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Summary 
 
The availability of a few inexpensive, single dose drugs to treat soil-transmitted 
helminths and schistosomiasis offers the potential to reduce a considerable 
burden of acute disease, especially among children sub-Saharan Africa.  These 
treatments are being promoted as “rapid impact interventions”.  However, if 
helminth infections cause underweight, stunting, anaemia and impaired mental 
development in children, how will removing worms alone lead to recovery 
without treating the underlying deficits that have been caused or made worse by 
helminth disease?  Energy, protein and micronutrients are required by children 
who are underweight or who have stunted growth; children who are anaemic 
will require iron and other micronutrients for haemopoiesis; and children who 
have lost education will need remedial teaching.  Treating neglected worm 
diseases is an essential first step to good health, but anthelmintic drugs need to 
be integrated with simple and inexpensive nutritional interventions such as 
micronutrient supplements to promote recovery and have a rapid effect. 

 
 
Introduction 
The availability of a few inexpensive, single-dose drugs to treat several very 
common but neglected parasitic worm infections has created a flush of 
optimism that a large burden of ill-health and disability in Africa could be greatly 
reduced1. The benzimidazole derivatives albendazole and mebendazole are 
effective to different degrees against the three main species of soil-transmitted 
helminths2 listed in Table 1, while the three main species of blood fluke that 
cause schistosomiasis can be treated with praziquantel (Table 1).  All three 
drugs can be administered as a single dose treatment, either as a fixed amount 
in the case of albendazole or mebendazole, or as a single dose adjusted 
according to body weight in the case of praziquantel.  To simplify matters further 
it has been shown possible to estimate the dose of praziquantel based on 
height so that a marked pole can be used to determine the number of tablets.3  
A tablet pole removes the need for expensive and fragile weighing scales and 
enables even illiterate people to give treatment if the number of tablets is 
represented as pictograms on the pole.  The need is now to buy and deliver 
these treatments to people who require them, mostly children in sub-Saharan 
Africa, and thereby make a contribution to Millennium Development Goals.4   
 

Several recent articles promoting the control of neglected parasitic 
diseases have referred to evidence of the effects of treatment on anaemia, child 
growth and mental development, and have used this to support the case for 
intensifying efforts to deliver anthelmintic drugs.1,5-7  Some of these articles 
have called such treatments “rapid impact interventions”.1,7  There is no doubt 
that periodic treatment with effective anthelmintic drugs will greatly reduce 
parasite loads, alleviate acute disease, and help to reduce transmission.  But 
the assumption that simply treating soil-transmitted helminths and schistosome 
infections will lead automatically and rapidly to better health, nutritional status 
and educational development is flawed and could create overly optimistic 
expectations.  
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If soil-transmitted helminths and schistosomes cause anaemia, how will 
the haemoglobin concentration increase after the worms have been killed 
without enough iron and other micronutrients in the diet? 5  If moderate or heavy 
infections with helminths cause a loss of appetite, malabsorption and 
maldigestion,8 depending on the species, so that children become underweight 
or stunted, how will they achieve catch-up growth after treatment without 
enough energy, protein and micronutrients?  And if worms have impaired 
children’s education, how will they make up for the lessons that they have 
missed because they were absent from school or unable to concentrate 
properly, without remedial teaching?9  These are not just rhetorical questions for 
the sake of argument, they identify concurrent deficits that need to be treated at 
the same time as anthelmintic drugs are given to children. 
 
 
The effects of worms on nutritional status 
All three major species of schistosomes that infect humans, both species of 
hookworms, and the whipworm (Table 1) contribute to blood loss, but in 
different ways.  The passage of the eggs of Schistosoma mansoni and 
S.japonicum through the gut wall causes blood loss5 that can, in moderate to 
heavy infections, be reported as dysentery,10,11 although there is the possibility 
that some of the iron in haemoglobin may be reabsorbed in the lower intestine.  
This is not the case for S. haematobium: the iron in haemoglobin that passes 
into the bladder is lost in the urine (figure 1), and a milligram or more of iron a 
day may be urinated away each day.12  It has been pointed out that the amount 
of iron lost by children infected with Schistosoma haematobium may be similar 
to daily menstrual losses of iron averaged out over a month.8  The feeding of 
hookworms and the anti-coagulant they produce causes blood loss into the 
small intestine, some of which may be reabsorbed proximally.13  Finally, 
moderate to heavy infections with Trichuris trichiura cause inflammation of the 
lower bowel, blood loss and dysentery.14 
 
 

 

 Figure 1   Urine 
specimens from 
schoolchildren in 
Tanzania showing 
macro and 
microhaematuria 
caused by 
Schistosoma 
haematobium. 
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 For all these worms, the key nutrient lost is iron. This micronutrient is 
particularly hard to obtain in the diet and, once consumed, it is difficult to 
absorb.  Meat is a better source of iron than plant foods, but perhaps only 20 – 
30% of the iron already incorporated into the haem molecule is absorbed, 
compared with less than 10% of the iron present in vegetable foods because it 
is irreversibly bound to phytates and tannins.15  However meat is a relatively 
expensive food for poor people, if it is eaten at all, and most dietary iron comes 
from plant foods.  Although malaria, the hookworms and schistosomiasis all 
contribute to anaemia in people in sub-Saharan Africa, the dietary availability of 
iron is the major determinant of anaemia in countries such as Tanzania.16  Even 
if there is internal bleeding due to worms, lost haemoglobin can be replaced up 
to a point if the intakes of iron and other nutrients are adequate.17  But not all 
anaemia is caused by an iron deficiency either: a lack of micronutrients such as 
folate, vitamin B12 and vitamin A can also contribute to a low haemoglobin 
concentration.18     
 
 The role of both iron and vitamin A in anaemia were shown clearly in a 
placebo controlled, randomised trial in Tanzania in which supplements were 
given to children after deworming.19  Schoolchildren living in coastal Tanzania 
were treated for soil-transmitted helminths and schistosomiasis and then 
randomly assigned to one of four groups to receive on 3 days a week one of the 
following treatments: 5,000 IU of vitamin A and 200 mg of ferrous sulphate; 
5,000 IU of vitamin A alone plus an iron placebo; 200 mg of ferrous sulphate 
plus a vitamin A placebo; or both placebos.19  After 12 weeks of treatment the 
haemoglobin concentration of children given both placebos, which is equivalent 
to being dewormed alone, increased significantly from the baseline 
measurement, but only by 3.6 g/L (95% CI 1.2 – 6.1); the group given vitamin A 
alone increased by 13.5 g/L (11.0 – 16.0); the group given iron alone increased 
by 17.5 g/L (15.0 – 20.0) and the group given both vitamin A and iron increased 
by 22.1 g/L (CI 19.6 – 24.6).19  All increases were statistically significant 
compared with baseline measurements (P ≤0.001) but the gain in haemoglobin 
concentration of the group given both micronutrients represented a 21% 
increase in only 3 months compared with about a 4% increase in the placebo 
group over the same period.19  The children given both vitamin A and iron also 
gained 0.9 kg in weight (I 0.7 – 1.0) compared with only 0.2 kg (0.1 – 0.4) by the 
placebo group (p < 0.001), and they gained significantly more height as well in 
only 12 weeks (p < 0.001).19  This indicates that treating worm infections and 
micronutrient deficiencies together may lead rapidly to improved growth, both 
ponderal and linear, as well as to an improved haemoglobin concentration.   
 

Several studies have shown significant extra weight gain or linear growth 
among children who have been treated for worm infections alone20-23 but other 
studies have not24-26, which has created some perplexity about the 
inconsistency of findings.  Some of this could be due to the fact that soil-
transmitted helminths and schistosomes tend to be unevenly distributed 
between hosts (Figure 2) so that 80% of all worms may be found in 40% or 
fewer people. 27  This clumped or aggregated distribution means that the 
beneficial effects of deworming may be felt by only a minority of children in the 
short term, and the impact on the group average will be diluted.28  But as two-
thirds or more children may become moderately or heavily at least once during 
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a programme of periodic treatment and reinfection,29 the effects of deworming 
may take some time to become apparent in any population of children.   Even if 
studies of the impact of deworming have adequate controls, a sufficient sample 
size, repeated periodic treatment, and long enough follow-up, the mixed or 
inconclusive results noted in a recent review of deworming trials30 could be due 
to the expectation that anthelmintic treatment alone will be sufficient.  If treating 
worms increases appetite, as some studies have shown,31-33 then there can 
only be increased growth if there is enough protein and energy to fuel that 
growth, and if there are no concurrent deficiencies of micronutrients as well.   
Supplements of multiple micronutrients alone may be sufficient to achieve 
improvements in the growth of young children in developing countries,34 so the 
quality of the diet is important as well as quantity. 

 
 As well as removing a constraint on normal rates of growth by 
deworming, an additional question is can treating worms stimulate a greater 
than normal increase to achieve catch-up growth? There is good evidence of 
the potential for catch-up growth by malnourished children35 but is difficult to 
assess whether it has been achieved without knowing what is the potential for 
growth in the first place, and without having untreated controls.  Untreated 
controls are not easy to achieve, especially in the case of severe helminth 
disease, such as Trichuris dysentery syndrome.  But children with this 
syndrome have been shown to experience rates of linear growth of nearly 11 
cm/year after treatment, which is more than two standard deviations above the 
gain expected by British children of the same age.36 
 
 

 

 Figure 2   187 
Ascaris 
lumbricoides 
recovered from a 
5-year-old child in 
Bangladesh 
 

 
 
 
The effect of worms on children’s mental developmen t 
There is considerable interest in whether helminth infections can impair 
children’s mental development and educational achievements.9,37  Some 
consequences could be due to absenteeism from school due to illness or to 
effects on concentration, but others could be mediated through nutrition and the 
role that micronutrients such as iodine and iron have on the development of the 
brain and its functioning.9,37-40  If helminths impair mental function and learning, 
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then perhaps treatment could lead to better cognitive and educational 
outcomes.  
 
 The main problem is that studies cited as evidence for effects of helminth 
infections or malnutrition on cognitive function, educational achievement or 
attendance are based on associations observed in cross-sectional data41-43, 
which are open to confounding.  The cognitive or educational deficits being 
measured in such studies are very likely to reflect the poverty and deprivation of 
children that occurs concurrently with chronic helminth infections and 
malnutrition, and cannot be considered as causative. 
   
 There have been a few trials of the effect of deworming on tests of 
cognitive function or educational achievement44-49, but the results have not been 
consistent.30  Again, this could because of the assumption that the impact of 
worms is reversible by treatment alone.  But if children have missed lessons or 
been unable to concentrate properly at school because of their worm infections, 
recovery is likely to require remedial education in the same way that stunted 
children need remedial food and anaemic children need remedial 
micronutrients.  Ideally if children in developing countries are to make best use 
of their opportunity for education they will need to be healthy from the start of 
schooling. 
 
 
Conclusions 
The idea that providing treatments for neglected parasitic infections such as 
soil-transmitted helminths and schistosomiasis are “rapid impact 
interventions”1,7 may not be true for nutritional status, growth and educational 
achievements unless any deficits caused by these infections are treated at the 
same time, ideally in an integrated programme to keep delivery costs as low as 
possible.  If they are not, the impact of deworming on growth and micronutrient 
status may take so long to achieve that the benefit of treatment may not be 
readily apparent, and this may affect support for programmes from governments 
and communities alike.  The role of community directed treatment with 
ivermectin in the African Programme for Onchocerciasis Control has been 
important to sustain the programme because it is based partly on support from 
villagers who appreciate the relief from treating onchodermatitis.50  Having quick 
and evident effects may be critical to sustaining deworming programmes. 
 
 How can remedial treatments for these deficits be delivered after 
deworming?  First the “rapid impact package” 7 needs to provide remedial 
micronutrient supplements after treatment.  Large therapeutic doses of vitamin 
A are inexpensive and easy to give, and anthelmintics are now being given at 
the same time as vitamin A to young children in many countries in Africa and 
Asia.51  But neither anthelmintic drugs nor vitamin A should be taken by women 
in the first trimester of pregnancy because of potential teratogenicity,52,53 which 
raises concern for treating adolescent girls.  A study of 9,000 school children in 
grades 4 to 6 in Tanzania found that 20% of girls reported having had sex, but 
only 39% of 114 girls with biological markers of sexual activity such as an 
infection, acknowledged having had sex, indicating that such activity was 
greatly under-reported.54  In an analysis of official education statistics, 
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pregnancy was reported to be a cause of school drop out for 6 or 7 girls per 
1,000 in grades 6 and 7 respectively, also in Tanzania.55  These data should 
provide a warning to programmes that give mass treatment with anthelmintic 
drugs to school-age children as well for those considering adding mega-dose 
supplements of vitamin A.  The alternative, for vitamin A at least, is to give small 
daily doses. 
 
 In sharp contrast to vitamin A, iron is poorly absorbed and large or 
quickly repeated doses have side effects, so it has to be trickled into the body.  
To do this it will be necessary to give a course of iron supplements immediately 
after treatment, which provides an opportunity to give safe amounts of vitamin 
A, as well most other micronutrients including zinc, folate and iodine.  The cost 
of the multiple micronutrient tablet developed by UNICEF for recent trails is 
currently about USD 0.01, which could be reduced by large scale purchases.56   
Providing micronutrient supplements was ranked by the Copenhagen 
Consensus as the second highest of 17 potential development interventions57 
mainly because of the high benefit to cost ratios which ranged from 4 – 43 for 
giving vitamin A to young children and from 176 – 200 for giving iron per 
capita.58  Multiple micronutrient supplements may bring their own benefits but 
have an even greater potential to improve health when given after anthelmintic 
treatments.    

 
Achieving good compliance in taking a course of micronutrient 

supplements will be less easy than for a single dose treatment, but randomised 
cluster trials in Mali and the Philippines have shown that school teachers can 
give weekly iron supplements for 12 weeks.59,60  Keeping the iron load as low as 
possible may be important in the light of the risk of exacerbating infectious 
diseases indicated by a recently halted study in Zanzibar.61  But in Zanzibar the 
iron was given daily to infants and very young children, so twice weekly 
supplements may be better tolerated by older children and have less effect on 
malaria, which is perhaps the main concern.62  Nevertheless, the issue needs to 
be monitored during programmes in the same way that it is good practice to 
monitor the development of anthelmintic resistance. 
  
 The need for remedial energy and protein is much harder to deal with 
because school feeding programmes can be very expensive in comparison with 
the cost of drug treatments.  The World Food Programme estimate that it costs 
an average of USD 34 a year to feed a child, or about 19 US cents/child a 
day.63  This is expensive compared with costs of less than USD 1/year for 
delivering albendazole and praziquantel to schoolchildren in Ghana and 
Tanzania (figure 3).64  But there are models other than a centrally organised 
programme in which food is imported and transported to schools to be cooked 
and given to children.  For example, cash can be used to purchase food locally 
to prepare snacks at schools, an initiative in Indonesia that has also helped to 
support local farmers and community groups who prepare and sell food for 
school children.65  In a small way perhaps, such programmes are an approach 
to addressing both ill-health and poverty in an integrated way.  However, the 
relatively high costs of giving supplementary food, the lack of evidence of an 
effect on children’s growth,66 and the possibility of substitution for food given at 
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home will always be issues, so school feeding is unlikely to be feasible after 
deworming. 
 

 

 Figure 3   A schoolchild in Tanzania 
being given praziquantel as part of a 
mass treatment programme in schools 
 

 
 
 Remedial education may not be so hard to provide, given that children 
who benefit from anthelmintic treatments provided in school are enrolled in 
education.   Nevertheless, if schools are to be conduit for anthelmintic 
treatments and micronutrient supplements, teachers need to be aware that they 
may need to provide remedial education to children after they have been 
treated and are recovering their health.   
 
 The final conclusion is not just that vertical disease control programmes  
and vertical nutrition programmes need to be integrated but, better still, that 
they should be reorientated to become horizontal: the aim should be to meet the 
needs of school-age children, a neglected age group that harbours a large 
burden of disease due undernutrition and neglected infections.  To provide 
micronutrient supplements after deworming would be a good start, and such a 
programme offers the potential to contribute not only to Millennium 
Development Goals that combat major diseases and alleviate hunger, but also 
to contribute to the goal of ensuring that all children enrol in school and 
complete a basic education. 
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Table.  The prevalence of some major neglected parasitic infections, the millions estimated to be at risk and infected,67,68 and the 
main single dose treatments available.69 
 
 
      Millions     
Disease   Causative organisms   Common name   At ris k  Infected   Treatments   

Single 
dosage 

             
Soil-transmitted  Ascaris lumbricoides  Large roundworm  4,211  1,221   
helminths  Trichuris trichiura  Whipworm  3,212  795   

  Necator americanus      
  Ancylostoma duodenale  

Hookworm 
 

3,195 
 

740 
 

Albendazole 
Mebendazole 

 

400 mg 
500 mg 

             
Schistosomiasis  Schistosoma mansoni   393  54    

  Schistosoma haematobium   436  112   40 mg/kg 
  Schistosoma  japonicum  

Blood flukes 
 45  1.7  

Praziquantel 
  

             
 
 



 10 

References  
1. Molyneux DH, Hotez PJ, Fenwick A. "Rapid-Impact Interventions": how a 

policy of integrated control for Africa's neglected tropical diseases 
could benefit the poor. PLoS Medicine 2005; 2: e336. 

2. Bennett AG, H. Reducing intestinal nematode infection: efficacy of 
albendazole and mebendazole. Parasitology Today 2000; 16: 71 - 74. 

3. Hall A, Nokes C, Wen ST, et al. Alternatives to bodyweight for estimating 
the dose of praziquantel needed to treat schistosomiasis. Trans R Soc 
Trop Med Hyg 1999; 93: 653-58. 

4. UN. UN Millennium Development Goals 
http://www.un.org/millenniumgoals/.  

5. Friedman JF, Kanzaria HK, McGarvey ST. Human schistosomiasis and 
anemia: the relationship and potential mechanisms. Trends Parasitol 
2005; 21: 386-92. 

6. Lancet T. Thinking beyond deworming. The Lancet 2004; 364: 1193 - 1194. 
7. Hotez PJ, Molyneux DH, Fenwick A, Ottesen E, Ehrlich Sachs S, Sachs JD. 

Incorporating a rapid-impact package for neglected tropical diseases 
with programs for HIV/AIDS, tuberculosis, and malaria. PLoS Medicine 
2006; 3: e102. 

8. Stephenson LS. The impact of helminth infections on human nutrition.  
Schistosomiasis and soil-transmitted helminths. London: Taylor & 
Francis, 1987. 

9. Nokes C, Bundy DA. Does helminth infection affect mental processing and 
educational achievement? Parasitol Today 1994; 10: 14-8. 

10. Booth M, Mayombana C, Machibya H, et al. The use of morbidity 
questionnaires to identify communities with high prevalences of 
schistosome or geohelminth infections in Tanzania. Trans R Soc Trop 
Med Hyg 1998; 92: 484-90. 

11. Utzinger J, N'Goran EK, Ossey YA, et al. Rapid screening for 
Schistosoma mansoni in western Cote d'Ivoire using a simple school 
questionnaire. Bull World Health Organ 2000; 78: 389-98. 

12. Stephenson LS, Latham MC, Kurz KM, Miller D, Kinoti SN, Oduori ML. 
Urinary iron loss and physical fitness of Kenyan children with urinary 
schistosomiasis. Am J Trop Med Hyg 1985; 34: 322-30. 

13. Roche M, Layrisse M. The nature and causes of "hookworm anemia". Am 
J Trop Med Hyg 1966; 15: 1029-102. 

14. Layrisse M, Roche M, Aparcedo L, Martínez-Torres C. Blood loss due to 
infection with Trichuris trichiura. Am J Trop Med Hyg 1967; 16: 613-9. 

15. Miret S, Simpson RJ, McKie AT. Physiology and molecular biology of 
dietary iron absorption. Annu Rev Nutr 2003; 23: 283-301. 

16. Tatala S, Svanberg U, Mduma B. Low dietary iron availability is a major 
cause of anemia: a nutrition survey in the Lindi District of Tanzania. Am 
J Clin Nutr 1998; 68: 171-8. 

17. Crompton DW, Whitehead RR. Hookworm infections and human iron 
metabolism. Parasitology 1993; 107 Suppl: S137. 

18. Allen L, Casterline-Sabel J. Prevalence and causes of nutritional anemias. 
In: Ramakrishnan U, ed. Nutritional Anemias. Boca Raton: CRC Press, 
2001: 7-21. 



 11 

19. Mwanri L, Worsley A, Ryan P, Masika J. Supplemental vitamin A improves 
anemia and growth in anemic school children in Tanzania. J Nutr 2000; 
130: 2691 - 2696. 

20. Stephenson LS, Latham MC, Adams EJ, Kinoti SN, Pertet A. Weight gain 
of Kenyan school children infected with hookworm, Trichuris trichiura 
and Ascaris lumbricoides is improved following once- or twice-yearly 
treatment with albendazole. J Nutr 1993; 123: 656-65. 

21. Stephenson LS, Latham MC, Kurz KM, Kinoti SN, Brigham H. Treatment 
with a single dose of albendazole improves growth of Kenyan 
schoolchildren with hookworm, Trichuris trichiura, and Ascaris 
lumbricoides infections. Am J Trop Med Hyg 1989; 41: 78-87. 

22. Stoltzfus RJ, Savioli L, Chwaya HM, Albonico M, Tielsch JM. School-
based deworming program yields small improvement in growth of 
Zanzibari school children after one year. J Nutr 1997; 127: 2187-93. 

23.  Alderman H, Konde-Lule J, Sebuliba I, Bundy D, Hall A. Effect on 
weight gain of routinely giving albendazole to preschool children during 
“Child Health Days” in Uganda: a cluster randomized controlled trial. 
BMJ 2001; 333: 122–24. 

24. Dossa RA, Ategbo EA, de Koning FL, van Raaij JM, Hautvast JG. Impact 
of iron supplementation and deworming on growth performance in 
preschool Beninese children. Eur J Clin Nutr 2001; 55: 223-8. 

25. Greenberg BL, Gilman JB, Khatoon H, et al. Single dose piperazine 
therapy for Ascaris lumbricoides: an unsuccessful method of promoting 
growth. Am J Clin Nutr 1981; 34: 2508-16. 

26. Rousham EK, Mascie-Taylor CG. An 18-month study of the effect of 
periodic anthelminthic treatment on the growth and nutritional status of 
pre-school children in Bangladesh. Ann Hum Biol 1994; 21: 315-24. 

27. Hall A, Anwar KS, Tomkins A, Rahman L. The distribution of Ascaris 
lumbricoides in human hosts: a study of 1765 people in Bangladesh. 
Trans R Soc Trop Med Hyg 1999; 93: 503-10. 

28. Hall A. Intestinal parasitic worms and the growth of children. Transactions 
of the Royal Society of Tropical Medicine and Hygiene 1993; 82: 241 - 
242. 

29. Hall A, Anwar KS, Tomkins AM. Intensity of reinfection with Ascaris 
lumbricoides and its implications for parasite control. Lancet 1992; 339: 
1253-57. 

30. Dickson R AS, Demellweek C, Williamson P. Anthelmintic drugs for 
treating worms in children: effects on growth and cognitive 
performance. Cochrane Database Syst  Rev 2000, 2. CD000371. 

31. Stephenson LS, Latham MC, Adams EJ, Kinoti SN, Pertet A. Physical 
fitness, growth and appetite of Kenyan school boys with hookworm, 
Trichuris trichiura and Ascaris lumbricoides infections are improved 
four months after a single dose of albendazole. J Nutr 1993; 123: 1036 
- 1046. 

32. Stoltzfus RJ, Chway HM, Montresor A, et al. Low Dose Daily Iron 
Supplementation Improves Iron Status and Appetite but Not Anemia, 
whereas Quarterly Anthelminthic Treatment Improves Growth, Appetite 
and Anemia in Zanzibari Preschool Children. J. Nutr. 2004; 134: 348-
356. 



 12 

33. Hadju V, Stephenson L, Abadi K, Mohammed H, Bowman D, Parker R. 
Improvements in appetite and growth in helminth-infected schoolboys 
three and seven weeks after a single dose of pyrantel pamoate. 
Parasitology 1996; 113: 497-504. 

34. Ramakrishnan U, Martorell R, Aburto N, McCabe G. Multimicronutrient 
interventions but not vitamin a or iron interventions alone improve child 
growth: results of 3 meta-analyses. J Nutr 2004; 134: 2592-602. 

35. Golden MH. Is complete catch-up possible for stunted malnourished 
children? Eur J Clin Nutr 1994; 48Suppl1: S58-70. 

36. Cooper ES, Bundy DA, Duff EM, Howell S. 'Catch-up' growth velocities 
after treatment for Trichuris dysentery syndrome. Trans R Soc Trop 
Med Hyg 1995; 89: 653. 

37. Watkins WE, Pollitt E. "Stupidity or worms": do intestinal worms impair 
mental performance? Psychol Bull 1997; 121: 171-91. 

38. Algarin C, Peirano P, Garrido M, Pizarro F, Lozoff B. Iron deficiency 
anemia in infancy: long-lasting effects on auditory and visual system 
functioning. Pediatr Res 2003; 53: 217-23. 

39. Grantham-McGregor S, Ani C. A review of studies on the effect of iron 
deficiency on cognitive development in children. J Nutr 2001; 131: 
649S-666S. 

40. Roncagliolo M, Peirano P, Lozoff B, Garrido M, Walter T. Evidence of 
altered central nervous system development in infants with iron 
deficiency anemia at 6 mo: delayed maturation of auditory brainstem 
responses. Am J Clin Nutr 1998; 68: 683-90. 

41. Sakti H, Nokes C, Hertanto WS, Hendratno S, Hall A, Bundy DA. 
Evidence for an association between hookworm infection and cognitive 
function in Indonesian school children. Trop Med Int Health 1999; 4: 
322-34. 

42. Nokes C, Bundy DA. Compliance and absenteeism in school children: 
implications for helminth control. Trans R Soc Trop Med Hyg 1993; 87: 
148-52. 

43. Hall A, Khanh LN, Son TH, et al. An association between chronic 
undernutrition and educational test scores in Vietnamese children. Eur 
J Clin Nutr 2001; 55: 801-4. 

44. Nokes C, Cooper ES, Robinson BA, Grantham-McGregor SM, Sawyer 
AW, Bundy DA. Moderate to heavy infections of Trichuris trichiura 
affect cognitive function in Jamaican school children. Parasitology 
1992; 104: 539-47. 

45. Boivin MJ, Giordani B, Ndanga K, et al. Effects of treatment for intestinal 
parasites and malaria on the cognitive abilities of schoolchildren in 
Zaire, Africa. Health Psychol 1993; 12: 220-26. 

46. Watkins WE, Cruz JR, Pollitt E. The effects of deworming on indicators of 
school performance in Guatemala. Trans R Soc Trop Med Hyg 1996; 
90: 156-61. 

47. Kvalsvig JD, Cooppan RM, Connolly KJ. The effects of parasite infections 
on cognitive processes in children. Ann Trop Med Parasitol 1991; 85: 
551-68. 

48. Simeon D, Grantham-McGregor S, Ramdath DD, Callender J, Wong M. 
School performance, nutritional status and trichuriasis in Jamaican 
schoolchildren. Acta Paediatr 1994; 83: 1188-93. 



 13 

49. Hadidjaja P, Abidin SA, Ismid IS, Bonang E, Suyardi MA, Margono SS. 
The effect of intervention methods on nutritional status and cognitive 
function of primary school children infected with Ascaris lumbricoides. 
Am J Trop Med Hyg 1998; 59: 791-5. 

50. Katabarwa MN, Hopkins D, Habomugisha P, Richards FO. Community-
directed interventions strategy enhances efficient and effective 
integration of health care delivery and development activities in rural 
disadvantaged communities of Uganda. Trop Med Int Health 2005; 10: 
312-21. 

51. WHO/UNICEF. How to add deworming to vitamin A distribution. Geneva: 
World Health Organization, 2004. 

52. Brent RL, Miller RK, Hendrickx AG, Holmes LB. Teratogenicity of high 
vitamin A intake. N Engl J Med 1996; 334: 1196. 

53. Miller RK, Hummler H, Wiegand UW, Hendrickx AG, Mills JL. 
Periconceptional vitamin A use: how much is teratogenic? Reprod 
Toxicol 1998; 12: 75-88. 

54. Todd J, Mosha F, Balira R, et al. The sexual health of pupils in years 4 to 
6 of primary schools in rural Tanzania. Sex Transm Infect 2004; 80: 35-
42. 

55. Partnership_for_Child_Development. Implications for school-based health 
programmes of age and gender patterns in the Tanzanian primary 
school. The Partnership for Child Development. Trop Med Int Health 
1998; 3: 850-3. 

56. UNICEF. Multiple micronutrient supplements to enhance foetal and infant 
survival, growth and development.  Workshop to review effectiveness 
trials Bangkok 15 - 18 June. Bangkok: UNICEF, 2005: 20pp. 

57. Bhagwati J, Fogel R, Frey B, Yifu Lin J, North D, Schelling T. Ranking the 
opportunities. In: Lomberg B, ed. Global crises, global solutions. 
Cambridge: Cambridge University Press, 2004. 

58. Behrman JR, Alderman H, Hoddinott J. Nutrition and hunger. In: Lomborg 
B, ed. Global crises, global solutions. Cambridge: Cambridge 
University Press, 2004. 

59. Roschnik N, Parawan A, Baylon MA, Chua T, Hall A. Weekly iron 
supplements given by teachers sustain the haemoglobin concentration 
of school children in the Philippines. Tropical Medicine and 
International Health 2004; 9: 904-9. 

60. Hall A, Roschnik N, Ouattara F, et al. A randomised trial in Mali of the 
effectiveness of weekly iron supplements given by teachers on the 
haemoglobin concentrations of schoolchildren. Public Health Nutr 
2002; 5: 413-18. 

61. Sazawal S, Stoltzfus RJ, Deb S, et al. Effects of routine prophylactic 
supplementation with iron and folic acid on admission to hospital and 
mortality in preschool children in a high malaria transmission setting: 
community-based, randomised, placebo-controlled trial. Lancet 2006; 
367: 133-43. 

62. International_Nutritional_Anaemia_Consultative_Group. Safety of iron 
supplementation programs in malaria-endemic regions. Washington, 
D.C.: International Life Sciences Institute, 1999: 6. 

63. World_Food_Programme. Fact sheet: school feeding. Rome: World Food 
Programme, 2006: 2. 



 14 

64. Partnership_for_Child_Development. The cost of large-scale school health 
programmes which deliver anthelmintics to children in Ghana and 
Tanzania. Acta Trop 1999; 73: 183-204. 

65. Studdert LJ, Soekirman KM, Rasmussen J-P. Community-based school 
feeding during Indonesia's economic crisis: implementation, benefits, 
and sustainability. Food Nutr Bull 2004; 25: 156-65. 

66. Kristjansson EA, Robinson V, MacDonald B, et al. School feeding for 
improving the physical and psychosocial health of disadvantaged 
elementary school children: Cochrane Database Syst Rev, 2007; I: 
CD004676. 

67. de Silva NR, Montresor A, Engels D, Brooker S, Hotez PJ, Savioli L. Soil-
transmitted helminth infections: updating the global picture. Trends 
Parasitol 2003; 19: 547-51. 

68. WHO. Prevention and control of schistosomiasis and soil-transmitted 
helminthiasis. Technical Report Series 912. Geneva: World Health 
Organization, 2002: 63pp. 

69. WHO. World Health Organization Model Formulary. Geneva: World Health 
Organization, 2005. 

 


