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    Abstract.   Helminths aggravate anemia and malnutrition among school children. We studied this association in a cross-
sectional study of 6- to 23-month-old Zanzibari children ( N  = 2322) and a sub-sample of 690 children matched on age and 
helminth infection status.  Ascaris , hookworm, and  Trichuris  infections were diagnosed along with recent fever, malaria 
infection, mid-upper arm circumference (MUAC) and hemoglobin concentration (Hb). Alpha-1-acid glycoprotein 
(AGP), C-reactive protein (CRP), height, and weight were measured in the sub-sample. Infected children had higher Hb 
(β = 5.44 g/L,  P  < 0.001) and MUAC-for-age Z score (β = 0.30 Z,  P  < 0.001) compared with uninfected children after adjust-
ing for covariates. Although helminths were not associated with inflammation, their association with Hb or MUAC-for-age 
Z score was modified by inflammation. Malaria-infected children were less likely to be infected with helminths (adjusted 
odds ratios 0.63 [95% confidence interval: 0.49, 0.81]). Non-anemic, better nourished, or non-malaria-infected children 
may be more exploratory of their environments and therefore increase their exposure to soil-transmitted helminths.   

    INTRODUCTION 

 Geohelminths are widely prevalent, especially among the 
poorest communities of the developing world. 1  The World 
Health Organization (WHO) estimates that over 2 billion 
people are infected and that 5–10% of these are children less 
than 24 months of age. 2,3  Although only 300 million of those 
infected suffer severe or permanent impairment, a majority of 
the children suffer in a subtle and debilitating way. Helminth 
infections are known to aggravate malnutrition, anemia, and 
poor appetite, 4,5  and may retard both physical and cognitive 
development. 6–8  Infection intensity increases with age and 
reaches a maximum between 5–14 years. 1,2  The impact of hel-
minth infections in children less than 2 years of age has not 
been clearly defined, mainly because it has been assumed that 
these infections are rare or light and therefore not harmful. 

 Contrary to this assumption, young children experience 
first-time helminth infections, which might induce proinflam-
matory mediators that are detrimental to protein metabolism, 
appetite, and erythropoiesis. 5,9–12  If so, incident helminth infec-
tions in this age group could contribute to anemia of inflamma-
tion. 13–15  Helminth infections in endemic regions are typically 
associated with a highly polarized Th2 cytokine response, 16,17  
but these studies have been conducted in older children and 
adults. Measurement of inflammation in field studies that look 
at the relationship between helminth infection and different 
health outcomes has been rare. In addition, helminth-infected 
children may be more susceptible to other infections 18,19  and 
consequently would bear the adverse effects of excess morbid-
ity on malnutrition and anemia. 

 Contemporary studies looking at the relationship between 
helminth infections and different health outcomes present 
conflicting results 8,20  and differential effects by age. 5,21  A few 
intervention trials providing anthelmintic drugs to children 
less than 5 years of age have found no overall improvements 
in biochemical status and growth, 22,23  in line with the notion 
that deworming benefits are seen only in children with heavier 

worm burdens, most of whom are school age. However, we pre-
viously reported that deworming benefited young Zanzibari 
children (< 30 months) with low worm burdens. 5  Those in 
the treatment group (allocated 500 g mebendazole every 
3 months) had 50% lower incidence of severe anemia, 30–40% 
less wasting malnutrition, and lower serum ferritin, an acute 
phase protein, than their placebo-treated peers. 24  These find-
ings advance the possibility that there may be an inflamma-
tory or cytokine response pathway that is age dependent, and 
which operates in young children with light incident infec-
tions. 24  Therefore, there is a need to quantify the magnitude 
of the relationship between early helminth infections and ane-
mia or malnutrition in young children. 

 In this study, using a large sample size ( N  = 2,322) with rig-
orous helminth diagnosis, we test the following hypotheses: 
1) early helminth infections are associated with anemia and 
malnutrition in 6- to 23-month-old Zanzibari children, 2) ane-
mia and malnutrition are related to the presence of infec-
tion but not the worm burden, 3) the effects on anemia and 
malnutrition are mediated by the inflammatory or cytokine 
responses. The study was designed to replicate or refute the 
unexpected positive relationship that had been observed in 
< 30-month-old children in Zanzibar, 5  and to provide addi-
tional clarity on the mechanisms by which early helminth 
infections cause anemia and malnutrition. 

   MATERIALS AND METHODS 

  Study site.   The study was carried out in Wete District of 
Pemba Island, Zanzibar, United Republic of Tanzania. Pemba 
is located in the Indian Ocean, approximately 50 km off the 
Tanzanian coast. It is mostly rural with only about 20% to 
25% of its population (362,166 in 2002) living in town areas. 
In addition to subsistence agriculture and fishing the main 
economic activity is the clove industry, with more than 70% of 
Zanzibar’s harvest being produced in Pemba. At the time of 
the study (2003–2004),  Plasmodium falciparum  malaria was 
highly prevalent (~80%) with no distinct evidence of season-
ality. 25  The soil-transmitted helminths  Ascaris lumbricoides, 
Trichuris trichiura , and hookworms ( Ancylostoma duodenale  
and  Necator americanus ) are endemic. 26  



1063EARLY HELMINTH INFECTIONS AND ANEMIA, MALNUTRITION, MALARIA, AND INFLAMMATION

   Study population and design.   Beginning in July 2003, based 
on a house to house community census, 2,322 children aged 
6–23 months were screened for helminth infections and were 
randomly allocated to mebendazole treatment (3-day course, 
100 mg twice a day) or identical placebo repeated every 
3 months for a 12-month period. The results of the randomized 
trial will be published separately. Because of the low prevalence 
of early worm infections, to study inflammatory mechanisms, 
an immunology sub-sample was constructed at baseline that 
was enriched with infected children. The sub-sample consisted 
of 230 age-matched triplets (690 children) selected in a 2:1 
ratio according to the infection status at baseline (two infected 
for one uninfected child). This work presents a cross-sectional 
analysis of the baseline group of children before randomized 
treatment was applied. To address hypotheses (1) and (2) we 
used data from the community-based sample and to address 
hypothesis (3) we use the sub-sample data. 

 The variables that were used in the community-based sam-
ple analyses included: hemoglobin concentration (Hb) in g/L 
( N  = 2,175),  Ascaris  eggs per gram of feces ( N  = 2,124), hook-
worm eggs per gram of feces ( N  = 2,124),  Trichuris  eggs per 
gram of feces ( N  = 2,124), any helminth infection ( N  = 2,124), 
recent fever ( N  = 2,319), malaria infection ( N  = 2,076), 
and mid-upper arm circumference (MUAC)-for-age Z score 
( N  = 2,322). Because of the small amount of plasma available 
for laboratory assays, the sub-sample was comprised of consid-
erably fewer children, with  N  = 289 for alpha-1-acid glycopro-
tein (AGP) (g/L) and  N  = 582 for C-reactive protein (CRP) 
(mg/L). These sub-sample children for whom we have full 
biochemical results have similar characteristics to those with 
missing values for the analyses (data not shown). 

 Informed consent was obtained from the guardians of all 
enrolled infants. Ethical review committees of Johns Hopkins 
Bloomberg School of Public Health and Hygiene, Cornell 
University, London School of Hygiene and Tropical Medicine, 
and the Ministry of Health of Zanzibar reviewed and approved 
this research. 

   Assessments.   For the larger community-based cohort of 
children, blood from a finger prick was collected into an EDTA 
capillary collection tube (Sarstedt, Nümbrecht, Germany ), 
whereas for the children in the sub-sample, a venous sample of 
at least 3 mL was taken from the antecubital vein into a 
heparinized blood collection tube (Sarstedt), and a few drops 
taken from the butterfly needle tubing into an EDTA capillary 
collection tube (Sarstedt). Blood from the EDTA collection 
tube was used for the determination of Hb using a HemoCue 
hemoglobinometer (HemoCue, AB, Angelhom, Sweden), 
which was calibrated before use and also for the preparation 
of duplicate thick blood smears for assessment of malarial 
infection. The blood film was left to air dry and stained with 
10% Giemsa and studied for malaria parasites by microscopy. 
Approximately 100 fields were scanned and the number of 
parasites were counted up to 200 leukocytes. If the number 
of parasites was 9 or less, parasites up to 500 leukocytes 
were counted. The number of parasites per microliter (μL) 
was calculated by number of parasites × 8,000 divided by the 
number of leukocytes counted, where 8,000 is the standard 
for the average number of leukocytes per μL and so allowed 
for a reasonable comparison between patients. Heparinized 
samples were spun at 1,300 rpm for 5 minutes at 21°C and 
plasma aliquoted. Aliquots of plasma were stored at −70°C and 
transported in dry ice to Cornell University and London School 

of Hygiene and Tropical Medicine (LSHTM) for analysis. 
Quantitative AGP was measured by radial immunodiffusion kits 
(Kent Laboratories, Bellingham, WA) and CRP was measured 
as previously described by Wright and Bickle, 2005. 27  

  Ascaris , hookworm, and  Trichuris  infections were diag-
nosed by examination of three stool samples using Kato-Katz 
and sedimentation methods to maximize detection of light 
infections. Duplicate Kato-Katz slides were made from stool 
samples collected over 2 days. The preparation of slides was 
according to the WHO protocol. 28  For samples that tested neg-
ative for Kato-Katz, a simple gravity sedimentation method 
was done as described by Goodman and others. 29  

 Malnutrition was assessed by low MUAC-for-age Z score 
following the WHO standard protocol. 30  The MUAC was 
the only growth indicator measured in the community-based 
sample. Height and weight were measured in the sub-sample 
and height for age Z score (HAZ), weight for height Z score 
(WHZ), and weight for age Z score (WAZ) calculated using 
EpiInfo software (CDC, Atlanta, GA) derived from age- specific 
reference data of the National Center for Health Statistics 
(NCHS)/WHO. 30  Morbidity was assessed by 5-day maternal 
recall using local terms for fever, cough, and diarrhea. 

   Statistical analysis.   We analyzed the data using SPSS 
software (version 16.0, SPSS, Inc., Chicago, IL). The association 
between early helminth infection and anemia or malnutrition 
was examined by using descriptive statistics, correlations, 
regression analysis and odds ratios. Data were assessed for 
normality by visual observation of distribution plots and 
 Ascaris  counts, hookworm counts,  Trichuris  counts, and CR P  
values were log-transformed to attain normality. 

 Frequencies, means and standard deviations, geometric 
means and 95% confidence interval (CI) were presented in 
subgroups defined by helminth infection intensities. Intensities 
of infection were calculated only for those infected using the 
following WHO classification 31 : 

                      P  values based on analysis of variance (ANOVA) and 
Student’s  t  test statistics were used for comparing means. 
Pairwise comparisons between each pair of means were exam-
ined using  post hoc  Bonferroni test. The χ 2  tests were used 
to compare proportions. The Pearson correlation coefficient 
( r ) was used to assess linear associations before multivariate 
analyses. 

 General linear models were used in regression analyses to 
explore the relationship between early helminth infections 
and anemia while controlling for covariates. A forward step-
wise approach was used with variables kept in the final model 
if they had been previously identified as potential predictors, 
confounders, effect modifiers, or mediators from published lit-
erature and if they were significant at  P  < 0.10. 

 Binary logistic regression was used to calculate the changes 
in the log odds of malaria, fever, anemia, and malnutrition in 
the community-based sample. Model χ 2  were used to ensure 
goodness-of-fit. Adjusted odds ratios were used to interpret 
the odds of helminth infection associated with exposure to 
malaria, fever, anemia, and malnutrition. 

Intensity  Ascaris Hookworms  Trichuris 

Light 1–4,999 epg 1–1,999 epg 1–999 epg
Moderate 5,000–49999 epg 2,000–3,999 epg 1,000–9,999 epg
Heavy ≥ 50,000 epg ≥ 4,000 epg ≥ 10,000 epg
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    RESULTS 

  Distribution of early helminth infection, anemia, and 
malnutrition.   In the community-based sample, about 25% of 
children were infected with one or more helminths and the 
majority of these had light worm burdens according to the 
WHO classification criteria. 31   Trichuris  infection was the most 
prevalent (16.6%) followed by  Ascaris  (9.6%) and hookworms 
(3.6%) ( Table 1              ). By design, two-thirds of the children in the 
sub-sample were infected, but among infected children, worm 
burdens were similar to those in the community-based sample 
(data not shown). 

 Contrary to expectation, the mean Hb was higher in the 
community-based cohort of children with helminth infection. 
Analysis by any helminth infection (i.e., combining all species 
of infection and categories of infection) showed significantly 
higher Hb in infected compared with non-infected children 
(D = 7.7 g/L,  P  < 0.001). In contrast, similar analysis among 
children by recent fever (by maternal report) or malaria infec-
tion (by microscopy) showed significantly lower Hb in infected 
compared with their non-infected counterparts (D = −3.8 g/L 
and −8.5 g/L, respectively,  P  < 0.001) ( Figure 1A  ). However, 
when examined by category of infection intensity, the rela-
tionship of Hb to hookworm and  Trichuris  infection showed 
an inverse U-shape ( Figure 1B ). Among hookworm-infected 
children, the mean Hb of those with moderate infections 
( N  = 2) was 7.8 g/L less than that of those with light infections. 
Similarly, the mean Hb of children with heavy  Trichuris  infec-
tion ( N  = 2) was 15.5 g/L less than that of those with moder-
ate infections ( Figure 1B ). Although these mean differences 
are biologically significant, they are not statistically significant 
( P  > 0.999 and  P  = 0.985, respectively) because very few chil-
dren were in these heavier categories of infection ( Table 1 ). 

 Similarly, analysis of MUAC by any helminth infection 
showed significantly higher mean MUAC-for-age in infected 
children compared with non-infected (D = 0.11 Z,  P  = 0.032). 
In contrast, children with recent fever or malaria infection 
had worse MUAC-for-age z scores compared with those with-
out fever or malaria (D = −0.19 Z and −0.25 Z, respectively, 

 P  < 0.001) ( Figure 2A  ). Similar analysis in the sub-sample 
children ( N  = 690) showed better attained growth in helm-
inth-infected versus non-infected children in terms of HAZ 
(D = 0.17 Z,  P  = 0.070) and WAZ (D = 0.14 Z,  P  = 0.112), but 
not WHZ (D = −0.01 Z,  P  = 0.940), although none of these dif-
ferences reached statistical significance. 

 MUAC-for-age Z score was low (mean ± SD: −0.93 ± 0.97 
Z) overall and was not statistically different by increasing hel-
minth infection intensity ( P  > 0.05, for each helminth species) 
( Figure 2B ). 

   The role of inflammation.   In general, increasing helminth 
infection intensities were not associated with the inflammation 
indicators (AGP and CRP) ( P  > 0.05, for most comparisons) 
except that  Trichuris -infected children had higher CR P  values 
( P  = 0.022). Notably,  Trichuris -infected children with ≥ 10,000 
epg of feces had very high AGP ( N  = 1, 2.4 g/L) and CRP ( N  = 2, 
33.45 mg/L), although these observations were not statistically 
significant. Recent fever and malaria infection, however, were 
strongly associated with elevated inflammation indicators 
( P  < 0.05, for all comparisons) ( Table 2                ). Increasing severity of 
anemia was associated with an increase in both AGP and CRP 
indicating a positive association between anemia and the acute 
phase response (APR) ( P  value < 0.001) ( Table 2 ). Severity 
of wasting malnutrition was not significantly associated with 
higher inflammation indicators (AGP  P  value = 0.176; CRP 
 P  value = 0.325) ( Table 2 ). Although the four children with 
MUAC-for-age Z score < −3 had CR P  values above the accepted 
cutoff of 3 mg/L 32  (4.09 mg/L, 5.20 mg/L, 10.28 mg/L, and 
47.93 mg/L), the mean value (10.12 [% CI: 1.74–58.98] mg/L) 

  Figure  1.     A , Relationship between hemoglobin concentration and 
infections in the community-based sample.*  B , Relationship between 
hemoglobin concentration and helminth infection intensity in the 
community-based sample.†‡ *Values are mean ± SE  P  value < 0.001 
for all comparisons, by  t  test. †The intensity of infection using WHO 
classification. 31  N’s for each point in  Table 1 . ‡Values are mean ± SE 
with analysis of variance (ANOVA)  P  value < 0.05 comparing helm-
inth infection intensity for each helminth.    

  Table  1 
 Prevalence and intensity of helminth infection in the community-based 

sample* 

  *   CI = confidence interval.  
  †   Intensities of infection were calculated only for those infected using the WHO 

classification. 31   
  ‡   Mean intensity, eggs per gram (epg) of feces.  

Prevalence Intensity†

n/group % Mean‡ 95% CI

 Ascaris 
0 1915/2119 90.4 650.72 504.55–839.46 

(N = 204)1–4,999 178/2119 8.4
5,000–49,999 26/2119 1.2

Hookworms
0 2046/2123 96.4 106.78 68.77–165.81 

(N = 78)1–1,999 75/2123 3.5
2,000–3,999 2/2123 0.1

 Trichuris 
0 1770/2122 83.4 161.99 137.78–190.46 

(N = 354)1–999 320/2122 15.1
1,000–9,999 30/2122 1.4
≥ 10,000 2/2122 0.1

Any helminth
No 1629/2124 76.7 – –
Yes 495/2124 23.3
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was not significantly different from that of moderately mal-
nourished or healthy children ( Table 2 ). 

 We used Pearson correlations to examine further the 
strength of the linear relationships between variables. Again, 
 Ascaris , hookworms, and  Trichuris  were found not to be sig-
nificantly correlated with AGP or CRP ( Table 3               ), but in this 
analysis, significant negative correlations were found for AGP 
and CRP with Hb, MUAC-for-age Z score or HAZ ( P  < 0.05 
for all comparisons) ( Table 3 ). 

   Is there a helminth anemia/malnutrition association after 
controlling for covariates?   Finally, we examined whether the 
surprising associations between early helminth infections and 
anemia or wasting malnutrition persisted after controlling for 
covariates using multivariate and logistic regression models. 
Results from the community-based sample confirmed that 
helminth infection was positively associated with Hb (β = 
5.44 g/L,  P  < 0.001) and MUAC-for-age Z score (β = 0.30 Z, 
 P  < 0.001) after adjusting for sex, age, malaria infection, and 
fever. However, these effects were modified by malaria (in the 
case of Hb) and fever (in the case of MUAC-for-age Z score), 
such that the positive association between helminth infection 
and Hb (or MUAC-for-age Z score) was smaller in children who 
had malaria infection (or fever, in the case of MUAC-for-age Z 
score). Thus, for both Hb and MUAC, the “positive helminth 
association” was diminished by about 60% in the inflammatory 
condition of malaria infection or fever ( Table 4A              ). 

 When the helminths were modeled singly,  Trichuris  infec-
tion had the largest positive effect on Hb (3.60 g/L,  P  < 0.001) 
and MUAC-for-age Z score (0.19 Z,  P  = 0.002) after addition-
ally adjusting for the effect of the other two helminths (data 
not shown). 

 We then explored the role of inflammation in the sub-sam-
ple where two specific markers of inflammation were mea-
sured: AGP and CRP. AGP was not retained in either the Hb 
or MUAC-for-age Z score model using a cutoff criterion of 
 P  < 0.10 ( Table 4B              ). As in the community-based sample, the 
association of helminth infection and Hb or MUAC-for-age Z 
score remained positive after adjusting for covariates, and this 
association was modified by inflammation. In the case of Hb, 
the effect modification was strongest with CRP (β = −5.85 g/L, 
 P  = 0.045) and for MUAC-for-age Z score, with recent fever 
(β = −0.34 Z,  P  = 0.044). In these models, the “positive helm-
inth association” was completely absent in children with the 
inflammatory condition. The interaction is displayed graphi-
cally in  Figure 3  A and B. 

 We expected that early helminth infections would be associ-
ated with greater anemia and malnutrition and so these results 
were surprising. Given the cross-sectional nature of the analy-
sis, we explored the possibility that the causal direction of the 
relationship was in the reverse, by using multivariate logistic 
regression analysis to estimate the risk of helminth infection 
associated with anemia or malnutrition ( Table 5                      ). 

 Helminth infection (defined as any species) was signifi-
cantly less likely in anemic children (moderate anemia 
adjusted odds ratio [AOR]: 0.63, 95% CI: 0.50, 0.80; severe 
anemia AOR: 0.36, 95% CI: 0.17, 0.75) and malnourished chil-
dren (moderate malnutrition AOR: 0.66, 95% CI: 0.45,0.96; 
severe malnutrition AOR: 0.53, 95% CI: 0.18, 1.59) after 
adjusting for age, sex, fever, and malaria infection, and also 
significantly less likely in malaria-infected children (malaria 
infection AOR: 0.63, 95% CI: 0.49, 0.81) after adjusting for 
age, sex, and fever. When specific helminths were modeled 
separately, the pattern observed was consistent for  Trichuris  
infection (the most common infection), with both anemia and 
wasting malnutrition being “protective” against infection in a 
dose-dependent manner. The pattern was less consistent with 
 Ascaris  and hookworms as outcomes. Anemia was “protec-
tive” against  Ascaris , but severe acute malnutrition was not. 
For hookworm, the associations with severe anemia and wast-
ing malnutrition were in the opposite direction. Although 
not statistically significant, children with severe anemia or 
moderate malnutrition were more likely to have hookworms 
and those with severe malnutrition were more likely to have 
 Ascaris . 

    DISCUSSION 

 Helminth infections have adverse nutritional effects 
and their control can be achieved through regular inexpen-
sive anthelminthic therapy. 33  Traditionally, treatment efforts 
have been focused on school-age children because they have 
the highest worm burdens of any age group, and schools provide 
a cost-effective way to deliver anthelminthics. 6  Justification 
for the inclusion of less than 24-month-old children in treat-
ment is based on the hypothesis that important nutritional 
and health benefits could be obtained from regular deworm-
ing and from demonstrated safety of anthelmintic in this age 
group. 34  However, despite the recent proposal for inclusion of 
children 12 months and older in deworming programs, 2,4  epi-
demiologic evidence to support this is scanty. This work aimed 
to increase the evidence by exploring the mechanisms through 
which early helminth infections may be associated with ane-
mia or malnutrition in children 6–23 months of age. 

  Figure  2.     A , Relationship between mid-upper arm circumfer-
ence (MUAC)-for-age Z score and infection indices in the commu-
nity-based sample.*†  B , Relationship between MUAC-for-age Z score 
and helminth infection intensity in the community-based sample.‡§ 
*Helminth infection is any infection (species combined) versus no 
infection. †Values are mean ± SE  P  value < 0.001 for recent fever and 
malaria infection, and  P  = 0.032 for helminth infection, using  t  test. 
‡The intensity of infection using the WHO classification. 31  §Values are 
mean ± SE with analysis of variance (ANOVA)  P  value > 0.05 com-
paring helminth infection intensity for each helminth.    
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  The positive association between early helminth infections 
and anemia or malnutrition.   Our results that helminth-
infected children without malaria infection, recent fever, or 
inflammation (CR P  < 3 mg/L) have a better Hb and MUAC-

for-age z score than their non-infected counterparts were 
surprising, but actually reconfirm earlier findings of Stoltzfus 
and others 21  in another cross-sectional analysis of 0 to 5 years of 
Zanzibari children. In that study, hookworm-infected children 
< 30 months of age were found to have 4 g/L higher average Hb 
values than children without infection. This is counterintuitive 
because helminth-induced nutritional impairment has been 
well documented in both animal and human studies. 1  We 
speculate that this unexpected association is caused by greater 
exploratory behavior in healthier infants. 21  Better nourished 
children will explore their environments more and therefore 
will be more exposed to the soil-transmitted helminths, 
whereas poorly nourished children are less exploratory and 
therefore limit their exposure to infective soil. Iron deficiency, 
iron deficiency anemia, stunting, or malaria have been found 
to significantly predict less locomotion in young Zanzibari 
children. 35  It is important to note that the exploratory behavior 
hypothesis is likely to be more evident in these younger 
children who are just attaining the motor milestone than in 
school-age children, in whom helminth infections have been 
shown to predict anemia and malnutrition. 1  

 An alternative hypothesis is that helminths may find it more 
favorable to establish infection in a better-nourished child. It 
is becoming clearer that the interaction between parasites and 
nutrition can be considered from two standpoints; the better 
understood influence of the parasite on the host’s physiology 
and nutrition and the less studied effect of host nutrition on 
parasite populations. Animal studies have provided informa-
tion that the effect of host diet and nutrition may be important 

  Table  2 
 The relationship between the acute phase response and helminths, reported recent fever, malaria infection, anemia, and malnutrition in the sub-sample* 

Infections n/group AGP(g/L)†  P  value n/group CRP (mg/L)‡§  P  value

 Ascaris 
0 202/288 1.58 ± 0.70 0.743 390/550 4.86 (4.27, 5.53) 0.157
1–4,999 74/288 1.51 ± 0.59 137/550 3.85 (3.06, 4.83)
5,000–49,999 12/288 1.55 ± 0.38 23/550 3.76 (2.05, 6.91)

Hookworms
0 253/289 1.57 ± 0.66 0.934 492/554 4.69 (4.15, 5.26) 0.405
1–1,999 36/289 1.56 ± 0.64 61/554 3.92 (2.94, 5.23)
2,000–3,999 – – 1/554 1.36

 Trichuris 
0 158/289 1.61 ± 0.70 0.316 265/553 4.00 (3.39, 4.72) 0.022
1–999 118/289 1.51 ± 0.62 259/553 5.18 (4.44, 6.04)
1,000–9,999 12/289 1.46 ± 0.48 27/553 4.53 (2.77, 7.40)
≥ 10,000 1/289 2.40 2/553 33.45 (18.21, 61.45)

Any helminth
No 95/289 1.64 ± 0.76 0.184 154/555 4.39 (3.52, 5.47) 0.665
Yes 194/289 1.53 ± 0.60 401/555 4.63 (4.08, 5.26)

Recent Fever
No 165/289 1.40 ± 0.53 < 0.001 319/559 3.96 (3.44, 4.55) 0.004
Yes 124/289 1.78 ± 0.74 240/559 5.45 (4.58, 6.47)

Malaria infection
No 194/273 1.41 ± 0.59 < 0.001 393/533 3.54 (3.13, 4.01) < 0.001
Yes 79/273 1.94 ± 0.69 140/533 9.57 (7.84, 11.67)

Hb
≥ 100 158/284 1.41 ± 0.53 < 0.001 311/551 3.49 (3.06, 3.97) < 0.001
70–99 110/284 1.65 ± 0.65 223/551 5.86 (4.88, 7.05)
< 70 16/284 2.52 ± 0.99 17/551 17.43 (8.55, 35.52)

MUAC-for-Age Z
≥ −2 268/288 1.55 ± 0.64 0.176 514/558 4.46 (3.98, 4.99) 0.325
−2.01–3 19/288 1.83 ± 0.89 40/558 5.38 (3.41, 8.48)
< −3 1/288 1.83 4/558 10.12 (1.74, 58.98)

  *   AGP = alpha-1-acid glycoprotein; CRP = C-reactive protein; MUAC = mid-upper are circumference.  
  †   Values are mean ± SD.  
  ‡   Values are geometric mean (95% CI).  
  §   CRP was transformed to logarithms before analysis.  

  Table  3 
 Pearson correlation coefficients relating helminth egg counts, the 

APR, anemia, and malnutrition in the sub-sample* 
AGP (g/L) CRP† (mg/L) Hb (g/L) MUAC-for-age Z HAZ

 Ascaris ‡
r 0.049 −0.004 −0.002 −0.103 −0.097
p 0.655 0.959 0.974 0.159 0.183
n 86 160 187 188 188

Hookworm‡
r −0.052 −0.111 0.035 −0.008 −0.129
p 0.763 0.388 0.769 0.946 0.272
n 36 63 73 73 74

 Trichuris ‡
r 0.118 0.096 −0.118 −0.033 −0.006
p 0.180 0.104  0.034 0.552 0.912
n 131 290 326 327 327

AGP(g/L)
r – 0.627 −0.332 −0.148 −0.168
p –  < 0.001  < 0.001  0.012  0.004 
n – 262 284 288 289

CRP† (mg/L)
r – – −0.288 −0.107 −0.167
p – –  < 0.001  0.012  < 0.001 
n – – 551 558 545

  *   APR = acute phase response; AGP = alpha-1-acid glycoprotein; Hb = hemoglobin con-
centration; CRP = C-reactive protein; MUAC = mid-upper arm circumference; HAZ = height 
for age Z score.  

  †   CRP was transformed to logarithm before analysis.  
  ‡   Correlations were done with children with > 0 epg feces.  
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in determining the overall helminth transmission success. 36,37  
For instance, helminths have been found to have specific phys-
ico-chemical requirements of their host gut environment, and 
nutritionally mediated changes have a direct influence on the 
parasite population. 36  Similarly, iron supplementation in iron 
replete individuals has been associated with an increased risk 
of malaria. 38,39  

 Finally, it is likely that the adverse effects of helminths take 
time to be evident in this nutritionally vulnerable age group. 
Our study targets young children who are just acquiring ini-
tial helminth infections and therefore the deleterious effects 
of the worms for child health may not yet be evident. Short 
exposure duration may be limiting the lack of expected hel-
minth-induced effects in these young children. Thus, better 
nutritional status might be associated with early incidence of 
infection, but over time, the association could reverse as infec-
tion takes its nutritional toll. However, the nutritional toll of 
hookworms, which cause intestinal blood loss in amounts pro-
portional to the number of adult worms in the gut, is likely 
to be evident immediately, although it may be apparent only 
above a certain worm burden threshold. 40  

 Ultimately, the causal direction of the relationship between 
helminths and anemia or malnutrition needs to be confirmed 
using a prospective experimental design. In the previous, 
smaller study, 21  the cross-sectional relationship was similar 
to what we report here: helminth infection in young children 
(6–29 months) was associated with higher hemoglobin. And 
yet in the randomized trial that followed, anthelminthic treat-
ment resulted in fewer cases of severe anemia. 5  The data used 
in the present analysis study were baseline data for a larger 
randomized trial of children 6 to 24 months of age, the results 

of which will be published separately. However, based on the 
speculation that less severe anemia and malnutrition in chil-
dren causes greater exposure to soil-transmitted helminths 
(rather than the reverse), and that longer duration of infection 
is associated with greater nutritional risk, anthelminthic treat-
ment in this young age group might indeed prove beneficial. 

   The role of the acute phase response.   If helminths were 
associated with malnutrition in young children, given the low 
worm burdens present, we hypothesized that helminth-induced 
inflammation might be the cause. 21  We found no evidence of 
helminth-induced inflammation. The inflammatory response is 
characterized by a series of local and systemic effects that are 
collectively called the APR. 41,42  This inflammatory response 
may result in production of proinflammatory cytokines such as 
IL-1, IL-6, and TNF-α that have been shown to be detrimental 
to nutrient metabolism, appetite, and erythropoiesis. 11,12,43  To 
our knowledge, no prior studies have explored the role of 
helminth-induced inflammation in causing anemia among 
children less than 2 years of age. 

 Our data provide no evidence that helminths induce a 
proinflammatory response in contrast to malaria infection 
and recent fever. Further evidence for lack of association 
with helminths was that both CRP and alpha 1 anti-trypsin 
(A1AT) levels were unaffected by treatment (Raynes JG, per-
sonal communication). Additionally, malaria infection, severe 
anemia, and severe wasting malnutrition were positively 
associated with inflammation but inversely associated with 
helminths. This finding suggests that non-helminth-induced 
inflammation (possibly from malaria infection) modifies the 
positive helminth anemia/wasting malnutrition relationship. It 
is difficult to assign a temporal sequence in this predisposition 

  Table  4A 
 HB and MUAC-for-age Z score models used to analyze the associations in the community-based sample 

  †   Reference category = no helminths, male child, no malaria, and no fever, respectively.  
  ‡   Hb = β 0  + β 1  any helminth + β 2  sex + β 3  age + β 4  malaria infection + β 5  recent fever + β 6  any helminth*malaria infection, R squared = 0.156.  
  §   No significant levels of variable*age interaction.  
  ¶   MUAC-for-age Z score = β 0  + β 1  any helminth + β 2  sex + β 3  age + β 4  malaria infection + β 5  recent fever + β 5  any helminth*recent fever, R squared = 0.059.  

Independent variable†

Hb (g/L) model‡§  N  = 1877 MUAC-for-age z score Model¶  N  = 1896

β (95% CI)  P  value β (95% CI)  P  value

Intercept 87.65 (85.35, 89.96) < 0.001 −0.39 (−0.54, −0.24) < 0.001
Any helminth 5.44 (3.63, 7.24) < 0.001 0.30 (0.16, 0.43) < 0.001
Sex (girl) 1.53 (0.24, 2.82) 0.020 0.12 (0.03, 0.20) 0.008
Age (months) 0.66 (0.52, 0.80) < 0.001 −0.04 (−0.04, −0.03) < 0.001
Malaria infection −7.90 (−9.51, −6.30) < 0.001 −0.19 (−0.28, −0.10) < 0.001
Recent fever −2.60 (−3.91, −1.29) < 0.001 −0.18 (−0.28, −0.08) < 0.001
Any helminth*malaria infection −2.85 (−6.24, 0.54) 0.099
Any helminth*recent fever −0.18 (−0.38, 0.02) 0.075

  Table  4B 
 HB and MUAC-for-age Z score models used to analyze the associations in the sub-sample 

  †   Reference category = no helminths, no malaria infection, no fever, CRP ≤ 3 mg/L, respectively.  
  ‡   Hb = β 0  + β 1  any helminth + β 2  age + β 3  malaria infection + β 4  recent fever + β 5  CRP + β 6  any helminth*CRP, R squared = 0.163.  
  §   MUAC-for-age Z score = β 0  + β 1  helminth + β 2  age + β 3  recent fever + β 4  CRP + β 5  helminth*recent fever, R squared = 0.077.  
  ¶   CRP was transformed to logarithms before analysis.  

Independent variable†

Hb (g/L) model‡ ( N  = 522) MUAC-for-age z score model§ ( N  = 552)

β(95% CI)  P  value β(95% CI)  P  value

Intercept 93.07 (86.93, 99.20) < 0.001 −0.22 (−0.56, 0.13) 0.214
Any helminth 3.79 (−0.50, 8.07) 0.083 0.34 (0.12, 0.56) 0.002
Age (months) 0.71 (0.41, 1.02) < 0.001 −0.04 (−0.06, −0.02) < 0.001
Malaria infection −8.12 (−11.16, −5.06) < 0.001 – –
Recent fever −4.10 (−6.68, −1.52) 0.002 −0.03 (−0.31, 0.25) 0.828
CRP > 3 mg/L¶ −1.95 (−6.93, 3.04) 0.443 −0.18 (−0.33, −0.03) 0.016
Any helminth*CRP > 3 mg/L¶ −5.85 (−11.58, −0.13) 0.045 – –
Any helminth*recent fever – – −0.34 (−0.67, −0.01) 0.044
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caused by the cross-sectional nature of our analysis. The manu-
script describing peripheral cytokine responses pre- and post-
treatment is currently in submission. 

 There is similarly little evidence of helminth-induced 
inflammation in older children. C-reactive protein, a positive 
acute inflammatory marker, was found to be within normal 
limits before and after anthelminthic treatment in Indonesian 

children (8–11 years) chronically infected with  Ascaris  and 
 Trichuris . 44  However, two Bangladeshi studies among 8 to 
11 year olds 45  and among 2 to 5 year olds 22  have found asso-
ciations between plasma albumin concentration (a negative 
acute phase protein [APP] ) and antichymotrypsin (a positive 
APP) and worm burdens, respectively, possibly indicating a 
low-grade systemic inflammatory response. 15  

 Figure 3.     A , Relationship between hemoglobin concentration and helminth infection stratified by malaria infection in the community-based 
sample and C-reactive protein (CRP) negative (< 3 mg/L) or positive (> 3 mg/L) in the sub-sample.  B , Relationship between mid-upper arm circum-
ference (MUAC)-for-age Z score and helminth infection stratified by recent fever in the community-based sample and sub-sample    

  Table  5 
 Association of helminth infections with anemia, malnutrition, and malaria infection in the community-based sample 

Any helminth  Ascaris Hookworms  Trichuris 

AOR* 95% CI  P AOR* 95% CI  P AOR* 95% CI  P AOR * 95% CI  P 

Anemia
Moderate (70–99 g/L)‡ 0.63 (202) 0.50–0.80 < 0.001 0.65 (85) 0.47–0.90 0.008 0.79 (32) 0.47–1.31 0.355 0.70 (145) 0.53–0.91 0.007
Severe (< 70 g/L)‡ 0.36 (9) 0.17–0.75 0.006 0.57 (6) 0.23–1.37 0.207 1.10 (4) 0.31–3.97 0.882 0.26 (4) 0.09–0.73 0.011

Malnutrition
Moderate (< −2.01–3)‡ 0.66 (43) 0.45–0.96 0.028 0.83 (21) 0.50–1.37 0.458 1.24 (10) 0.62–2.48 0.544 0.67 (30) 0.43–1.03 0.065
Severe (< −3)‡ 0.53 (4) 0.18–1.59 0.256 1.09 (3) 0.32–3.69 0.893 −  (0) – – 0.39 (2) 0.09–1.74 0.217

Malaria infection† 0.63 (119) 0.49–0.81 < 0.001 0.64 (46) 0.45–0.91 0.012 0.72 (19) 0.42–1.22 0.222 0.68 (88) 0.51–0.90 0.007

  *  Values are adjusted odds ratios, AOR (n); where n is the number of children with any helminth,  Ascaris , hookworm, or  Trichuris  infection who are also anemic, malnourished, or have malaria 
infection, respectively, 95% confidence interval (CI), with χ 2 -test  P  value calculated from logistic regression.  

  †  Adjusted for age, sex, and fever.  
  ‡  Adjusted for age, sex, fever, and malaria infection.  
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 In conclusion, helminth-infected children were less anemic, 
less malnourished, and less likely to be malaria infected than 
uninfected children. We think the most likely explanation is 
that non-anemic, well-nourished, or non-malaria-infected chil-
dren may be more motorically advanced or exploratory of 
their environments and therefore increase their exposure to 
soil-transmitted helminths. It is also possible that helminths 
may find it more favorable to establish infection in a better-
nourished child. 
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