
CHAPTER 1

INTRODUCTION

1.1  Background and R a tio n a le
For c e n tu r ie s ,  sch is to so m ias is  has caused s u f fe r in g  and prem ature death  among people l iv in g  along th e  Chang Jiang  (Yangtze River) and in  o th e r  endemic a reas  of China. People spoke of " v il la g e s  w ithou t v i l la g e r s "  because many had l e f t  o r were dead in  th e  epidemic 

v i l la g e s  of China (Chen, 1989). More than 100 m illio n  people were a t  r i s k  b efo re  n a tio n a l sc h is to so m ia s is  c o n tro l s ta r te d  in  1955. Continued e f f o r t s  over fou r decades have le d  to  a 90% red u c tio n  in  th e  number of 
in fe c te d  persons. S c h i s t o s o m a  j a p o n i c u m  was e ra d ic a te d  from one * th i r d  of th e  o r ig in a l  endemic a re a , i t  i s  c o n tro lle d  in  ano ther th i r d ,  but remains an im portan t 
p u b lic  h e a lth  r i s k  in  the  rem aining area  (Chen, 1989). The in te g ra t io n  of c o n tro l measures and p a r a l l e l ,  com plim entary, co o rd in a ted  s c i e n t i f i c  re sea rch  have been c i te d  among the  major elem ents th a t  c o n tr ib u te d  to  the  
success of the  programme (WHO, 1988; Zhang, 1990). The s t r a te g ie s  used in  th e  e ra d ic a tio n  campaign have been d e sc rib e d  in  d e ta i l  by Zhang (1982) and Yuan (1992). They c o n s is te d  of th e  e ra d ic a tio n  of in te rm ed ia te  s n a i l  h o sts  through environm ental m o d ifica tio n  and m o llu sc ic id in g , combined w ith la rg e  s c a le  chemotherapy fo r  humans and c a t t l e  as w ell as the  p ro v is io n  of sa fe  w ater, s a n i ta t io n ,  p erso n a l p ro te c tio n  and h e a lth  educa tion .

S ch is to so m ias is , caused by S c h i s t o s o m a  ja p o n i c u m  used to  be one of the  most im portan t h e a lth  problems in  th e  south  of China. About 100 m illio n  people a re  a t  r i s k  of in fe c t io n .  The in fe c t io n  le d  among* to  enlargem ent and co ngestion  of l i v e r  and sp leen  r e s u l t in g  in  d i s a b i l i t y  and d ea th . I t  was a lso  a s e r io u s  d ise a se  fo r  p r in c ip a l  animal r e s e rv o ir s ,  such as c a t t l e ,  p ig  and o th e r  dom estic an im als. The d isea se  was p a r t i c u la r ly  d i f f i c u l t  to  c o n tro l 
s in ce  th e  in te rm e d ia te  h o sts  of ร. j a p o n i c u m  a re  amphibious s n a i ls  th a t  do not l iv e  in  w ater a l l  the  tim e. Rice growing, c a t t l e  herd ing  on se a so n a lly  flooded m arshlands in  la k es , f is h in g  and h a rv es tin g  of g ra s s  along r iv e r s  and lak es  lead  to  in te n s e  w ater c o n ta c t.



From th e  1950s u n t i l  the  e a r ly  1980s, both s n a il  c o n tro l and chemotherapy were in te g r a l  components of the  c o n tro l s t r a te g y . A fte r  p ra z iq u a n te l became a v a i la b le  fo r  la rg e - s c a le  use, i t  became p o ss ib le  th a t  mass chemotherapy could  be used in  th e  p o p u la tio n .
Although rem arkable p ro g ress  has been made in  the  c o n tro l of sc h is to so m ia s is , China i s  s t i l l  fac ing  im portan t ch a llen g es  to  achieve c o n tro l in  th e  rem aining endemic a re a s . In th e  rem aining endemic a reas  th e  ep id em io log ica l s i tu a t io n  has been changing and in  some a reas  th e  p reva lence  i s  going up. Acute sc h is to so m ia s is  i s  now re p o rte d  from c i t i e s  in  th e  lak e  reg ion  and in  o th e r ru ra l  a re a s ; about 95% of cases a re  d is t r ib u te d  in  

m arshland reg io n s  (Wang, 1989 and Yuan, 1992).
The main problems of c o n tro l sc h is to so m ia s is  in  lake  and m arshland a rea s  of China a re :

1) S ch is to so m ias is  i s  a major h e a lth  problem in  south China. About 40 m illio n  people l iv e  in  the  
sc h is to so m ia s is  r i s k  a re a s , 1.5 m illio n  people a re  in fe c te d  w ith  sc h is to so m ia s is  and 60,000 people have severe c l i n i c a l  s c h is to s o m ia s is .
2) The lak e  and m arshland reg ion  i s  th e  main epidemic area  of sc h is to so m ia s is  in  China, because 85% of persons w ith  sc h is to so m ia s is  l iv e d  in  m arshlands and 95% of s n a i l  ridden  a re a s  d i s t r i b u te  in  the  lake  and m arshland reg io n .
3) The p o p u la tio n  d e n s ity  i s  high and th e i r  a g r ic u l tu re  and d a i ly  a c t i v i t i e s  fo rce  people in to  c o n ta c t w ith  the  in fe c te d  w ate r.
4) B io lo g ic a l f a c to r s  g ive d i f f i c u l t i e s  fo r  c o n tro l of sc h is to so m ia s is  in  th i s  reg ion , because th e  main in fe c tio n  sources a re  from dom estic anim als in  th i s  a rea  and the  amphibious in te rm e d ic a l h o s t- s n a i l  i s  very d i f f i c u l t y  to  c o n t ro l .
5) M arshland reg io n s  a re  poor economic zones and the  re so u rces  fo r  th e  c o n tro l of sc h is to so m ia s is  a re  very lim ite d .

S ch is to so m ias is  i s  a severe  d ise a se  and how to  c o n tro l sc h is to so m ia s is  i s  a major h e a lth  problem in  m arshland a rea s  of China. The most common c o n tro l approaches th a t  we have used in  th o se  a rea s  a re  chemotherapy, m o llu sc ic id in g  and env ironm ental change.
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Thus, i t  i s  the  fo c a l p o in t of th i s  study  to  f in d  out which o f th e se  th re e  approaches i s  the  most c o s t - e f f e c t iv e  
one in  c o n tro ll in g  th e  s c h i s t o s o m i a s i s  j a p o n i c u m  in  the  m arshland a reas  of south  of China.
1.2 L i te r a tu re  Review

1 .2 .1  C ontro l s t r a te g y
S ch is to so m iasis  r e s u l t s  from heavy in fe c t io n  w ith  

schistosom e trem atode worms, and in  p a r t i c u la r  from th e  eggs l a id  in  th e  human body by fem ale. The d isea sea f f e c t s  74 c o u n tr ie s , in  w hich-according to  1984e s tim a te s -  some 200 m illio n  people a re  in fe c te d . Of cou rse , some 20 m illio n  s u f fe r  c l in i c a l  m orb id ity  ord i s a b i l i t y .  The d isea se  k i l l s  few people, bu t i t s  sapping ch ro n ic  e f f e c t s ,  very high p revalence , and a s s o c ia t io n  w ith  a g r ic u l tu r a l  and economic w ater development p ro je c ts ,  make i t  a problem of g re a t p u b lic  h e a lth  im portance (TDR/WHO 1995). Tanner (1989) po in ted  th a t  th e  tran sm iss io n  dynamics of schistosom es a re  complex and invo lve  fo u r phases (m an-w ater-freshw ater sn a il-w a te r)th a t  a re  su b je c t to  e c o lo g ic a l and b io lo g ic a l  f a c to r s  in f lu e n c e , and to  environm ental and socio-econom ic f a c to r s  th a t  determ ine the  behav io r of human p o p u la tio n s . C onsequently, ep idem io log ica l p a t te rn s  vary between c o u n tr ie s , w ith in  c o u n tr ie s  and p revalence and m o r ta li ty  p a t te rn  i s  h igh ly  heterogeneous in  d i f f e r e n t  com m unities.
There i s  no doubt on a g loba l s c a le , both the  p rev a len ce  and in c id en ce  of sc h is to so m ia s is  a re  in c re a s in g . TDR(1995) re p o rte d  th a t  th e re  were th re e  p r in c ip a l  causes of th i s  in c re a se : the  expansion ofi r r ig a t e d  a g r ic u ltu re -a n d  w ith  i t  new d itc h e s , can a ls  and h a b i ta ts  fo r  w ater s n a i l s ;  th e  c re a tio n  of man-made lak es  fo r  h y d ro e le c tr ic  power; and th e  lack  of s a n i ta t io n  and c lean  w ater su p p lie s  fo r  th e  growing p o p u la tio n .
The World H ealth O rgan ization  has, from a s t r a t e g ic  p o in t of view endorsed a g loba l p lan  of a c tio n  

to  reduce m orb id ity  (WHO, 1985), fo llow ing  th e  advent of sa fe  and e f f e c t iv e  o ra l  s c h is to s o m ic ic id e s . The e f f e c t iv e  use o f s p e c if ic  s n a i l  c o n tro l measures by the  a p p l ic a t io n  of m o llu sc ic id e s  and environm ental changes b rin g  about a slow red u c tio n  in  p reva lence  and in te n s i ty  of in fe c tio n  and then of m orb id ity  -  th e  use of chemotherapy, however, has a d i r e c t  impact on th e  d ise a se  and can q u ick ly  reduce i t s  p reva lence  and in te n s i ty ,  and p o s s ib i l i t y  tra n s m is s io n .
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In co n sid e rin g  th e  fu r th e r  ro le  o f m o llu sc ic id es  in  sc h is to so m ia s is  c o n tro l ,  a WHO Expert Committee (1985), s ta te d  th a t  p o p u la tio n -b ased  chemotherapy combined w ith h e a lth  educa tion  and fo c a l and seasonal m o llu sc ic id in g  are  l ik e ly  to  be th e  most im portan t fe a tu re s  of sc h is to so m ia s is  c o n tro l o p era tio n s  in  high p r io r i ty  endemic f o c i .  Webbe and o th e rs  (1991) p o in ted  th a t  the  a v a i la b le  d a ta  in d ic a te  th a t  in  many circum stances chemotherapy may be th e  most c o s t - e f f e c t iv e  sh o rt- te rm  method o f reducing  p rev a len ce , inc idence  and in t e n s i ty  of schistosom a mansoni and haematobium. Experience in  use of drugs fo r  la rg e - s c a le  p opu la tion  based chemotherapy or ta rg e te d  tre a tm e n ts  i s  s t i l l ,  however, l im ite d , and proposed d e liv e ry  system s have not been f u l ly  ev a lu a ted . The problems of using chemotherapy as a c o n tro l  methods have c e r ta in ly  been underestim ated  in  many p la c e s .
A WHO Expert Committee (1993) re p o r te d  th a t  the  s n a i l  c o n tro l  i s  one of the  methods of cho ice  fo r  the  c o n tro l of tran sm iss io n  of s c h is to s o m ia s is . No new m o llu sc ic id e  of any g re a t s ig n if ic a n c e  has been development in  the  p a s t decade. N iclosam ide i s  th e  main m o llu sc ic id e  used in  the  world fo r  co n tro l s c h is to so m ia s is . While copper s u lf a te  i s  s t i l l  used in  Egypt, sodium 2 ,5-dicholorp-4-brom ophenol i s  used in  Japan and sodium pen tach lo rophenate  i s  used in  China.
A WHO Expert Committee (1985) re p o r te d  th a t  the  p o s s ib le  ro le  of m o llu sc ic id e s  in  s c h is to so m ia s is  c o n tro l programmes depends on lo c a l  ep idem io log ica l and e c o lo g ic a l c ircu m stances, and th e  human and f in a n c ia l  resou rce  a v a i la b le .  The re la t io n s h ip  between th e  popu la tio n  dynamics of the  in te rm e d ia te  s n a i l  h o sts  and tran sm iss io n  i s  poorly  understood .
S a v io li  (1989) rep o rted  th a t  in  a l l  the  c o u n tr ie s , th e  p o te n t ia l  fo r  fu r th e r  re d u c tio n  of p revalence  and m orb id ity  w il l  be in  jeopardy  i f  s u rv e il la n c e  and m aintenance of in te rv e n tio n  a re  not con tinued  and adapted  to  changing ep id em io lo g ica l, s o c ia l  and economic c o n d itio n s . The fo c a l n a tu re  of sc h is to so m ia s is  becomes even more pronounced w ith  the  success of c o n tro l using  chemotherapy.
Doumenge (1987) th a t  ep idem io log ica l f a c to r s  must be co nsidered  in  the  assessm ent of a c o u n try 's  a b i l i t y  to  u n d e rs ta te  c o n tro l .  The epidem iology of sc h is to so m ia s is , w ith in  a p a r t i c u la te  ecosystem , inv o lv es th e  complex in te r r e la t io n s h ip  between people and t h e i r  environm ent. However, much ep idem io log ica l in fo rm ation  i s  a v a i la b le
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th a t  can help c o u n tr ie s  to  implement e f f e c t iv e  c o n tro l m easures.
A WHO Expert Committee(1993) rep o rte d  area-w ide m o llu sc ic id in g  u su a lly  a s so c ia te d  w ith  la rg e  i r r ig a t io n  schemes, i s  c o s t ly  and re q u ire s  knowledge of malacology and s k i l l e d  personnel as w ell as co n s id e ra b le  lo g i s t i c  means and equipment. Focal m o llu sc ic id in g , in  which the  im portan t tran sm issio n  s i t e s  in  communities where p rev a len ce  i s  high a re  ta rg e te d , i s  f e a s ib le  in  sm alle r, c ircu m scribed  tran sm iss io n  s i t e s .
A WHO Expert com m ittee(1993) re p o rte d  most n a tio n a l development p o l ic ie s  a re  implemented through programmes and p ro je c ts  s p e c if ic  to  the  economic se c to r  re s p o n s ib le . Development p ro je c ts  a s so c ia te d  w ith  changes in  th e  lo c a l  environm ent o ften  lead  to  g re a te r  d isea se  tra n s m is s io n .
A WHO Expert Committee (1993) re p o rte d  n a tu ra l  w ater bod ies, such as m arshes, ponds and swamps, where s n a i l s  breed  and from where they  may in f e s t  i r r ig a t io n  schemes and o th e r w ater p ro je c ts ,  can be m odified  or com plete ly  e lim in a ted . Land can be reclaim ed  fo r  a g r ic u l tu r a l  purposes. In many c o u n tr ie s  w etlands a re  now p ro te c te d  and where i s  a s ig n i f ic a n t  r i s k  s t r i c t  r e g u la tio n s  should be ap p lied  to  l im it  human se ttle m e n t in  th e se  a re a s .
Hunter and o th e r s (1993) found th a t  in  i r r ig a t io n  development s e le c t io n  of techn ique i s  th e  f i r s t  d ec is io n  w ith  p o te n t ia l ly  im portan t h e a lth  consequences. Where su rfa c e  i r r ig a t io n  i s  the  techn ique of cho ice , design fe a tu re s  to  reduce the  r i s k  of sc h is to so m ia s is  tran sm iss io n  should be conside red . Proper d ra inage  has been e f f e c t iv e  in  reducing tran sm issio n  of ร .  j a p o n i c u m  in  China, Japan and the  P h il ip p in e s .
A WHO Expert Committee (1991) re p o rte d  in  h e a lth  c e n te r  w ith  d ia g n o s tic  f a c i l i t i e s ,  m icroscopic p a r a s i to lo g ic a l  con firm ation  o f c l i n i c a l l y  suspected  sc h is to so m ia s is  i s  f e a s ib le .  P a ra s i to lo g ic a l  exam ination re q u ire s  tr a in e d  s t a f f  using s tan d a rd ized  tech n iq u es  and re p o r tin g  procedures, and lo c a l  support s e rv ic e s  fo r  su p p lie s  and equipment need to  be in  p la ce .
Q urashi (1991) p o in ted  th a t  th e  trea tm en t of sc h is to so m ia s is  has been transform ed  by th e  in tro d u c tio n  of p ra z iq u a n te l , which i s  e f f e c t iv e ,  g e n e ra lly  in  a s in g le  dose, a g a in s t  a l l  sp ec ie s  of p a r a s i t e .  P e rio d ic  trea tm en t
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i s  now e s ta b l is h e d  as a c e n tra l  component of sc h is to so m ia s is  c o n t r o l . V arious o p e ra tio n a l approaches a re  used w ith  th e  dual o b je c tiv e s  of reducing  the  p rev a lence  and in t e n s i ty  of e s ta b lis h e d  in fe c t io n  and d ec reasin g  th e  in t e n s i ty  of tran sm iss io n . Treatm ent of a high p ro p o rtio n  of th e  in fe c te d  in d iv id u a ls  in  a lo c a l i t y  w ith in  a sh o rt p e rio d  of th e  time promotes achievem ent of two o b je c t .
1 .2 .2  Cost and E ffe c tiv e n e ss  A n a ly sis  o f S ch is to so m iasis  C ontro l

Tanner (1989) p o in t th a t  th e  sca rce  re so u rce s  of many c o u n tr ie s  endemic fo r  sch is to so m ias is  and the  need fo r  optim al a l lo c a t io n  of resou rce  re q u ire  the  
id e n t i f i c a t io n  and assessm ent of the  most im portan t sc h is to so m ia s is  fo c i  and high r i s k  com m unities. This i s  of p a r t i c u la r  im portance s in ce  i t  i s  w idely assumed th a t  th e  ch ron ic  n a tu re  of sch is to so m ias is  a f f e c t s  lab o r c a p a c ity  and thus p re se n ts  a major o b s ta c le  to  development in  many endemic a re a s . D espite  co n s id e rab le  knowledge of th e  pathology and c l in i c a l  m a n ife s ta tio n s  of s c h is to so m ia s is , th e re  i s  a lack  of s ta n d a rd iz e d  approaches to  s e t  a b a s is  fo r  assessm ent of im pact of the  d ise a se  on w e ll-b e in g  and the  economy a t community le v e l .

Webbe (1991) s ta te d  th a t  the  co s t of th e  r e a l ly  e f f i c i e n t  s y n th e tic  m o llu sc ic id e  n ic losam ide, has s te a d i ly  r is e n  during  th e  p a s t t h i r t y  y ears  s in ce  i t  f i r s t  became a v a i la b le .  I t  now s tan d s  a t  35 $ US per k g ., depending upon geog raph ica l d e liv e ry  lo c a tio n . Hundreds of m e tric  to n s of th i s  compound have been used in  th e  M iddle East an n u a lly  s in ce  1968, and of course , elsew here to  a le s s e r  e x te n t. The f la g ra n t  in c re a se  in  p r ic e  i s  due to  th e  
world p r ic e  of hydrocarbons which has in e v i ta b ly  r is e n  and p reven ted  o th e r  a ttem p ts  made to  produce cheaper fo rm u la tio n s  of n ic losam ide, or re s u lte d  in  e q u a lly  c o s t ly  o n es .

About m o llu sc ic id e s  Webbe sa id  th a t  area-w ide m o llu sc ic id in g  i s  th e  only p ra c t ic e  and s c i e n t i f i c  approach i f  tran sm iss io n  i s  w idespread in  a w atershed  or i r r ig a t io n  system . The f a c t  th a t  we now understand  f a r  b e t te r  th e  degree of fo c a l tran sm issio n  in  no way reduces th e  l o g i s t i c  problems posed by a v as t complex of i r r ig a t io n  channels and d ra in s . In an i r r i g a t i o n  system w ith  a high d e n s ity  p o p u la tio n , the  volume o f w ater t r e a te d  per c a p i ta  of p opu la tion  i s  sm all, and m o llu sc ic id e  based on c o n tro lle d  water-management and
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sound sy n o p tic  da ta  i s  h igh ly  c o s t - e f f e c t iv e .  In a study in  Middle Egypt, th e  co s t of combined m o llu sc ic id in g  and chemotherapy was US $0.76 per person per y ear and o v e ra ll  p rev a lence  was reduced from 30% to  8.5% (Anon, 1985).
The design  of any sc h is to so m ia s is  co n tro l programme e n t a i l s  the  s e le c tio n  of one a number of a l t e r n a t iv e  in te rv e n tio n s  of a com bination of sev e ra l of them: c o n tro l of s n a i l  through m o llu sc ic id e s , chem otherapy, en g ineering  method b io lo g ic a l  o r improved w a te r l in e s  and s a n i ta t io n .  D espite th i s  d iv e r s i ty ,  th e re  has been l i t t l e  p rev io us resea rch  in to  c o n tr ib u tio n  was made.
Korte and Mott (1989) s ta te d  th a t  sc h is to so m ia s is  c o n tro l has a re p u ta tio n  of being very c o s t ly .  Where an e x c lu s iv e ly  v e r t i c a l  approach i s  used during  th e  a tta c k  phase, a l l  c o s ts  have to  be borne by th e  programme since  l i t t l e  or no use i s  made of the  e x is t in g  in f r a s t r u c tu r e s .  Mechanize of m aintenance of c o n tro l fo r  long-term  fin an c in g  should be considered ; co s t recovery  through sa le  of drugs and d ia g n o s tic  s e rv ic e s  may be a v ia b le  op tion . However, w ith  th e  p ro g re ss iv e  red u c tio n  of drug c o s ts  th i s  item  i s  no longer a c e n tra l  is s u e  in  th e  m aintenance of c o n tro l compared to  d e liv e ry  and in f r a s t r u c tu r e  c o s ts . Water development schemes should take  in to  c o n s id e ra tio n  th e  f a c t  th a t  sc h is to so m ia s is  u su a lly  sp reads ra p id ly  and c o n tro l measures should be i n i t i a t e d  e a r ly .  P a rt of the  investm ent and th e  economic re tu rn  of th e se  development schemes should be a l lo c a te d  fo r  d isea se  c o n tro l .
C o s t-e f fe c t iv e n e ss  a n a ly s is  i s  used as a d ec is io n  making t o l l  to  help  p o lic y  makers and program manager s e le c t  a fu tu re  course of a c tio n . Although i t  o ften  i s  used to  e v a lu a te  com pleted programs, th e  u lt im a te  use th i s  methods should be to  help  d ec is io n  makers dec id e  what to  do in  th e  fu tu re .
M ichael (1990) po in ted  th a t  the  a c o s t a n a ly s is  i s  r e la te d  to  a s in g le , common e f f e c t  which may d i f f e r  in  magnitude between th e  a l te r n a t iv e  programme, a re  u su a lly  re fe re e d  to  as c o s t- e f fe c t iv e n e s s  a n a ly s is .  The r e s u l t s  of such com parisons may be s ta te d  e i th e r  in  term s o f co st per u n it o f e f f e c t  or in  term of e f f e c ts  per u n it  o f c o s t .  The l a t t e r  i s  a p a r t i c u la r ly  u se fu l approach when working w ith in  a given budget c o n s tra in t ,  as long as the a l te r n a t iv e s  under co n sid e r c o n s id e ra tio n  not o f r a d ic a l ly  
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Guyatt and Tanner (1994) po in ted  th a t  th e re  have been a lim ite d  number of th e  papers about co s t e f fe c t iv e n e s s  s tu d ie s  on sch is to so m ias is  c o n tro l ,  and have r a r e ly  provided  an adequate a n a ly s is  of both co s t and e f fe c t iv e n e s s ,  nor have they  provided c le a r  p o licy  guidance to  the  h e a lth  ca re  p la n n e rs .
R osenfie ld  and o th e rs  (1977) e a r ly  argued th a t  they  developed a model o f sc h is to so m ia s is  tran sm iss io n  in  Iran  in  o rd er to  s im u la te  th e  e f fe c t iv e n e s s  o f applying d i f f e r e n t  c o n tro l techn iques - m o llu sc ic id e s , en g ineering  methods, chemotherapy, and a com bination of c o n tro ls  - su b je c t to  a given budget c o n s tra in t  over a seven-year p lann ing  ho rizo n . They a lso  in d ic a te d  a com bination of chemotherapy and m o llu sc ic id in g  was m o s t-e ffe c tiv e  where th e  programme o b je c tiv e  was s p e c if ie d  in  term s of maximizing th e  red u c tio n  in  p revalence  ach ieved  a f t e r  seven y e a rs . This mix of in te rv e n tio n s  reduced the  p rev a len ce  r a te  from 64% to  20% whereas th e  next b es t a l t e r n a t iv e  - chemotherapy - achieved a te rm in a l p rev a len ce  r a te  60%. However, t h i s  measure of e f fe c t iv e n e s s  d id  not take  in to  account the  p revalence  re d u c tio n s  achieved during  the  p lann ing  p e rio d .
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