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Abstract
Background: Early childhood diarrhoea is a major cause of infant morbidity and mortality in developing countries.
Recurrent and persistent diarrhoea affect growth and cognition in children as young as 6 years.
Objectives: To evaluate the effect of early childhood cryptosporidial and giardial diarrhoea on growth and
development in children in a semi-urban slum in India. This is the first report of such assessment at 3 years of age.
Methods: This study was undertaken on 116 children who were part of an ongoing birth cohort study (n5452) of
rotaviral and cryptosporidial diarrhoea between June and December 2005. Social quotients (SQ) assessed by the
Vineland Social Maturity Scale, intelligence quotients (IQ) assessed by the Seguin Form Board Test, physical
growth parameters and sociodemographic data in 84 children with a history of cryptosporidial or giardial diarrhoea
were compared with those of 32 without diarrhoea.
Results: Children with a past history of giardial diarrhoea showed a trend towards lower SQ (p50.09) and had
significantly lower IQ (p50.04) and increased wasting (p50.04). Cryptosporidial diarrhoea was not associated with
poor IQ, SQ or physical growth.
Conclusion: This study demonstrates the long-term effect of protozoan diarrhoea, especially that caused by giardia,
on both intelligence and physical growth in Indian children as early as 3 years of age and re-inforces the need for
early detection and prevention of early childhood protozoan diarrhoea.

Introduction
In developing countries, children below the
age of 5 years experience at least three
episodes of diarrhoea per year.1 Although a
leading cause of under-5 morbidity and
mortality, the actual effects of repeated
and chronic diarrhoea on development and
future productivity as adults is grossly
under-estimated.2 Recurrent and persistent
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diarrhoea has been consistently associated
with stunting in children. In studies in Brazil
and Peru, early childhood diarrhoea, defined
as episodes of diarrhoea in the 1st 2 years of
life, negatively correlated with tests of cognitive function, verbal fluency and physical
fitness and resulted in long-term growth
faltering.3–7 These studies show that the
effects of early childhood diarrhoea are more
far-reaching than merely causing dehydrating
diarrhoeal illness. In these studies, diarrhoea
caused by two protozoan parasites, giardia
spp. and cryptosporidium spp., was frequently
found to be associated with stunting and
lower cognitive function scores.3,4 These
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protozoan parasites are a common cause of
symptomatic and asymptomatic enteric infections in children in India,8,9 the long-term
effects of which have yet to be studied.
This study aimed to document the effect
on childhood development of early childhood diarrhoea caused by cryptosporidium
spp. and giardia spp. by assessing social
maturity and intelligence quotient (IQ) as
markers of cognitive function as well as
physical growth parameters in a cohort of
south Indian children at 3 years of age. It is
the first such report from India.

Methods
Study design
The study was a cross-sectional analysis of
part of the birth cohort of children.
Setting
Children enrolled in the study were part of a
birth cohort of 452 from a semi-urban slum
in Vellore, South India10 in whom diarrhoeal episodes were being followed for a
period of 3 years for studies on rotaviral,11
giardial12 and cryptosporidial diarrhoea.13
The study area was three adjacent semiurban slums in Vellore, Ramnaickanpalayam, Chinnallapuram and Kaspa, with a
population of approximately 33,390 and
covering an area of 2.2 km2. Each household
in the cohort was visited soon after the
enrolled child’s birth to obtain baseline sociodemographic information including socioeconomic status, education of the mother
and head of the household, total number of
siblings, birth order, maternal age, method of
stool disposal and duration of breastfeeding.
Assessment of socio-economic status was
based on the modified Kuppusamy scale.14
The children were then visited twice a week by
field workers and regularly followed up for all
illnesses. A diarrhoeal episode was defined as
at least three watery stools a day, preceded
and followed by 2 days without diarrhoea.15
During a diarrheal episode, its duration, the

number of stools passed in each 24-hour
period, duration of vomiting (if present),
number of vomiting episodes in each 24
hours, fever (in uC) and the degree of
dehydration were recorded. Faecal samples
collected during all episodes of diarrhoea
were microscopically examined for cryptosporidium oocysts with modified acid-fast
staining and for giardia cysts by saline–
iodine preparations.
Enrolment of subjects
To determine the effect of early childhood
diarrhoea caused by cryptosporidium spp.
and giardia spp. on social maturity, intelligence and physical growth parameters, a
follow-up study was carried out at around
3 years of age between June and December
2005. Children identified as having had at
least one episode of cryptosporidial or giardial
diarrhoea at or below the age of 2 years and
children with no documented cryptosporidial
or giardial infection detected by microscopy
at the time of diarrhoea at or below the age of
2 years were recruited. Informed consent was
obtained from either parent at the start of the
study. The study protocol was approved by
the institutional review board of Christian
Medical College, Vellore.
Assessment of social maturity, intelligence and
physical growth
Anthropometric parameters were measured
monthly and recorded for all children in the
birth cohort using a standardised and calibrated infantometer and weighing scales.
The WHO growth reference curves were
used to interpret data and calculate Z-scores.
Children with height-for-age Z-scores (HAZ),
weight-for-age Z-scores (WAZ) and weightfor-height Z-scores (WHZ) ,-2 were categorised as stunted, underweight and wasted,
respectively.16
Social maturity was assessed using the
Indian adaptation of the Vineland Social
Maturity Scale (VSMS).17 The adaptive
functioning is measured in the context of
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eight domains including self-help general, selfhelp dressing, self-help eating, self-direction,
occupation, locomotion, socialisation and communication. The social maturity age associated with level of functioning was calculated
and then converted into a social quotient
(SQ).
The Seguin Form Board Test (SFBT), a
culture-fair, visuo-motor performance-based
test, was administered to assess intelligence.18
The children were asked to perform the task
three times and the best time of all the three
trials was used to determine a mental age
which was subsequently converted to an
intelligence quotient (IQ). Both the VSMS
questionnaire and the SFBT were completed
on the same day and administered at the study
clinic in a separate room by a medical research
officer trained by clinical psychologists. The
research officer did not have access to the
initial information about the children, including episodes of diarrhoea and sociodemographic variables.
Statistical analysis
SPSS 12.0 for Windows (SPSS Inc., Chicago, IL)
was used for statistical analysis. Anthropometric data were analysed using the EpiNut
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program in the EpiInfo 2002 software
(CDC, Atlanta, GA). In order to identify
significant predictors of SQ, IQ and stunting,
univariate analysis was performed. A past
history of any protozoan diarrhoea (either
cryptosporidial or giardial), giardial diarrhoea alone and cryptosporidial diarrhoea
alone were examined as predictors in the
univariate analysis, in addition to other sociodemographic data collected. The data were
also analysed after adjusting for socio-economic status and gender. For the social and
intelligence quotient, linear regression analysis was performed for SQ and IQ, while
logistic regression analysis was undertaken
for stunting.

Results
Forty of 116 children who consented to take
part in the study were identified as having
had cryptosporidial diarrhoea, 66 of them
had giardial diarrhoea and 22 had both.
Thirty-two with no documented episodes of
cryptosporidial or giardial diarrhoea were
also recruited. Birthweight and socio-demographic characteristics of the 116 children
enrolled were comparable with the other

TABLE 1. Comparison of socio-demographic characteristics between the study population and the birth cohort nonparticipants in the study.

Variable
Male*
Socio-economic status*
Low
Middle
High
Maternal education*
Nil
0–8 y
.8 y
Maternal age at birth, mean [SD]{
Family size, mean [SD]{
No. of siblings, mean [SD]{
Low birthweight*{
* x2 test;

{

two-tailed t-test;

{

Nested study

Others

n5116 (%)

n5336 (%)

64 (55.2)

163 (48.5)

0.22

73 (62.9)
40 (34.0)
3 (2.6)

208 (62.0)
108 (32.1)
20 (6.0)

0.35

43
57
16
24.16
6.33
2.40
10

(37.1)
(49.1)
(13.8)
[4.30]
[2.05]
[1.24]
(9)

data not available for 11 children.

96
175
65
24.12
5.96
2.19
41

(29.0)
(52.1)
(19.4)
[4.0]
[1.94]
[1.2]
(12.4)

p-value

0.16

0.92
0.08
0.11
0.53
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children in the birth cohort (Table 1).
Enrolled children with a history of protozoan (either cryptosporidial or giardial or
both) diarrhoea (n584) and those without
(n532) had comparable socio-demographic
profiles (Table 2). The mean (SD) age of
the children during assessment was 3.51
(0.38) years. The median (IQR) ages at the
first documented cryptosporidial and giardial episodes were 1.29 (0.81–2.05) and
1.69 (1.20–2.13) years, respectively. The
median (IQR) times between the last
cryptosporidial and giardial episodes and
time of assessment were 1.93 (1.36–2.89)
and 1.64 (1.20–2.13) years, respectively.

history of cryptosporidial diarrhoea was a
significant predictor of SQ, although the effect
of giardial diarrhoea was stronger (b528.62,
p50.12) than that of cryptosporidial diarrhoea (b521.82, p50.75) at lowering the SQ
level. The results of the univariate analysis for
the significant predictors of SQ are summarised in Table 3. The adjusted analysis
revealed that any level of maternal education
was a positive predictor of SQ score (p50.05),
while the presence of wasting showed a
significant negative association (p50.03).
Being underweight as well as having a history
of previous helminth infection had a strong
but not significant negative effect on SQ.

Social maturity

Intelligence quotient

SQ scores based on the Vineland Social
Maturity Scale ranged from 13.3 to 258.0
(mean 120.1, SD 29.25). The mean (SD)
SQ of children with no past history of
protozoan diarrhoea was 124.97 (25.35)
while that for children with a past history of
protozoan diarrhoea was marginally lower at
118.22 (30.54) (p50.27) (Table 3). Children
with cryptosporidial and giardial diarrhoea
had SQs of 118.70 (35.01) (p50.714) and
116.07 (27.92) (p50.09), respectively. Neither a history of giardial diarrhoea nor a

IQ score based on the Seguin Form Board
Test was determined for 101 children. The
score could not be calculated for 15 children
who neither co-operated nor completed the
shape-matching in SFBT. Mean (SD) IQ
was 99.22 (18.79) and for those with and
without protozoan diarrhoea was 97.07
(15.79) and 104.58 (24.23), respectively.
Children with a past history of giardial
diarrhoea (mean IQ 95.81, SD 15.71) had
significantly lower IQ scores than those
without a past history of giardial diarrhoea

TABLE 2. Comparison of socio-demographic characteristics between children with and without protozoan diarrhoea.

Variable
Male*
Socio-economic status*
Low
Middle
High
Maternal education*
Nil
0–8 y
.8 y
Maternal age at birth, mean [SD]{
Family size, mean [SD]{
No. of siblings, mean [SD]{
Low birthweight*{
* x2 test;

{

two-tailed t-test;

{

History of
protozoan diarrhoea

No history of
protozoan diarrhoea

n584 (%)

n532 (%)

p-value

45 (53.6)

19 (59.4)

0.57

56 (66.7)
27 (32.1)
1 (1.2)

17 (53.1)
13 (40.6)
2 (6.3)

0.18

32
43
9
23.70
6.25
2.40
7

(38.1)
(51.2)
(10.7)
[3.89]
[2.09]
[1.29]
(8.8)

data not available for 5 children.

11
14
7
25.38
6.53
2.38
3

(34.4)
(43.8)
(21.9)
[5.10]
[1.95]
[1.13]
(9.7)

0.30

0.06
0.51
0.91
0.88

Cryptosporidial & giardial diarrhoea
TABLE 3.
rhoea.

Predictors of social quotient in children with and without a history of cryptosporidial and giardial diar-

Univariate

History of protozoan diarrhoea
History of giardial diarrhoea
History of cryptosporidial diarrhoea
No. of episodes of protozoan diarrhoea
History of helminth infection
Low birthweight
Maternal education
None
Standards 1–8
Standards 9 up to college
Education of head of family
None
Standards 1–8
Standards 9 up to college
Physical growth parameters
Stunted
Wasting
Underweight
* Adjusted for gender and socio-economic status;

Adjusted*

b

p

b

p

26.75
29.31
22.11
22.92
214.34
215.17

0.27
0.09
0.71
0.16
0.09
0.10

25.26
28.62
21.82
22.99
214.60
216.05

0.39
0.12
0.75
0.16
0.08
0.08

Reference
11.61
26.30

0.04
0.002

11.54
24.79

0.05{
0.01{

Reference
4.48
21.08

0.46
0.007

3.76
20.42

0.54
0.01{

28.10
220.15
210.29

0.14
0.04
0.06

28.66
220.59
29.48

0.12
0.03{
0.08

Variable

{

p(0.05.

even, when adjusted for gender and socioeconomic status (Table 4). A similar effect
could not be seen with cryptosporidial
diarrhoea (mean IQ 100.12, SD 17.28).
The results of analysis for significant predictors for the outcome IQ are summarized in
Table 4. Exclusive breast-feeding positively
TABLE 4.
diarrhoea.
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correlated with IQ scores (p50.05) while low
birth weight and stunting were near significant negative predictors of IQ (p50.07 and
0.09, respectively). Factors like number of
family members and siblings, birth order,
maternal age, stool disposal method and
education of the mother or head of the

Predictors of intelligence quotient in children with and without a history of cryptosporidial and giardial

Univariate
Variable
History of protozoan diarrhoea
History of giardial diarrhoea
History of cryptosporidial diarrhoea
No. of episodes of protozoan diarrhoea
History of helminth infection
Low birthweight
Exclusive breastfeeding, mths
Physical growth parameters
Stunted
Wasting
Underweight
* Adjusted for gender and socio-economic status;

{

Adjusted*

b

p

b

p

27.51
27.84
1.32
22.08
22.42
29.60
2.48
25.94

0.07
0.04
0.74
0.15
0.69
0.14
0.04
0.12

26.57
27.58
1.60
22.24
22.22
211.87
2.41
26.57

0.11
0.04{
0.69
0.12
0.71
0.07
0.05{
0.09

24.51
22.92

0.52
0.44

23.48
22.16

0.62
0.57

p(0.05.
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household did not correlate with IQ (individual data not presented).
Physical growth parameters
Stunting was seen in 43.1% while 8.6% of
participants had wasting. In the univariate
analysis, a past history of any protozoan
diarrhoea, either giardial or cryptosporidial, was not a significant predictor of
stunting or being underweight. However,
on adjusting for socio-economic status and
gender, the odds ratio (OR) (95% CI) of a
past history of protozoan diarrhoea associated with stunting was 2.28 (0.92–5.61).
Stunting was also strongly associated with
being underweight (OR 14.84, 95% CI
5.57–39.54) or of low birthweight (OR
3.85, 95% CI 0.94–15.80). Only low
birthweight was a significant predictor of
being underweight (OR 3.64, 95% CI
0.88–15.10). A past history of giardial
diarrhoea was also found to be significantly
associated with wasting (Fisher’s exact test,
p50.04).

Discussion
This study analyses the effect of early
childhood protozoan diarrhoea on growth,
intelligence and social maturity in 3-yearold children. Previous studies have evaluated these effects at an older age. Although
assessment of intelligence at a very young
age is challenging, the present study is
unique in evaluating the impact of protozoan diarrhoea as early as 3 years of age, and
it is the first such report from India.
Cognitive function and linear growth in
children are affected by environmental and
health-related factors. The 1st 2 years of
childhood are marked by rapid brain growth
and maturation by neuronal arborisation, myelination and emergence of brain
networks.19 There is synaptogenesis and
myelination in which development and
pruning of thousands of synapses govern
the sculpting of the brain circuitry.20

Sensory experiences and learning alter the
cortical circuitry and representations and
are the basis for the neuroplasticity vividly
seen in childhood.21 Thus, the development
of human intelligence depends on the
hierarchical maturation of neocortical association areas as well as interactions with the
environment in early life. Factors in early
life such as nutrition, infection and environment affect neuroplasticity and may have
long-lasting effects on the child.
In India, early childhood malnutrition including micronutrient deficiency,22 anaemia23
and helminthiases24 are reported to affect
cognitive development, but no previous attempts have been made to study the possible
long-term impact of early childhood diarrhoea caused by protozoan pathogens. Studies
in other developing countries including
Brazil,5,6,25 Peru,4,7 Malaysia,26 Turkey27
and Bangladesh28 have implicated early childhood diarrhoea caused by enteric protozoan
pathogens as independent predictors of stunting. The pathogens implicated independently
of one another are cryptosporidium spp.,3,7,29
giardia spp.26,27 and Entamoeba histolytica.28
Infection by these pathogens results in adverse
effects on physical fitness, cognitive function
and academic achievement.3,4,27 In addition,
verbal fluency and school performance were
also affected by repeated episodes of early
childhood diarrhoea owing to giardia and
cryptosporidium spp.6,25
In this study, a history of giardial diarrhoea was associated with a significantly
lower IQ as early as 3 years of age, while
other studies demonstrated similar effects
on older school children. Giardial diarrhoea
might affect growth and cognition by causing a deficiency of micronutrients such as
zinc and iron,30,31 which bind to the giardial
variant surface proteins,32 and also the
malabsorption of fats and defects in the
anti-oxidant system.31 These nutritional
deficiencies, along with weakness of the
anti-oxidant system in the 1st years of brain
development and maturation, could potentially affect neuroplasticity, in turn affecting
cognitive ability.

Cryptosporidial & giardial diarrhoea
In this study, as in others, cryptosporidial
diarrhoea was not related to a decrease in
cognitive function.4 Despite the reported
effect of cryptosporidiosis on linear growth
faltering in children during infancy as well
as a decrease in weight gain in children
with both symptomatic and asymptomatic
infections,7,29 no effect on physical growth
was seen in this study. Although a past
history of protozoan diarrhoea was found to
affect IQ as well as linear growth, there was
no correlation with the number of protozoan
diarrhoeal episodes (Table 4).
The predictors of intelligence and social
quotients have also been evaluated and
concur with other studies. Breastfeeding
has a positive impact on cognition through
enhanced brain growth and white matter
myelination.33 The negative correlation of
poor paternal and maternal education, an
absent father and low birthweight and the
positive correlation of good psychosocial
stimulation in infancy and cognition have
been demonstrated.34
Limitations of the study
The intelligence quotient could not be
calculated for some children who did not
co-operate with the Seguin Form Board test.
The Vineland Social Maturity Scale was
used in this study as it is the only social scale
with an Indian adaptation. It is a parentadministered questionnaire and their emotional attachment to the subject might
have affected the objectivity of the test.
Previous studies of children in developing
countries have shown that asymptomatic
giardial or cryptosporidial infections were
also associated with stunting and that
growth faltering subsequent to giardia or
cryptosporidium infection occurred even if
not associated with diarrhoea.29,35 In the
present study, however, we did not examine
stools of children without diarrhoea which
might have affected our results and choice of
controls.
Despite the limitations, this study demonstrates the negative effect of early childhood
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protozoan diarrhoea, especially giardial diarrhoea, on growth and cognition in Indian
children as early as 3 years of age. Followup testing of cognitive function and growth
in these children at school-age will add
valuable information on the longer-term
effects of protozoan diarrhoea. The role of
asymptomatic giardial and cryptosporidial
infections on cognitive function and growth
in Indian children also needs to be assessed
in future prospective studies.

Acknowledgments
We thank Dr M. C. Mathew of the Department of Developmental Paediatrics,
Christian Medical College, Vellore for
advice on assessment of cognitive function
and for providing training for the clinical
psychologists.

References
1 Kosek M, Bern C, Guerrant RL. The global burden
of diarrhoeal disease, as estimated from studies
published between 1992 and 2000. Bull WHO
2003; 81:197–204.
2 Ricci KA, Girosi F, Tarr PI, et al. Reducing stunting
among children: the potential contribution of
diagnostics. Nature 2006; 444 (suppl 1):29–38.
3 Guerrant DI, Moore SR, Lima AA, Patrick PD,
Schorling JB, Guerrant RL. Association of early
childhood diarrhea and cryptosporidiosis with
impaired physical fitness and cognitive function
four–seven years later in a poor urban community in
northeast Brazil. Am J Trop Med Hyg 1999; 61:707–
13.
4 Berkman DS, Lescano AG, Gilman RH, Lopez SL,
Black MM. Effects of stunting, diarrhoeal disease,
and parasitic infection during infancy on cognition
in late childhood: a follow-up study. Lancet 2002;
359:564–71.
5 Patrick PD, Oria RB, Madhavan V, et al.
Limitations in verbal fluency following heavy
burdens of early childhood diarrhea in Brazilian
shantytown children. Child Neuropsychol 2005;
11:233–44.
6 Lorntz B, Soares AM, Moore SR, et al. Early
childhood diarrhea predicts impaired school performance. Pediatr Infect Dis J 2006; 25:513–20.
7 Checkley W, Epstein LD, Gilman RH, Black RE,
Cabrera L, Sterling CR. Effects of Cryptosporidium

212

8

9

10

11

12

13

14
15

16

17

18

19

20

21
22

S. S. R. Ajjampur et al.

parvum infection in Peruvian children: growth
faltering and subsequent catch-up growth. Am J
Epidemiol 1998; 148:497–506.
Kang G, Mathew MS, Rajan DP, et al. Prevalence
of intestinal parasites in rural southern Indians. Trop
Med Int Health 1998; 3:70–5.
Kaur R, Rawat D, Kakkar M, Uppal B, Sharma
VK. Intestinal parasites in children with diarrhea in
Delhi, India. Southeast Asian J Trop Med Public
Health 2002; 33:725–9.
Gladstone BP, Muliyil, J, Jaffar S, et al. Infant
morbidity in an Indian slum birth cohort. Arch Dis
Child 2008; 93:479–84.
Ramani S, Banerjee I, Gladstone BP, et al.
Geographic information systems and genotyping in
identification of rotavirus G12 infections in residents
of an urban slum with subsequent detection in
hospitalized children: emergence of G12 genotype in
South India. J Clin Microbiol 2007; 45:432–7.
Ajjampur SS, Sankaran P, Kannan A, et al. Giardia
duodenalis assemblages associated with diarrhea in
children in South India identified by PCR-RFLP.
Am J Trop Med Hyg 2009; 80:16–19.
Ajjampur SS, Gladstone BP, Selvapandian D,
Muliyil JP, Ward H, Kang G. Molecular and spatial
epidemiology of cryptosporidiosis in children in a
semiurban community in South India. J Clin
Microbiol 2007; 45:915–20.
Kuppuswami B. Manual of Socioeconomic Scale
(Urban). New Delhi: Manasayan, 1981.
Morris SS, Cousens SN, Lanata CF, Kirkwood BR.
Diarrhoea—defining the episode. Int J Epidemiol
1994; 23:617–23.
World Health Organization. Child Growth Standards:
Methods and Development: Length/Height-for-Age,
Weight-for-Age, Weight-for-Length, Weight-for-Height
and Body Mass Index for Age. Geneva: WHO, 2006.
Malin AJ. Vineland Social Maturity Scale and
Manual. Indian Adaption. Mysore: Swayam Sidha
Prakashan, 1992.
Madhavan T. Mental Retardation: A Manual for
Psychologists. Secunderabad: National Institute for
the Mentally Handicapped, 1989.
Gao W, Zhu H, Giovanello KS, et al. Evidence on
the emergence of the brain’s default network from
2-week-old to 2-year-old healthy pediatric subjects.
Proc Natl Acad Sci USA 2009; 106:6790–5.
Johnston MV, Nishimura A, Harum K, Pekar J,
Blue ME. Sculpting the developing brain. Adv
Pediatr 2001; 48:1–38.
Feldman DE. Synaptic mechanisms for plasticity in
neocortex. Annu Rev Neurosci 2009; 32:33–55.
Kapil U, Bhavna A. Adverse effects of poor
micronutrient status during childhood and adolescence. Nutr Rev 2002; 60:S84–90.

23 Seshadri S, Gopaldas T. Impact of iron supplementation on cognitive functions in preschool and
school-aged children: the Indian experience. Am J
Clin Nutr 1989; 50:675–84; discussion 85–6.
24 Ananthakrishnan S, Nalini P, Pani SP. Intestinal
geohelminthiasis in the developing world. Natl Med
J India 1997; 10:67–71.
25 Niehaus MD, Moore SR, Patrick PD, et al. Early
childhood diarrhea is associated with diminished
cognitive function 4 to 7 years later in children in a
northeast Brazilian shantytown. Am J Trop Med Hyg
2002; 66:590–3.
26 Al-Mekhlafi MS, Azlin M, Nor Aini U, et al.
Giardiasis as a predictor of childhood malnutrition
in Orang Asli children in Malaysia. Trans R Soc Trop
Med Hyg 2005; 99:686–91.
27 Celiksoz A, Acioz M, Degerli S, Cinar Z, Elaldi N,
Erandac M. Effects of giardiasis on school success,
weight and height indices of primary school children
in Turkey. Pediatr Int 2005; 47:567–71.
28 Tarleton JL, Haque R, Mondal D, Shu J, Farr BM,
Petri WA Jr. Cognitive effects of diarrhea, malnutrition, and Entamoeba histolytica infection on school
age children in Dhaka, Bangladesh. Am J Trop Med
Hyg 2006; 74:475–81.
29 Checkley W, Gilman RH, Epstein LD, et al.
Asymptomatic and symptomatic cryptosporidiosis:
their acute effect on weight gain in Peruvian
children. Am J Epidemiol 1997; 145:156–63.
30 Ertan P, Yereli K, Kurt O, Balcioglu IC, Onag A.
Serological levels of zinc, copper and iron elements
among Giardia lamblia infected children in Turkey.
Pediatr Int 2002; 44:286–8.
31 Demirci M, Delibas N, Altuntas I, Oktem F,
Yonden Z. Serum iron, zinc and copper levels and
lipid peroxidation in children with chronic giardiasis. J Health Popul Nutr 2003; 21:72–5.
32 Lujan HD, Mowatt MR, Wu JJ, et al. Purification of
a variant-specific surface protein of Giardia lamblia
and characterization of its metal-binding properties.
J Biol Chem 1995; 270:13807–13.
33 Isaacs EB, Fischl BR, Quinn BT, Chong WK,
Gadian DG, Lucas A. Impact of breast milk on IQ,
brain size and white matter development. Pediatr
Res 2010; 67:357–62.
34 Santos DN, Assis AM, Bastos AC, et al. Determinants of cognitive function in childhood: a cohort
study in a middle income context. BMC Public
Health 2008; 8:202.
35 Fraser D, Dagan R, Naggan L, et al. Natural history
of Giardia lamblia and Cryptosporidium infections
in a cohort of Israeli Bedouin infants: a study of a
population in transition. Am J Trop Med Hyg 1997;
57:544–9.

