin (Hb) 

measurement (Hemocue, Ängelholm, Sweden) [10]. Anemia was categorized 

according to WHO criteria by age and sex [40]– for ages < 12 years, Hb < 11.5 

g/dL; for ages >12 years, Hb < 12 g/dL; but for males > 15 years, Hb < 13 g/dL. 

Anthropometric measurement 

Our standardization and measurement procedures used for anthropometric 

assessments have been detailed elsewhere (Bustinduy, et al., [10]). The nutritional 

indicators; height-for-age (HAZ) and body-mass index (BMI)-for-age (BAZ) were 

computed using the World Health Organization’s Anthro-Plus software for ages 5–19 

years (WHO, Geneva, Switzerland) based on reference growth standards from the year 

2006 [41,42]. Stunting and wasting were defined for values < -2 for HAZ and BAZ, 

respectively, according to WHO standards [43]. 

HrQoL  measurements 

The PedsQL 4.0 SF 15 used in this study includes parallel child self-reports (age range 

5–18 years) and parent proxy-reports. It differs from PedsQL 4.0 generic core scales 

instrument by the number of items in the total scale and in the various subscale The 

PedsQL 4.0 SF15 consists of 5, 4, 3, and 3 for physical, emotional, social and school 

functioning respectively, making a total scale of 15 items whereas the PedsQL 4.0 

genericcore scale comprises of 8, 5, 5, and 5 for physical, emotional, social and school  
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functioning, respectively, for a total of 23 items. Details are available at 

http://www.pedsql.org/about_pedsql.html. 

The survey’s preliminary instructions indicate to the subject that survey questions ask 

how much of a problem each item has been during the past one month. A five-point 

Likert-like response scale is used. The response scale for each item was ‘‘never’’ (0), 

‘‘almost never’’ (1), ‘‘sometimes’’ (2), ‘‘often’’ (3), and ‘‘almost always’’ (4). Responses 

were transformed to 100, 75, 50, 25, and 0, respectively, resulting in a scale range of 

0–100, with the higher number scores indicating better HrQoL. Overall scores and sub-

scale scores were computed as the sum of the items divided by the number of items 

answered (this accounts for missing data). If more than 50% of the items in the scale 

were missing, the scale score was not computed [44]. Two summaries and one overall 

score were computed. Of note, the physical health summary score (5 items) is the same 

as the physical functioning subscale. The psychosocial health summary score (10 items) is 

computed as the sum of items divided by the number of items answered in the 

emotional, social, and school functioning subscales. Total Scale Scores for child self-

report and parent proxy-report are also presented. 

In preparation for the study, two forward translations (English- Swahili) and one 

backward translation (Swahili-English) translations were done for the PedsQL 4.0 

SF15. The approved final Swahili translations of the PedsQL 4.0 SF15 were first pre-

tested on 23 young children (5–7 years old), 39 children (8–12 years old) and 36 teens 

and their parents from a neighboring village. These were all non-participants in the 

present study but similar to those included in this study. The illiteracy levels in the 

study area were estimated at about 60% and thus the PedsQL 4.0 SF15 instrument was 

interview administered [21,45] for both children and their parents. All the PedsQL 4.0 

SF15 questionnaires in this study were administered by two well-trained research 

assistants who were native speakers of Swahili, under the supervision of the first 

author. 

http://www.pedsql.org/about_pedsql.html
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Statistical analysis 

Biological, demographic, parasitological, anthropometric and socioeconomic data. 

Statistical analyses were con- ducted using both SPSS for Windows, version 19.0 

(SPSS, Inc., Chicago, IL) and SAS for Windows, version 9 (SAS Institute Inc., Cary, North 

Carolina). For estimation of socioeconomic standing (SES) we used housing conditions 

and household ownership of selected assets to construct an asset index based on 

principal component analysis (PCA) [46]. Participating households were divided into 

two equal sized groups (low and higher socioeconomic standing) according to their scores 

from the principal components analysis. The assets included in the PCA were radio, 

bicycle, television, telephone, and land. Other indicators of SES included available 

household source(s) of cooking fuel, lighting, and drinking water, type of latrine 

owned and its distance from the house, and level of education of the household head. 

Chi-square tests were used to test for differences in proportions, and the Mann-Whitney U 

test was used to assess differences in intensities of infection, age, and Hb. Analysis of  

Figure 2. Flow chart of study participation. Numbers of children by village at enrolment, at 
parasitological and anthropometric testing, and at HrQoL assessment. 
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variance (ANOVA) was used to compare infection intensity among villages. 

Analysis of HrQoL data 

 Feasibility of the PedsQL 4.0 SF15 generic version was determined from the average 

percentage of missing responses. The percentage of all possible item responses left 

unanswered was calculated for each subject on each single and summary scale and 

averaged over subjects. Utility of the instruments in terms of distributional coverage 

overall and by subscale was evaluated by calculating the percentage of subscale-level 

average responses reaching the minimum (floor) or the maximum (ceiling) of the 

scoring scale. In QoL studies, floor and ceilings effects are used to evaluate the depth of a 

health problem being measured. If floor effects exist, it means the QoL tool is showing a 

lower than actual HrQoL, and if ceiling effects exist, QoL tools may be underestimating QoL 

or the magnitude of the problem being measured. Studies with small floor or ceiling 

effects (1–15%) are considered to meet acceptable measurement standards, whereas 

studies with moderate floor or ceiling effects (> 15%) are considered less precise in 

measuring latent constructs  at the extremes of the scale [25,47]. 

Internal consistency is a measure of the extent to which items in a questionnaire 

(subscale or scale) are correlated (homogeneous), thus measuring the same concept. It 

is an important measurement property for questionnaires that intend to measure a 

single underlying concept (construct) by using multiple items such as PedsQL 

questionnaire. Cronbach’s alpha coefficient was utilized to determine scale internal 

consistency reliability [48]. Scales with reliabilities of 0.70 or greater are recommended 

for comparing patient groups, while a reliability criterion of 0.90 is recommended for 

analyzing individual patient scores [49]. A low Cronbach’s alpha indicates a lack of 

correlation between the items in a scale, which makes summarizing the items 

unjustified. A very high Cronbach’s alpha (> 0.95) indicates high correlations among the 

items in the scale, i.e., redundancy of one or more items [25]. Construct validity was 

determined utilizing the known-groups method, which compares scale scores across groups 

known to differ in the health construct being investigated. In our study the known groups 

are the children who tested positive and negative for S.  haematobium  egg  output,  who 

will  henceforth  be referred to as ‘Sh egg-positive’ and ‘Sh egg-negative’, respectively. 

Known   groups validity  was  examined  through  a  comparison  of these  egg-positive  and   



CHAPTER 3|  

84 

egg-negative  groups,  of  children  from families of lower versus higher SES, of stunted 

versus non-stunted children, and those from high prevalence (high risk) villages versus  

moderate prevalence (lower risk) villages, using independent t-tests. To complement 

statistical testing, effect sizes are presented to assist in the interpretation of the relative 

degree of between-group score differences  by  indexing  these  differences  to  within-group 

score variation [50], with lesser import if the between-group score difference is small 

relative to the within-group variation in scores. Effect size utilized in these analyses was 

calculated by taking the difference between the score means for either cases vs. controls, 

stunted vs. non-stunted children, children from low SES vs. high SES, or children from 

high-risk vs. moderate risk villages, divided by the pooled standard deviation of the egg-

negative/high SES/ not   stunted/lower-risk   village   categories,  as  appropriate  [51]. 

Effect sizes for differences in means are designated as small (0.20–0.49), medium (0.50–

0.79), and large (> 0.80) in magnitude [52]. Agreement between child self-report and 

parent proxy-report was determined through 2-way mixed-effect model (absolute 

agreement, single measure) intraclass correlations [53]. Intraclass correlation results  

are generally interpreted as  follows:  0.40, poor to fair agreement; 0.41–0.60, 

moderate agreement; 0.61– 0.80, good agreement; and 0.81–1.00, excellent agreement 

[54]. 

Multivariable modeling of HrQoL outcomes 

Following our observation of significant differences in group- wise mean HrQoL scores in 

the analyses described above, our next objective was to determine the independent 

contributions of age, sex, village risk for schistosomiasis (high vs. moderate), S. 

haematobium infection, hookworm infection, anemia, SES, stunting, and wasting in nested 

models of HrQoL outcomes, for both total and psychosocial sub-scale scores. To do this, we 

used generalized multivariable linear modeling, adjusted for covariance at the village level 

using generalized estimating equation (GEE) technique (SPSS). Stepwise backward removal 

of non-significant variables was used to create ‘best fit’ parsimonious models based on 

Akaike information criteria (AIC).retaining   explanatory variables with P-values < 0.1.  

Significant multiply-adjusted parameter estimates are reported (with 95% CI and corresponding p- 

values) for covariates remaining in the final models. 
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Table 1. Demographic characteristics by village 

RESULTS 

Study group characteristics 

In total, 1580 children, aged 5–18 years old, from five villages participated in 

parasitological and anthropometric testing. Their mean age was 10.6 + 3.5 yr and 51% 

were female. The majority of the children in Milalani, Magadzoni, and Gwadu (the more 

rural villages) came from families of low SES while most children in Kinango A and 

Dzitenge (the more urban villages) came from families of higher SES (Table 1, Figure 

1). 

Parasitology 

The overall S. haematobium infection prevalence was 42.2% (766/ 1580), similar for 

males and females, but significantly different by village (Table 1) and by age group 

(Table 2). School-age infection prevalence was significantly greater in Milalani, and 

Gwadu villages.(here referred to as high-prevalence villages, according to WHO 

guidelines [55]) compared to Magadzoni, Dzitenge, and Kinango  A villages (here 

referred  to as moderate  prevalence villages) S. haematobium infection intensity was  

Villages (Total 
studied) 

Total 
(N=1580) 

Milalani 
(N=405 

Magodzoni 
(N=411) 

Gwadu 
(N=309) 

Dzitenge 
(N=246) 

Kinango A 
(N=209) 

P 

Mean age (SD) 10.6 ± 3.5 10.9 ± 3.5 10.9±3.5 10.6 ± 3.6 10.3 ± 3.3 10.2 ± 3.3 0.0588 

% Female 51.3 50.4 49.1 53.0 51.6 54.0 0.7466 

% Lower SES 51.4 63.5 52.5 71.2 29.3 22.5 <0.0001 

SH prevalence 42.2 62.2 22.9 53.4 37.8 29.7 <0.0001 

SH  intensity 
(eggs/10mL of 

urine) 
37.5 40.4 16.5 49.0 40.4 42.5 0.0020 

% Anemic 36.5 48.6 25.5 38.5 35.4 33.0 <0.0001 

Mean 
hemoglobin 

(Range) 

12.1  
(4.3-17.5) 

11.7  
(4.6-16.4) 

12.4  
(4.3-17.2) 

12.1  
(5.2-17.5) 

12.2  
(6.8-16.5) 

12.3  
(6.6-17.4) 

<0.0001 

% Stunting 29.2 30.6 37.7 31.7 20.7 15.8 <0.0001 

% Wasted 16.3 15.6 25.3 12.0 11.4 12.4 <0.0001 
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highest in 8–12 year olds and lowest in 5–7 year olds (P,0.01, Table 2), and varied 

significantly by village (Table 1) with an overall geometric mean intensity of infection 

of 37.8 eggs/10 mL of urine. Males had significantly heavier infection than females (P 

< 0.02). There were also significant inter-village and across-age group differences in the 

proportion of anemic children and in mean Hb levels (Tables 1 and 2). 

Anthropometric  outcomes 

Many study children had either acute undernutrition, as measured by wasting 

(BAZ score < -2), chronic undernutrition, as measured by stunting prevalence (HAZ 

score < -2), or both. The highest malnutrition levels were recorded in villages closer to 

the coastline (Milalani, Magadzoni, and Gwadu) compared to the more inland villages 

(Dzitenge and Kinango A) (Table 1). Wasting and stunting were lowest in the 5–7 year  

 age group compared to older age groups (Table 2). Significantly more males were 

stunted (56% vs. 44%, X2 = 9.2, P=0.01) or  wasted  (60%  vs.  40%%, X2 = 14.8,

P=0.001) as compared to females. 

HrQoL analysis 

Participation. The PedsQL SF15 tool was administered to 835 children and 800 of their 

parents. Overall, missing responses were found for 33 children (4.0%) and 35 parents 

(4.4%), yielding 802 and 765 children and parents with complete HrQoL data, respectively 

(Table 3). The distribution of 802 children who had complete HrQoL data by village and 

age groups is shown in Figure 2. 

For all PedsQL SF15 scales (except physical functioning in parent proxy-report) 

children who tested negative for S. haematobium egg output and their parents reported 

better HrQoL than those who tested egg-positive during parasitological examination 

(Table 5). However, for the overall combined village data, where the largest effect size 

observed for the social subscale (0.21), none of these group-wise differences in child self-

report was statistically significant. Parents of egg-negative children reported better 

HrQoL scores for their children compared to parents of egg- positive cases for all 

subscales, except in the physical subscales.  
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For stunting, all scales reported lower quality of life in stunted children, with significant 

differences in psychosocial and total scales in self-reports, and in the school 

functioning scale in the proxy-report .In both child self and parent proxy reports, lower 

SES was significantly associated with lower HrQoL in all scales except the physical 

functioning, with effect sizes mostly in medium to high range. Within the low SES group, 

when comparisons were made between egg-positive and egg- negative children, egg-

positives reported lower HrQoL compared to controls. However, when similar comparisons 

were made within the higher SES group, the differences were very small and inconsistent,  

Given the   group-wise differences observed above, we next used a Generalized Estimating 

Equation (GEE) multivariable analysis to account for possible confounding and/or effect 

modification of score outcomes caused by varied distribution of subject classes across 

villages and infection status groups. As noted in Tables 8 and 9, HrQoL total scores and 

psychosocial sub-scores were significantly lower in high-prevalence villages, even with 

adjustment for SES, sex, and/or age. Not shown, hookworm infection or intensity did not 

have a significant effect on PedQL in exploratory analysis or multivariable analysis

5–7 years 
(n = 358) 

8–12 years   
(n = 716) 

13–18 years  
(n = 506) 

P valuea

Mean age (SD) 6.160.8 10.061.4 14.661.5 – 

% Female 48.3 53.2 50.6 >0.2 

% Lower SES 55.3 50.4 50.0 >0.2 

Sh+ prevalence 33.0 42.0 48.8 <0.0001 

Sh+ geometric mean intensity 
(eggs/10 ml of urine) 

28.7 48.7 31.2 <0.05 

% Anemicb 36.9 33.5 40.5 <0.05 

Mean hemoglobin, g/dl (Range) 
11.9                            

(4.3–16.5) 
12.1  

(4.6–17.4) 
12.4   

(5.2–17.5) 
<0.0001 

% Stuntedc 17.3 30.2 36.6 <0.0001 

% Wastedd 7.0 14.4 17.8 <0.0001 

Table 2. Characteristics of the study population by age group. 
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Table 3: Missing responses, floor and ceiling effects of the PedsQL 4.0 SF15 for children with 
schistosomiasis (cases) and controls 

Variable interaction terms for village type were highly significant, leading to a 

stratified village type analysis also presented in Tables 6 and 7. 

Scale 
# 

items 

Cases (N=352) Controls (N=450) Total (N=802) 

% 
Missing 

% 
Floor 

% 
Ceiling 

% 
Missing 

% 
Floor 

% 
Ceiling 

% 
Missing 

% 
Floor 

% 
Ceiling 

Child self-report 

Physical 
Functioning 

5 0.3 0.0 71.0 0.6 0.2 71.6 0.5 0.1 71.3 

Emotional 
functioning 

4 0.0 0.0 8.5 0.9 0.0 14.7 0.5 0.0 12.0 

Social 
Functioning 

3 0.0 0.0 27.6 0.2 0.4 34.7 0.1 0.2 31.5 

School 
functioning 

3 3.3 1.1 74.4 2.8 1.3 77.8 3.0 1.2 76.3 

Psychosocial 
score 

10 3.3 0.0 5.1 3.6 0.0 9.6 3.5 0.0 7.6 

Total scores 15 3.6 0.0 4.5 4.3 0.0 8.0 4.0 0.0 6.5 

Parent proxy-
report 

N=333 N=432 N=765 

Physical 
Functioning 

5 0.3 0.0 78.1 0.7 0.2 74.5 0.5 0.1 76.1 

Emotional 
functioning 

4 0.0 0.0 20.1 0.9 0.2 25.9 0.5 0.1 23.4 

Social 
Functioning 

3 0.0 0.0 35.4 0.2 0.0 45.1 0.1 0.0 40.9 

School 
functioning 

3 4.8 0.0 46.8 2.0 0.2 50.2 3.3 0.1 48.8 

Psychosocial 
score 

10 4.8 0.0 12.6 3.1 0.0 17.6 3.9 0.0 15.4 

Total scores 15 5.1 0.0 12.6 3.8 0.0 15.7 4.4 0.0 14.4 

aCases were those children initially found to have S. haematobium eggs on urine filtration during parasitological surveys. Controls were children
who had been egg- negative. N.B. The PedsQL SF15 was administered 3–16 months after completion of testing and treatment for infection. 
b% Floor/Ceiling = the percentage of scores at the extremes of the scaling range. Floor or ceiling effects in the range of 1–15% are acceptable
while those > 15% [in BOLD] are considered to provide less precise estimates. 
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Scale 
Young children (5-7) Children (8-12) Adolescent (13-18) Total sample 

Cases Controls Cases Controls Cases Controls Cases Controls 

Child self-report N=84 N=109 N=147 N=200 N=121 N=141 N=352 N=450 

Physical Functioning 0.86 0.89 0.86 0.87 0.83 0.87 0.85 0.87 

Emotional functioning 0.79 0.81 0.76 0.82 0.74 0.80 0.76 0.81 

Social Functioning 0.83 0.85 0.79 0.82 0.76 0.80 0.79 0.82 

School functioning 0.84 0.86 0.84 0.85 0.83 0.83 0.83 0.85 

Psychosocial score 0.73 0.77 0.70 0.75 0.66 0.73 0.69 0.74 

Total scores 0.72 0.76 0.68 0.73 0.64 0.71 0.67 0.73 

Parent proxy-report N=80 N=105 N=139 N=192 N=114 N=135 N=333 N=432 

Physical Functioning 0.88 0.90 0.87 0.90 0.87 0.87 0.87 0.89 

Emotional functioning 0.84 0.80 0.78 0.86 0.83 0.84 0.81 0.84 

Social Functioning 0.88 0.82 0.80 0.87 0.87 0.86 0.85 0.86 

School functioning 0.86 0.87 0.85 0.87 0.86 0.86 0.86 0.87 

Psychosocial score 0.79 0.77 0.72 0.80 0.78 0.78 0.76 0.79 

Total scores 0.78 0.75 0.71 0.79 0.77 0.77 0.75 0.78 

Table 4: Internal consistency reliability for Pediatric Quality of Life Inventory™ 4.0 SF15 Generic 
Core Scales child self-report and parent proxy-report 

Figure 3. PedsQL SF15 score scales contrasting high and moderate risk villages for self and proxy 
reports. Abbreviations: Phy-Physical; Emo-Emotional; Soc-Social; Sch-School; Psy-Psychosocial, Tot-
Total. NS-Not significant; **P< 0.001; ***P< 0.0001.  

 aCronbach alpha values > 0.70 are recommended for comparing patient groups, and > 0.90 are recommended for analyzing
individual patient scores [49]. 
bCases were those children initially found to have S. haematobium eggs on urine filtration during parasitological surveys. Controls
were children who had been egg- negative. N.B. The PedsQL SF15 was administered after testing and treatment for infection. 
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In high-prevalence villages, lower SES and stunting were significantly associated with 

lower total and psychosocial scores, whereas wasting and S. haematobium egg-

positivity were associated with higher scores. In moderate-prevalence villages 

Scale 
# 

items 

Cases Controls 
Diffe-
rence 

Effect 
Size 

t 
score 

P 
value N Mean SD N Mean SD 

Child self-report 

Physical 
Functioning 

5 352 95.3 11.1 450 95.4 11.6 0.1 0.09 0.07 0.94 

Emotional 
functioning 

4 352 64.7 19.0 450 66.6 20.3 1.9 0.17 1.39 0.16 

Social 
Functioning 

3 352 77.7 19.0 450 80.0 19.7 2.3 0.21 1.65 0.09 

School 
functioning 

3 352 88.3 22.4 450 89.0 22.6 0.7 0.06 0.45 0.65 

Psychosocial 
score 

10 352 76.1 12.7 450 77.7 14.2 1.6 0.14 1.58 0.11 

Total scores 15 352 81.8 9.8 450 82.8 11.1 1.0 0.09 1.43 0.15 

Parent proxy-report 

Physical 
Functioning 

5 333 95.4 12.7 432 95.1 12.5 -0.3 -0.03 -0.41 0.68 

Emotional 
functioning 

4 333 71.1 22.5 432 73.0 22.6 1.9 0.16 1.18 0.24 

Social 
Functioning 

3 333 83.2 16.2 432 85.5 16.6 2.3 0.20 1.97 0.05* 

School 
functioning 

3 333 85.5 19.3 432 86.4 19.4 0.9 0.08 0.63 0.53 

Psychosocial 
score 

10 333 79.9 13.8 432 81.6 14.7 1.7 0.14 1.66 0.10 

Total scores 15 333 84.5 11.5 432 85.5 11.8 1.0 0.09 1.22 0.22 

Table 5: PedsQLTM SF15 score scales for children with schistosomiasis (cases) and controls 

aSh egg-positive were those children initially found to have S. haematobium eggs on urine filtration during parasitological
surveys.  

Sh egg –negative were children who had been egg-negative. N.B. The PedsQL SF15 was administered after testing and treatment 

for infection. (n = 802 for child self-report and 765 for parent proxy report). bEffect size = (difference between cases and

controls)/SD of controls. Effect sizes are typically designated as small (0.20–0.49), medium (0.50–0.79), or large (> 0.80). cP< 
0.05 (independent sample t-test). 
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 S. haematobium egg positivity was the sole significant correlate of total HrQoL 

score, reducing it by an estimated 2.1%. For the psychosocial sub-scale, egg-positivity 

contributed on a similar level (-2.4%) to a lower score, while being in the 8–12 year 

old age group was associated with a significantly slightly better score (+0.8%). 

DISCUSSION 

This is a first attempt to measure self-rated multidimensional HrQoL related to 

urogenital schistosomiasis in children. In our initial analysis, we observed a clear trend 

toward lower HrQoL in all measurement scales (except physical scale) among children 

with S. haematobium egg-positive status, but the differences were not significant. This 

trend was confirmed in parent-proxy reports, which indicated the same trend in all 

performance scales, and for the social scale, parents of egg-positive children did report 

significantly lower HrQoL scores than parents of egg-negative children. Significant 

differences were observed in other group-wise analysis, indicating lower HrQoL for 

children resident in high-S. haematobium prevalence villages as compared to those 

living in moderate-prevalence villages, and significantly lower HrQoL for children with 

growth stunting. 

Previous investigations  described  strong  associations  between growth stunting and low 

intensity Schistosoma infections [6,56–58]; thus the joint association of lower HrQoL with 

local prevalence and stunting was an expected finding. Our results are in contrast to 

recent studies of other NTDs that suggest no clear differences in HrQoL between infected 

and non-infected health states [14,16]. Increasing severity of intestinal schistosomiasis, 

whether caused by S. japonicum in P.R. China [13,15] or by S. mansoni in Egypt [20], has 

been associated with significantly greater reductions in self- reported quality of life 

scores. It is possible that inclusion of a larger range of age-groups, and patients with 

more advanced complications  of  S.  haematobium  would  have  resulted  in  more 

pronounced differences in observed outcomes. 
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Table 6: Multivariable GEE modeling of self-reported total HrQoL scores adjusting form measured 
covariates 

 Table 7: Multivariable GEE modeling of HrQoL psychosocial scores adjusting for measured covariatesa 

a In each case, the initial models of PedsQL SF15 score included the following explanatory variables: sex, age group, 
village type (high- vs. lower-endemicity), socioeconomic standing, current Schistosoma infection, current 

hookworm infection, anemia, presence of growth stunting, and nutritional wasting. 

High 

Prevalence 

Low 

Prevalence 
Moderate 
Prevalence 

Variable Parameter 
Estimate Parameter Estimate Parameter Estimate
(95% CI) 

P value 
Parameter 
Estimate Parameter Estimate Parameter Estimate
(95% CI) 

Parameter 
Estimate Parameter Estimate Parameter Estimate
(95% CI) 

P value 

High 
prevalence 
village 

-4.0 

(-4.9 - -3.2) 

<0.00
1 

– – – – 

Sex = Female -0.18 

(-3.2- -0.04) 
<0.05 – – – – 

Lower SESb -2.0 

(-4.0- -0.06) 
<0.05 

-4.1 

(-5.8- -2.4) 
<0.001 – – 

Stuntingc -1.2 

(-2.6- -0.12) 
<0.05 

-3.1 

(-4.2- -2.0) 
<0.001 – – 

Wastingd
– – 

+3.1 

(2.6-3.6) 
<0.001 – – 

Sh egg-
positive on 
initial 
survey 

– – 
+2.4 

(0.2-4.6) 
<0.05 

-2.1 

(-3.9--0.28) 
<0.05 

Parameter 
Estimate Parameter Estimate Parameter Estimate
(95% CI) 

P value 
Parameter 

 Estimate Parameter Estimate Parameter Estimate
(95% CI) 

P value 
Parameter 
Estimate Parameter Estimate Parameter Estimate
(95% CI) 

P value 

High 
prevalenc
e village 

-5.7 

(-6.7- -5.0) 
<0.001 – – – – 

Lower 

SESb
-2.9 

(-5.0- -0.9) 
<0.01 

-5.0 

(-6.5- -3.5) 
<0.001 – – 

Stuntingc -1.4 

(-2.9- -0.6) 
<0.05 

-3.7 

(-6.7- -0.7) 
<0.05 – – 

Wastingd +3.9 

(3.3-4.5) 
<0.001 – – 

Sh egg-
positive 
on initial 
survey 

+2.6 

(0.5-5.7) 
<0.05 

-2.4 

(-5.6-0.7) 
<0.1 

Age 

8–12e
+0.7 

(0.59- 0.83) 
<0.001 – – 

+0.8 

(0.07-1.5) 
<0.05 

Age 

13–18e – – 
+1.2 

(0.4-2.0) 
<0.01 – – 
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We found significant associations between either i) lower socio-economic status, or ii) 

residence in high risk villages, with lower PedsQL 4.0 SF15 scores across all scales, except 

for physical and school functional scales. 

Socio-economic status is known to affect the risk of Schistosoma infection by either limiting 

water-use options and/or access to health care, or through other poverty-related factors 

[11,57,59,60]. In our study, the initial lack of significant differences in HrQoL between 

children with and without egg output could be attributed to confounding by the 

distribution of low SES and undernutrition across the village levels. Our multivariable 

analysis indicated a strong village-type effect (with high-prevalence status having 

significantly lower HrQoL scores), but with significant interaction between village type 

and all other covariates tested. A further stratified analysis indicated that S. 

haematobium egg positivity was significantly associated with reduced HrQoL in 

moderate prevalence villages, whereas in high-prevalence villages, it  was associated 

with higher HrQoL. This difference is likely to reflect issues with the imperfect 

sensitivity of our standard parasitological diagnosis of urogenital schistosomiasis (urine 

egg output [61]), and covariation between age- and SES-related infection risk. In 

addition, for schistosomiasis and other neglected tropical diseases, the time from the 

onset of active infection to the onset of clinical disease may be protracted. Also, a single 

urine exam may miss 20– 30% of active infections that would be found by repeated 

urine exams [61]. Serological testing indicates that among children in high-prevalence 

villages, active or recent Schistosoma infection prevalence is close to 100% [23]. Light 

intensity infections are easily missed in parasitological testing. However, these can still 

result in significant inflammation-mediated morbidity. We believe that in high-

prevalence villages, infection status is already saturated, so that egg-positivity reflects 

mainly those with heavier infections. In the high-prevalence setting, this sub-group 

includes older children with greater mobility [62], who may therefore have better scores 

on the PedsQL scales. In moderate prevalence villages, where egg testing is more likely 

to reliably distinguish infected and uninfected children, S. haematobium egg-positivity 

was significantly associated with lower HrQoL scores. Uncertainty (negative study 

bias) about the status of egg-negative controls may explain why we observed significant 

‘infection- related’ differences in moderate-risk villages but not in high-risk villages.  
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Finally, because PedsQL 4.0 SF15 questionnaire administration was not performed at 

the same time as the parasitological assessment, some of the ‘controls’ identified 

during parasitological assessment may have turned into ‘cases’ (i.e., those who were 

now or formerly S. haematobium infected) by the time HrQoL assessment was done. 

Because treatment was given before administration of the Peds QL survey, acute impacts 

of active infection may have gone missed, and these may have had an impact on our study 

findings. We recommend that similar studies in future carry both assessments 

concurrently, and include supplemental serologies (circulating antigen testing, anti-Schisto- 

soma IgG4), in order to minimize the misidentification of the true infection status of 

‘cases’ and ‘controls’. The mode of administration of the PedsQL 4.0 SF15 

questionnaire was interviewer-based; thus, the high response rate was not surprising. 

However, it may have contributed to the lack clear differences between the cases and 

controls, because interviewer-based modes of questionnaire administration suffer 

from a well- recognized problem of limited willingness to acknowledge a problem 

[24]. Since all interviews across all villages were conducted by two trained research 

assistants using one-to-one administration, we believe the interviewer effect was not 

significant. For the study children, inclusion of a parent-proxy survey, in addition to the 

direct patient survey, was considered to add external evidence of the validity of the 

answers we obtained from the children. 

Floor effects were largely absent in the study population, except in the school scale 

where negligible (< 1.3%) floor effects were observed,  especially  among  controls. 

On  the  other  hand, substantial ceiling effects were evident in almost all scales, and 

were more prominent in physical and school scales particularly among controls (Sh 

egg - negative). This means that the PedsQL SF15 questionnaire likely underestimated 

HrQoL, especially for children who tested negative for S. haematobium egg output. 

While ceiling effects are a common phenomenon, they restrict the ability of the HrQoL 

tool to detect change or describe health above the average in more healthy 

populations [16,63–65] 
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We consider the PedsQL to be a suitable tool for assessing quality of life in children with 

schistosomiasis. There is evidence that its reliabilities were high (alphas generally > 

0.70), floor effects were acceptable and identification of children from both low SES and  

‘high risk’ villages was valid. PedsQL 4.0 SF15 was an effective tool for measuring quality 

of life in children living in schistosomiasis- (and likely other neglected tropical disease-) 

endemic areas. The clear capability of PedsQL 4.0 SF15 tool to identify geographical 

areas with different transmission intensities and SES groups is particularly important  in 

schistosomiasis control.  

In large scale schistosomiasis control programs, its practicability (administered within 5 

minutes) means it can appropriately be used to rapidly tease out high transmission 

localities for further adjustment. However, further research is needed, especially on its 

reproducibility and responsiveness (ability to detect clinically important changes over time) 

in relation to schistosomiasis. The difficulties in measuring physical and school health 

illustrated here also point to the need for further research and the development of a 

schistosomiasis specific PedsQL tool to enhance assessment of Schistosoma infection-

related health impact. 
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Côte d’Ivoire. Tropical Medicine and International Health 10: 42–57.

59. Savioli L, Hatz C, Dixon H, Kisumku UM, Mott KE (1990) Control of morbidity due to Schistosoma
haematobium  on Pemba Island:  egg excretion and hematuria as indicators of infection. American
Journal of Tropical Medicine and Hygiene  43:  289–295.

60. Kvalsvig JD (1981) The effects of schistosomiasis on spontaneous play activity in black schoolchildren
in the endemic areas. An ethological study. S Afr Med J 60: 61–64.

61. Chan KS, Mangione-Smith R, Burwinkle TM, Rosen M, Varni JW (2005) The PedsQLTM: reliability
and validity of the short-form generic core scales and asthma module. Medical Care 43: 256–
265. 

62. Chen X, Origasa H, Ichida F, Kamibeppu K, Varni JW (2007) Reliability and validity of the

Pediatric Quality of Life InventoryTM (PedsQLTM) Short Form 15 generic core scales in Japan.
Quality of Life Research 17: 1239–1249. 

63. Raat H, Landgraf JM, Oostenbrink R, Moll HA, Essink-Bot M-L (2007) Reliability and validity of the
Infant and Toddler Quality of Life Questionnaire (ITQOL) in a general population and respiratory
disease sample. Quality of Life Research 16: 44

64.



Chapter Five| Surrogate markers for Intestinal Schistosomiasis 

 

CHAPTER FOUR 

Fecal Occult Blood and Fecal Calprotectin Tests as Point-of-Care Markers of 

Intestinal Morbidity in Ugandan Children with  

Schistosoma mansoni Infection. 

Bustinduy AL, Sousa-Figueiredo JC, Adriko,  Betson M, Fenwick A, Kabaterine 
N, Stothard  JR 

PLoS Negl Trop Dis. 2013 Nov 14;7(11):e2542 



CHAPTER 4|  

 100 



 CHAPTER 4| POINT OF CARE  TEST 

101 

ABSTRACT 

Background: Calprotectin is a calcium-binding cytoplasmic protein found in neutrophils and 

increasingly used as a marker of bowel inflammation. Fecal occult blood (FOB) is also a 

dependable indicator of bowel morbidity. The objective of our study was to determine the 

applicability of these tests as surrogate markers of Schistosoma mansoni intestinal morbidity 

before and after treatment with praziquantel (PZQ). 

Methods: 216 children (ages 3–9 years old) from Buliisa District in Lake Albert, Uganda were 

examined and treated with PZQ at baseline in October 2012 with 211 of them re-examined 24 days 

later for S. mansoni and other soil transmitted helminths (STH). POC calprotectin and FOB assays 

were performed at both time points on a subset of children. Associations between the test results 

and infection were analysed by logistic regression. 

Results: Fecal calprotectin concentrations of 150–300 mg/g were associated with S. mansoni 

egg patent infection both at baseline and follow up (OR: 12.5 P = 0.05; OR: 6.8 P = 0.02). FOB had a 

very strong association with baseline anemia (OR: 9.2 P = 0.03) and medium and high egg intensity 

schistosomiasis at follow up (OR: 6.6 P = 0.03; OR: 51.3 P = 0.003). Both tests were strongly 

associated with heavy intensity S. mansoni infections. There was a significant decrease in FOB and 

calprotectin test positivity after PZQ treatment in those children who had egg patent 

schistosomiasis at baseline. 

Conclusions: Both FOB and calprotectin rapid assays were found to correlate positively and 

strongly with egg patent S. mansoni infection with a positive ameloriation response after PZQ 

treatment indicative of short  term reversion of morbidity. Both tests were appropriate for use in 

the field with excellent operational performance and reliability. Due to its lower-cost which makes 

its scale-up of use affordable, FOB could be immediately adopted as a monitoring tool for PC 

campaigns for efficacy evaluation before and after treatment. 
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INTRODUCTION 

With over 207 million people worldwide infected with schistosomiasis, mostly in sub-Saharan 

Africa, there is a pressing need to optimize field-appropriate tools for morbidity staging and 

monitoring of clinical disease [1]. In recent years there has been a scale-up of schistosomiasis 

control programs worldwide [2,3]. However, no single direct morbidity marker has been 

adopted to monitor the clinical impact of these interventions [4]. Part of the difficulty is due 

to the variability  of schistosomiasis-related clinical  manifestations that are often non-specific 

and species dependent. This holds particularly true for intestinal schistosomiasis, mainly 

caused by two different species of the genus Schistosoma: S. japonicum and S. mansoni, in 

which the clinical diagnostic gold-standard for bowel morbidity is a  colonoscopy.  This  has 

limited  applicability  in  resource  limited settings owing to logistic constraints [5]. Hence it is 

important to find suitable low-cost reliable proxy markers of bowel morbidity that can aid in 

measuring the clinical impact of control programs. Intestinal schistosomiasis is an 

inflammatory disease in which the observable pathology derives from the local 

inflammatory host response to the egg-entrapment inside the intestinal mucosa and 

submucosa [5]. It can manifest with a wide range of symptoms depending on the extent 

of the inflammation and friability of the mucosa, ranging from intermittent abdominal pain 

to overt acute dysentery. By performing colonoscopy studies, colorectal schistosomiasis 

has been consistently associated with findings of intestinal polyps and pseudopolyps that 

can present as blood-per-rectum in affected individuals  [6]. 

Across community-based surveys worldwide, detection of intestinal blood loss in 

schistosomiasis-endemic areas has revealed a positive association between egg-patent 

infection and presence of blood in stools [7–9]. However, the majority of these studies 

used guaiac-based fecal occult blood (FOB) tests that are known to be less sensitive than 

the FOB immunochemical assays now widely used for colorectal cancer detection 

[10,11]. FOB has also been used for identifying blood loss in parasitic enteric infections 

with hookworm, Trichuris trichiura or Entamoeba histolytica [12–14].  

For intestinal schistosomiasis a longitudinal FOB study in Ugandan children treated 

with praziquantel (PZQ) showed a strong correlation with infection before and one year 

after intervention, highlighting its potential use as a morbidity marker across field  
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surveys [15,16]. Shorter  term disease dynamics need investigation, in particular during 

the standard cure rate monitoring period at 24 days post PZQ treatment [17]. 

Calprotectin is a neutrophil cytoplasmic calcium-binding protein that is also found in 

monocytes and early stage macrophages. Its secretion inside the intestinal lumen occurs 

as a response to local inflammation [18]. Detection of calprotectin in stool is currently 

used across gastroenterology practices to aid diagnostically in distinguishing between 

inflammatory bowel disease and other non-inflammatory ailments, thereby decreasing 

the number of unnecessary endoscopies performed. It is also used as a validated marker 

for disease activity and response to treatment [19–21]. Its use in enteric infections is 

gaining recognition, particularly as a correlative marker for clinical severity in 

infectious diarrhea from both viral and bacterial etiologies [22]. Based on its potential 

as a surrogate inflammatory maker, we had previously hypothesized that fecal 

calprotectin could be elevated in schistosomiasis-associated intestinal pathology. 

However upon field-testing of an enzyme-linked immunosorbent assay, we found no 

correlation with S. mansoni infection [16]. The study was limited by the complexity and 

low sensitivity of the ELISA protocol and high minimum calprotectin value detectable in 

stool. However the low S. mansoni prevalence in the area may have also affected the 

association with the study outcome [16]. With the recent commercial availability of a 

new POC calprotectin assay based upon immunochromatographic dipsticks, this new test 

format has greater sensitivity and detection range for calprotectin found in feces. 

The primary objective of the present study was an investigation of point-of-care (POC) 

chromatographic FOB detection and fecal calprotectin with S. mansoni infection status as 

a proxy for intestinal morbidity. Secondary objectives were to ascertain their association 

with less specific schistosomiasis downstream manifestations such as anemia, and to 

investigate the short-term dynamic changes happening 24 days after PZQ treatment

METHODS 

Ethics statement 

Ethical approval was obtained from both the Liverpool School of Tropical Medicine and 

the Uganda National Council of Science at the Ministry of Health. For all participants, 

information sheets describing the study were delivered before recruitment. Informed  
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written consent was obtained from the children’s parents/ guardians and verbal assent 

from the subjects when possible. 

Study population and study setting 

The study was conducted as an exit investigation from a large longitudinal cohort study 

based in two villages on the Lake Albert shoreline in Buliisa district, Uganda (Figure 1) 

during the month of October 2012 with a follow up survey 24 days later in November 

2012. Children had previously been recruited for a longitudinal study targeting young 

children with   schistosomiasis that started in 2009 (Schistosomiasis in Infants and Mothers 

(SIMI) cohort) [23]. A total of 216 children were initially surveyed with 211 of them 

providing stool and urine at follow-up. Only those children with two stool samples at 

both time points were included in the analysis. 

Parasitological detection and PZQ treatment 

Children provided two stool samples on two consecutive days and one urine sample. 

Duplicate stool smears were prepared from each sample applying the thick Kato-Katz 

technique for the detection of S. mansoni and other soil-transmitted helminths. [24]. Means  

Figure 1. Map of the study villages in Buliisa district, Lake Albert, Uganda. 
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of eggs per gram of stool (epg) were subsequently calculated from the egg count slide  

results. Three infection categories according  to  WHO  standards  were  considered  for 

intestinal schistosomiasis [25]: (1–99 epg) or ‘Light’, (100–399) epg or ‘Medium’ 

and (> 400 epg) or ‘Heavy’. A cathodic circulating antigen (CCA) assay was also 

employed to detect the presence of S. mansoni antigen in urine using a commercially 

available immuno- chromatographic dipstick (Rapid Medical Diagnostics, Pretoria, 

South Africa) [26]. All children, after providing stool, were treated with PZQ at standard 

dosing of 40 mg/kg regardless of parasitological results. 

Point-of-care tests: Fecal occult blood, fecal calprotectin, hemoglobin 

All children provided a small finger-prick sample (0.5 ml) of blood for estimation of 

hemoglobin levels by Hemocue (Ä ngelholm, Sweden). Anemia was then defined according to 

age-dependent cut-off values [27]. An antigen detection rapid diagnostic test for Pf/ non-

Pf malaria was also carried out (Standard Diagnostics, Kyonggi-do, Korea). Children 

found to be positive were treated according to standard national treatment guidelines. 

A simple chromatographic test was employed for FOB detection (Mission TestH, Acon 

Laboratories, San Diego, CA), following the manufacturer’s instructions. Briefly a small 

amount of feces was homogenised in a liquid buffer after collection. Two drops of stool 

suspension were applied to a test cassette and results were visually read after five 

minutes and categorized as negative (-), trace (+/-) and positive (+). 

A quantitative point-of–care chromatographic immunoassay was used for the 

detection of fecal calprotectin (Quantum BlueH, Alpha laboratories, Hampshire, UK), 

according to the manufacturer’s instructions. Two drops of homogenised stool were 

applied inside a plastic cassette that was then inserted into a portable electronic 

reader that quantified the intensity of the control and test reactions to express a 

numerical value. The cassette reader was calibrated for each batch of tests. Cut-off 

values were based on recent clinical consensus [28]. Values of calprotectin > 50 

mg/g were considered positive [19]. Calprotectin values were further categorised   based  

on   findings   from   clinical   gastroenterology studies [20,28]. Calprotectin values > 

160 mg/g are considered  
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within the range of severe intestinal inflammation as seen in inflammatory bowel disease 

[28]. Guided by this findings, we then created  sub-categories  to  explore  the  relationship   

of  different inflammatory cut-offs with schistosomiasis; ‘Low’ (51–149 mg/g), ‘Medium’ 

(150–299 mg/g) and ‘High’ (> 300 mg/g), for subse- quent statistical analysis. 

 

Data entry and analysis 

All data were entered into electronic format using EpiDataH (The EpiData Association 

Odense, Denmark) and later analysed using the R statistical package version 2.14.1 

(The R Foundation for Statistical Computing, Vienna, Austria) and Microsoft Excel 

(Redmond, WA, US). Arithmetic and geometric mean of Williams (GMW) were calculated 

for S. mansoni infection intensity. 95% confidence intervals (CI) were calculated for 

percentages by applying the exact method. Primary endpoints of interest were FOB and 

calprotectin positivity and their association with egg-patent and CCA positive S. mansoni 

infection status. After initial exploratory bivariate analysis, multivariable logistic 

regression modelling was carried out using the binomial variables constructed for FOB 

and calprotectin as the outcome variables and adjusting for possible confounding 

variables such as malaria, anemia, sex, age and village location. A separate analysis was 

also performed for different calprotectin intensity values. Odds ratios (OR) and 95% CI  

and  P-values  were  calculated  as  measures  of  association between  each  variable  

and  the  outcomes.  P-values < 0.05  were considered statistically significant. 

 

RESULTS 

In total, 52.5% of the children surveyed were  females.  The mean age was 5.9 with a range 

(3–9). Further age categories were created, distinguishing between school age children (6–9 

years old) and preschool age children (3–5 years old). General characteristics of the study 

population are summarized in Table 1. 159 children (84.1%) of the initial 189 with 

complete records at baseline had calprotectin results at the 24 days follow-up survey. For 

FOB, 171 children (90%) were followed up out of the 190 initially tested at baseline. 

Overall, there was a high prevalence of egg-patent intestinal schistosomiasis in the area at 

baseline (63.5%) with almost 22% of children harbouring heavy intensity infections. By CCA 

test, S. mansoni  prevalence  reached  93%  of  the  children  surveyed. 
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*S. mansoni intensities by Kato-Katz: Light: 1–99 epg of stool; Medium: 100–399 egp of stool;
Heavy: > 400    epg of stool. 
**Circulating Cathodic Antigen in urine: includes trace, 
+Anemia as defined by WHO standards:Hb < 11 gr/dl ( 0–5 years old), Hb < 11.5 (5–12 years old)

  Hb < 7 gr/dl-   severe anemia,  ‘Differences calculated by Fisher exact test and Welch t-test 

  As expected,  older  children  (> 5  years  old)  showed  a  higher prevalence of S. 

mansoni infection than younger children  (3–5 years old) (67.2% vs 57.9% with higher 

infection intensities). S. mansoni infection dynamics, as assessed by microscopy and CCA 

testing, are shown in Fig. 2. 

Intensity 

Baseline 

(95% CI) 
N = 184 

24 days 

(95% CI) 
N = 159 

P value‘ 

Fecal Occult 
Blood 

Any   13.1 (8.6–18.8) 8.1 (4.5–13.3) 0.173 

Fecal 
Calprotectin 

Any 53.4 (46.0–60.7) 47.1 (39.2–55.2) 0.281 

Low 36.5 (29.6–43.8) 19.4 (13.6–26.5)           0.0005 

  Medium 7.4 (4.1–12.1)  12.6 (7.8–18.7) 0.146 

 High 9.5 (5.7–14.6)  15.1 (9.9–21.6) 0.137 

S. mansoni 

(Kato-Katz)*   Any 63.5 (56.6–70.0) 28.3 (22.0–35.3) <0.0001 

 Light 25.1 (19.4–31.5) 17.1 (12.0–23.2) 
0.0659 

 Medium 16.5 (11.8–22.3) 8.5 (4.9–13.5)   0.0254 

  Heavy 21.8 (16.4–27.9)     2.6 (0.8–6.1) <0.0001 

S. mansoni -

CCA** Any 92.8 (88.1–96.1) 88.4 (82.9–92.7) 0.154 

S.mansoni 
Arithmetic 
mean (epg) 

Any   408 (281.8–535.2)  93.5 (21.2–165.8) <0.0001 

S.mansoni 
Geometric 

mean (epg) 
Any 28.8 (25.4–30.2)   2.5 (20.8–3.7) 

<0.0001 

Malaria-RDT Any 80.0 (73.5–85.5)   48.9 (41.3–56.4) <0.0001 

Hemoglobin 
mean(g/dL) 

Any  10.9 (7.0–14.7) 11.3 (9.0–14.0) 0.006 

Anemia+ Any 56.9 (49.5–64.2)   43.8 (36.5–51.4) 0.016 

Table 1. Prevalence (in %) and distribution of infection and morbidities at baseline and follow up 

 (24 days) in 216 children surveyed in Buliisa district aged 3–9 years old. 
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Figure 2. Percent of children positive for the different S.mansoni diagnostic tests (Kato-Katz, 
CCA) as well as stool point-of-care tests (FOB and calprotectin). The decline in Kato-Katz 

positivity was significant 24 days after treatment. 



 CHAPTER 4| POINT OF CARE  TEST 

109 

Association between FOB, calprotectin and S. mansoni infection before and after 
treatment (Table 2 and Figure 3)  

Children were stratified by S. mansoni infection status at baseline (as assessed by 

Kato-Katz or CCA test) and the percentage of children positive for FOB and calprotectin 

in each group was determined both at baseline and 24 days post PZQ treatment 

(Table 2). The results showed that in the group that was egg patent at baseline, there 

was a significant decrease in numbers of individuals who were FOB or calprotectin 

positive 24 days after treatment. This was particularly evident for children with 

medium intensity infections (for calprotectin P = 0.035) and heavy intensity infections 

(for FOB P = 0.007, and calprotectin P = <0.0001). 

 Association between FOB and S. mansoni infection (Table 3) 

All children with positive FOB were found to be S. mansoni egg positive at baseline and 

therefore S. mansoni was not included in the baseline analysis. After adjusting for 

potential confounders (age, sex, anemia, malaria) at follow up there was a very strong 

association between FOB and S. mansoni medium and heavy infection (OR: 6.6 P = 0.033, 

OR: 51.3 P = 0.003). Children with anemia were very likely to have a positive FOB test 

result, but only at baseline (OR: 9.2, P = 0.036) and girls were more likely to be FOB 

positive at follow up (OR: 3.7, P = 0.057). Residents from Walukuba village were more 

likely to be FOB positive at baseline (OR: 7.5, P = 0.02), however the effect was significantly 

reversed at follow up (OR: 0.16, P = 0.03). 

Association between fecal calprotectin and S. mansoni infection (Table 4) 

Four different models were constructed after bivariate exploration of the possible 

associations  between  fecal  calprotectin  and S. mansoni infection. When calprotectin 

positivity (50 mg/g) was considered as a binomial outcome, an association was found at 

baseline between CCA test positivity, younger age (3–5 years old) and residency in Bugoigo 

village. These associations, except for the village effect, were not seen 24 days after PZQ 

treatment. 



CHAPTER 4|  

 110 

When stratified by calprotectin intensity, ‘Medium’ intensity (150–299 mg/g) strongly 

correlated with egg-patent S. mansoni infection at baseline (OR: 12.5, P = 0.05) and 

follow up (OR: 6.8, P = 0.02), as well as with FOB positivity at baseline (OR: 7.5, P = 

0.05). Before PZQ treatment, younger children (3–5 years old) had significantly 

increased levels of ‘Light’ intensity (51– 149 mg/g) fecal calprotectin (OR: 2.4, P = 

0.03) as well as increased ‘Medium’ intensity calprotectin at  follow  up  (OR: 4.1, P = 

0.03). FOB at follow up was associated with ‘Light’ intensity calprotectin in 

unadjusted analysis (Crude OR: 3.89, P =0.05) although this was not seen when 

controlled for potential confounders. Across all intensities, residents of Bugoigo village 

were more likely to have positive fecal calprotectin.   

FOB Calprotectin 

S. mansoni  
(Kato-Katz) 

Baseline 
Positive 

Follow up 
Positive 

Baseline 
Positive 

Follow up 
Positive 

Any intensity 25  (100) 8  (57.1)+ 66 (65.3) 24 (32)‘‘ 

1–99 epg 8   (32) 2  (14.2) 19 (18.8) 17 (22.6) 

100–399 epg 4   (16) 4  (28.5) 19 (18.8) 6 (8)&

>400 epg 13  (52) 2 (14.2)‘ 28 (27.7) 1 (1.3)$

S. mansoni CCA*

Positive 
22  (88)       12 (85.7) 14 (13.8) 9 (12) 

Table 2. Total number and percentage (%) of children infected with S. mansoni at baseline (n = 117) and at 
follow up (n = 45) who were positive for FOB and calprotectin before and after treatment. 

*Circulating Cathodic Antigen in urine: positives include trace.
+Significant difference in values Oct–November by Fisher exact test P = 0.005; ‘Significant difference in values Oct–November by

Fisher exact test P = 0.007; ‘‘Significant difference in values OcNovember by Fisher exact test P = ,0.0001; 
&Significant difference in values Oct–November by Fisher exact test P = 0.035;

$Significant difference in values Oct–November by Fisher exact test P =,0.0001. 
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Figure 3. Percent of children egg positive for S. mansoni with positive FOB (A) and calprotectin 

(B) at baseline and 24 days after PZQ treatment. Statistically significant values are indicated *.
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Table 3. Fecal Occult Blood logistic regression models at baseline and at 24 days follow up with Adjusted 
Odds Ratios (AOR) and 95% confident intervals (CI) of the variables included. 

Baseline (N = 190)  Follow up (N = 171) 

COR*

(95%CI) 
P value 

AOR** 

(95%CI) 

P value COR 

(95%CI) 

P 
value 

AOR 

(95%CI) 

P 
valu

e 

School Age 

(6–9 years) 

0.89 

(0.3–2.3) 
0.83 

1.35 

(0.5–3.7) 

0.55 2.81 

(0.7–16.3) 
0.15 

1.92 

(0.4–8.3) 
0.36 

Female 1.55 

(0.6–4.2) 
0.39 

1.97 

(0.7–5.4) 

0.19 1.77 

(0.5–7.0) 
0.40 

3.74 

(0.9–14.6) 
0.05 

Schistosom

a mansoni*

(Kato-Katz) 

Any 
intensity 

- 
- 3.89 

(1.2–11.9) 
0.01 

4.28 

(1.3–14.0) 
0.01 

1–99 epg 1.51 

(0.5–4.1) 
0.45 

- 0.80 

(0.2–3.8) 
0.78 

1.64 

(0.3–9.3) 
0.57 

100–399 
epg 

0.90 

(0.2–2.9) 
0.99 

- 5.88 

(1.6–22.1) 

0.00
8 

6.62 

(1.1–37.9) 
0.03 

>400 epg 5.23 

(1.9–14.0) 
0.0002 

8.5 

(1.3–56.2) 
0.02 

51.3 

(3.7-705.6) 
0.003 

Schistosom
a mansoni 
(CCA) 

2.85 

(1.4–5.9) 
0.004 

2.25 

(1.1–4.7) 
0.02 

1.64 

(1–2.7) 
0.05 

1.78 

(1.0–3.0) 
0.03 

Anemia 13.05 

    (1.7-99.6) 
0.001 

9.22 

(1.2–73.9) 

0.03 1.91 

(0.5–7.6) 
0.27 

1.39 

(0.3–5.3) 
0.62 

Malaria 1.80 

(0.4–10.1) 
0.57 

1.18 

(0.5–2.5) 

0.64 0.39 

(0.08–1.4) 
0.16 

0.33 

(0.07–1.5) 
0.15 

Walukuba 
Village 

8.92 

(2.5–48.4) 
0.0001 

7.52 

(2.0–27.4) 

0.002 0.38 

(0.09–1.5) 
0.17 

0.16 

(0.03–0.9) 
0.03 

Crude Odds Ratios (COR) are also shown. 
*COR = Crude Odd Ratio;
**AOR = Adjusted Odd Ratio; 
All models were controlled for age, sex, Schistosoma mansoni infection by fecal egg count and urine 
Cathodic Circulating Antigen (CCA), anemia, malaria infection, fecal calprotectin and village. Reference 
groups included preschool age, male, uninfected S. mansoni, negative CCA, Non-anemia, Non-malaria, 
Bugoigo village. 
S. mansoni infection was not included in the baseline model since all FOB positive children were also 
S. mansoni positive.  
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Table 4. Fecal calprotectin logistic regression models at baseline and at 24 days follow up with Adjusted Odds 
Ratios (AOR) and Crude Odds Ratios (CPR) and 95% confident intervals 

All models were adjusted for age, sex, Schistosoma mansoni infection by faecal egg count + and urine

cathodic circulating antigen (CCA), anaemia, malaria infection, fecal occult blood (FOB)$ and village.

Baseline Follow up 

Bivariate  analysis Multivariable 
analysis 

Bivariate  analysis Multivariable analysis 

Any 
intensity(>50mg/g) 

COR 
(95% CI) 

P value AOR 
(95% CI) 

P value COR 
(95% CI) 

P value AOR 
(95% CI) 

P value 

3–5 years 1.63 

(0.8–3.0) 
0.10 

2.37 

(1.1–5.1) 
0.02 

1.36 

(0.7–2.7) 
0.41 

1.50 

(0.7–3.2) 
0.29 

Schistosoma mansoni+ 1.18 

(0.6–2.2) 
0.65 

0.96 

(0.4–2.3) 
0.93 

1.50 

(0.7–3.2) 
0.28 

2.22 

(0.8–5.6) 
0.09 

CCA 1.01 

(0.2–4.3) 
0.99 

1.42 

(1.0–2.0) 
0.04 

1.16 

(0.3–4.3) 
0.99 

0.89 

(0.6–1.2) 
0.50 

FOB 0.91 

(0.3–2.3) 
0.99 

1.59 

(0.5–4.7) 
0.40 

2.75 

(0.7–12.8) 
0.14 

1.79 

(0.4–7.4) 
0.42 

Bugoigo Village 1.94 

(1.0–3.6) 
0.02 

2.74 

(1.2–6.3) 
0.01 

4.84 

(2.3–10.3) 
0.001 

6.06 

(2.8–13.1) 
0.0001 

Light intensity (51–149 mg/g) 

3–5 years 1.5 

(0.8–2.9) 
0.25 

2.45 

(1.0–5.5) 
0.03 

0.52 

(0.1–1.4) 
0.26 

0.51 

(0.2–1.5) 
0.23 

Schistosoma mansoni 0.92 

(0.4–1.8) 
0.86 

0.96 

(0.4–2.4) 
0.93 

1.30 

(0.4–3.5) 
0.63 

1.80 

(0.5–6.2) 
0.35 

CCA 0.69 

(0.1–2.8) 
0.75 

1.31 

(0.9–1.9) 
0.12 

0.74 

(0.2–2.6) 
0.77 

0.89 

(0.5–1.4) 
0.65 

FOB 0.98 

(0.3–2.9) 
0.99 

1.16 

(0.3–4.0) 
0.80 

3.89 

(0.7–21.2) 
0.06 

3.1 

(0.6–17.1) 
0.17 

Bugoigo Village 2.23 

(1.1–4.5) 
0.01 

2.69 

(1.1–6.5) 
0.02 

4.38 

(1.6–12.7) 
0.001 

4.1 

(1.5–11.3) 
0.006 

Medium  intensity (150–299 mg/g) 

3–5 years 1.79 

(0.5–6.6) 
0.37 

4.01 

(0.9–17.9) 
0.06 

3.84 

(1.2–13.7) 
0.01 

4.18 

(1.1–16.0) 
0.03 

Schistosoma mansoni 8.09 

(1.1–357) 
0.03 

12.52 

(0.99–159.9) 
0.05 

3.15 

(1.1–9.8) 
0.02 

6.80 

(1.2–38. 3) 
0.02 

CCA 1.33 

(0.7–2.6) 
0.38 

2.12 

(0.7–2.6) 
0.16 

1.12 

(0.7–1.7) 
0.58 

0.76 

(0.4–1.5) 
0.45 

FOB 2.65 

(0.5–11.5) 
0.21 

7.56 

(0.9–61.1) 
0.06 

1.03 

(0.02–11.3) 
0.99 

0.30 

(0.02–4.1) 
0.37 

Bugoigo Village 1.08 

(0.3–3.9) 
0.99 

6.86 

(0.7–62.4) 
0.08 

3.56 

(1.2–12.5) 
0.02 

9.7 

(2.3–41.2) 
0.002 

Heavyintensity ( >300 mg/g) 

3–5 years 1.43 

(0.4–4.5) 
0.59 

1.71 

(0.4–6.7) 
0.44 

1.7 

(0.6–4.9) 
0.23 

0.41 

(0.1–1.2) 
0.12 

Schistosoma mansoni 1.25 

(0.4–4.5) 
0.79 

0.91 

(0.1–5.8) 
0.92 

0.85 

(0.21–2.7) 
0.99 

1.09 

(0.2–4.7) 
0.90 

CCA 1.53 

(0.8–2.9) 
0.19 

1.89 

(0.8–4.5) 
0.15 

0.89 

(0.6–1.3) 
0.55 

0.95 

(0.6–1.6) 
0.86 

FOB 0.84 

(0.08–4.4) 
0.99 

1.12 

(0.1–8.5) 
0.90 

2.9 

(0.4–18.8) 
0.17 

1.42 

(0.2–9.6) 
0.71 



CHAPTER 4|  

 114 

DISCUSSION 

In the context of performance of PZQ PC in targeted areas for control of morbidity 

associated with schistosomiasis, there is a growing need for standardized, affordable and 

non-invasive point- of-care tests as surrogate markers of disease [4]. Our results 

highlight the feasibility and reliability of both FOB and calprotectin assays as 

appropriate field-applicable correlates for intestinal schistosomiasis in young children 

and could be used to monitor morbidity in pre- and post-treatment settings. A positive 

test may also encourage people to partake in treatment campaigns, as there is a generic 

need for better health advocacy. 

Egg-patent schistosomiasis is highly prevalent in our study area despite repeated PZQ 

rounds in the past five years [17]. Indeed transmission here is known to be intense and 

the regional hot spot of disease for over 30 years [17]. We found that infection 

significantly correlates with markers of inflammation (calprotectin) and mucosal bleeding 

(FOB) and that this had a direct relationship with intensity of infection. Hence we can 

infer that intestinal schistosomiasis is also highly prevalent in the area and its public 

health implications remain to be fully appreciated. This is a rather worrisome result for 

an area with yearly anti-parasitic treatment campaigns and may be attributed at least 

in part, to the non- inclusion in the programs of pre-school age children that are 

known to harbour egg-patent infections [29,30]. This leaves a large proportion of the 

infected population untreated despite recent WHO recommendations to include  the 

under-fives  in schistosomiasis PC programs [29],[23],[31]. Different tools for the 

detection of intestinal morbidity have been tested in different community surveys 

with mixed results [4]. In Uganda, a longitudinal study measuring the abdominal 

circumference ratio (ACR) in children with distended abdomens showed the 

widespread occurrence of a diseased state although with a weak association with 

morbidity-related egg-patent schistosomiasis [32]. Abdominal ultrasounds are widely 

used for hepatic and urinary schistosomiasis in areas where S. mansoni and S. 

haematobium are endemic, but they have little value for intestinal disease detection [33]. 

Even  in  a  highly  endemic  S.  mansoni  area,  hepatic  and intestinal  schistosomiasis 

may  or  may  not  co-exist  and  this emphasizes the importance of differentiating both  
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clinical entities. As a limitation to our study we could not compare the point-of- care tests   

that we used with colorectal  endoscopy, the gold- standard diagnostic test for 

intestinal morbidity, however calprotectin has been widely validated in other studies as 

an acceptable inflammatory marker against colonoscopy [19,21,28]. Our proxy for 

morbidity was egg-patent S. mansoni infection. Infection is different from clinical 

disease and particularly in schistosomiasis egg-shedding may decrease with time and 

treat- ment, but organ damage from chronic inflammatory response to tissue trapped 

eggs is likely to persist. The association between FOB and Schistosoma  infection  has 

been  clearly  demonstrated before and it can therefore be considered a good surrogate 

marker for intestinal pathology [7–9,15]. The advantages of the FOB immunochemical 

test are their relatively low cost ($0.6/test), easy to use with very little technical 

expertise required. All tests were reliable, with no tests failing, making the invalid test 

rate negligible. 

The associations between Walukuba village and FOB, as well as between Bugoigo village 

and calprotection, are intriguing. The precise disease manifestation associated with a 

parasitic infection depends on a complex interplay between the host and parasite. In 

recent work, we did not find significant genetic differentiation between S. mansoni 

parasite populations from the three villages included in the present study (Betson et 

al., under review). However, there are tribal differences in the human populations 

between the three villages with certain tribes more or less represented in each village, 

for example most people in Walukuba belong to the Alur tribe, whereas in Bugoigo 

and Piida, the Banyoro and Bugungu tribes are also well-represented. These 

differences in local ethnography may least in part explain the associations between 

specific morbidity markers and particular villages. 

The intertwined relationship between anemia and schistosomiasis is found across 

species and even in individuals with light parasitic loads [34],[35]. What remains to be 

elucidated, however, is the attributable fraction of intestinal losses versus other pathogenic 

mechanisms such as anemia of  inflammation  [36]. The burden of anemia in endemic 

communities leads to poor school and physical performance, such manifestations that will 

spiral down to an overall decreased quality of life and adult attainment [37,38]. We found  
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an interesting positive association between FOB and anemia at baseline, even after 

controlling for malaria co-infection. This suggests significant amounts of blood loss per 

rectum which would be consistent with intestinal schistosomiasis with high parasitic loads 

as reported in S. japonicum endemic settings [7]. The potential confounding effects of 

other parasitic infections known to cause intestinal bleeding (i.e. hookworms) was not of 

concern in our study site since none were detected. However hookworm should be 

considered in other endemic areas, e.g. in the Lake Victoria setting [16]. Due to mucosal 

inflammation and possibly bleeding polyps this presen- tation would require active 

clinical intervention [6]. At follow up, we documented a rapid response to PZQ with 

decreased overall FOB positivity in children with S.mansoni at baseline and no association 

between FOB and anemia. This is highly suggestive of effective mucosal healing. 

Fecal calprotectin proved useful as an inflammatory marker in correlation with S. 

mansoni infection.  It is important to note that the calprotectin range most significantly 

associated with any intensity S. mansoni infection (150–299 mg/g), is within the 

inflammatory bowel disease detection range and would warrant further endoscopic 

work up in industrialized countries [19,28]. This is a significant finding since not all 

intestinal schistosomiasis is thought to be inflammatory in nature and therefore 

calprotectin detection could aid in identifying more active cases when used as a disease 

severity marker [5,39]. The significant decline in calprotectin levels after PZQ treatment 

of children who had egg patent S.mansoni at baseline also suggests a positive reduction 

in inflammation in response to anti-parasitic treatment, strengthening the proposed 

association of calprotectin with schistosomiasis.  

Young children (4 years of age) are known to have higher normal range values of fecal 

calprotectin. Regardless of this, the association found in our study between young age and 

high calprotectin levels is above the range of physiological parameters for healthy African 

children and warrants further investigation [40]. This will help define the inflammation 

attributable to schistosomiasis in infected children. For now, calprotectin is an expensive 

POC test ($10/test) and its widespread implementation in PC efforts could be restrained as 

a consequence unless outside international donor support was able to subsidise and 

reduce substantially the cost per test. Nevertheless, it provides very valuable clinical 

information and it should be considered useful to monitor intestinal disease, especially  
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within a detailed future research study.For the purpose of this study, we were able to 

ascertain a strong relationship between FOB, calprotectin and moderate and heavy egg 

intensities of S. mansoni infection. Even though the number of positive individuals 

decreased after PZQ treatment however this was not statistical significant. Nevertheless, 

when only children who were S. mansoni egg positive at baseline were analysed, both 

FOB and calprotectin did have a significant decrease and therefore detect an 

ameloriation response to PZQ treatment. This indeed suggests a short term mucosal 

healing response. A longer follow up would be needed to assess longer term responses. 

e.g. 2–3 month period. 

What remains to be explored in a larger study is the correlation between the different 

stages of mucosal involvement, comparing POC assays with endoscopy before and after 

PZQ administration. This would allow for a clinical staging algorithm for intestinal 

schistosomiasis that could guide future community based treatment strategies. Due to 

its low-cost and ease of use, we advocate for the immediate integration of FOB as a 

morbidity monitoring tool in PC campaigns. 
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ABSTRACT 

 Background: In a study of children having polyparasitic infections in a Schistosoma 

haematobium-endemic area, we examined the hypothesis that S. haematobium-positive 

children, compared to S. haematobium-negative children (anti-SWAP negative and egg 

negative) have increased systemic production of pro-inflammatory cytokines (IL-6, TNF-α) 

and decreased down-regulatory IL-10.  

Methods: 804 children, 2-19 years of age, were surveyed between July-December 2009 and 

tested for S. haematobium, Plasmodium falciparum, filariasis, and soil-transmitted helminth 

infection. Plasma levels of IL-6, TNF-α, and IL-10 were compared for S. haematobium-positive 

and -negative children, adjusting for malaria, filaria, and hookworm co-infection, and for 

nutritional status, age group, sex, and geographic location.  

Results: IL-10 was significantly elevated among children infected with S. haematobium, 

showing bimodal peaks in 7-8 and 13-14 year age groups. IL-10 was also higher among 

children who were acutely malnourished, while IL-10 levels were lower in the presence of S. 

haematobium-filaria co-infection. After adjustment for co-factors, IL-6 was significantly 

elevated among children 5-6 years old and among those with P. falciparum infection. Lower 

levels of IL-6 were found in malaria-hookworm co-infection. High levels of TNF-α were found 

in children ages 11-12 years old regardless of infection status. In addition, village of residence 

was a strong predictor of IL-6 and IL-10 plasma levels.  

Conclusions: In adolescent children infected with S.haematobium, there is an associated 

elevation in circulating IL-10 that may reduce risk of later morbidity. Although we did not find 

a direct link between S. haematobium infection and circulating pro-inflammatory Il-6 and 

TNF-α levels, future T-cell stimulation studies may provide more conclusive linkages between 

infection and cytokine responses in settings that are endemic for multiple parasites and 

multiple co-infections.  
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INTRODUCTION 

Data are scarce regarding the immune responses of children affected by chronic 

schistosomiasis and other overlapping parasitic infections, including, malaria, filaria, and soil-

transmitted helminth infections, experienced either sequentially or as poly-parasitic disease. 

With an estimated 230 million people affected by schistosomiasis, and almost half of them 

being children,1 there remains a significant knowledge gap regarding the timing and 

mechanisms for the initiation of Schistosoma-associated morbidity.  As a result, 

schistosomiasis treatment campaigns may not be targeting an appropriate age range to 

prevent advanced disease due to end-organ fibrosis.2 

Laboratory and clinical studies suggest that adaptive host immune responses can modulate 

manifestations of schistosomiasis morbidity.3 However, production of pro-inflammatory 

cytokines is an essential part of chronic Schistosoma infection, and have been associated with 

malnutrition and anemia of inflammation, e.g., by IL-6 stimulation of hepcidin production, a 

liver hormone responsible for sequestration of iron.4, 5, 6 In S. japonicum-endemic settings, 

end-organ damage, manifesting as liver fibrosis, has been associated with elevated pro-

inflammatory cytokine responses highlighting the correlation between inflammation and 

fibrosis.5, 7 Less is known about the link between Schistosoma haematobium-related cytokine 

response and infection-associated morbidity.8 

The exact timing of the organ damage is largely unknown. Therefore, by analyzing the age-

profile of circulating pro-inflammatory (IL-6 and TNF-α) and immune-modulatory (IL-10) 

cytokines in the presence and absence of active S. haematobium infection, we aimed to 

identify the onset of inflammation and adaptive down-regulation in chronically exposed 

children. To do this, we used a refined definition of Schistosoma haematobium infection that 

included either anti-parasite antibody positivity or egg patent infection. Our second objective 

was to correlate these cytokine levels with the presence or absence of schistosomiasis-

associated morbidities such as anemia and undernutrition, and to explore interactions related 

to concurrent co-infections.  
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METHODS 

Children 2-19 years old (N=804) were surveyed between July and December of 2009 from 

two S. haematobium-endemic villages in Matuga and Msambweni sub-counties (in former 

Coast Province), Kenya, (Figure 1) as detailed elsewhere.9 The selected villages included low 

S. haematobium prevalence Vuga, and high prevalence Milalani (Table 1). Briefly, data 

collection included demography, urine 

filtration for S. haematobium eggs (one 

urine),10 Kato-Katz11 stool examination for 

soil-transmitted helminths (one stool). 

Blood collection was performed by finger 

prick for the rapid antigen detection of P. 

falciparum (ICT Diagnostics, Australia) 

and W. bancrofti filarial infection (Binax, 

Portland, ME).9, After centrifugation, 

plasma samples were kept frozen at -80oC.  

    Hemoglobin was determined (Hemocue, 

Ångelholm, Sweden) and anemia and 

severe anemia were categorized according 

to World Health Organization (WHO) 

criteria for age and sex, and scored as 

present or absent for each child.12  

Reference population Z scores were 

calculated for each subject’s height-for-

age (HAZ) and body mass index-for-age 

(BAZ) using international standards for comparison, taken from the WHO’s Anthro program 

for ages 0-5 years old and WHO Anthro-plus program for ages 5-19 years old (WHO, Geneva, 

Switzerland).13 According to WHO standards, stunting was categorized as an observed HAZ 

that was 2 or more SDs below average (HAZ score < -2). Children were categorized as 

clinically wasted if their BAZ was more than 2 SDs below average for their age (BAZ score < -

2). 13



CHAPTER 5|  

 126 

Ethical clearance was obtained from the Institutional Review Board at Case Western Reserve 

University and the Ethical Review Committee at the Kenya Medical Research Institute 

(KEMRI). Informed consent was obtained from each child’s parent or guardian and verbal 

assent was obtained from children above seven years of age. All infections detected during 

this study were treated in accordance with Kenyan Ministry of Medical Services national 

guidelines.  

Figure 2: Flow diagram with the  design of the study 
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Ultimately, 790 children provided full clinical and laboratory data (see Figure 2 for flow chart 

of enrollment), and these subjects with complete data were included in the data analysis 

presented in this paper. 

Anti-Schistosoma IgG4 antibody detection assay 

To increase sensitivity for detection of early, possibly egg-negative S. haematobium infection 

among younger children, we performed serologic testing for circulating anti-parasite IgG4 in 

all study subjects. SWAP antigen (crude extract) was provided courtesy of Christopher King, 

Center for Global Health and Diseases, Cleveland, Ohio. Ninety-six well plates were coated 

with 50µL of 10µg/mL SWAP diluted in ELISA coating buffer, and allowed to incubate at 4ºC 

overnight.  The plates were then blocked with ELISA blocking buffer and washed with ELISA 

wash buffer as described previously.14 Serum samples prepared in ELISA diluent buffer then 

were allowed to incubate on the antigen-coated plate at 4ºC overnight.14 The plates were 

washed six times and incubated with 50µL of a 1:2000 dilution of mouse anti-human IgG4 

(Jackson ImmunoResearch, West Grove, PA) for 2 hours.  Plates were then washed and 

incubated with 50µL of a 1:1000 dilution of goat anti-mouse, alkaline phosphatase-conjugated 

antibody (Jackson ImmunoResearch, West Grove, PA) for 1 hour.  The plates were washed and 

incubated with alkaline phosphatase substrate in buffer (Sigma Aldrich, St. Louis, MO) for 15 

minutes.  After 15 minutes, the reaction was stopped with 50µL of 5% EDTA.  Bound IgG4 was 

then measured by determination of optical density at 415 nm.  The cutoff for a positive test 

was set at two standard deviations above the mean optical density of 20 negative control sera 

obtained from an area in northern Kenya endemic for multiple parasites, but not endemic for 

schistosomiasis or filariasis (courtesy Christopher King Lab, CWRU, USA). 

Circulating cytokine detection and quantification assays 

Ninety-six well plates were coated with 50 µL of 2.5 µg/mL primary antibody against IL-10, 

IL-6,  and TNF-  (BD diagnostics, San Jose, California)  diluted in ELISA coating buffer, and 

allowed to incubate at 4ºC overnight.  After further washing and blocking of the plates, subject 

samples, standards and blanks were added in a 1:2 dilution and allowed to incubate at 4ºC 

overnight.  The plates were then washed and respective detection (biotinylated) antibodies 

were added and the plates were incubated at room temperature for 45 minutes The plates 

were washed and incubated in the presence of streptavidin alkaline phosphate for 30 

minutes. The plates were then washed and incubated with alkaline phosphatase substrate  
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buffer (Sigma Aldrich, St. Louis, MO) for 1 hour. After 15 minutes, the reaction was stopped 

with 50µL of 5% EDTA.  Bound cytokines (IL-10, IL-6 and TNF-) were then measured by 

determination of optical density at 415 nm. There was a standard ELISA curve for each plate 

from the positive control standards, and the individual subject plasma levels (in pg/mL) were 

then interpolated from that curve. 

Data entry and Statistical analysis 

All data were entered in Microsoft Excel (Redmond, WA, US) and analyzed using the R 

statistical package version 2.14.1 (The R Foundation for Statistical Computing, Vienna, 

Austria) and SPSS v.21 software (IBM Corp., Armonk NY). Arithmetic and geometric mean 

(GMW) were calculated for S. haematobium infection intensity. 95% confidence intervals (CI) 

were calculated for percentages by applying the exact method. Sh mean egg count, hookworm 

egg count, antibody values and  cytokine values were found to have a non-Gaussian 

distribution and they were compared using non-parametric statistics, or they were log 

transformed for multivariable linear modeling. Categorical variables were created for malaria, 

hookworm, anemia, Sh intensity of infection, wasting and stunting.  A case definition of 

schistosomiasis was created with aggregated variables Sh egg and/or anti-SWAP IgG4 

positive. Analysis of variance (ANOVA) or 2 testing was performed to assess the

significance of differences detected among the study villages. Initial exploratory 

analysis included bivariate correlations between IL-6, IL-10, TNF- levels and the different 

covariates of interest; infection status, age, sex, village anemia, wasting and stunting and other 

cytokines . Concurrent cytokine level predictors were also included in  multivariable linear 

regression models. 

RESULTS 

Location-related differences 

A total of 804 children were surveyed from two villages (see Figure 1 and Table 1).  Milalani 

children were slightly older (mean age 12.4 vs. 11.0, P < 0.01), but the male and female 

composition of the two community survey samples was not significantly different (Table 1). In 

high-prevalence Milalani (N = 191), 68 % of the children had egg-patent S. haematobium 

infection in contrast to 25% of children with in Vuga (N = 613). Schistosoma sero-prevalence 

was again markedly higher in Milalani (77%) in contrast to Vuga (41%).  More high-intensity  
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S. haematobium infections (based on standardized urine filtration egg counts) were present in 

Milalani and the mean egg count per subject was higher in Milalani (Table 1). Other parasitic 

infections including malaria, hookworm, and filariasis were found in both villages (Table 1). 

Whereas levels of detected malaria and filarial infection were not significantly different 

between the two villages, hookworm was more common in Milalani (22% prevalence vs. 10% 

in Vuga, P < 0.01) (Table 1).  

In terms of clinical morbidity, the prevalence of anemia was not significantly different 

between the two villages; 47 % in Milalani vs 41 % in Vuga. However, a significantly greater 

proportion of children were malnourished in Vuga, with 43 % of them being stunted and 31 % 

wasted, compared to 32 %  and 11%, respectively, in Milalani. For the cytokine outcomes 

measured, we observed overall higher levels of pro-inflammatory IL-6 and down-regulatory 

IL-10 among children from Vuga village as compared to Milalani.  Levels of TNF-α did not vary 

significantly between locations  

Cytokine age distribution 

The age distribution of the cytokines analyzed by infection status is shown in Figure 3. After 

controlling for possible confounders (sex, malaria, anemia, schistosomiasis, hookworm, 

wasting, stunting, and other cytokines), age remained a significant independent predictor of 

IL-6 response, with children ages 5-6 years old having higher levels of IL-6 (see Table 2).  IL-

10 levels were significantly lower in children aged 11-12 years old and 17-19 years old as 

compared to 13-14 year  olds when the model was adjusted for possible confounders (see 

Table 3). TNF-  levels were significantly higher in children 11-12 years old (see Table 4). 
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Table 1. Population characteristics. 
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rd deviation; HAZ, age-adjusted height Z-score; BAZ, age-adjusted body-mass index Z-score; IL, interleukin; TNF, 
tumor necrosis factor * P < 0.01, significant difference between villages- Χ2 test for categorical variables, Student’s t-
test for continuous variables. † P < 0.001 for significant difference between villages a Antibody against Schistosoma 
adult Soluble Worm Antigen 

. 

Milalani 
N=191 

Vuga 
N=613 

Demography: 

Mean age ± SD in years (range) 12.4 ± 3.2  (5-19) 11.0 ± 3.7 (2-18)* 

Female sex, n (%) 96 (50%) 313 (51%) 

Morbidity: 

Mean haemoglobin ± SD (range) 11.8 ± 1.9 (4.6-16.4) 11.8 ± 1.4 (6.1-15.9) 

Anemia, n (%) 90 (47%)  251 (41%) 

Stunting (HAZ < -2) 61 (32%) 263 (43%)* 

Wasting (BAZ < -2) 21 (11%) 188 (31%)* 

Parasitic infections: 

Schistosoma haematobium 

    Mean egg count 127 (0-1000) 54 (0-1000)* 

    Any intensity positive, n (%) 130 (68%) 155 (25%)* 

    Light  (< 50 eggs/10 ml urine) 62 (32%) 80 (13%) 

    Heavy (> 50 eggs/10 ml urine) 68 (36%) 75 (12%) 

Anti-SWAP IgG4a 

    Positive, n (%) 147 (77%) 253 (41%)* 

Malaria (P. falciparum), n (%) 33 (17%) 77 (13%) 

Filaria   (W. bancrofti),   n (%) 21 (11%) 97 (16%) 

Hookworms, n (%) 43 (22%) 64 (10%)* 

Cytokines: 

Median IL-6     pg/ml   (range) 204 (2-165586) 298 (4-9033)† 

Median IL-10   pg/ml   (range) 180 (1-2473) 353 (2-424996)† 

Median TNF- pg/ml   (range) 102 (7-769) 104 (2-7916) 
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Figure 3: Age related changes in study cytokine levels according to S. haematobium 
infection status. (Anti-SWAP positive and/or egg positive), contrasted with age-
group-specific intensity of infection.  
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Cytokine levels and infection 

 Overall, median IL-6 levels were higher (P = 0.008, Mann-Whitney U test), and IL-10 levels 

were also higher (P = 0.003), among children infected with S. haematobium (antibody positive 

and/or egg positive) when compared to those not infected by S. haematobium. However, after 

adjustment for co-factors, the Sh effect on IL-6 was no longer significant (Table 2), while the 

Sh effect on IL-10 remained significant (Table 3). Nevertheless, we observed that IL-6 was 

particularly elevated among Sh-infected children aged 11-12 (compared to Sh-negative 

children of the same and otherage groups), and IL-10 was highest among Sh-infected children 

in the 13-14 year age group (compared to Sh-uninfected children in that and other age groups, 

see Figure 2). We also noted that children 11-12 years old had higher TNF- levels regardless 

of Sh-infection status.  

Variables 
 Multivariable model for log10-IL6 level 

Β- coefficient 95 % CI P value 

IL-10* -0.018 (-0.079, 0.051) 0.673 

TNF-α* 0.262 (0.201, 0.391) <0.0001 

Sex (Male) 0.028 (-0.040, 0.094) 0.424 

Village (Vuga) 0.131 (0.067, 0.240) 0.001 
5-6 years old 0.091 (0.007, 0.269) 0.040 

Wasted^ -0.013 (-0.113, 0.084) 0.771 

Stunted^^ 0.021 (-0.060, 0.102) 0.609 

Malaria 0.112 (0.015,0.210) 0.024 

S. haematobium** 0.052 (-0.024,0.129) 0.180 

Hookworm 0.029 (-0.070,0.127) 0.567 

Malaria-Hookworm -0.076 (-0.503, -0.011) 0.040 

Table 2: Multivariable log-linear modelling for the association of IL-6 with potential 

explanatory variables  

Final models adjusted for sex, age category, location, wasting, stunting, anemia, individual infections  
(S.haematobium, malaria, hookworm) and significant interactions for infection by two or more parasites.  
* log10 of IL-10 and TNF-α,  **  Positive infection status is defined by S.haematobium egg +/ antibody +,
 egg - / antibody +, or egg +/antibody - , ^  Wasting: BMI-for-age Z score (BAZ) < -2 SD  
^^ Stunting: Height-for-age Z score (HAZ) < -2 SD 
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F
inal models adjusted for sex, age category, location, wasting, stunting, anemia, individual infections  
(S.haematobium, malaria, hookworm) and significant interactions for infection by two or more parasites. 
* log10 of IL-6 and TNF-α,  **  Positive infection status is defined by S.haematobium egg +/ antibody +, egg - / 
antibody +, or egg +/antibody - , ^  Wasting: BMI-for-age Z score (BAZ) < -2 SD  ^^ Stunting: Height-for-age Z 
score (HAZ) < -2 SD 

Variables 
Multivariable model for log10-IL-10 level 

Β- coefficient 95 % CI P value 

TNF-α* 0.584 (0.773, 0.947) <0.0001 
IL-6* -0.013 ( -0.094, 0.061) 0.673 

Sex (Male) 0.011 ( -0.059,  0.087) 0.713 

Village (Vuga) 0.123 ( 0.092, 0.281) <0.0001 

11-12 years  -0.104 ( -0.308,  -0.057) 0.004 
17-19 years old -0.121 ( -0.468,  -0.146) <0.0001 
Wasted^ 0.107 (0.001, 0.214) 0.048 
 Stunted^^ -0.035 (-0.123,0.054) 0.434 
Malaria -0.083 (-0.189,0.022) 0.121 

S. haematobium** 0.207 (-0.288,-0.126) <0.0001 

Hookworm 0.001 (-0.105,0.107) 0.985 
Schisto-Filaria -0.069 ( -0.350,  -0.033) 0.018 

Variables 
Multivariable model for log10-TNF-α  level 

Β- coefficient 95 % CI P value 

IL-10* 0.561 (0.343, 0.420) <0.0001 

IL-6* 0.176 (0.106, 0.207) <0.0001 

Sex (Male) -0.038 (-0.081, 0.016) 0.149 

Village (Vuga) -0.024 (-0.088, 0.039) 0.126 
11-12 years old 0.135 (0.078, 0.244) <0.0001 

Wasted^ -0.063 (-0.134, 0.009) 0.087 

Stunted^^ 0.020 (-0.041, 0.077) 0.545 

Malaria 0.026 (-0.038,0.105) 0.356 

S. haematobium** 0.056 (-0.006,0.105) 0.080 

Hookworm -0.025 (-0.103,0.040) 0.389 

Table 4: Multivariable log-linear modelling for the association of TNF-α with 
potential explanatory variables. 

Table 3: Multivariable log-linear modelling for the association of IL-10 with potential 

explanatory variables  

Final models adjusted for sex, age category, location, wasting, stunting, anemia, individual infections  
(S.haematobium, malaria, hookworm) and significant interactions for infection by two or more parasites. 
* log10 of IL-6 and IL-10,  **  Positive infection status is defined by S.haematobium egg +/ antibody +, egg - / 
antibody +, or egg +/antibody - , ^  Wasting: BMI-for-age Z score (BAZ) < -2 SD  ^^ Stunting: Height-for-age Z 
score (HAZ) < -2 SD 
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After adjusting for age, sex, location, and other variables, children affected by malaria were 

younger (5-6 years old) and had significantly higher IL-6 levels (Table 2) although those co-

infected with malaria and hookworm infection had relatively lower IL-6 levels, suggesting a 

significant immunomodulation between these two infections. While IL-10 levels were 

significantly higher in S. haematobium-infected children, they were lower among those who 

had S. haematobium-filarial co-infection (Table 3).  There was overall a positive correlation 

between IL-6 and TNF- levels, and TNF- and IL-10 levels, respectively. 

Cytokine  levels and morbidity outcomes  

Morbidity status measured as stunting (chronic malnutrition), wasting (acute malnutrition) 

or anemia was not associated with significant differences in measured circulating cytokines in 

our cross-sectional survey. The exception was IL-10 levels, which were significantly elevated 

among wasted children. 

DISCUSSION 

Our results show an overall association between down-regulatory IL-10 cytokine and S. 

haematobium infection, but with relatively lower levels in early puberty (11-13 years old) and 

late adolescence (17-19 years old). Contrary to what was expected, circulating levels of pro-

inflammatory cytokines (IL-6 and TNF-) were not associated with urogenital 

schistosomiasis, even though granulomatous inflammation with T-cell activation is a hallmark 

of S. haematobium infection.15, 3 Children with malaria had a significant higher pro-

inflammatory IL-6, levels particularly in the younger ones (5-7 years old),  although lower 

levels were seen in children co-infected with both malaria and hookworm. Striking inter-

village differences were found for cytokine levels and morbidity outcomes, suggesting a 

clustering effect possibly related to geographical transmission patterns and nutritional 

and/or socioeconomic disparities.16, 17 This highlights the multi-dimensional approaches 

needed to understand schistosomiasis infection and disease in the context of other endemic 

parasitic infections,18 and the social determinants of health that remain so far unexplored in 

this field. The unforeseen lack of association between schistosomiasis associated morbidities 

(anemia, wasting and stunting) and pro-inflammatory cytokines previously seen in other 

endemic settings5, 18, 19 might be explained by the intrinsic plasma level variability of cytokine  
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levels when compared to lab responses seen in antigen T-cell stimulating  assays performed in 

other studies.18, 19, 20  Co-infections could have also played an important role. For example,  

interactions across the immune responses to co-infectiong parasites has been suggested in 

studies in Mali, where immune responses to acute malaria were blunted in children co-

infected with urogenital schistosomiasis whose baseline  production IL-6, IL-4, IL-10 and INF-

γ was initially high.21, 22 In subsequent acute malaria infection, among 4-8 year olds, the 

production of IL-6 was blunted in S. haematobium-positive children compared to those who 

were S. haematobium-negative, suggesting a relative protective effect of Sh co-infection effect 

on the outcomes of acute P. falciparum malaria.22 Age- or experience-related factors likely 

modify this interaction. A smaller study in Senegal found increased production of anti-

fibrogenic INFγ in S. haematobium-infected children who had falciparum malaria.23 Increased 

levels of INFγ, seen in acute schistosomiasis24 have also been associated with protection 

against periportal fibrosis. 25 

In intestinal schistosomiasis, IL-10 is believed to have anti-inflammatory immunomodulatory 

effects, as its greater presence is associated with reduced risk of periportal fibrosis from 

either S. mansoni or S. japonicum infection.26,7 Therefore, our findings of high IL-10 in children 

with urogenital schistosomiasis in mid- puberty suggest a possible acquired, age-related 

protective effect against further morbidity following  the 13-14 year old age mark.27 A 

protection against Schistosoma japonicum re-infection has also been described in association 

with sex hormone production in late puberty,28 and there may well be a cytokine-hormone 

interplay contributing to this effect. In the same geographical location as our study, a positive 

correlation has  been found in adolescent males between structural urinary tract pathology 

and the simultaneous presence of low levels of IL-10 and high levels of  TNF- in response to 

Sh-antigens.18 Elevated pro-inflammatory TNF-  is associated with hepatic fibrosis in a S. 

mansoni-endemic area in Uganda and S. japonicum-endemic settings in the Philippines and 

China.26,6, 20 Parasite-induced inflammation is thought to be part of the causal pathway of 

undernutrition and anemia.5, 6, 9.  Our results however did not show an association between 

IL-6 or TNF- and the wasting, stunting or anemia in this group of children. 

  There are several limitation in our study. First, current serum cytokine levels taken in cross-

section may not accurately reflect the ongoing in vivo effects of infection related to different 

antigenic stimulation. The  study was a single cross-section and therefore no post-treatment  
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changes could be established to support parasite-specific associations. The effect of treatment 

on cytokine profile and its relationship to anemia and nutritional morbidity reversal would be  

an important question to address given that hepatic vascular remodeling has been shown to 

occur after treatment in studies in animal models of schistosomiasis.20, 29,30  

 In summary, we have shown age-specific variation in serum cytokine profiles among children 

with S. haematobium  and other chronic parasitic infections. The high levels of IL-10 in young 

children with schistosomiasis that could potentially protect them against developing 

inflammation related morbidity. Further pairing of morbidity assessment studies with more 

refined T-cell stimulation assays will help to strengthen assessments for the appropriate 

timing of anti-schistosomal treatment for prevention or remission of infection-related organ 

fibrosis.   
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ABSTRACT  

 

Background. Annually millions of PZQ (PZQ) tablets are being administered to children 

across sub-Saharan Africa for schistosomiasis control programs with WHO recommended 

dosing regimens directly extrapolated from adults; to address this issue, we conducted the 

first PZQ pharmacokinetic (PK) and pharmacodynamic (PD) study in children.   

 

Methods. Sixty Ugandan children aged 3-8 years old with egg-patent Schistosoma mansoni 

infection were assigned to receive either PZQ at standard low (40 mg/kg) or standard high 

(60 mg/kg) doses. Plasma levels of R- and S- enantiomers of PZQ were quantified by liquid 

chromatography-mass spectrometry. PD outcomes were measured 24 days later by faecal 

egg-counts and schistosome serum- and urine-antigen assays. Population PK/PD analysis and 

Monte Carlo simulations were applied.  

 

Results:  Considerable individual variation in PK profiles of PZQ was observed. Parasitological 

cure rate (CR) was strongly associated (OR: 4.72, 95 % CI (1.5-14.8)) with the Area Under the 

Concentration time curve (AUC) of S-PZQ and not R-PZQ. Comparing 40 mg/kg to 60 mg/kg 

dosing, both CR (68% vs. 82 %) and egg reduction rate (82% vs. 91%) were lower. Monte 

Carlo simulations suggest even higher dosing, especially in younger boys (3-5 years), is 

needed. 

 

Conclusions:. This first PK/PD study shows that current WHO recommended dosing (40 

mg/kg) is sub-optimal and favours higher dosing, particularly in preschool children. S-PZQ 

and not R-PZQ appears as the biologically active enantiomer against S. mansoni. To further 

improve clinical outcomes in children with schistosomiasis, better evidence-based dosing 

derived from additional PK/PD studies will be needed. 
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INTRODUCTION 

Schistosomiasis is a neglected tropical disease that affects over 230 million people in the 

world, the majority being children. 1,2 Infection takes place during childhood percutaneously 

following exposure to environmental or domestic water containing viable schistosome larvae. 

Morbidity is primarily caused by fibrotic lesions around tissue-trapped eggs shed from the 

female worm. Preventive chemotherapy campaigns, as endorsed by the World Health 

Organisation (WHO), offer PZQ (PZQ) to at-risk populations. Large-scale treatment with PZQ 

is conducted by mass drug administration (MDA) directed to school-aged children to avert 

present and future morbidity. 

PZQ is a pyrazinoisoquinoline agent with an excellent safety record and is licensed for oral use 

in adults and in children aged 4 years and above. Single dose according to bodyweight has 

acceptable ranges between 40 mg/kg-60 mg/kg. Since 1984, PZQ has been widely used for 

treatment of all forms of schistosomiasis and is currently the only available drug against 

Schistosoma haematobium, S. mansoni and S. japonicum infections.  

The precise mode of action of PZQ is not known but it has been observed to damage the adult 

worm tegument by disruption of calcium-ion channels. Immature worms are insensitive to 

PZQ and activity may also vary according to schistosome species.  PZQ induces paralytic 

muscular contraction followed by death and expulsion of adult worms. 1 A robust host 

immune system is also essential for parasite clearance. 3 As there are no assays to measure 

worm death directly the performance of PZQ is measured by faecal egg reduction tests and 

clearance 3-4 weeks after treatment. Worldwide, the schistosomicidal performance of PZQ is 

satisfactory but there are some well-known exceptions, suggestive perhaps of sub-optimal 

dosing. 4,5 

Existing formulations of PZQ are racemates of two enantiomers ((-) R and (+) S), previously 

known as levo(L)- and dextro(D)- stereoisomers. It is commonly held that R-PZQ is active 

against adult worms, e.g. in S. japonicum and S. haematobium, and does not confer the unusual 

bitter taste of PZQ. 6-9 Based on this evidence, the future development and use of a mono-

enantiomeric formulation of R-PZQ has been proposed, but not yet taken to market. 9 Despite 

being administered to an estimated 25 million children every year 10, praziquantel  



 CHAPTER 6| PRAZIQUANTEL PK/PD IN CHILDREN 

143 

pharmacokinetic (PK) and pharmacodynamic (PD) studies in humans have solely been 

conducted on adult patients with or without disease and often not  including resolution of 

each PZQ enantiomers. 11-13 As a consequence, there has been direct extrapolation from adult 

dosing regimens to children, which is widely regarded as being flawed, because age-related 

differences are believed to be important. For example, certain cytochrome P450s involved in 

hepatic metabolism of PZQ (i.e. CYP3A4) only reach adult levels after 15 years of age 14 and 

standard PK/PD parameters vary in adults with or without liver disease resultant from 

schistosomiasis. 13 This could also be of concern in children with schistosomiasis-related 

fibrosis, and can be common in hyperendemic areas.15 

Until recently, MDA was primarily targeted towards school-aged children as it was thought 

that infections in younger children were negligible. This perception has been revised by 

several epidemiological studies that reveal egg-patent schistosomiasis in preschool-aged 

children and in infants. In highlighting that such vulnerable children were presenting a 

medical inequity, this evidence spearheaded a change in WHO policy to include this age group 

in future MDA efforts.16 From ongoing longitudinal studies in Uganda it was noted that the 

performance of PZQ delivered at 40 mg/kg was deemed sub-optimal in the under-fives.17 

Amongst alternatives we hypothesize that younger children will require higher doses of PZQ 

for parasite clearance and believe that standard lower (40 mg/kg) versus standard higher (60 

mg/kg) dosing should be directly compared in randomized trials. We therefore conducted the 

first PK and PD study in young children (3-8 years old) with intestinal schistosomiasis, 

seeking to optimize PZQ therapy in this patient population.  

MATERIALS AND METHODS 

Ethics Statement 

Ethical approval was obtained from the Liverpool School of Tropical Medicine and the Uganda 

National Council for Science and Medical Research. For all participants enrolled in the PK/PD 

study, detailed information sheets were delivered to parents/guardians. Informed written 

consent was obtained from the children’s guardian as well as verbal assent from the subjects.  
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Pediatric Population and Study Design 

Sixty children were enrolled from two villages, Bugoigo and Walakuba, along the shores of 

Lake Albert, Uganda. They were selected from a historical cohort based on S. mansoni 

positivity during prior surveys. 18 All children had been previously treated with PZQ 

(40mg/kg) at least one year prior to the current study. The study pediatrician (AB) performed 

individual clinical assessments to ascertain fitness for study participation. The 60 subjects 

were randomized 1:1 to receive 40 mg/kg or 60 mg/kg of PZQ under medical supervision. 

Exclusion criteria included children acutely unwell with no history of PZQ treatment. Every 

child and parent in the study was offered treatment for minor medical conditions. Figure 1 

summarizes the sample design and basic methodology. 

 On the first day of study accompanied with their mother, each child arrived fasting in the 

morning and PZQ was then given at the assigned randomized dose half an hour after breakfast 

that consisted of local foods: doughnut, juice and porridge. 2ml venous blood samples were 

taken, one before PZQ administration and then at 1h, 2h, 4h, 6h, 12h and 24 h after directly 

observed treatment. Blood was collected in 5ml heparinised-tubes and centrifuged for 

separation of plasma which was frozen on the same day of collection in liquid nitrogen before 

being sent to the UK and Holland for further testing.  

Parasitological Detection 

Two stool samples on two consecutive days and one urine sample were collected from every 

child. Double faecal smears were prepared from each sample applying the thick Kato-Katz 

technique for the detection of S. mansoni and other soil-transmitted helminths.19 Means of 

eggs per gram of stool (epg) were subsequently calculated; three intensity categories were 

considered for S. mansoni infection: light (1-99 epg), medium (100-399 epg) and heavy (>400 

epg).20  

A urine antigen  rapid diagnostic test, the circulating cathodic antigen (CCA) assay (Rapid 

Medical Diagnostics, Pretoria, South Africa), was employed to infer the presence of S. mansoni 

and graded upon visual inspection of cassettes for trace, +, ++ and +++ .21 Frozen plasma from 

the subjects was later sent to Leiden, Holland, for ELISA assays for circulating anodic antigen 

(CAA) levels. 22 
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Rapid diagnostic tests were also used for the detection of malaria ( First Response, Goa, India) 

and  HIV (Determine®, Alere, San Diego, USA). A confirmatory test was available for any 

subject who tested initially HIV positive ( SD, Vellore, India). 

Figure 1. Design of the study 
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Quantification and Resolution of PZQ R- and S- Enantiomers 

Five hundred microliters of each plasma sample were assayed alongside a plasma calibration 

curve with quality control samples at low 5 ng/mL, medium 900 ng/mL, and high 1500 

ng/mL concentrations for R- and S- PZQ, respectively. Chromatographic separation was 

achieved using a gradient programme as summarized in The UHPLC system was interfaced 

with a triple-quadruple TSQ Quantum Access mass spectrometer (Thermo Scientific, Hemel 

Hempstead, UK) with a heated-electrospray ionization (H-ESI) source. An E2M28 rotary 

vacuum pump (Edwards High Vacuum International, West Sussex, UK), an NM30LA nitrogen 

generator (Peak Scientific, Renfrewshire, UK) and 99% pure argon gas (10L, BIP10, Air 

Products, Liverpool, UK) were used. The detailed methodology is described elsewhere. 23 

Pharmacokinetic Population Analyses 

A population methodology using the program Pmetrics (version 1.2.6. University of Southern 

California, California, United States) was used throughout.  Two structural models were 

constructed and fitted to the data.  In the first structural model, total PZQ concentrations were 

assessed.  The effect of weight on the pharmacokinetics of PZQ was estimated. A linear 

function was used to estimate the impact of weight on clearance.  Models were distinguished 

on the basis of the linear regression of the observed-predicted values before and after the 

Bayesian step, log likelihood values and various measures of bias and precision.   

In the second structural model, the pharmacokinetics of the PZQ isoforms was assessed.  A 

six-compartment model (three compartments for each isoform) was used to estimate the 

concentrations of the R- and S- isoforms of PZQ, and the relative drug exposures of both.  The 

area under the concentration-time curve from 0-24 hours (AUC0-24) was determined using the 

trapezoidal rule embedded within Pmetrics.  

Monte Carlo Simulation 

Monte Carlo simulations were performed using the pharmacokinetic program ADAPT 5. 24 

The median estimates for the parameter values and the associated variances were inserted in 

subroutine PRIOR of ADAPT 5.  PZQ was administered to 5,000 simulated patients on a weight 

basis (in mg per kg).  For each simulated patient, the weight-based dose of PZQ was converted  

internally to an absolute dose of PZQ in mg by multiplying by the simulated patient’s weight. 

Therefore, the simulations mimicked drug administration as it occurred in the field.  
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Three dosing regimens were considered at 40 mg/kg, 60 mg/kg and 80 mg/kg of PZQ. 

Pharmacodynamic Analysis 

All data were entered into electronic format using EpiData® (The EpiData Association 

Odense, Denmark) and analysed using the R statistical package version 2.14.1 (The R 

Foundation for Statistical Computing, Vienna, Austria). Arithmetic and geometric mean of 

Williams (GMW) were calculated for S. mansoni infection intensity.  The 95% confidence 

intervals (CI) were calculated for percentages by applying the exact method.  

CR by egg clearance at 24 days were presented as % egg negative by double Kato-Katz at 

follow up with 95 % CI.  Logistic regression modelling was performed with CR as binary 

outcome. Since baseline intensity prevalence was high, success was also defined using ERR 

and not solely CR. ERR were calculated as described elsewhere.25 A linear model was applied 

for secondary outcomes predicting parasite clearance by CCA and CAA levels. After 

exploratory analysis, the two final models included age, sex, total PZQ AUC0-24  in one and 

enantiomer specific R- and S-PZQ AUC0-24 in the second one.  

 RESULTS 

At baseline, sixty children were enrolled and 59 completed all the blood-drawing time points. 

One child was excluded six hours into the study due to an acute febrile illness later diagnosed 

and treated as falciparum malaria. No child tested positive for HIV.(see Table 1). 

Overall there were no major clinical adverse events reported. Side effects were recorded as 1) 

self-reported and 2) observed by the pediatrician on site (AB). All unpleasant symptoms 

subsided between 1-3 hours. Significant under-reporting was detected in the self-reported 

method. The most common manifestations seen and documented were sweating, abdominal 

pain, cramps, headache, dizziness and sleepiness, significantly greater in the 60 mg/kg arm.  

(Figure 2). 
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PZQ  Pharmacokinetics 

Individual plasma PZQ concentration-time profiles in both regimens are shown in Figure 2. 

There was considerable PK population variability. Mean AUC (AUC 0-24 hours) was 2715 +/- 

2810 ng.h/ml (range, 379-16890 ng.h/ml). Total levels of S-PZQ were 2559 +/- 2654 ng.h/ml  

 (range, 358-14150 ng.h/ml) and 472 +/- 451 ng.h/ml for R-PZQ (range, 119-2693 ng.h/ml). 

Concentrations of R were consistently lower than S. The population parameters describing the 

pharmacokinetics of total PZQ by dosing regimen are shown in Table 2. The incorporation of 

weight into the structural model resulted in a better fit of the model to the data, and higher 

log likelihood value (Figure 3). 

PZQ dose 

DEMOGRAPHY   Total 

N=60 

40 mg/kg 

N=30 

60 mg/kg 

N=30 

Village 

    Bugoigo 23 11 12 

    Walukuba 37 19 18 

Age 

    Mean years 60 6.4 (3-8) 6.3 (3-8) 

    3-5 yo   (Preschool) 17 7 10 

    6-8 yo   (School-age) 43 23 20 

Sex 

    Females 38 19 19 

    Males 22 11 11 

Weight (kg) mean,CI 60      21.8  (20.4-23.1)      23.0 (21.3-24.6) 

Height (cm)  mean,CI 60 119.4  (116-123)   118.8  (115-122) 

PARASITIC INFECTION 

S. mansoni infection 

     Sm epg stool geometric mean,CI 60 247.4 (243-249) 189.1  (185-190) 

     Sm epg stool arithmetic mean,CI 60   950.4 (324-1576)     491.0  (249-733) 

     Heavy intensity   (>400 epg) 23 12 11 

     Medium intensity (100-399 epg) 17 8 9 

     Light intensity    (1-100 epg) 20 10 10 

CCA urine 
*

       (+) 14 8 6 

      (++) 13 6 7 

     (+++) 33 16 17 

CAA plasma
**

     Mean pg/ml, CI 55 56746 (100-100839) 43217 (224-185672) 

Malaria SD-RDT® 

      (+) 32 16 16 

      (++) 13 7 6 

      Negative 14 7 7 

      N/A 1 0 1 

Table 1. Baseline characteristics of children enrolled in the PK/PD study 
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Unit Vol, L Kcp, h-1 Kpc, h-1 Tlag 
Mean 617.1 28.7 28.8 1.88 
Median 460.0 18.4 26.3 1.62 
SD 472 22.9 25.2 1.21 

Figure 2. Adverse events. A- self reported.  B- Observed by pediatrician. 

A B

Figure 3: Individual PZQ levels by dosing arm. Blue-40 mg/kg and Red-60 mg/kg. A- S-PZQ, B-
R-PZQ

A B

Table 2: Population pharmacokinetic parameter values derived from the 60 children receiving PZQ 
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PZQ Pharmacodynamics  

S. mansoni cure rate by faecal examination  

Cure rate at 24 days by stool egg detection was 68% vs. 82 % in the 40 mg/kg vs. 60 mg/kg 

group but this difference did not reach statistical significance. Cure rates did not reach 

significance in any age group although the school age children had a trend towards cure in the 

60 mg/kg arm 90 % compared to 63 % in the 40 mg/kg (P=0.07). No difference was found 

between different intensity infections and dosing arms. Table 3. 

A significant association between PZQ AUC0-24 and individual CR was found on logistic 

regression (Figure 4) after adjusting for age and sex. This effect was driven by S- PZQ. Boys 

had significantly lower CR.  Age stratification showed an association with higher dose in 

school aged children (OR: 10.4, 95 % CI (1.01-106.7), P=0.048. The fittest logistic regression 

models for individual cure rates were chosen for Monte Carlo simulations. 

The total egg reduction rate was significantly different between both arms 91 % in the higher 

vs. 82 % in the lower arm. There were significant ERR differences in both PZQ dosing arms 

across intensities of infection and in the school aged children. Only pre-school children had 

better ERR in the 40 mg/kg arm. Sub-analysis revealed all of them to be 5 years old. Linear 

regression modelling controlling for confounding variables including PK parameters showed 

no association with ERR. Table 3. 

 Table 3: Egg reduction rate (ERR) and cure rate (CR) for S. mansoni egg output at 24 day follow up. 
  Results for the entire cohort and by age and intensity of infection 

PZQ 
dose 

      ERR 
(%) 

ERR- age 
(%) 

ERR-Intensity of infection**

(%) 

 Total Preschool School Light Med Heavy 

40 mg/kg 82  (79-84) 98  (97-99) 75  (72-78) 91 (81-97) 75  (68-81) 79  (77-81) 

60 mg/kg 91  (89-94) 88  (85-90) 94  (91-95) 63 (45-78) 99 (96-99) 96 (95-97) 
P value* <0.0001 <0.0001 <0.0001 0.0012 <0.0001 <0.0001 

CR  
(%) 

CR-age 
(%) 

CR-Intensity of infection** 

(%)

40 mg/kg 68   (49-85) 83 (36-99) 63(40-82) 77 (39-97) 71 (29-96) 63 (30-89) 

60 mg/kg 82   (63-94) 66 (29-92) 90 (68-98) 80 (44-97) 88 (52-99) 73 (39-94) 

P value* 0.3578 0.5692 0.0709 0.999 0.550 0.999 
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  OR        95 % CI    P value 
 S-AUC      4.72     (1.5-14.8)    0.007 
 R-AUC      0.02    (0.0003-1.1)      0.058 

Figure 4:  Relationship between AUC and probability of individual cure by logistic regression 
             A-Differences between girls and boys.  

B-Differences between PZQ enantiomers: S-PZQ and R-PZQ in boys. 

  OR    95 % CI    P value 
 Female    3.67     (1.2-14.7)    0.015 
Total AUC    1.94    (1.05-3.5)    0.033 
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Figure 6. CAA levels at baseline, 4h, 6 h, 24h, 24 days. 

Figure 5: Cure rate by dose received.  (A) Clearance of Sm egg at 24 days.  (B) Clearance of Urine CCA at 24 days. 
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S. mansoni cure rate by urine CCA and plasma CAA levels 

CCA negativity was only achieved in 7/58 (12%) children at follow up; 2 in the 40 mg/kg and 

5 in the 60 mg/kg arm. This difference was significant. (Figure 5) Also in the 60 mg/kg arm 

there was a more marked decrease in all CCA levels (P=0.05), a reduction in high levels CCA 

(P<0.0003) and an increase in trace CCA (P=0.001).  

Mean CAA levels at baseline were 50482 +/- 56201 pg/ml. At 24 days CAA levels dropped to 

2581 +/- 5439 pg/ml. At 4 hours post-PZQ, CAA levels had a significant decline from baseline 

in the 60 mg/kg arm.  No children at follow up achieved negative CAA levels (< 10 pg/ml). 

(Figure 6). 

Monte Carlo Simulations of Dose Regimens 

Different age groups were considered; preschool (3 yo, 5yo) and school-aged (6 yo, 8 yo). 

Figure 7. Overall, boys achieved lower cure rates than girls across doses and ages. There was 

a strong age effect with older children requiring less PZQ dose to achieve acceptable CR set at 

>85 %. Preschool children showed a marked underperformance across all doses and genders. 

Only 3 year old girls receiving 80 mg/kg achieved adequate CR. 60 mg/kg was adequate for 

girls > 5 years old, but not boys. The standard 40 mg/kg proved effective only for older girls >  

Dose Cmax (ng/ml) Tmax (h) AUC (ng. 
h/ml) 

t1/2 (h) CL/F 
(ml/min/kg) 

Tlag λ 

40 
mg/kg 

S-PZQ 581.3 (677) 3.33 (2.7-
3.9) 

2620 
(2800) 

2.96(2.2) 1.28  (1.9) 0.07  (0.2) 0.29 (0.1) 

R-PZQ 131.1 (238) 3.28 (2.6-
3.9) 

500(590) 3.48 (2.3) 3.92  (3.4) 0.46  (0.7) 0.27 (0.2) 

60 
mg/kg 

S-PZQ 695.56 
(810) 

3.23 (2.6-
3.8) 

2580 
(2500) 

3.02(1.7) 1.64  (2.5) 0.13 (0.35) 0.30(0.18) 

R-PZQ 144.95 
(185) 

3.13 (2.6-
3.6) 

430 (230) 4.36 (4.7) 6.54  (8.6) 0.72 (0.88) 0.26 (0.14) 

Table 2:   Table 4: Pharmacokinetic parameter values derived form the 60 children receiving praziquantel at different 
doses   doses: 40mg/kg and 60 mg/kg.  

Note: Mean  Note: Meand and SD in parenthesis. Tmax  shows range. 
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DISCUSSION 

This PK/PD study of PZQ has made a meaningful and much needed contribution to 

understanding how to optimize anti-parasitic treatment in children with intestinal 

schistosomiasis. Moreover, it is the first investigation to correlate the performance of PZQ as 

measured by population PK with PD outcomes of parasitic clearance through both standard 

(faecal epg) and new diagnostic markers (sera- and urine-antigens). Reduced PZQ efficacy by 

WHO standards 25 was seen throughout our cohort of children that received 40 mg/kg  of  PZQ 

with ERR of 75-82%, favouring higher PZQ dosing (60 mg/kg) overall. After patient 

pharmacokinetic simulation, there is a suggestion that even higher doses are needed in the 

very young. 

Pharmacokinetics 

      There was marked PZQ PK variability among children in our study which was not dose 

related. 9 PZQ absorption in our cohort was relatively fast for both doses (Tmax 2.6-3.9 h) and 

slightly slower than that published in adults with schistosomiasis with and without liver 

disease (Tmax 2-2.6 h). 12,13,26 Since all children had a pre-PZQ fat and carbohydrate rich 

breakfast known to increase its bioavailability, 12 the difference may be age-related 

gastrointestinal motility factors.  Mean half life (t ½) was 3.4 +-0.64 hours, slightly higher than 

reported in studies with S. mansoni  and S. japonicum infected adults  (t ½ 1.9-3.2 hours). 13,26 

A delay in hepatic metabolism in young children may account for this. PZQ has an extensive 

first-pass metabolism in the liver by the CYP system with delayed maturation of some 

enzymes (i.e. CYP3A4) until adulthood. As expected AUC0-24 was greater in S-PZQ and is 

comparable to the range of PZQ AUC in adult studies 900-8000 ng.h/ml. 12,13,26 Direct 

comparisons however pose a challenge since all published PZQ PK studies in Schistosoma 

endemic populations have been carried out quantifying solely the  racemate. 12,13,27 The mean 

estimate of clearance had enantiomer differences with R-PZQ clearing at a faster rate (mean 

5.23 ml/min/kg) than S-PZQ (1.46 ml/min/kg).  

As the first human clinical study examining both enantiomers our results indicate that S-PZQ 

and not R-PZQ enantiomer is the biologically active component of PZQ in S.mansoni infected 

children. Moreover, S-PZQ is strongly associated with increased cure rates even when 

adjusted for potential confounders.  This is in agreement with two mice studies infected with  
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S. mansoni in which R-PZQ showed poor activity against S. mansoni (32 % worm reduction) 28 

and that R-PZQ had no effect on the parasite tegument. 29   There is to our knowledge only one 

animal study infected with S. mansoni in which R-PZQ performed somewhat better with 72 % 

worm burden reduction.30 In contrast, there is more evidence to support R-PZQ activity 

against S. haematobium and S. japonicum in animal studies. 6,7 Clinical correlation however is 

scarce. A PD study in China in 278 patients with S.japonicum compared R-PZQ single dose of 

20 mg/kg to racemic PZQ 40 mg/kg with post treatment cure rates of 94.8 % and 97.1 %. 31 

We conclude that there is a species-dependant enantiomer activity and caution against the 

development of mono-enantiomer formulations to be used against all Schistosoma species 

without exploring this further. 

 Figure 7. Monte Carlo Simulations by age group. A-3 year olds,  B-5 year olds, C-6 year olds; D-8 year 
olds.
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Pharmacodynamics 

This is not the first study to compare PZQ standard (40 mg/kg) versus higher dose (60 

mg/kg). Two recent meta-analysis and a multicentre trial comparing different PZQ dosing 

regimens for the treatment of S. mansoni and S. haematobium found no benefit in higher PZQ 

doses (60 mg/kg) compared to lower doses (40 mg/kg) in parasite clearance at follow up. 32, 

33,34 However all studies included have important limitations. First they were all 

pharmacodynamic studies looking at the clinical effectiveness of the different dosing 

regimens without PK correlation. Furthermore, the mean patient age in most of the studies 

was  > 12 years old. This clearly limits the experience to mid-childhood and adolescence 

overlooking the idiosyncrasies of early-childhood drug metabolism and its interaction with 

incipient disease.  

Preschool children from our cohort, mostly 5 year olds, had doubtful to satisfactory ERR (88-

98%) and reduced CR (66-83 %). 25 These mixed results are partly in agreement with a study 

in pre-schoolers infected with S. haematobium with optimal CR (92 %) and ERR (99%) after 

40 mg/kg of PZQ 4 Conversely, these result contrast with an earlier and larger study (n=192)  

targeting younger children (5 months-5 years) in this same area in Uganda with very low CR 

(25-77 %) and ERR (52-92%) given the same PZQ dose.18 To date, all recommendations 

regarding anti-helminthic drug efficacy are based on school-aged children that are > 9 years 

old and have ERR as the primary efficacy outcome measure. 25 ERR use in MDA programs is 

justified within the context of high prevalence settings, but is an insensitive diagnostic method 

as it attempts to estimate morbidity related to high worm burdens. However, this may not be 

appropriate in the under-fives who have not yet achieved high egg burdens but are 

nevertheless infected with Schistosoma. Cure rates or achieving parasite clearance at follow 

up may then be a more accurate estimate of drug efficacy in this age group. With the 

limitations of a small sample size and only targeting S. mansoni infected children results from 

this study have shown higher CR with higher PZQ dosing while no PZQ PK/PD relationship 

was found for ERR. 

Based on the PK/PD associations found in this study, for an ideal target CR of 90 %, the total 

PZQ S-PZQ AUC would need to reach approximately 4000 ng.h/ml in boys. As shown, children 

in this cohort had a S-PZQ AUC mean of 2,600 ng.h/ml, well under target. These results with  
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the projected under dosing in the youngest children are of public health concern and call for 

prompt action.  

Practicalities of PZQ delivery strategies 

Dosing may not be the only problem to solve. Even with the advantages of a higher dose these 

effects are likely to be short lasting if further treatment is not given 4-8 weeks apart and 

repeated before reinfection occurs in children in 3-6 months. 2 Double interval dosing will 

achieve higher parasitological clearance by targeting immature forms, the schistosomulum, 

that are resistant to PZQ.35, 36 If a higher PZQ dose was to be adopted as part of existing MDA 

programs, this would challenge not only the amount of PZQ given but also the current delivery 

methods based on the use of height poles for a calculated 40 mg/kg dose and a new dose pole 

would need to be re-calculated and substituted.  Added difficulties would include increased 

amount of tablets needed in the absence of an adequate pediatric PZQ formulation, and 

increased side effects. 37  

One of the strengths of the study was the antigen testing (urine CCA and plasma CAA) that 

were used alongside standard parasitological method of Kato-Katz for the detection of S. 

mansoni. The other being conducting the study in an endemic young pediatric population. 

Very poor cure rates were obtained when CCA was used as a test of cure (12 %). Nevertheless, 

a significantly  higher proportion of children achieved negativity when given 60 mg/kg dose 

of PZQ. 38 Plasma CAA levels experienced a high drop at follow up but at 24 days post PZQ 

(mean 2582 pg/ml) were still higher than the desirable threshold for negativity (< 10 pg/ml). 

The combined antigen positivity for CCA and CAA at follow up highlights an important 

residual worm burden even in those children that achieved the gold standard definition of 

‘cure’ as absent eggs in stool and broadens the question of PZQ effectiveness.   

Conclusions 

Some important questions remain unanswered and need to be explored with further studies. 

If indeed younger children need higher PZQ doses  (i.e. 80 mg/kg), then a clinical trial  

integrated with PK/PD analysis will need to be conducted to establish potential toxicities and 

drug efficacy before a higher dose than 60 mg/kg can be recommended.  In summary, this is 

the first PZQ pharmacokinetic study in children in association with parasite clearance. We 

confirmed our initial hypothesis of younger children requiring more PZQ to achieve better PD  
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outcomes and also found S-PZQ to be the active component of PZQ and predictor of cure. This 

calls for urgent large-scale PK/PD studies across Schistosoma species to clarify these points.  

REFERENCES 

1. Doenhoff MJ, Cioli D, Utzinger J. Praziquantel: mechanisms of action, resistance and new derivatives for
schistosomiasis. Curr Opin Infect Dis 2008; 21(6): 659-67.

2. Colley DG, Bustinduy AL, Secor WE, King CH. Human schistosomiasis. Lancet 2014.
3. Brindley PJ, Sher A. The chemotherapeutic effect of praziquantel against Schistosoma mansoni is

dependent on host antibody response. J Immunol 1987; 139(1): 215-20.
4. Mutapi F, Rujeni N, Bourke C, et al. Schistosoma haematobium treatment in 1-5 year old children: safety

and  efficacy of the antihelminthic drug praziquantel. PLoS neglected tropical diseases 2011; 5(5): e1143.
5. Metwally A, Bennett J, Botros S, Ebeid F, el attar Gel D. Impact of drug dosage and brand on

bioavailability and  efficacy of praziquantel. Pharmacol Res 1995; 31(1): 53-9.
6. Liu YH, Qian MX, Wang XG, et al. Comparative efficacy of praziquantel and its optic isomers in

experimental  therapy of schistosomiasis japonica in rabbits. Chinese med. journal 1986; 99(12): 935-40.
7. Liu YH, Qian MX, Wang XG, et al. Levo-praziquantel versus praziquantel in experimental and clinical

treatment  of schistosomiasis japonica. Chinese medical journal 1993; 106(8): 593-6.
8. Wu MH, Wei CC, Xu ZY, et al. Comparative efficacy of levo-praziquantel and praziquantel in treatment of

schistosomiasis japonica at a single dose. Chinese medical journal 1991; 104(9): 732-5.
9. Olliaro P, Delgado-Romero P, Keiser J. The little we know about the pharmacokinetics and

pharmacodynamics  of praziquantel (racemate and R-enantiomer). The Journal of antimicrobial
chemotherapy 2014; 69(4): 863-70.

10. Bartelink IH, Rademaker CM, Schobben AF, van den Anker JN. Guidelines on pediatric dosing on the basis
of  developmental physiology and pharmacokinetic considerations. Clin Pharmacokinet 2006; 45(11):
1077-97.

11. Leopold G, Ungethum W, Groll E, Diekmann HW, Nowak H, Wegner DH. Clinical pharmacology in normal
volunteers of praziquantel, a new drug against schistosomes and cestodes. An example of a complex
study  covering both tolerance and pharmacokinetics. Eur J Clin Pharmacol 1978; 14(4): 281-91.

12. Mandour ME, el Turabi H, Homeida MM, et al. Pharmacokinetics of praziquantel in healthy volunteers
and patients with schistosomiasis. Transactions of the Royal Society of Tropical Medicine and Hygiene
1990; 84(3): 389-93.

13. el Guiniady MA, el Touny MA, Abdel-Bary MA, Abdel-Fatah SA, Metwally A. Clinical and pharmacokinetic
study of praziquantel in Egyptian schistosomiasis patients with and without liver cell failure. Am J Trop
Med Hyg 1994; 51(6): 809-18.

14. Stevens JC, Hines RN, Gu C, et al. Developmental expression of the major human hepatic CYP3A enzymes.
The Journal of pharmacology and experimental therapeutics 2003; 307(2): 573-82.

15. King CH. Ultrasound monitoring of structural urinary tract disease in Schistosoma haematobium
infection. Mem Inst Oswaldo Cruz 2002; 97 Suppl 1: 149-52.

16. World Health Organization. Report of a meeting to review the results of studies on the treatment of
schistosomiasis in preschool-age children. Geneva: World Health Organization; 2011.

17. Sousa-Figueiredo JC, Betson M, Atuhaire A, et al. Performance and safety of praziquantel for treatment of
intestinal schistosomiasis in infants and preschool children. PLoS neglected tropical diseases 2012;
6(10): e1864.

18. Sousa-Figueiredo JC, Pleasant J, Day M, et al. Treatment of intestinal schistosomiasis in Ugandan
preschool children: best diagnosis, treatment efficacy and side-effects, and an extended praziquantel
dosing pole. International health 2010; 2(2): 103-13.

19. Katz N, Chaves A, Pellegrino J. A simple device for quantitative stool thick-smear technique in
Schistosomiasis mansoni. Rev Inst Med Trop Sao Paulo 1972; 14(6): 397-400.

20. Crompton DWT, World Health Organization. Preventive chemotherapy in human helminthiasis :
coordinated  use of anthelminthic drugs in control interventions : a manual for health professionals and
programme managers. Geneva: World Health Organization; 2006.

21. van Etten L, Folman CC, Eggelte TA, Kremsner PG, Deelder AM. Rapid diagnosis of schistosomiasis by
antigen detection in urine with a reagent strip. Journal of clinical microbiology 1994; 32(10): 2404-6.

22. van Dam GJ, de Dood CJ, Lewis M, et al. A robust dry reagent lateral flow assay for diagnosis of active
schistosomiasis by detection of Schistosoma circulating anodic antigen. Experimental parasitology 2013;
135(2): 274-82.



 CHAPTER 6| PRAZIQUANTEL PK/PD IN CHILDREN 

159 

23. Lima RM, Ferreira MA, Ponte TM, et al. Enantioselective analysis of praziquantel and trans-4-
hydroxypraziquantel in human plasma by chiral LC-MS/MS: Application to pharmacokinetics. J
Chromatogr B Analyt Technol Biomed Life Sci 2009; 877(27): 3083-8.

24. D’Argenio DZ ASaXW. ADAPT 5 User’s Guide:499 Pharmacokinetic/Pharmacodynamic Systems Analysis
Software. Biomedical 500 Simulations Resource. In: Angeles L, editor.; 2009.

25. WHO. Assesing the efficacy of anthelmintic drug against schistosomiasis and soil-transmitted
helminthiases.Geneva: World Health Organization, 2013.

26. Watt G, White NJ, Padre L, et al. Praziquantel pharmacokinetics and side effects in Schistosoma
japonicum- infected patients with liver disease. J Infect Dis 1988; 157(3): 530-5.

27. Homeida M, Leahy W, Copeland S, Ali MM, Harron DW. Pharmacokinetic interaction between
praziquantel and albendazole in Sudanese men. Annals of tropical medicine and parasitology 1994;
88(5): 551-9.

28. Tanaka M, Ohmae H, Utsunomiya H, Nara T, Irie Y, Yasuraoka K. A comparison of the antischistosomal
effect of levo- and dextro-praziquantel on Schistosoma japonicum and S. mansoni in mice. Am J Trop Med
Hyg 1989; 41(2): 198-203.

29. Irie Y, Utsunomiya H, Tanaka M, Ohmae H, Nara T, Yasuraoka K. Schistosoma japonicum and S. mansoni:
ultrastructural damage in the tegument and reproductive organs after treatment with levo- and dextro- 

                 praziquantel. Am J Trop Med Hyg 1989; 41(2): 204-11. 
30. Xiao SH, Catto BA. Comparative in vitro and in vivo activity of racemic praziquantel and its levorotated

isomer on Schistosoma mansoni. J Infect Dis 1989; 159(3): 589-92.
31. Wu MH, Wei CC, Xu ZY, et al. Comparison of the therapeutic efficacy and side effects of a single dose of

levo-praziquantel with mixed isomer praziquantel in 278 cases of schistosomiasis japonica. Am J Trop
Med Hyg 1991; 45(3): 345-9.

32. Danso-Appiah A, Olliaro PL, Donegan S, Sinclair D, Utzinger J. Drugs for treating Schistosoma mansoni
infection. The Cochrane database of systematic reviews 2013; 2: CD000528.

33. Danso-Appiah A, Utzinger J, Liu J, Olliaro P. Drugs for treating urinary schistosomiasis. The Cochrane
database of systematic reviews 2008; (3): CD000053.

34. Olliaro PL, Vaillant MT, Belizario VJ, et al. A multicentre randomized controlled trial of the efficacy and
safety  of single-dose praziquantel at 40 mg/kg vs. 60 mg/kg for treating intestinal schistosomiasis in the
Philippines,  Mauritania, Tanzania and Brazil. PLoS Negl Trop Dis 2011; 5(6): e1165.

35. Barakat R, El Morshedy H. Efficacy of two praziquantel treatments among primary school children in an
area  of high Schistosoma mansoni endemicity, Nile Delta, Egypt. Parasitology 2011; 138(4): 440-6.

36. King CH, Olbrych SK, Soon M, Singer ME, Carter J, Colley DG. Utility of repeated praziquantel dosing in
the treatment of schistosomiasis in high-risk communities in Africa: a systematic review. PLoS neglected
tropical diseases 2011; 5(9): e1321.

37. Olliaro PL, Vaillant M, Hayes DJ, Montresor A, Chitsulo L. Practical dosing of praziquantel for
schistosomiasis in preschool-aged children. Tropical medicine & international health : TM & IH 2013;
18(9): 1085-9.

38. Sousa-Figueiredo JC, Betson M, Kabatereine NB, Stothard JR. The urine circulating cathodic antigen
(CCA)  dipstick: a valid substitute for microscopy for mapping and point-of-care diagnosis of intestinal
schistosomiasis. PLoS neglected tropical diseases 2013; 7(1): e2008.



CHAPTER 6  |  

 160 



 CHAPTER 7 |HIV AND SCHISTOSOMIASIS IN AFRICAN CHILDREN 

161 

HIV and schistosomiasis co-infection in African children

Bustinduy AL, King CH, Scott J, Appleton S, Sousa-Figueiredo J, Betson M.,Stothard JR 

Lancet Infect Dis. 2014 Jul; 14(7):640-9

CHAPTER SEVEN 



CHAPTER 7|  

 162 



 CHAPTER 7 |HIV AND SCHISTOSOMIASIS IN AFRICAN CHILDREN 

163 

ABSTRACT 

HIV/AIDS and schistosomiasis both cause a great disease burden in sub-Saharan Africa, and 

the two diseases share substantial overlap in their epidemiological characteristics. Although 

disease-specific control interventions are continuing, potential synergies in the control efforts 

for these two diseases have not been investigated. With a focus on children with 

schistosomiasis, we assess the risk for increased HIV transmission, HIV progression, and 

impaired response to drugs when given alongside HIV interventions. A new research agenda 

tailored to children is needed to better understand the interactions of these two diseases and 

the potential for combined responses. 
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INTRODUCTION 

HIV and schistosomiasis are two of the most widespread infections worldwide; nonetheless, 

their combined effect has not been fully delineated, especially in sub-Saharan Africa. Although 

both diseases differ in their presentation, manifestations, and treatment, there is substantial 

geographical overlap in the poorest countries where endemicity is often high (figure 1).1 For 

example, in Ethiopia, Nigeria, South Africa, Zambia, and Zimbabwe, adult HIV prevalence 

ranges from 15% to 28%, and the prevalence of schistosomiasis commonly exceeds 50% in 

high-risk rural communities.2 The prevalence of HIV and schistosomiasis might be even 

higher in data-deficient areas such as Madagascar or Mozambique.3 As the HIV pandemic 

progresses, interventions againstthe increase in HIV-related disease have focused on 

universal access to highly active antiretroviral therapy (HAART). Many children in sub-

Saharan Africa present for care late in their HIV disease progression,4 and there are nearly 

1000 new cases of pediatric HIV infection every day—more than 2·5 million children younger 

than 15 years have HIV/AIDS.3  

WHO guidance 5,6 emphasises  the importance of prompt diagnosis, treatment, and monitoring 

of HIV in children. Although there is a strong commitment from the international community 

to eliminate new childhood HIV infections by 2015, the HIV epidemic in sub-Saharan Africa 

shows little sign of abatement.7 Schistosomiasis, either urogenital or intestinal, is a chronic 

inflammatory disease caused by a water-borne parasitic blood fluke. In sub-Saharan Africa, 

220 million people are infected with the parasite, and even more are at risk, mainly children.2 

Although congenital transmission does not occur, exposure and infection can take place very 

soon after birth, depending on an infant’s environmental exposure to parasite–infested water.  

Until recently, the burden of disease from these early exposures was overlooked. However, 

infants and preschool-age children (aged 1–5 years) can have active disease 8,9 and have poor 

access to deworming treatment because current measures are focused on preventive 

chemotherapy (ie, mass drug administration of praziquantel to school-age children aged 6–15 

years).10 Praziquantel is a safe and affordable oral drug that is active against all forms of 

schistosomiasis and can be given by non-medical personel. 11As new information emerges 

about schistosomiasis in early  childhood, international policies and practices are beginning to 
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respond to this unmet need. Table 1 

e 

Figure 1: Global distribution of HIV and Schistosomiasis 



CHAPTER 7|  

 166 

 Identification of disconnects in combined control. 

HIV control has only a short history, whereas schistosomiasis is an old disease, 14 for which 

the inability to implement fully integrated preventive strategies because of shortfalls in water 

hygiene and sanitation has led to the dominance of preventive chemotherapy as the most 

cost-effective option. Locally applicable and integrated interventions tailored to the 

immediate epidemiological setting are desirable. Intricate understanding of the transmission 

biology, epidemiology, and social patterning (ie, HIV largely by sexual behaviour and 

schistosomiasis by water contact) of the diseases is needed. Environmental risk factors for 

both infections include restricted access to safe water, low socioeconomic status, and poor 

educational access.15 HIV risk is made up of complex individual behaviours, including 

commercial sex work, intravenous drug use, and various unsafe exposures to blood and other 

bodily fluids; in sub-Saharan Africa lack of autonomy for women and intolerance of male  

homosexuality are important factors.16 The social context of schistosomiasis is very different, 

but relates to unsafe exposures that are repeated often during domestic tasks or employment. 

Schistosomiasis is typically highly prevalent in fishing communities in which opportunities for 

HIV transmission can also be raised.15,17 To further complicate control, each disease agent has 

ecological and genetic diversity, with potential to adapt to control interventions.18 Although 

multidisease approaches are being promoted by WHO (eg, in management of HIV and 

malaria), related platforms for research and operational control of HIV and schistosomiasis 

simply do not exist.19 There is also little room for future optimism because the newly created 

Disease Reference Group of Helminthic Infections for the control and elimination of 

helminthiasis in people has not adopted a multipleendemic-disease approach within their 

framework.18 The first cases of HIV/AIDS in adults were described in 1981,20 and 5 years 

lapsed  

before evidence of routes other than sexual transmission emerged and pediatric HIV/ AIDS 

was recognised.21 

The importance of mother-to-child transmission of HIV has only slowly become a public 

health priority.7 Alongside this focus, and with much less political advocacy, the case for 

prevention of schistosomiasis in early childhood is only now beginning.8,22–24 Moreover, as the 

subtly disabling morbidities associated with chronic schistosomiasis are being better 

recognised in this age group, an imperative for early prevention and control is becoming 

much clearer .25–29 
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Both diseases are difficult to diagnose in early childhood, and studies of HIV and 

schistosomiasis coinfection have been limited to adults.30,31 Pediatric studies (except for  
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maternal–child health research) typically lag behind those in adults,32 and estimation of true 

burden of disease becomes a challenge because of an absence of pediatric diagnostics in 

resource-poor areas .33 

Reconnection of the importance of HIV and schistosomiasis coinfection 
Given the potentially overwhelming burden of disease caused by dual infection, there are 

growing efforts to study the interactions between HIV and schistosomiasis, especially in areas 

where dual endemicity is most prevalent.34–37 Researchers doing experimental studies in 

animals are trying to understand the pathogenesis and immune responses when both 

infections are present.38,39 Investigators have done clinical studies of responses to 

antiparasitic and antiretroviral therapy for HIV/AIDS disease progression.40–43 However, all of 

these clinical studies exclusively targeted individuals older than 18 years, and thereby 

overlooked interactions in childhood. Attempting to bridge this knowledge gap for childhood 

HIV and schistosomiasis co-infection, we reviewed the most relevant epidemiological and 

experimental studies to develop a conceptual framework 

(figure 2) that identifies the transmission and later manifestations of disease in early life 

alongside current recommendations for treatment and integrated national control 

programmes. 

Vertical HIV transmission 

The close associations between mothers and their unborn children begin an intricate 

interplay of antigen exposure and immune-response modification that continues throughout 

childhood. This interplay might lead to increased susceptibility to certain diseases and 

decreased cognition; all of which are known downstream effects in children born to women 

with malaria or advanced HIV,26,44,45 but are not yet known in children born to women with 

both HIV and schistosomiasis. HIV transmission from infected mothers to children can occur 

through three different routes:  

intrauterine (5–10%) during delivery (15–30%), or through breastfeeding (5–30%).46 

Prepartum maternal helminth infections have been linked to increased mother-to-child 

transmission of HIV,47 but lesions from female genital schistosomiasis are possibly also 

important. WHO advocates universal HAART of all preg all pregnant women with HIV, 

irrespective of their CD4 cell counts, but this target is far from a reality in resource-poor sub-

Saharan Africa.7 The lack of consistent HAART for pregnant women is one of the major 

hurdles to controlling HIV-transmission. Alongside HAART antiparasitic treatment (with  
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praziquantel, albendazole, or ivermectin) has the possible beneficial effect of lowering HIV 

viral load.48 However, the researchers who reported this benefit did not find consistent 

HAART availability for participants, and future studies should adopt full treatment of HIV and 

parasite as standard. 

Table 1: Most relevant  studies identifying HIV-Schistosoma co-infection interactions 

Differences between children and adults 

Extrapolation of knowledge and recommendations fromadult health interventions into 

pediatric settings often has a so-called little adults approach. For HIV and schistosomiasis 

coinfection, this approach is especially flawed in research and policy. For example, children 

have a larger surface-to-volume ratio with higher metabolic rate, oxygen consumption, and 

caloric requirements than adults, not only to maintain homoeostasis, but also to grow and 

develop. Typically children need more food per kilogram of bodyweight than do adults.49 

Consequently, children are particularly susceptible to any growth deficits caused by infections  

Country Study 
 design 

HIV 
 transmission Sample 

Size 

Schistosoma 
infection prior to 

HIV infection 

Schistosoma 
infection after 
HIV infection 

Age Co-infection effects 
(HIV-Schistosoma ) 

Ref. 

USA 
Animal 

Latent Chronic 
SHIV-1 

n=8  
(SHIV+/Sm) 
n=15 (SHIV) 

No S. mansoni - 

Increased SHIV-
viral replication in 
previously latent 
viruses, and 
induced T-cell 
subset alterations 

[39] 

Kenya 
Cross 

sectional 

Horizontal 
(sexual and 

others) 
n=16 (HIV+/Sm) 
n=36 (HIV-/Sm) 

S. mansoni No 
17-39 

yo 

Decreased S. 
mansoni egg 
excretion in HIV 
positive individuals 
compared to HIV 
negative. 

[34] 

Ethiopia 
Cross 

sectional 

Horizontal 
(sexual and 

others) 

n=10  
(HIV+/Sm) 

n=348 (HIV-/Sm) 
S. mansoni No 

15-54 
yo 

Sm egg output was 
significantly lower 
in the HIV-
positives than in 
the HIV-negatives  
CCA were found to 
be similar. 

[35] 

Congo 
Cross-

Sectional 

Horizontal 
(sexual and 

others) 

n=895 (HIV+) 
?/Sh 

S haematobium No >16 yo 

Decreased S. 
haematobium egg 
excretion and 
antibody 
production in HIV 
positive individuals 
compared to HIV 
negative. 

[36] 

Zimbabwe 
Cross 

sectional 

Horizontal 
(sexual and 

others) 

n=110 (HIV+/Sh) 
n=40 (HIV+/Sm) 

n=35 
(HIV+/Sm,Sh) 
n=1138 (HIV-) 

S haematobium 
S. mansoni 

No 
25-48 

yo 

Schistosoma egg 
excretion is not 
impaired by HIV 
positivity 

[37] 
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or reduced nutrient intake, and growth-faltering states are particularly associated with 

diseases such as HIV/AIDS50 and schistosomiasis;27,51 moreover, these infections might have 

synergistic interactions that amplify their individual effects. Drugs are often more widely 

distributed around children’s bodies than in adults and organ blood volumes are also higher.52 

In schistosomiasis, this pattern could be highly relevant if blood flow to the liver is increased, 

as this would lead to swift clearance of praziquantel and a strong pharmacodynamic 

argument to challenge dosing recommendations directly extrapolated from adults (ie, 40 

mg/kg). Other unanswered questions include how HIV infection or continuing HAART might 

change praziquantel efficacy after consideration that praziquantel’s antischistosomal activity 

is immunedependent. 53 Thus, the context, timing, and progression of each infection is 

important. 

HIV precedes schistosomiasis in children 

HIV infection in infants and young children is nearly always vertically transmitted; thus HIV 

infection precedes infection schistosomiasis (figure 2), whereas in adult-acquired infection 

the reverse is often true (table 2).54 This distinction is very important because the parasitic 

infection 

 (schistosomiasis) in adult-acquired HIV has intrinsically different immunopathological and 

immune-modulating effects, which probably shape the pattern of disease. To our knowledge, 

this concept has not been investigated clinically; however, investigators of two studies of 

animals have  

attempted to assess it for retroviral replication and worm reduction after praziquantel 

treatment.38,39 Rhesus  macaques carrying a latent chronic simian-human immunodeficiency 

virus (SHIV) infection (in analogy with HIV) were infected with cercariae of Schistosoma 

mansoni and had an increase in SHIV replication and faster disease progression than had 

animals without intestinal schistosomiasis. 39 In the other study, T-cell-depleted mice infected 

with S mansoni and  

later treated with two antischistosomal drugs (praziquantel and oxamniquine) had little 

worm 

clearance compared with mice with a healthy immune system,38 confirming the important 

role of host immunity in drug action. Thus, if severely immune-suppressed people respond to 

treatment in the same way, particularly those with AIDS, then antischistosomal treatment is 

likely to have reduced effectiveness. Although there are no studies of people to corroborate 
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this finding, serial retreatment studies of adults with HIV who were at high risk of S mansoni 

suggest that adults with more years of parasite exposure in childhood (hence more potential 

for established antiparasite immune responses) have longer infection-free periods after 

praziquantel treatment.55 However, because of the scarcity of evidence, such generalised 

conjectures should be viewed with caution.  

 

 

                                   Table 2. Common age of primary infection with HIV and schistosomiasis 

 
 
 
 
 
 
 
 
Schistosomiasis precedes HIV in adults 
In endemic areas, as part of daily water contact, individuals typically contract schistosomiasis 

during childhood, with subsequent activation of the immune system by antigen-specific and 

non-specific immunomodulation biasing towards a T-helper-cell 2 polarity, potentially 

increasing susceptibility to viral and mycobacterial infections. Later HIV infection might also 

change the host–parasite immune balance. Epidemiological studies of adults in the 

Democratic Republic of the Congo, Ethiopia, and Kenya show a decrease in schistosome-egg 

excretion for those who acquired HIV later in life.34–36 A fully competent T-cell population 

might be needed to augment schistosome-egg excretion, or perhaps worm fecundity, although 

reports of a cohort study in Zimbabwe provided evidence to the contrary.37 Nonetheless 

children’s expected response to egg excretion in the presence of HIV is unknown. Results of 

targeted epidemiological surveys have shown a high percentage of the infants and preschool-

age children assessed were shedding eggs,8,9,22,24,56 but studies have not investigated the HIV 

status of examined children. For example, children with lower or intermittent egg output 

might have a very light intensity infection or they might have compromised immune systems 

from HIV infection (or other immune deficiencies), which impairs 

efficient egg excretion and, for this reason alone, HIV infection should be considered as a 

possible contributing factor to rate of egg excretion. 

 
Effect of coinfection on mortality and morbidity 
HIV infection remains a major public health threat in sub-Saharan Africa with 1·3 million 

deaths attributed to AIDS every year;3 at least 5% of all disability-adjusted lifeyears (DALYs) 

 HIV Schistosomiasis 

Adult Older than 14 years Age 2-5 years 

Child Birth or infancy Younger than 2 years 
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lost in low-income and middle-income countries are believed to be due to HIV/AIDS.57 A 

drawback of the DALY is that the effect of comorbidities is overlooked,58 formally 

bottlenecking the scope of health research and intervention programmes. The real context of 

HIV in sub-Saharan Africa is one in which children have two or more concurrent parasites in 

addition to their chronic HIV infection. For example, results of two pediatric cohort studies in 

South Africa59 and Zambia60 identified female sex, young age (younger than 2 years), severe 

wasting, and anaemia as mortality risk factors for children with HIV.59,60 Although 

schistosomiasis was not included as a comorbidity in 

either study, it can contribute to wasting and anaemia51,61–64 and is present in both 

countries.65,66 The potential detrimental synergy between HIV and schistosomiasis will be 

most severe in early childhood due to metabolic insults during key periods of growth and 

development. Several studies from schistosomiasis-endemic countries have shown severe 

morbidity with end-organ fibrosis in children, disorders that were previously thought to be 

clinically relevant only during adulthood.67 Whether coinfected children are more or less at 

risk of end-organ fibrosis caused by schistosomiasis is unknown, but we hypothesise that 

children with HIV have less ultrasound-detectable fibrosis but more liver cellular damage, 

putting them at greater risk of liver dysfunction and failure. This damage could be caused by 

T-cell dysregulation, fuelled by HIV infection, preceding the onset of schistosomiasis-related 

hepatosplenic disease. This progression is, of course, not the case in adults, because liver 

pathology caused by schistosomiasis is already underway when HIV infection is acquired.68,69 

Research to assess the severity of schistosomiasis alongside HIV is clearly needed. 

Is AIDS linked with schistosomiasis in  co-endemic areas? 

There has been much discussion about whether schistosomiasis increases susceptibility to 

HIV; in Malawi where urogenital schistosomiasis is common, an increased susceptibility to 

HIV transmission among women has been suggested by the patterns of submucosal 

inflammation found around parasite eggs in cervicovaginal biopsy samples.70,71 Studies in 

Kenya and Uganda,where intestinal schistosomiasis is common, have shown immune-

modulation of anti-HIV responses in patients with schistosomiasis, including decreased 

production of interleukins 4 and 10 compared with that in individuals without HIV72 and 

decreased cytolytic CD8 T-cell response to viral antigens when both HIV infection and 

schistosomiasis were present.73 The risk of HIV transmission might be increased by 

inflammation in the female genital tract from urogenitalschistosomiasis, women in Tanzania 

and Zimbabwe with female genital schistosomiais have an increased age-adjusted rate of HIV  



 CHAPTER 7 |HIV AND SCHISTOSOMIASIS IN AFRICAN CHILDREN 

173 

infection compared with those without female genital schistosomiais.74–76 The effect of 

maternal female genital schistosomiasis on HIV transmission, during parturition for example, 

is not known. Additionally, men with urogential schistosomiasisin Madagascar had substantial 

damage to their reproductive tracts,77 with increased amounts of leucocyte and 

proinflammatory cytokine in semen.78 As with other proinflammatory sexually transmitted 

infections, urogenital schistosomiasis in both sexes could increase HIV transmission as 

children enter puberty and become sexually active. Babies of mothers who have both HIV and 

other common helminthic infections (lymphatic filariasis, urogenital schistosomiasis, and 

hookworm) during pregnancy are more likely to have HIV 1 year after birth than are babies 

born to mothers with HIV alone.47 The risk of intrauterine, perinatal, or breast-feeding-related 

mother-to-child HIV transmission might be increased by substantial immune-modulation in 

utero during the development of a doubly exposed fetus, rendering the baby more susceptible 

to viral infections. A more rapid progression of HIV infection with preexisting schistosomiasis 

seems likely because a 17-timeslower viral inoculum of SHIV was sufficient to infect rhesus 

macaques with intestinal schistosomiasis via mucosal exposure, as compared with the dose 

needed to infect controls without intestinal schistosomiasis.79 In mice, T-regulatory cell 

upregulation, which occurs in schistosomiasis, can inhibit the ability of CD8 cells to control 

viral replication and, if similar in human beings, could potentially increase HIV progression 

with concurrent schistosomiasis.80 Mice with schistosomiasis have increased concentrations 

of arginase-1 in macrophages, and the arginase-1 in macrophages and neutrophils in 

individuals with HIV might worsen immune hyporesponsiveness, increasing opportunistic 

infections.81,82 The presence of increased HIV receptors on CD4 cells in patients with intestinal 

schistosomiasis further raises opportunity for HIV transmission and progression.83 

Treatment with praziquantel; 

The effectiveness of praziquantel is dependent on adequate blood concentrations of the drug 

and on presence of an intact and robust immune system84-parasitological cure in T-cell-

depleted mice with intestinal schistosomiasis is decreased compared with infected controls.38 

Initial action of praziquantel against adult worms is associated with tegumental disruption 

and later synergy with an effective antibody-mediated immune attack.84 By contrast, studies 

of adults with HIV suggest that early immune-suppression does not adversely affect  

antischistosomal treatment with praziquantel, with no difference noted in parasitological cure 

rates between patients with HIV and those without in Kenya, Zambia, and Zimbabwe. 43,85,86  
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However, effects of antiparasitic treatment on HIV-related markers are not clear because a 

2009 meta-analysis showed some benefit for deworming in the prevention of HIV progression 

after pooling randomised trial data.87 When data for observational studies were included in 

the analysis, the apparent deworming effect was not as strong.88 Most surprisingly perhaps, 

no study has yet investigated treatment of both HIV and schistosomiasis with antiretroviral 

drugs as part of the regimen. In Zimbabwe, an unblinded randomised controlled trial showed 

a decrease in viral load and an increase in CD4 cell counts among adults who received early 

praziquantel treatment, as compared with those who were treated 3 months after diagnosis.89 

Results of a double-blind, placebo-controlled, trial of multiple helminth coinfections in a 

cohort of pregnant women in Uganda showed no difference in viral load between women with 

HIV given praziquantel and those given placebo. However, investigators did report a benefit 

for patients treated with albendazole for other helminthic infections, although the prevalence 

of intestinal schistosomiasis in this part of Uganda can be considered mild.48 A study in 

Ethiopia found evidence of a relation between deworming and decreased viral load.90 

Conversely, results from two Ugandan studies showed a transient increase in viral load and 

decreased CD4 cell counts after treatment, mainly in individuals with severe intestinal 

schistosomiasis, 42,91 from a transient host immune activation after praziquantel treatment, 

yielding a situation that favours increased viral replication. Other results from Kenya, Malawi, 

Uganda, and Zambia have shown no effect of praziquantel on HIV viral markers.40,92,93 

Use of praziquantel in children. The dosage for praziquantel in children (ie, at 40 mg/kg) is a 

direct extrapolation from adults, and is probably flawed because no information about 

praziquantel pharmacokinetics and pharmacodynamics in young children is available. 

Nonetheless, studies indicate efficacy and safety on-the-ground with use of a praziquantel 

dosing pole, which allocates treatment on the basis of childrens’ height. 9,12,94 However, 

evidence from Uganda95 has raised questions about recommended dosing, which might be 

inadequate for the metabolism of pre-school-age children and about whether chlidren’s 

immune systems are sufficiently developed to provide potent parasite clearance. This effect 

on parasite clearance could be worsened by concurrent HIV infection or some other 

congenital or acquired immune deficiency. Extrapolation of dose by weight from adults is 

particularly problematic because blood volumes, metabolic rates, and extracellular volumes 

are better correlated with body body surface area. As a result, drug doses normalized to the 

weight of adults can result in lower doses in young children than when normalised to body  
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surface area.96 Developmental changes are also important; particularly pertinent to 

praziquantel is the maturation of drug metabolism because the fetal liver contains only 30–

40% of the CYP450 detoxification system content of adults, which typically ascends to a peak 

by age 10 years.97 These reduced enzyme concentrations might suggest slower drug clearance 

from the bloodstream in children, which is consistent with observations that drug 

concentrations are generally reported as higher in children than in adults.98  

An era of community chemotherapy: drug–drug interactions. With the roll-out of HAART and 

increasing use of praziquantel in early childhood,99 there might be substantial benefit to treat 

both diseases simultaneously and as early as possible; however, some further consideration of 

drug interactions and side-effects would be advisable because of the many potential 

interactions between antiretroviral therapy and antiparasitic drugs. The cytochrome P450 

super-family of enzymes is central to drug metabolism and drug–drug interactions, 

particularly praziquantel.100 Praziquantel is rapidly absorbed and has more than 80% 

bioavailability after oral administration,101 with drug clearance predominantly occurring by 

first-pass metabolism of CYP1A2, CYP2C19, and CYP3A4, with a dominance of CYP3A.102,103 

Based on knowledge of drug metabolism, the expected effects of clinicians giving both HAART 

and praziquantel will probably differ dependent on which antiretroviral therapy drugs are 

used. For example, decreased praziquantel concentrations could occur if given concurrently 

with non-nucleoside reverse transcriptase inhibitors nevirapine or efavirenz, so-called HIV 

backbone treatments. These drugs are CYP450 inducers. Coadministration of praziquantel 

with protease inhibitors, which tend to inhibit CYP450 metabolism, could lead to increased 

praziquantel concentrations;104 thus, well designed studies of pediatric pharmacokinetics are 

needed to ensure safe and effective dosing when drugs are given concurrently. Other drugs 

commonly used in sub-Saharan Africa are artemisinin-combination drugs and quinine 

derivatives for malaria, but based on their liver enzyme metabolism,105,106 neither is unlikely 

to affect praziquantel metabolism when given concomitantly.  

Antituberculous treatments (rifampicin, isoniazid, and clarithromycin) might have an effect 

on circulating praziquantel concentrations. Rifampicin is a potent inducer of CYP450, 

particularly CYP2C19 and CYP3A4, and in theory, this action could reduce circulating 

praziquantel concentrations.103 Isoniazid and clarithromycin might increase praziquantel 

circulating concentrations.107–109 Clarithromycin is recommended for multidrug-resistant  
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infections, but if treatment with praziquantel was judged essential—and, as an open 

conjecture, rifampicin could be stopped 4 weeks before praziquantel was given and then 

reinstated a day after the praziquantel regimen—then praziquantel might be able to be given, 

although repercussions of this regimen are not known andethically questionable.107   Table 3 

summarises effect of praziquantel on parasite clearance and HIV virological markers. 

Immune reconstitution inflammatory syndrome 

Immune reconstitution inflammatory syndrome, more recently referred to as immune 

reconstitution disease, is a well known disorder that can occur after initiation of HAART in 

some individuals. Immune reconstitution disease is a collection of inflammatory disorders 

associated with paradoxical worsening of existing infectious processes, particularly 

opportunistic infectionsof HIV/AIDS.110 Clinicians are reporting an increasing number of 

immune reconstitution disease cases in association with parasitic diseases, with flare-ups of 

reactivating schistosomiasis being noted–evidenced by raised eosinophilia, 

hepatosplenomegaly, and colitis with polyposis.45 

In Zimbabwe, results of a 2008 study show significant decreases in soluble tumour necrosis 

factor receptor II (a cytokine-associated marker linked with systemic inflammation) among 

patients with both HIV and schistosomiasis after they were given praziquantel.41 This finding 

suggests  areduction in inflammatory responses after praziquantel, which might lead to 

decreased HIVviral replication and even attenuate the risk of immunereconstitution disease 

after HAART. Because no studies have been done in patients given HAART, this sphere 

remains to be explored in all age groups. Table 4 shows  relevant studies for immune-

pathogenesis. 

          HIV and  Schistosomiasis coinfection and childhood vaccinations 
After the expanded programme of vaccination, global vaccine coverage for children is 

increasing every year,19 whereas knowledge for the effects of coexisting childhood morbidities 

on response to vaccines is lagging behind,restricting vaccines’ optimum effectiveness in on-

the-ground settings. Although safe, vaccination in children with HIV is less immunogenic than 

in children without HIV,111–113 and children with HIV who do achieve protective antibody 

titres can have a more rapid waning of vaccineinduced immunity.114 
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Children born to women who have parasitic diseases, including schistosomiasis, and have a 

decreased response to certain childhood vaccinations (eg, BCG115,116). A 2011 randomised 

controlled trial in Uganda showed no association between single praziquantel or albendazole 

treatment of late-term pregnant women and the response of their infants to BCG;117 it is 

unlikely that one maternal dose of praziquantel can erase fetal immune sensitization to 

schistosome antigens. However, the question remains as to whether maternal parasite 

infection, and then immune-skewing by HIV, modifies or exacerbates disease among children 

who then acquire schistosomiasis early in life, and whether HIV and schistosomiasis have 

combined effects on the efficacy of later childhood vaccinations—all of these events can also 

be set against pubertal hormonal production and its potential protection against 

schistosomiasis.118,119 

Delineating a research agenda ( Figure 3) 

As we have stated, there are several gaps in  knowledge about HIV and schistosomiasis 

coinfection in children, which is rather staggering. Within the planning context for future 

integrated health interventions, we firmly believe that there is a global duty to address 

promptly the disparity between pediatric and adult research and, as conceptual guidance, we 

suggest a timeline for future pediatric HIV and schistosomiasis research, delineated into key 

developmental periods of the child Before birth, there should be better documentation ofthe 

intricate relation between HIV and concurrent helminthiasis in mothers and unborn children, 

including efforts to develop non- invasive imagery methods or assays for detection of female 

genital schistosomiasis to clarify the at-risk population. Pregnant women with female genital 

schistosomiasis should receive praziquantel and rates of HIV transmission from treated 

mothers to children should be recorded. The effect of untreated vertically transmitted HIV in 

children who contract schistosomiasis at an early age should be investigated along with their 

rate of progression to AIDS. The response to immunisations in children coinfected with HIV 

and schistosomiasis should be studied, with observation of children born to women with 

schistosomiasis. Researchers should investigate the extent of fetal immune priming and 

modulation during the antenatal period and how this priming affects risk of schistosomiasis 

disease and HIV progression later in life. For children, the timing and successful occurrence of 

key stages as they progressively gain independence from their mothers is important. 

Interactions between HIV and schistosomiasis in causative mechanisms of anaemia, growth, 

retardation, decreased cognition, and decrease in overallquality of life need to be elucidated. 
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Country Schistosoma 
spp. 

Anti-
Schistosoma 

treatment 

HIV 
treatment 

Findings Comments Ref. 

  UK 
S. mansoni 

PZQ 
Oxamniquine 

- T-cell depleted mice did not 
response to anti-parasitic 
treatment 

Role of T-cells in 
worm clearance by  
PZQ 

[38] 

Kenya S. mansoni 40 mg/kg 
PZQ 

No ARV 
No difference in parasitological 
cure in HIV positive and HIV 
negative individuals 

Small study 
[85] 

Zimbabwe S. mansoni 
S.haematobium 

40 mg/kg  
PZQ 

  No ARV 

Schistosoma egg cure rates at 3 
mo post tx were similar for HIV 
pos and HIV neg. 
CCA cure rates were lower in HIV 
positive 

Possible worm 
infertility after PZQ 
treatment in HIV 
positive 
individuals 

[37] 

Zambia S.haematobium 
40 mg/kg 

PZQ 

? No difference in parasitological 
cure in HIV positive and HIV 
negative individuals 

No age 
stratification 
possibly missing 
children’s response 
to tx. 

[86] 

Zimbabwe S. mansoni 
S.haematobium 

40 mg/kg  
PZQ at 

inclusion or 3 
months after 

No ARV 
Decrease in VL and increased in 
CD4 count in early PZQ  
treatment 

Schistosomiasis 
early treatment 
can reduce HIV 
replication and 
improve immunity 

[89] 

Ethiopia S. mansoni 
Geohelminths 

40 mg/kg 
PZQ 

Albendazole 

No ARV Deworming correlates with 
decrease in VL 

Very small  
(HIV/Sm) 
coinfected group 

[90] 

Uganda S. mansoni 

40 mg/kg 
PZQ 

Albendazole 
No ARV 

Transient increase VL and 
decreased CD4 counts in high 
intensity S. mansoni infected 
subjects 
Decrease  IL-10 post tx 

No control group 
Possible immune 
activation 
following tx with 
increased viral 
replication 

[119] 

Uganda 

S. mansoni 
40 mg/kg 

PZQ 
Mebendazole 

No ARV 

Transient increase in VL at 5 
weeks post PZQ Increase IL-2, IL-
5 post PZQ 

Very small  
(HIV/Sm) 
coinfected group 
Possible immune 
activation 
following tx with 
increased viral 
replication 

[91] 

Malawi S. mansoni 
S.haematobium 
Geohelminths 

40 mg/kg 
PZQ 

Albendazole 
Metronidazol

e 

? Treatment of helminths did not 
affect VL 

No control group 
No CD4,VL 
comparison tx and 
untx 

[40] 

Kenya S. mansoni 
40 mg/kg 

PZQ No ARV 
Treatment of S.mansoni did not 
affect VL 

No control group 
Very small study [92] 

Uganda S. mansoni 
Geohelminths 

Filarias 

40 mg/kg 
PZQ 

Albendazole 

No ARV Decrease in VL only in the 
Mansonella persitantly infected 
group at follow up 

No evidence of 
anti-parasitic 
treatment benefit 
in viral 
progression.? 
Benefit of 
Mansonella 

[119] 

Zambia S. mansoni 
Geohelminths 

40 mg/kg 
PZQ 

Albendazole 

No ARV No difference in VL or CD4 in 
individuals that received 
antiparasitic treatment 

No analysis for Sm 
group alone [93] 

Table 3: Studies examining the effect of praziquantel  on parasite clearance and HIV virological and 
immunological markers  in HIV-Schistosoma co-infection 
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Pharmacokinetics and pharmacodynamics of praziquantel efficacy in children should be 

investigated in field settings, as should drug–drug interactions of antiparasitic drugs used in 

preventive chemotherapy alongside HAART and antituberculous drugs. Investigators should 

more precisely measure the physical changes and psychological challenges to attain wellbeing 

for older children and adolescents with chronic diseases such as HIV and schistosomiasis by 

doing culturally sensitive studies of issues surrounding the beginning of sexual activity and 

minimisation of further risks of HIV transmission. Non-invasive methods for Immune 

responses in children vertically infected with HIV followed by Schistosoma spp infection. 

Perinatal mortality associated with detection of genital schistosomiasis in both sexes and 

clinical staging schedules for disease management are needed. Pubertal hormonal production 

and its potential protection against schistosomiasis progression and reinfection rates should 

be studied. Social determinants of health encompassing behavioural and psychosocial 

problems should be recorded to ensure the development and application of tailored 

interventions. 

Conclusion 

Provision of optimum public health care for paired management of HIV and schistosomiasis in 

sub-Saharan Africa might be more than a decade away. Failure to develop and implement a 

realistic research agenda for infected children will result in the neglect of the youngest 

children who might   be at particular risk for increased HIV transmission, HIV progression, 

and impaired response to drugs. We hope that this review will stimulate a collective agenda to 

ensure that real progress will be made in the long-term management of pediatric HIV and 

schistosomiasis coinfection. 
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  Table 4: Studies showing a potential or known mechanism in immune-pathogenesis of  HIV-Schisto coinfection. 

. 

Susceptibility 

Malawi S. 
haematobium 

15-49 yo 

Female genital mucosa y 
more vascularised 
compared to healthy 
cervical tissue. 

Increased cervical 
vascularity may have an 
impact on HIV 
susceptibility and 
transmission 

[71] 

Malawi S. 
haematobium 

15-49 yo 

Higher densities of 
genital mucosal CD4 + T-
Lymphocytes and 
macrophages  (HIV 
target cells)  

Presence of HIV target 
cells in S.haematobium 
cervical mucosa is 
increased HIV 
susceptibility 

[70] 

Kenya 
S. mansoni >18 yo 

lower interleukin IL–4 
and IL-10 production 
than did HIV-1– 

HIV-1 infection affects 
immune 
response patterns of 
patients with 
schistosomiasis. 

[47] 

Uganda 
S. mansoni >18 yo 

Decreased  
CD8_cytolytic T cell 
responses  to viral 
antigens  

Questionable efficacy of 
future HIV t-cell vaccines 

[73] 

Transmission 

Tanzania 
S. 

haematobium 
24-35 yo 

Increased HIV 
transmission in girls 
with Female  Urogenital  

Genital lesions due to FUS 
facilitate HIV transmission 

[74] 

Zimbabwe 
S. 

haematobium 20-49 yo 
Increased HIV 
transmission in girls 
with (FGS) 

Genital lesions due to FUS 
facilitate HIV transmission 

[75] 

Zimbabwe 
S. 

haematobium 
15-49 yo 

More likely to be HIV-
positive  Genital lesions due to FUS 

facilitate HIV transmission 
[76] 

Madagascar 
S. 

haematobium 
Men had increased 
hematospermia 

[77] 

Madagascar 
S. 

haematobium 

Men with urogenital 
schistosomiasis had 
increased leukocytes 
and inflammatory 
cytokines  

Inflammation facilitates 
HIV transmission 

[78] 

Kenya 
S. 

haematobium 

Mothers-? 
Babies-

12,18 ,24 
mo 

Pregnant women co-
infected with more 
helminths  increased 
likelihood of having HIV  

HIV + mothers may 
increase risk of HIV 
transmission to offspring 

[47] 

Progression 

USA S. mansoni 
Rhesus 
macaques 

Lower viral inoculums 
needed, Higher viral loads 
in coinfected animals 
,increased viral 
replication in CD4+  

Potential rapid HIV 
progression in hosts with 
S. mansoni pre-existing 
infection in humans. 

[79] 

Germany 

- 
Mice 

T regulatory cells inhibit 
the ability of CD8+ cells 
to control viral 
replication 

Probable increased HIV 
progression in 
schistosoma infected 
individuals  

[80] 

US 
S.mansoni Mice 

Elevated arginase-1 in 
macrophages inhibit 
inflammation and 
fibrosis 

The combination of both 
arginase and neutrophils 
in HIV progression 

[81] 

UK 
- 38-44 yo 

Elevated presence of 
arginase in neutrophils 
in HIV increases VL, 
reduced CD3 expression 

hyporesponsiveness of the 
host and increase 
opportunistic infections 

[82] 
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THE VISION 

It is my deepest wish  that this work will make a real change in the lives of 

children living with schistosomiasis, who could and should be growing taller, 

fitter, cognitively sharper and free of fibrosis.   
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DISCUSSION 

The focus of this thesis, although most relevant for African children harboring  S. 

haematobium and S. mansoni infections, will also be relevant across  other schistosomiasis-

endemic areas, as there is considerable overlap in non-specific morbidity outcomes. 1, 2  

In Chapter 1 an account of the fascinating  journey of discovery in the history of human 

schistosomiasis is given in outline.  As initial research efforts were parasite-centered, it wasn’t 

until the life cycle and transmission routes were elucidated that the schistosomiasis-

associated research  transitioned from being purely descriptive towards clinical treatment 

and preventive measures in public health. The introduction of an effective anti-parasitic 

treatment (PZQ) in combination with intersectoral activities such as vector (snail) control, 

marked the beginning of effective control programs in endemic countries and are central in 

the WHO 2012-2020 Roadmap. 3 Nonetheless tt has taken over 150 years to bring to attention 

the subtleties of a disease that affects all ages from infancy to adulthood.  

Shedding light on the progressive effects of disease within young children,  a more holistic 

investigation  to assess schistosomiasis was taken ,  exploring several  angles. The thesis 

initially seek answers in  epidemiological associations between S. haematobium-related 

morbidity and polyparasitic infection (Chapter 2). It then continues on to describing field-

appropriate detection tools for  different manifestations of urogenital schistosomiasis and 

intestinal schistosomiasis (Chapters 3-4). As a causal hypothesis, it follows by investigating 

if an early response to S. haematobium infection in young children precedes overt morbidity, 

by quantifying  pro-inflammatory cytokines in children’s  sera  (Chapter 5). Since infected 

children are in need of treatment, work follows on  with a study of the optimization of PZQ 

administration (Chapter 6), performing the first population PK/PD analysis PZQ in children 

with intestinal schistosomiasis. The thesis concludes by contextualizing schistosomiasis 

within the greatest epidemic of our times, the HIV pandemic. It identifies current knowledge 

gaps, exploring the staggering lack of information and knowledge about children caught in 

this tandem plague. (Chapter 7). 
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A TREATABLE CAUSE OF ANEMIA AND MALNUTRITION 

The results in Chapter 2   highlight the importance of considering the epidemiological, 

ecological and environmental settings in which children live, avoiding the artificial study of 

diseases in isolation. We explored the causes of high prevalence of anemia and malnutrition in 

a urogenital schistosomiasis-endemic area and found strong associations with multiple 

parasitic infections. Children co-infected with malaria and S. haematobium were 2 times more 

likely to be stunted, and wasted, than other children, with boys being most affected. This 

gender disparity was not unique to this area, having already been appreciated for example in 

a S. mansoni-endemic area in Brazil.4   

We also explored some of the multiple causes of anemia in such areas, while acknowledging 

that anemia is not a single disease, but rather a potential consequence of several possible 

etiologies sharing the common outcome of inadequate oxygen delivery to vital organs.  Some 

of the more dire manifestations of anemia in childhood can be decreased school attainment 

and persistently decreased aerobic capacity.  Iron deficiency anemia has been flagged by WHO 

as a global threat to childhood.5 As shown in Figure 1, very young children with low 

hemoglobin (Hb) levels have close to two IQ points lower per unit of Hb below the established 

acceptable age-cutoff for normal hemoglobin level. These children go on to have poor 

cognitive outcomes as they become older. 6 Non-iron deficiency anemia is an added risk for 

children in the tropics. This type of anemia is believed to be consequence of increased 

inflammation caused by chronic infections such as schistosomiasis as well as from chronic 

blood losses in the excreta from mechanical damage of the bladder and intestine. Iron is 

trapped within the reticuloendothelial system and is unable to be delivered adequately to the 

needed organs. Therefore iron supplementation, the mainstay for treatment of IDA is of little 

use in non-IDA anemias, and often, only treatment of the underlying infection can reverse the 

problem.7,8  

It is encouraging to note that PZQ treatment has had a positive impact on anemia reversibility 

in S. japonicum, S. haematobium, and S. mansoni areas.9, 10 In our study area in Kenya, co-

endemic for filariasis, soil-transmitted helminthes, and malaria, hemoglobin gains can be 

further synergized by combined delivery of  albendazole/mebendazole (soil-transmitted  
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helminthes), DEC/ivermectin (filariasis), and active testing and artemisinin combination 

therapy of malaria. We conclude from  

this study that there is a pressing need to integrate efforts for multiple co-endemic parasites 

in any regional or national MDA programs aiming at control or prevention of childhood 

disease.   

TOWARDS AFFORDABLE AND VALIDATED MORBIDITY METRIC TOOLS 

Chapter 3 provides better quantification and definition of two neglected disability outcomes 

related to schistosomiasis. These are: i) decreased aerobic capacity, and ii) decreased quality 

of life. Both impair the life of a child in a more subtle ways than overtly lethal diseases such as 

malaria, TB, or HIV. As a consequence, they continue to silently debilitate entire communities. 

It is the lack of available, reliable, low-technology detection tools for these outcomes partly 

accounts for this neglect, since these are manifestations that have been difficult to quantify in  

Figure 1: Individual and combined estimates of IQ point difference associated with hemoglobin levels in 
infancy.7 
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population-based studies. Their global impact on local economies has been perceived only 

though metrics taken in adulthood, at the later stage in life when the impact on work 

productivity becomes more apparent. Sadly, this is the time when schistosomiasis-associated 

morbidities may be harder to reverse if pro-fibrotic lesions have evolved to affect multi-organ 

end-stage disease. A re-estimation of the disability-adjusted life years (DALY) estimated 3.3 

million are lost in schistosomiasis stricken individuals.11, 12   

In the recalculated 2010 estimates, only a new consideration of infection-related anemia 

raised the estimated burden of chronic schistosomiasis. Meanwhile, other disabling disease 

manifestations of schistosomiasis, such as malnutrition or cognitive impairment, continued to 

be ignored. Even accounting for  the intrinsic difficulties of any cognitive assessment in 

resource limited areas,  an analysis of the global impact of helminthic infections found that 

there is an inverse association between IQ and worm burden13 (Figure 2).  The absence of 

valid, low-cost metrics, and the persistence of the ‘wormy village’ phenomenon, help to 

perpetuate a chronically-underestimated, hidden burden of childhood disability.  

In Chapter 3.1 an easy to perform, low-cost aerobic capacity test was validated and 

implemented in a urogenital schistosomiasis-endemic village in coastal Kenya. Low scores 

during the 20-meter shuttle run test (20-m SRT) indicated that anemia is reliably correlated 

with decreased physical fitness, and that this process was worse among stunted children.  The 

SRT test had been successfully validated against ergometry, the gold standard for aerobic 

capacity, among Canadian school-aged children.14 Its ease of delivery, the enthusiastic  

Figure 2.  Relationship between worm burden and decreased IQ. Adapted from Eppig et al 14

. 
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community participation, and its low-cost made the SRT an immediate success during 

implementation. It proved useful in detecting sub-clinical morbidity, i.e.,  children who were 

not complaining a-priori of feeling unwell but who were indeed underperforming in their 

daily activities.  

Of note, the relationship between poor physical performance and schistosomiasis had been 

previously appraised in the same region, but with an older, more imprecise morbidity metric. 

15, 16 We concluded from our work that the successful implementation of the 20-m SRT has a 

double impact. First, it provided the first rigorously validated and standardized tool for 

aerobic capacity detection for field studies, which allows it to be widely used across settings 

and diseases. Second, it has broader public health ramifications, owing to easier 

implementation in rural schools and communities settings, in sub-Saharan Africa and 

elsewhere, to detect subtle disease when implemented by school teachers and community 

health workers. As such, it can become a standard test to measure physical improvement of 

the students.  

Addressing socio-developmental effects Chapter 3.2 presents the first attempt at quantifying 

the perceived quality of life of children suffering from schistosomiasis (and other parasites).  

Infected children were traditionally thought to ‘cope’ with disease and ‘adapt’ to their health 

status. Because of this, a better measurement of health-related quality-of-life is required to 

convincingly quantify a very important socio-behavioral side of disease that has been 

frequently neglected in policy circles. Heretofore, HRQoL aspects of disease have been 

explored in other settings (e.g., industrialized countries) where conditions like asthma or 

chronic neurological conditions are known to impair children’s quality of life. However, 

attention has not been previously paid to the full functional impact of chronic parasites on 

personal performance and well-being.  

 The PedsQL is the only validated instrument for HRQoL assessment in pediatric populations. 

It has been used across different diseases and settings but not previously for parasitic disease 

research.  We employed it to create a HRQoL assessment that was appropriate in a urogenital 

schistosomiasis environment, after initially translating it and piloting it in Kiswahili.17 One-to-

one interviews were undertaken with children aged 5-18, while interviewing mothers with 

their younger ones was used.. Total scores for HRQoL were lower in villages with high  



CHAPTER  8| 

 196 

prevalence of S. haematobium (4% lower) and those living in poorer households (2% lower). 

The psychosocial aspects of the child’s life were more affected as compared to the physical 

function. The total HRQoL scores had an overall reduction of 2% in the presence of any 

parasite. These results show a concerning decrease of the quality of life of children living with 

schistosomiasis. Conclusions from this study are to advocate further use of the PedsQL to 

compare children’s disability across settings.  This approach will help to define the wider 

impact of schistosomiasis beyond its more obvious anatomic manifestations.  

Chapter 4 examines the cross-application and validity of two point-of-care (POC) tests as 

proxy markers for intestinal schistosomiasis due to infection with S. mansoni. Due to the 

impracticality of performing endoscopies and biopsies, the gold standards for the diagnosis of 

intestinal inflammation, fecal occult blood (FOB) and fecal calprotectin assays, were chosen 

for testing as possible reliable surrogate markers of infection. Calprotectin is a neutrophil 

cytoplasmic calcium-binding protein that is degranulated into the intestinal lumen as a 

response to local inflammation. Calprotectin levels are used to monitor activity of 

inflammatory bowel disease and the response to IBD treatment, although use of calprotectin 

in detection of enteric infections is now gaining recognition. 18 Previous work in Lake Victoria 

and Albert, Uganda, with a technically more demanding enzyme-linked immunosorbent assay 

did not find a correlation between fecal calprotectin and S. mansoni infection.19 That study 

was limited, however, by the lower sensitivity of the assay tested and Lake Victoria setting 

where infections are less pronounced. On the contrary, the POC fecal occult blood has 

beenpreviously associated with S. mansoni infection before therapy, with a significant 

decrease in detectable fecal occult blood noted after a single dose of PZQ. 20 

 In the present study, we found a strong association between baseline calprotectin and FOB 

and S. mansoni infection in children across a range of infection intensities, but with a more 

pronounced signal among those with high intensity infections. Anemia was associated with 

FOB at baseline. At follow up 24 days after single PZQ treatment, there was a significant 

decrease in both FOB and fecal calprotectin prevalence. Furthermore, medium intensity 

calprotectin levels were still associated with S. mansoni infection after controlling for possible 

confounders.  Both POC tests were very easy to perform, requiring very little on-site 

technological support or staff training.  Although a strong limitation for the use of POC 

calprotectin is its high cost per test ($10/test), its widespread implementation in MDA efforts  
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could potentially be increased with adequate donor support.  Although the calprotectin POC 

test is still a relatively high-cost test, it could have a use for gauging the clinical severity of 

disease in low resource settings, and for monitoring morbidity response to treatment. By 

contrast, the advantage of FOB is its relatively low cost ($0.6/test).  We conclude that 

integrating FOB in surveillance efforts for the mapping and monitoring and evaluation of 

control programs in S. mansoni-endemic areas is feasible and should not be delayed. This 

could be seen as a direct parallel with monitoring of urogenital schistosomiasis with reagent 

strips (i.e. hemastix®) and egg-filtration methods.  

WHEN DOES THE DAMAGE BEGIN? 

The work presented in Chapter 5 was conceived after the results of the initial surveys 

showed that younger children in the cohort already had significant schistosomiasis-associated 

morbidity, mostly anemia. We then raised the hypothesis that younger children have an early 

anti-parasite inflammatory response, and that this could be detected by elevated pro-

inflammatory cytokine levels in serum. This infection-related phenomenon would precede 

detectable fibrotic morbidity, and support the earlier implementation of anti-schistosomal 

treatment to prevent progression to chronic disease. Earlier work on chronic Schistosoma 

infection in S. japonicum-endemic settings had found associations between the morbidity 

outcomes of malnutrition and anemia of inflammation with IL-6 stimulation of hepcidin 

production, a liver hormone responsible for iron sequestration. 10 Liver fibrosis has also been 

associated with elevated pro-inflammatory cytokine responses, highlighting the association 

between inflammation and fibrosis.21 Less was known about the link between S. 

haematobium-related cytokine response and infection-associated morbidity.  

The results of this work did not prove our initial hypothesis of an association between pro-

inflammatory cytokines (IL-6 and TNF-α) and S. haematobium infection in the younger 

children. In contrast, there was a strong association between down-regulatory IL-10 cytokine 

and S. haematobium infection, but with relatively lower levels in early puberty (11-13 years 

old) and late adolescence (17-19 years old). These findings suggest a potential age-related 

early protection against the development of inflammation-related morbidity that wears off in 

late childhood. In conclusion the question of timing of damage remains largely unanswered  
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but the decreased levels of IL-10 may play a role.  Due to the limitations of serum cytokine 

detection, more refined T-cell stimulation assays will help to strengthen these associations.  

Through this work, we contributed to the growing body of evidence regarding schistosomiasis 

immunology. Far from having an effective anti-schistosomal vaccine, the understanding of the 

immune regulation is crucial for public health reasons and should continue to be explored. A 

skewed immune system could potentially have a negative impact on childhood vaccinations 

and more work needs to be done to ensure that this does not happen.22 

YOUNGER CHILDREN NEED MORE PRAZIQUANTEL 

Chapter 6 presents the first pediatric PZQ population pharmacokinetic (PK) study with 

pharmacodynamic (PD) associations performed in an endemic population for S. mansoni in 

Lake Albert, Uganda. For a drug that is being delivered to over 25 million children every year 

through MDA control programs,2 no PK/PD studies have been conducted, with direct 

extrapolation of adult dosing to children. 23, 24 Sixty children, 3-8 years of age, were 

randomized to receive 40 mg/kg or 60 mg/kg of PZQ. Seven blood samples were collected at 

0, 1, 2, 4, 6, 12, 24 hours for the detection of R- and S- PZQ enantiomers by LC-MS/MS method. 

Parasitological data were collected alongside by standard Kato-Katz egg detection, urinary 

CCA and plasma CAA antigen testing. Drug efficacy measured as PD outcomes of cure rate and 

egg reduction rate were assessed at 24 days post PZQ treatment. Results of the study show 

that individual cure rates are strongly associated with S-PZQ enantiomer area-under the 

concentration time curve (AUC). This latter finding was contrary to expectations as R-PZQ is 

thought to be the biologically active PZQ enantiomer. 25 Further population PK analysis and 

Monte Carlo simulations found an inverse relationship between dosing requirement and age. 

This was of particular concern for the very young boys (3-5 year olds) who showed very poor 

cure rates at both standard doses of PZQ (40 or 60 mg/kg).  

The results of this study strongly suggest that different dosing strategies are needed for 

different age groups in S. mansoni endemic settings. From a policy standpoint, the 

implications are broad and meaningful.  With the current WHO recommendations for the MDA 

delivery of PZQ, younger children are likely being underdosed.26 As preschool children 

become integrated in control efforts 27, 28, there is an urgent need to resolve the proper dosing  
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regimen for this age group. In addition, analysis of the data suggest that development of an R-

PZQ mono-enantiomeric formulation should  be cautioned for S. mansoni areas. We conclude 

that there is an urgent need to undertake a large PK/PD study exploring high dose PZQ (i.e. 80 

mg/kg) compared to lower dosing (40 and 60 mg/kg) and targeting all ages but with a special 

focus on preschool children. Findings of such a study will draw further attention to the 

paucities in WHO guidelines and provide evidence-based advocacy for change. 

A WORRISOME TANDEM OF INFECTIONS 

Chapter 7 elaborates on the astonishing absence of evidence regarding childhood co-infection 

with two of the most prevalent infectious diseases worldwide, i.e., HIV and schistosomiasis. 

This lacuna is in contrast to the much wider body of knowledge already gathered by studies of 

HIV-schistosomiasis co-infected adults, which helped to form the basis for this review. 29, 30 

The emphasis of Chapter 7 was determining the full extent of this  knowledge gap, in order to 

identify means to treat both diseases in a safe and effective way. It is important to note that 

for adults living in endemic areas the norm is that schistosomiasis precedes HIV, whereas in 

children the opposite sequence holds. For example, HIV can be acquired through vertical 

transmission and precedes infection with Schistosoma. The consequences of this patterning 

are multifaceted, covering a broad range of potential interactions between the two diseases at 

different time points during the development of a child.  

The pre- and peri-natal relationship between maternal helminthiasis and HIV transmission 

has the strong potential to impair normal childhood vaccine response. It is known that babies 

born to mothers with multiple parasitic infections already have reduced response to BCG and 

Haemophilus B conjugate vaccine.31 It is suggested that PZQ should be given to all pregnant 

women infected with Schistosoma as standard practice to alleviate this infection, and the 

effect of this treatment on HIV transmission should then be monitored for a beneficial impact. 

26 HIV transmission is also enhanced in women suffering from Female Genital Schistosomiasis 

(FGS)32, but the effects on the children born to mothers with this tandem has not yet been 

explored. Moreover, children with vertically transmitted HIV that contract schistosomiasis at 

an early age have not been studied; there is a possibility that they will progress more rapidly 

to AIDS and/or will develop earlier and more severe schistosomiasis associated morbidity.   
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Among older children, as the HIV infected or exposed child becomes more independent from 

the mother and schistosomiasis evolves, it is uncertain how growth, development and 

cognition will be affected. Further issues of drug-drug interactions between HAART and PZQ, 

antimalarials or even anti-tuberculosis drugs need to be fully investigated in the youngest age 

groups.  Finally, in adolescence, when physical and psychological challenges become apparent, 

there needs to be a close consideration of co-infection among children, implementing 

culturally sensitive studies regarding sexual activity to minimize their risk of HIV 

transmission and other sexually transmitted diseases.  Low-cost tools to diagnose FGS in 

adolescent girls are also needed to quantify morbidity and establish firm estimates of HIV risk 

in different S. haematobium endemic areas. 33 

CONCLUSIONS 

The work presented in this thesis contributes to the estimation of the burden of pediatric 

schistosomiasis in African children. Data from endemic areas in two countries (Kenya and 

Uganda) highlight the importance of polyparasitism and other co-infections (i.e. HIV), 

highlighting their synergistic effects in causing morbidity. Novel metric tools for overt and 

non-specific schistosomiasis associated morbidities were successfully tested that can be 

integrated into the global efforts to fight schistosomiasis.  Integration into monitoring and 

evaluation phases of preventive chemotherapy programs could significantly contribute 

toward meeting the ambitious deadline set forth by the WHO roadmap strategy for 

eliminating schistosomiasis from selected African countries by 2020.34The pediatric PZQ 

PK/PD study is a seminal work for the evidence-based optimization of anti-schistosomal 

treatment in African children. Several unanswered questions surfaced, suggesting the need for 

further large-scale controlled trials targeting different Schistosoma species with different 

dosing strategies across different age groups, with a particular focus on the under-fives.  

FUTURE DIRECTIONS 

The broad and substantial impact that schistosomiasis-related morbidity has on childhood 

health has to be consistently acknowledged, and effective treatment of children has to be 

sustained and remain at the forefront in our efforts to have a ‘worm-free world’.  This concept 

has been the driving force for the work presented in this thesis. Despite the recent donation of  
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250 million PZQ tablets by the Merck-KGaA company for schistosomiasis control in certain 

countries,34 there still a long road ahead.   

From a clinical perspective, as schistosomiasis slowly transitions from being a ‘public health 

threat’ to being partially and then fully eliminated, millions of children will remain infected 

worldwide, suffering from persistent schistosomiasis-associated morbidities if no individual 

attention is paid to them. This could be the case for an estimated 41 million school-aged 

children who missed the delivery of PZQ in 2010 in MDA programs, if they continue missing 

yearly rounds. 35 It also affects uncounted preschool children who are not yet included in 

global efforts for control and elimination. A dangerous double treatment gap that could have 

as  a consequence, the development and progression of downstream morbidities.  

As national schistosomiasis control programs work towards reaching their targets, individual 

case management has to occur at a local level through delivery of PZQ at the health center 

level, in order to prevent the chronic manifestations of schistosomiasis more fully.  

Realistically, after optimization of pediatric PZQ dosing through PK/PD studies, and with 

increased primary care drug delivery, many more PZQ tablets will be needed.  

Some of the remaining gaps that should be part of the research agenda are: 

 Large scale clinical trials of PZQ across different Schistosoma spp. endemic settings

and testing different dosing regimens across a wide range of age groups and with particular 

focus on preschool children.  

 The development of and individual case detection tool for schistosomiasis; in

endemic areas should be part of future policy. In order to synergize efforts with MDA 

programs, the goal of such a tool would be to categorize the different degrees of severity of 

childhood schistosomiasis and provide supplemental PZQ treatment between rounds of MDA 

where appropriate. A proposed evidence based framework is summarized in Table 1. The goal 

of this schematic is to describe the disease as it progresses from inflammation (Stage 1-2) to 

fibrosis (Stage 3), accounting for all now well-documented schistosomiasis-related disability 

outcomes.  This can guide clinicians in endemic areas to identify early stages of the disease 
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and not solely focus on the end-stage presentations. It can be further simplified for training 

school teachers and of less-skilled personnel at the basic health center level.   

 Further is needed to evaluate point-of-care tests for the identification of

schistosomiasis-associated morbidity in resource limited areas, tests that have low cost and 

can be carried out by basic-skill personnel at large-scale operations. Accurate diagnosis of 

infection is crucial to identification of early Schistosoma-related morbidity before it becomes 

irreversible.  Advocating and sustaining  scale-up of valid POC testing through national 

programs and primary health care should also be part of a dual approach to disease 

elimination.  

 Schistosomiasis in pre-school children should be integrated into the IMCI (Integrated

Management of Childhood Illnesses), the WHO disease syndromic approach to identifying 

and treating childhood illnesses in resource limited areas. Worldwide, this framework that 

has been very successful in treating under-fives and currently only includes treatment of soil-

transmitted helminths.36, 37 As further evidence on preschool schistosomiasis-related 

morbidity develops, particularly regarding anemia,38 it is clear that the pre-school should not 

have delayed treatment, and could certainly benefit from IMCI-type evaluation and treatment. 

Today, there is a perceived momentum of international awareness on schistosomiasis in 

childhood, this is the time to allocate resources from different funding streams to try to 

ameliorate the effects of this disabling disease. 
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Table 1: Proposed pediatric staging for clinical schistosomiasis 
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NEDERLANDSE SAMENVATTING 

Dit proefschrift richt zich op  Afrikaanse kinderen met S. haematobium en S. Mansoni-infecties, 

maar zal ook voor  andere schistosomiasis-endemische gebieden relevant zijn door de overlapping 

met betrekking tot de  niet-specifieke morbiditeitsresultaten. 1, 2  

In hoofdstuk 1 wordt een globaal verslag gegeven van de fascinerende ontdekkingsreis in de 

geschiedenis van de menselijke schistosomiasis. Aangezien aanvankelijk onderzoek voornamelijk 

gericht was op de parasiet, ging  pas in een later stadium de onderzoekfocus van louter 

beschrijvende naar onderzoek naar klinische behandeling en preventieve maatregelen in de 

volksgezondheid. De introductie van een effectieve anti-parasitaire behandeling praziquantel 

(PZQ) in combinatie met intersectorale activiteiten zoals vector (slak) bestrijding, markeerde het 

begin van een effectieve bestrijding in endemische landen en staat centraal in het stappenplan van 

de Wereldgezondheidsorganisatie 2012-2020.3 Toch heeft het meer dan 150 jaar geduurd voor de 

details  van een ziekte, die alle leeftijden treft van geboorte tot volwassenheid, bekend werden.  

Door licht te werpen op de progressieve gevolgen van de ziekte bij jonge kinderen, werd er een 

meer holistisch onderzoek  schistosomiasis opgezet, waarbij verschillende invalshoeken werden 

verkend. Het huidige proefschrift zoekt in hoofdstuk 2 naar antwoorden op epidemiologische 

associaties tussen S. haematobium-gerelateerde morbiditeit en poly-parasitaire infectie 

(hoofdstuk 2). Vervolgens worden in het veld toepasbare detectiemiddelen voor verschillende 

manifestaties van urogenitale schistosomiasis en intestinale schistosomiasis beschreven 

(hoofdstukken 3-4). In hoofdstuk 5 wordt de pro-inflammatoire cytokines in sera van kinderen 

bepaald in de vroege fase van een infectie en geassocieerd met de optredende morbiditijd bij deze 

kinderen. (hoofdstuk 5). Omdat besmette kinderen behandeling nodig hebben, wordt in 

hoofdstuk 6  een onderzoek naar de optimalisatie van het toedienen van PZQ beschreven, waarbij 

de eerste PK/PD-bevolkingsanalyse van PZQ bij kinderen met intestinale schistosomiasis wordt 

uitgevoerd (hoofdstuk 6). Het proefschrift sluit af door het contextualiseren van schistosomiasis 

binnen de grootste epidemie van onze tijd, de hiv-pandemie. Het identificeert de huidige lacunes 

in de kennis, waarbij het verbazingwekkend gebrek aan informatie en kennis wordt onderzocht 

rondom kinderen die zijn getroffen door beide ziekten. (hoofdstuk 7). 
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EEN BEHANDELBARE OORZAAK VAN BLOEDARMOEDE EN ONDERVOEDING 

De resultaten in hoofdstuk 2 benadrukken hoe belangrijk het is om de  ecologische en milieu-

omgevingen waar kinderen in wonen in acht te nemen en  kunstmatige onderzoek naar ziekten in 

isolement te vermijden. De associaties tussen multipele parasitaire infecties en het voorkomen 

van  van bloedarmoede en ondervoeding werden gevonden in  in een schistosomiasis-endemisch 

gebied. Kinderen, met name jongens, die zijn geïnfecteerd met zowel  malaria en S. haematobium 

hebben 2 keer meer kans op groeivetraging. Deze genderongelijkheid is eerder beschreven bij een 

S. mansoni-endemisch gebied in Brazilie.4   

De studie omvatte ook onderzoek naar  verschillende oorzaken van bloedarmoede in het 

odnerzoeksgebied. In dit opzicht is het belangrijk ons te realiseren  dat bloedarmoede geen op 

zichzelf staande ziekte is, maar eerder een eventueel gevolg van verschillende mogelijke oorzaken 

die een gemeenschappelijke uitkomst delen: het leveren van onvoldoende zuurstof aan vitale 

organen. Sommige van de meer nijpende gevolgen van chronische  bloedarmoede op de 

kinderleeftijd zijn toegenomen schoolverzuim en verminderde acitviteit (minder spelen). 

Bloedarmoede door ijzergebrek is gekenmerkt door de Wereldgezondheidsorganisatie als een 

wereldwijde bedreiging in de kinderjaren.5 Zoals aangetoond in afbeelding 1, scoren zeer jonge 

kinderen met een laag hemoglobinegehalte (Hb) bijna twee IQ-punten lager per Hb-eenheid onder 

de vastgestelde aanvaardbare leeftijdsgrens voor een normaal hemoglobinegehalte..6 

Bloedarmoede zonder ijzergebrek is een extra risico voor kinderen in de tropen. Dit type 

bloedarmoede kan het gevolg zijn van  het effect van een chronische infecties op het been merg. 

Schistosomiasis kan zo’n chronische infectie zijn en geeft daarnaast ook nog chronisch bloedverlies 

via de urine en de ontlasting door mechanische beschadiging van de  blaas en darmen wand. 

Tijdens een chronische infectie wordt ijzer vastgehouden in het reticulo-endotheliale systeem en 

kan daardoor niet adequaat naar de benodigde organen worden getransporteerd. Daarom is 

ijzersuppletie, de steunpilaar voor de behandeling van IDA, van weinig nut bij bloedarmoede 

zonder IDA en kan vaak alleen behandeling van de onderliggende infectie het probleem 

tegengaan.7,8  
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Het is bemoedigend op te merken dat Praziquantel (PZQ)-behandeling een positief effect heeft op 

het tegengaan van bloedarmoede in S. Japonicum-, S. Haematobium- en S. mansoni-gebieden.9, 10 

In ons onderzoeksgebied in Kenia kan hemoglobine waarden worden verbeterd door ook filariasis, 

bodem-overdraagbare helminthes en malaria te behandelen, gebruik makend van een combinatie 

van albendazol/mebendazole (bodem-overdraagbare helminthes), DEC/ivermectine (filariasis), 

actief testen en een artemisinine combinatietherapie van malaria. Wij concluderen uit dit 

onderzoek dat er een dringende noodzaak bestaat om de behandeling van verschillende co-

endemische parasieten te integreren in regionale of nationale MDA-programma’s die gericht zijn 

op het bestrijden of het voorkomen van kinderziekten.  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

OP WEG NAAR BETAALBARE EN GEVALIDEERDE MIDDELEN OM MORBIDITEIT TE METEN 

 

Hoofdstuk 3 biedt een betere kwantificering en betere definiering van twee in het verleden 

verwaarloosde invaliditeitsmaten die zijn gerelateerd aan schistosomiasis. Dit zijn: i) een 

verminderde aerobic capaciteit; en ii) een verminderde kwaliteit van leven. Beiden zijn een maat 

die aantasting het leven van een kind subtieler meet. .. Het gebrek aan beschikbare, betrouwbare, 

lage-technologische detectie methodeis mede verantwoordelijk voor deze verwaarlozing (gevolg  

Afbeelding 1: Individuele en gecombineerde schattingen van IQ-verschillen 

geassocieerd met het hemoglobinegehalte bij kinderen.
7
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van  problemen met   kwantificeren  bij bijvoorbeeld bevolkingsonderzoeken). De wereldwijde 

impact  op de plaatselijke economie is alleen waargenomen door metingen uit te voeren tijdens de 

volwassenheid, dus in een latere levensfase, wanneer het effect op de werkproductiviteit steeds 

duidelijker wordt. Helaas is dit het moment waarop schistosomiasis-geassocieerde morbiditeit 

moeilijker te bestrijden is, omdat de (pro-)fibrotische schade aan  meerdere organen in een 

eindstadium zijn gekomen. Een nieuwe schatting van de disability-adjusted life years (DALY) gaf 

een verlies van 3,3 miljoen aan bij individuen getroffen door schistosomiasis.11, 12   

In de opnieuw berekende schattingen van 2010 zijn alleen een nieuwe afweging van infectie-

gerelateerde bloedarmoede mee genomen.. De  andere invaliderende manifestaties van 

schistosomiasis, zoals ondervoeding of cognitieve stoornissen, worden nog steeds genegeerd bij 

de DALY berekening. Zelfs met inbegrip van de intrinsieke moeilijkheden van elke cognitieve 

evaluatie in gebieden met beperkte middelen, laat een analyse van de wereldwijde impact van 

worminfecties zien dat er een omgekeerd verband bestaat tussen het IQ en de aanwezigheid van 

wormen13 (afbeelding 2). Het ontbreken van geldige, low-cost metingen en het voortbestaan van 

het ‘wormy village’-fenomeen, helpen bij het bestrijden van een chronische onderschatting van 

verborgen invaliditeit in de kinderjaren.  

In hoofdstuk 3.1 werd een eenvoudig uit te voeren, low-cost aerobische capaciteitstest 

gevalideerd en in een urogenitaal schistosomiasis-endemisch dorp aan de kust van Kenia 

geïmplementeerd. Lage 

Afbeelding 2.  Relatie tussen wormaanwezigheid en verminderd IQ. Aangepast van Eppig et al. 
14

. 
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 scores tijdens de 20 meter shuttle-run-test (20-m SRT) gaf aan dat bloedarmoede betrouwbaar 

gecorreleerd is met een verminderde lichamelijke conditie en dat dit proces nog duidelijker 

aanwezig was bij kinderen met een groeiachterstand. De SRT-test werd succesvol gevalideerd 

tegen ergometrie, de gouden standaard voor de aerobische capaciteit.14 De gemakkelijke 

toepassing, de enthousiaste participatie van de gemeenschap en de lage kosten zorgen ervoor dat 

de SRT een onmiddellijk succes is tijdens de uitvoering. Het bleek nuttig bij het opsporen van 

subklinische morbiditeit, d.w.z., kinderen die niet a-priori klaagden dat ze zich onwel voelden, 

maar die wel degelijk ondermaats presteerden in hun dagelijkse activiteiten.  

Er dient opgemerkt te worden dat de relatie tussen slechte lichamelijke prestaties en 

schistosomiasis eerder werd beoordeeld in hetzelfde gebied, maar met een verouderde, 

onnauwkeurigere morbiditeitsmeting.15, 16 Wij konden uit ons onderzoek concluderen dat de 

succesvolle implementatie van de 20-m SRT een dubbel effect had. Ten eerste bood  het eerste 

gevalideerd en gestandaardiseerd hulpmiddel om de aerobische capaciteit te meten t.b.v. 

veldonderzoek, waardoor het op grote schaal kan worden gebruikt in instellingen en bij ziekten. 

Ten tweede kan het  dankzij een eenvoudige implementatie in  scholen en 

gemeenschapsinstellingen, in bijvoorbeeld  sub-Sahara,  door de leraren en gezondheidswerkers 

eenvoudig worden geïmplementeerd. Als zodanig kan de 20-m SRT als een standaard test worden 

gebruikt om de fysieke verbetering van leerlingen te meten.  

Het aanspreken van sociale-ontwikkelingseffecten. Hoofdstuk 3.2 beschrijft de eerste poging tot 

het kwantificeren van de verwachte levenskwaliteit van kinderen die lijden aan schistosomiasis (en 

andere parasieten). Van oudsher werd er verondersteld dat geïnfecteerde kinderen ‘kunnen 

omgaan’ met de ziekte en ‘zich aanpassen’ aan hun gezondheidstoestand. Het vereist een betere 

meting van de gezondheidsgerelateerde kwaliteit van leven (HRQoL) om een zeer belangrijke 

sociaal-gedragsmatige kant van de ziekte overtuigend te kunnen kwantificeren die vaak wordt 

verwaarloosd in beleidskringen. Voorheen werden de HRQoL-aspecten van de ziekte in andere 

omstandigheden onderzocht (zoals in geïndustrialiseerde landen) waar aandoeningen zoals astma 

of chronische neurologische aandoeningen erom bekend staan dat ze de kwaliteit van leven van 

kinderen beïnvloeden. Er is echter niet eerder aandacht geschonken aan de volledige functionele 

gevolgen van chronische parasieten op persoonlijke prestaties en welzijn. (ref) 
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De pediatrische kwaliteit van leven (PedsQL) is het enige gevalideerde middel voor een HRQoL-

beoordeling bij pediatrische populaties. Het wordt gebruikt voor verschillende ziekten en 

omstandigheden, maar nog niet eerder voor een onderzoek naar de gevolgen van parasitaire 

ziekten. Wij gebruikten deze meet methode voor het creëren van een HRQoL-beoordeling die 

passend is in een (urogenitale) schistosomiasis endemisch gebied. .17 Er werden eén-op-één 

gesprekken gevoerd met kinderen tussen de 5-18 jaar, waarbij ook moeders met jongere kinderen 

werden ondervraagd. De totaalscores voor de kwaliteit van leven lag lager in dorpen met een hoge 

incidentie  van S. haematobium (4% lager) en bij personen uit lage sociaal economische 

huishoudens (2% lager). De psychosociale aspecten van het leven van het kind werden zwaarder 

getroffen in vergelijking met de fysieke functie. De totale HRQoL-score had een algehele 

vermindering van 2% bij aanwezigheid van een parasiet. Deze resultaten tonen een 

verbazingwekkende vermindering van de kwaliteit van leven bij kinderen met schistosomiasis. 

Conclusies uit dit onderzoek kunnen gebruikt worden  om de PedsQL te kunnen  gaan gebruiken 

voor het vergelijken van invaliditeit bij kinderen in verschillende leefomstandigheden. Deze 

aanpak zal bijdragen aan het definiëren van een grotere impact op schistosomiasis buiten de meer 

voor de hand liggende anatomische manifestaties.  

Hoofdstuk 4 gaat in op de toepassing en geldigheid van twee point-of-care (POC) testen als 

proxymarkers voor intestinale schistosomiasis ( S. mansoni infectie). Omdat het uitvoeren van 

endoscopieën en biopsieën niet praktisch is, werden de gouden standaards voor de diagnose van 

darmontsteking, fecaal occult bloed (FOB) en fecale calprotectine gekozen als surrogaatmarkers 

voor infecties. Calprotectine is een antineutrofielen-cytoplasmatisch calcium-bindend eiwit dat 

vrijkomt in het darmlumen als reactie op plaatselijke inflammatie. Het calprotectinegehalte wordt 

gebruikt om de mate van activiteit van ontstekings van darm en de reactie op behandeling te 

kwantificeren.  .18 Eerder onderzoek in Lake Victoria en Albert, Uganda, met een technisch 

veeleisendere enzym-gebonden immunosorbenstest, leverde geen correlatie op tussen fecale 

calprotectine en S. mansoni-infectie.19 Dit onderzoek werd echter beperkt door de lagere 

gevoeligheid van de test en door de omgeving van het Victoriameer, waar infecties in mindere 

mate aanwezig zijn. Daarentegen was het POBwel geassocieerd met een S. mansoni-infectie. Een 

aanzienlijke afname in detecteerbare fecale occult bloed werd waargenomen na een enkele PZQ-

kuur. 20 
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In het huidige onderzoek zagen we een sterk verband tussen  calprotectine waarden en FOB en S. 

mansoni-infectie bij kinderen met verschillende intensiteiten van infectie, met een uitgesprokener 

signaal bij degenen met een hoge infectie intensiteits. Bloedarmoede bij opname in de studie 

bleek geassocieerd met FOB. Bij een vervolgonderzoek 24 dagen na een PZQ-behandeling was er 

een aanzienlijke vermindering van zowel de FOB als de aanwezigheid van fecale calprotectine. 

Verder werden calprotectinegehaltes met een gemiddelde intensiteit nog steeds geassocieerd met 

S. mansoni-infectie na controle op mogelijke verstorende factoren. Beide POC-testen waren zeer 

eenvoudig uit te voeren, omdat ze weinig plaatselijke technische ondersteuning of opleiding van 

het personeel vereisten. Hoewel de hoofdzakelijke beperkingen voor het uitvoeren van een POC-

calprotectine de hoge kosten zijn per test ($10/test), kan een algemene toepassing van MDA-

inspanningen eventueel worden verbeterd met voldoende donorsteun. Hoewel de POC-

calprotectinetest nog steeds relatief duur is, kan het nuttig zijn om de klinische ernst van de ziekte 

te meten in omgevingen met weinig middelen en voor het beoordelen van morbiditeitrespons op 

de behandeling. Daarentegen heeft FOB als voordeel dat het relatief weinig kost ($0,6/test). Wij 

concluderen dat het integreren van FOB voor bestrijding/controle bij het in kaart brengen, 

bewaken en beoordelen van de bestrijdingsprogramma’s in S. mansoni-endemische gebieden 

haalbaar is en niet mag worden uitgesteld. Dit kan worden beschouwd als een rechtstreeks 

parallel met het bewaken van urogenitale schistosomiasis met dipstick testen (hemastix®) en ei-

filtratiemethoden.  

WANNEER BEGINT DE SCHADE? 

De beschreven werkzaamheden in hoofdstuk 5 zijn ontstaan nadat uit de resultaten van de eerste 

onderzoeken bleek dat jongere kinderen in het cohort reeds aanzienlijke schistosomiasis 

morbiditeit (voornamelijk bloedarmoede) vertoonden. We veronderstelden vervolgens dat 

jongere kinderen een vroeg anti-parasitaire inflammatoire respons hebben en dat dit kan worden 

gedetecteerd door verhoogde pro-inflammatoire cytokinegehaltes in het serum aan te tonen. Dit 

infectie-gerelateerd fenomeen zou voorafgaan aan detecteerbare fibrotische morbiditeit en de 

eerdere implementatie van een anti-schistosomenbehandeling ondersteunen om te voorkomen 

dat dit zich ontwikkeld tot een chronische ziekten. Eerder onderzoek van Schistosoma-infectie in S. 

japonicum-endemische gebieden toonde een verband aan tussen de morbiditeitsresultaten van 

ondervoeding en bloedarmoede door een ontsteking met IL-6 stimulatie van de  



ADDENDUM|  

 216 

hepcidineproductie, een hormoon dat het ijzer metabolisme in het lichaam reguleerd.10 

Leverfibrose wordt ook in verband gebracht met verhoogde pro-inflammatoire 

cytokineresponsen, waardoor het verband tussen ontsteking en fibrosis wordt gekenmerkt.21 Er 

was minder bekend over het verband tussen een S. haematobium-gerelateerd cytokinerespons en 

infectie-gerelateerde morbiditeit.  

De resultaten van dit onderzoek gaven geen bewijs van onze aanvankelijke veronderstelling over 

het verband tussen pro-inflammatoire cytokines (IL-6 en TNF-α) en S. Haematobium-infectie bij 

jongere kinderen. Daarentegen was er een sterk verband tussen down-regulerende IL-10 cytokine 

en S. haematobium-infectie, maar met relatief lagewaarden in de vroege puberteit (11-13 jaar) en 

de late adolescentie (17-19 jaar). Deze bevindingen suggereren een potentieel leeftijds-

gerelateerde vroege bescherming tegen de ontwikkeling van ontstekings-gerelateerde morbiditeit 

dat in de latere kinderjaren afneemt. We hebben de vragen rond de timing van de schade niet 

kunnen beantwoorden , al lijkt uit onze resultaten de verlaagde IL-10-niveaus een rol te spelen. 

Nieuwe, meer gevoelige,  T-cel stimulatietesten zullen nodig zijn om de openstaande vragen te 

kunnen beantwoorden.  

Samenvattend hebben wij,  bijgedragen aan de een beter begrip van de immunologische response 

op een schistosomiasis infectie. Welke nodig is voor het ontwikkelen van een effectief  anti-

schistosomen vaccin, aangezien een afwijkend immuun reactie invloed kan hebben op de 

werkzaamheden van een vaccine.22 

JONGERE KINDEREN HEBBEN MEER PRAZIQUANTEL NODIG 

Hoofdstuk 6 beschrijft het eerste pediatrische farmacokinetisch (PK) PZQ-bevolkingsonderzoek 

met farmacodynamische (PD) associaties uitgevoerd in een endemische bevolking voor S. mansoni 

in Lake Albert, Uganda. Het is opvallend dat voor een geneesmiddel dat aan meer dan 25 miljoen 

kinderen per jaar wordt toegediend via MDA-bestrijdingsprogramma’s,2 er geen PK/PD-data 

beschikbaar zijn. Tot nu toe werd er een  directe extrapolatie van een volwassen dosering naar 

kinderen toegepast.23, 24 In onze studie kregen 60 kinderen in de leeftijd van 3-8 jaar  willekeurig  
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40 mg/kg of 60 mg/kg PZQ toegediend. Er werden zeven bloedmonsters verzameld na 0, 1, 2, 4, 6, 

12 en 24 uur voor de detectie van R- en S- PZQ enantiomeren via de LC-MS/MS-methode. Daarbij 

werden parasitologische gegevens verzameld via een standaard Kato-Katz ei-detectie, urine-CCA 

en plasma-CAA antigeentesten. De effectiviteit van het geneesmiddel gemeten als de PD-

resultaten van het genezingspercentage en ei-reductie werden 24 dagen na de PZQ-behandeling 

geëvalueerd. De resultaten van het onderzoek tonen aan dat het individuele genezingspercentage 

sterk waren geassocieerd met de  S-PZQ  concentratietijdcurve (AUC). Deze laatste bevinding was 

in tegenstelling tot de verwachtingen, aangezien er verondersteld werd dat R-PZQ de biologisch 

actieve PZQ enantiomeer is.25 Daar naast werd met de PK-bevolkingsanalyse en Monte-

Carlosimulaties een omgekeerde relatie gevonden tussen de vereiste dosering en de leeftijd. Dit 

was voornamelijk van belang voor de zeer jonge jongetjes (3-5 jaar) waarbij zeer slechte ‘cure-

rates’  worden gevonden bij beide standaard PZQ-doseringen (40 of 60 mg/kg). 

 

De resultaten van dit onderzoek suggereren dat er verschillende doseringsstrategieën nodig zijn 

voor verschillende leeftijdsgroepen in S. Mansoni-endemische gebieden. Dit heeft mogelijk 

verstrekkende implicaties.. Met de huidige aanbevolen dosering van de 

Wereldgezondheidsorganisatie voor PZQ krijgen jongere kinderen waarschijnlijk een te lage 

dosering toegediend.26 Aangezien kleuters in deze bestrijdingsprogramma’s worden 

geïntegreerd27, 28, bestaat er een dringende noodzaak om het juiste doseringsschema voor deze 

leeftijdsgroep te bepalen en te implementeren. Daarnaast suggereren onze resultaten  enige 

terughoudendheid bij de ontwikkeling van een R-PZQ mono-enantiomeer formulering voor S. 

mansoni-gebieden. Wij concluderen dat er een dringende noodzaak is om een groot PK/PD-

onderzoek op te zetten waarbij een hoge dosering PZQ (d.w.z. 80 mg/kg) wordt vergeleken met  

een lagere dosering (40 en 60 mg/kg). Tevens dient dit in dit onderzoek ook (zeer) jonge kinderen 

geïncludeerd te worden. Bevindingen van een dergelijk onderzoek zullen kunnen bijdrage aan een 

verdere verbetering van de huidige Wereldgezondheidsorganisatierichtlijnen. 

 

EEN ZORGELIJKE TANDEM VAN INFECTIES 

Hoofdstuk 7 gaat in op het verbazingwekkende gebrek aan informatie over mogelijke interactie 

tussen twee, op de kinderleeftijd, veel voorkomende infectiesin de wereld: hiv en schistosomiasis. 

Deze kennis lacune staat in contrast met de vele studies die zijn uitgevoerd naar de interactie van 

deze infecties bij volwassenen.29, 30 De nadruk in hoofdstuk 7 ligt bij het bepalen van de volledige  
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omvang van deze kenniskloof, om middelen te kunnen identificeren voor het veilig en effectief 

behandelen van beide ziekten. Het is belangrijk op te merken dat bij volwassenen,  in endemische 

gebieden,  schistosomiasis infectie meee Stal voorafgaat aan een hiv infectie, terwijl dit voor 

kinderen bijna altijd omgekeerd is (verticale transmissie van HIV tijdens de geboorte). . De 

gevolgen van deze patronen zijn veelzijdig en omvatten een breed scala aan mogelijke interacties 

tussen de twee ziekten op verschillende momenten gedurende de ontwikkeling van een kind.  

De pre- en perinatale relatie tussen de maternale helminthiasis en hiv-overdracht kan tot gevolg 

hebben dat de normale vaccinrespons in afgenomen. Het is bekend dat baby's van moeders met 

meerdere parasitaire infecties al een verminderde reactie hebben op het gezamenlijke BCG en 

Haemophilus B vaccin.31 Er wordt daarom gesuggereerd dat PZQ aan alle zwangere vrouwen moet 

worden gegeven. Het effect van deze behandeling op hiv-overdracht moet worden bekeken 

aangezien  aangezien er een relatie bestaat tussen verticale HIV transmissie en genitale 

schistosomiasis (FGS) 26 32, maar het is nog niet onderzocht welk effect dit heeft op kinderen van 

moeders met deze beide infecties. Daarnaast zijn verticaal HIV geïnfecteerde kinderen die die op 

jonge leeftijd schistosomiasis hebben opgelopen nog niet onderzocht; het is mogelijk dat ze sneller 

aids ontwikkelen en/of eerder en in ernstigere mate schistosomiasis-gerelateerde morbiditeit 

zouden ontwikkelen.   

Bij oudere kinderen is niet bekend wat de invloed van de HIV en schistosomias   is op  de groei en 

cognitieve ontwikkeling is. Andere kwesties rondom interacties tussen geneesmiddelen in 

combinatie met HAART en PZQ, antimalariamiddelen of zelfs anti-tuberculosegeneesmiddelen 

moeten volledig worden onderzocht in de jongste leeftijdsgroepen. Tot slot moet er in de 

adolescentie, wanneer fysieke en psychologische uitdagingen duidelijk worden, een nauwkeurige 

beschouwing van co-infectie bij kinderen worden uitgevoerd, waarbij cultureel gevoelige 

onderzoeken met betrekking tot seksuele activiteit worden geïmplementeerd om hun risico op 

hiv-overdracht en andere seksueel overdraagbare aandoeningen te minimaliseren. Low-cost 

middelen voor het diagnosticeren van FGS bij adolescente meisjes zijn ook noodzakelijk om de 

morbiditeit te kwantificeren en om duidelijke schattingen van het risico op hiv te bevestigen in 

verschillende S. haematobium-endemische gebieden.33 
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CONCLUSIES 

Het aangeboden onderzoek in dit proefschrift draagt bij aan het in kaart brengen van de omvang 

van de effecten van  schistosomiasis op Afrikaanse kinderen. Gegevens uit endemische gebieden 

in twee landen (Kenia en Oeganda) benadrukken het belang van polyparasitisme en andere co-

infecties (d.w.z. hiv), waarbij de nadruk wordt gelegd op hun synergetische effecten in het 

veroorzaken van morbiditeit. Nieuwe meetmethode voor het meten van niet-specifieke 

schistosomiasis geassocieerde morbiditeit werden met succes getest en kunnen worden toegepast 

in de wereldwijde bestrijding van schistosomiasis. Integratie in de bestrijdings- en evaluatiefasen 

van preventieve chemotherapieprogramma's kunnen een belangrijke bijdrage leveren om te 

kunnen voldoen aan de ambitieuze deadline van de Wereldgezondheidsorganisatie om 

schistosomiasis te elimineren  (in bepaalde Afrikaanse landen) voor 2020.34 Het pediatrische PZQ 

PK/PD-onderzoek is baanbrekend voor de evidence-based optimalisatie van anti-schistosomen 

behandeling bij Afrikaanse kinderen. Het onderzoek gaf aanleiding tot the oproepen van nieuwe 

belangrijke onderzoeksvragen die uiteindelijk zou moeten leiden tot een optimale 

leeftijdspecifieke schistosomiasis behandeling. .  

TOEKOMSTIGE RICHTLIJNEN/ROUTES 

De  impact van schistosomiasis-gerelateerde morbiditeit op de gezondheid tijdens de kinderjaren 

moet meer aandacht krijgen. Tevens moet een effectieve behandeling van kinderen bijdrage aan 

het uiteindelijke doel, een ‘worm-vrije wereld’. Dit concept is de drijvende kracht geweest voor 

het aangeboden onderzoek in dit proefschrift. Ondanks de recente schenking van 250 miljoen 

PZQ-tabletten door het bedrijf Merck KGaA om schistosomiasis te bestrijden in bepaalde landen,34 

is er nog steeds een lange weg te gaan.   

Vanuit klinisch perspectief, zullen er miljoenen kinderen wereldwijd geïnfecteerd blijven met een 

hardnekkige schistosomiasis-geassocieerde morbiditeit, indien er geen individuele aandacht aan 

hen wordt besteed. Dit kan het geval zijn voor  -naar schatting- 41 miljoen schoolgaande kinderen, 

die de toediening van PZQ in 2010 in MDA-programma’s hebben gemist, indien ze de jaarlijkse 

rondes blijven missen.35 Het beïnvloedt ook ontelbare kleuters die nog niet zijn opgenomen in de 

wereldwijde inspanningen voor bestrijding en eliminatie. Een gevaarlijke dubbele 

behandelingskloof die een ontwikkeling en progressie van de downstream morbiditeit als gevolg 

zou kunnen hebben.  
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Aangezien nationale schistosomiasis bestrijdingsprogramma's werken aan het bereiken van hun 

doelen, moet er individuele case management worden toegepast op plaatselijk niveau door 

middel van het leveren van PZQ aan gezondheidscentrums, t.b.v. een volledigere voorkoming van 

chronische manifestaties van schistosomiasis. Realistisch gezien, na optimalisatie van pediatrische 

PZQ-dosering door middel van PK/PD-onderzoeken en met een verhoogde primaire zorg voor het 

leveren van geneesmiddelen, zullen er veel meer PZQ-tabletten nodig zijn.  

Een aantal van de resterende lacunes die deel zouden moeten uitmaken van het onderzoeksplan 

zijn: 

 Grootschalige klinische PZQ-studies verspreid over verschillende Schistosoma spp.

endemische gebieden en het testen van verschillende doseringsschema's over een breed scala van 

leeftijdsgroepen, met speciale aandacht voor kleuters.  

 De ontwikkeling en het hebben van een detectieprogramma voor individuele gevallen van

schistosomiasis zouden deel moeten uitmaken van het toekomstige beleid in endemische 

gebieden. Om de inspanningen met MDA-programma’s op elkaar af te kunnen stemmen, zou het 

doel van een dergelijk programma moeten zijn de verschillende intensiteitsniveaus van 

schistosomiasis te categoriseren en waar nodig zorgen voor een aanvullende PZQ-behandeling 

tussen de MDA-rondes. Een voorgesteld evidence-based kader is samengevat in tabel 1. Het doel 

van dit schema is het beschrijven van de ziekte naargelang deze vordert van ontsteking (fase 1-2) 

tot fibrose (fase 3), waarbij alle huidige goed gedocumenteerde resultaten van schistosomiasis-

gerelateerde invaliditeit worden meegerekend. Dit kan een richtlijn bieden voor clinici in 

endemische gebieden om de ziekte in een vroeg stadium te kunnen identificeren en zich niet 

uitsluitend te richten op de resultaten van het eindstadium. Dit kan verder worden vereenvoudigd 

voor het opleiden van leraren en minder geschoold personeel in gezondheidscentrums.   

 Verder is het noodzakelijk om point-of-care testen te evalueren voor de identificatie van

schistosomiasis-morbiditeit in gebieden met beperkte middelen. Dit zijn low-cost testen die door 

gemiddeld geschoold personeel bij grootschalige operaties kunnen worden uitgevoerd.  



 ADDENDUM|  

221 

Nauwkeurige diagnose van de infectie is cruciaal voor de identificatie van vroege Schistosoma-

gerelateerde morbiditeit. Het aanmoedigen en ondersteunen van opschaling van geldige POC-

testen door middel van nationale programma’s en primaire gezondheidszorg dienen ook 

onderdeel te zijn van een tweeledige benadering voor het elimineren van de ziekte.  

 Schistosomiasis bij kleuters zou moeten worden opgenomen in de IMCI (Integrated

Management of Childhood Illnesses), oftewel geïntegreerd beheer van kinderziektes, de 

syndromale benadering van de Wereldgezondheidsorganisatie voor de identificatie en 

behandeling van kinderziekten in gebieden met beperkte middelen. Wereldwijd is IMCI zeer 

succesvol geweest in de behandeling van kinderen onder de vijf en bevat op dit moment alleen de 

behandeling van bodem-overgedragen helminthes.36, 37 Aangezien verder bewijs voor 

schistosomiasis-gerelateerde morbiditeit bij kleuters zich ontwikkelt, met name betreft 

bloedarmoede,38 is het duidelijk dat kleuters tijdig behandeling moeten krijgen en zeker kunnen 

profiteren van evaluatie en behandeling van het IMCI-type. 

Momenteel is er  internationaal een toegenomen erkenning van het probleem van schistosomiasis 

in de kinderjaren. Een goed moment om middelen uit verschillende geldstromen toe te wijzen om 

de effecten van deze invaliderende ziekte proberen te verbetere. 
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