Salim et al. BMC Infectious Diseases 2014, 14:644

http://www.biomedcentral.com/1471-2334/14/644
P BMC

Infectious Diseases

RESEARCH ARTICLE Open Access

Enterobiasis and strongyloidiasis and associated
co-infections and morbidity markers in infants,

preschool- and school-aged children from rural
coastal Tanzania: a cross-sectional study

Nahya Salim'#** Tobias Schindler'>, Ummi Abdul’, Julian Rothen'”?, Blaise Genton®*®, Omar Lweno',
Alisa S Mohammed', John Masimba', Denis Kwaba', Salim Abdulla', Marcel Tanner>*,
Claudia Daubenberger*> and Stefanie Knopp®*”"

Abstract

Background: There is a paucity of data pertaining to the epidemiology and public health impact of Enterobius
vermicularis and Strongyloides stercoralis infections. We aimed to determine the extent of enterobiasis, strongyloidiasis, and
other helminth infections and their association with asymptomatic Plasmodium parasitaemia, anaemia, nutritional status,
and blood cell counts in infants, preschool-aged (PSAC), and school-aged children (SAC) from rural coastal Tanzania.

Methods: A total of 1,033 children were included in a cross-sectional study implemented in the Bagamoyo district
in 2011/2012. Faecal samples were examined for intestinal helminth infections using a broad set of quality controlled
methods. Finger-prick blood samples were subjected to filariasis and Plasmodium parasitaemia testing and full blood
cell count examination. Weight, length/height, and/or mid-upper arm circumference were measured and the nutritional
status determined in accordance with age.

Results: £. vermicularis infections were found in 4.2% of infants, 16.7%, of PSAC, and 26.3% of SAC. S. stercoralis
infections were detected in 5.8%, 7.5%, and 7.1% of infants, PSAC, and SAC, respectively. Multivariable regression
analyses revealed higher odds of enterobiasis in children of all age-groups with a reported anthelminthic treatment
history over the past six months (odds ratio (OR): 2.15; 95% confidence interval (Cl): 1.22 - 3.79) and in SAC with a higher
temperature (OR: 2.21; Cl: 1.13 - 4.33). Strongyloidiasis was associated with eosinophilia (OR: 2.04; Cl: 1.20-3.48) and with
Trichuris trichiura infections (OR: 4.13; Cl: 1.04-16.52) in children of all age-groups, and with asymptomatic Plasmodium
parasitaemia (OR: 13.03; Cl: 1.34 - 127.23) in infants. None of the investigated helminthiases impacted significantly on
the nutritional status and anaemia, but moderate asymptomatic Plasmodium parasitaemia was a strong predictor for
anaemia in children aged older than two years (OR: 2.69; 95% Cl: 1.23 — 5.86).

Conclusions: £. vermicularis and S. stercoralis infections were moderately prevalent in children from rural coastal
Tanzania. Our data can contribute to inform yet missing global burden of disease and prevalence estimates for
strongyloidiasis and enterobiasis. The association between S stercoralis and asymptomatic Plasmodium parasitaemia
found here warrants further comprehensive investigations.
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Background

Soil-transmitted helminth infections belong to the neglected
tropical diseases [1]. The most common soil-transmitted
helminths are roundworms (Ascaris lumbricoides), whip-
worms (Trichuris trichiura), and hookworms (Ancylostoma
duodenale and Necator americanus). Infections are acquired
via the ingestion of the parasites’ eggs, for example with
contaminated food, or in case of hookworms via larvae
penetrating bare skin [2,3]. The adult worms live in the
intestines of humans, and eggs or larvae are excreted
with faeces and thrive in the soil. Hence, infections are
particularly prevalent in areas, where hygiene and sani-
tation are low and where the environment favours a rapid
transmission. It is estimated that globally around 1.45
billion people are infected with at least one intestinal
helminth species, and a global burden of 5.2 million
disability adjusted life years (DALYs) is attributed to these
infections [4-6].

In addition to the four major soil-transmitted helminth
species, there are two intestinal nematodes infecting
humans, the threadworm Strongyloides stercoralis and
the pinworm Enterobius vermicularis that are mostly
neglected in prevalence reports and global burden of
disease estimates due to their rather unpleasant and
cumbersome diagnosis with the Baermann and/or Koga
agar plate methods or adhesive tape test, respectively, and
due to difficulties to assess associated morbidity [1,2,7-10].

S. stercoralis has an intra- and extra-human lifecycle
during which the parasite can reproduce asexually and
sexually, respectively. Larvae that hatched from eggs within
the intestines are able to penetrate the intestinal wall and
can perpetuate the lifecycle within the human host for
decades after initial exposure [2,11]. Infections are mostly
mild and often asymptomatic in otherwise healthy individ-
uals [12]. Skin lesions, pulmonary and gastro-intestinal
symptoms, and blood eosinophilia are reported as unspe-
cific disease markers [10,13-17]. Chronically infected im-
munocompromised patients, however, are at high risk of
developing a lethal hyper-infection syndrome, caused by
proliferating tissue-invasive larvae that might carry bacteria
from the intestines to organs, leading to systemic infec-
tions, multiorgan failure and systemic sepsis [1,12,18]. It is
estimated that S. stercoralis affects between 10% and 40%
of the population in tropical- and sub-tropical countries,
but adequate information is lacking, particularly for the
high-risk areas including Sub-Saharan Africa and Southeast
Asia [19]. Global burden of disease estimates do not exist
for this parasite [5,19,20] and strongyloidiasis remains an
underestimated health problem [21]. Good reliable data on
infection, morbidity, and indisputable causal links between
them, are urgently needed to make the public health argu-
ment for a guided response against S. stercoralis [7].

E. vermicularis is transmitted via the ingestion of eggs
contained in dust, water, or sticking on hands and food.
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The female adults live in the cecum and large intestines
and migrate to the anus to deposit their eggs on the peri-
anal skin [2]. Since eggs become infective within hours,
autoinfection is possible [22]. Enterobiasis includes symp-
toms such as intense pruritus in the perianal area, which
can lead to insomnia, restlessness, and irritability. More-
over, the adult pinworms can migrate into the appendix
or genital tract, causing appendicitis and genitourinary
complications [23,24]. Ectopic infections of liver, lung,
kidneys, and other organs occur infrequently [24,25].
Enterobiasis is considered the most common helminth
infection worldwide [26]. It is estimated that globally 4-28%
of children are infected [3], but recent and profound
prevalence and burden estimates are missing, particularly
for Sub-Saharan Africa.

The neglect of strongyloidiasis and enterobiasis in most
studies pertaining to soil-transmitted helminth infections
results in a knowledge gap about their potential impact
on co-infections and the nutritional status of the host.
While it is widely acknowledged that helminth infections
modulate immune responses and might influence the
acquisition and outcomes of diseases such as malaria,
tuberculosis (TB), and human immunodeficiency virus-
acquired immune deficiency syndrome (HIV-AIDS), the
exact mechanisms are not known [27-37]. Research on
this topic has gained much interest over the past years,
but results are inconsistent. Multiple dimensions seem
to be involved, including helminth species, infection in-
tensity, and the host’s age, genetics, and immunological
and nutritional status [38,39].

The IDEA research program is designed to intensively
study the immunological interplay between helminth in-
fections and malaria, TB, and HIV-AIDS (http://ec.europa.
eu/research/health/infectious-diseases/neglected-diseases/
projects/014_en.html). Of course, to obtain reliable results,
not only the presence of major helminth species, but also
infections with S. stercoralis and E. vermicularis need to be
taken into account. Here, we present, to our knowledge for
the first time, the extend of strongyloidiasis and enterobia-
sis, besides other helminthiases, in infants, preschool-aged
children (PSAC), and school-aged children (SAC) from
rural coastal Tanzania that participated in a cross-sectional
study implemented to recruit participants for the IDEA-
malaria study arm in the Bagamoyo district, United Re-
public of Tanzania. We also show anthropometric and
haematological characteristics of the study group and
associations found between the individual helminth spe-
cies infections, between helminth infections and asymp-
tomatic Plasmodium infections and between helminth
infections and anthropometric status, anaemia, and add-
itional haematological parameters in different age-groups.
With this report we aim to shed more light on the distri-
bution and public health importance of two highly
neglected soil-transmitted helminth species and therefore
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to contribute to inform yet missing global burden and
prevalence estimates.

Methods

Ethics statement

The protocol for the IDEA project conducted at the
Bagamoyo Research and Training Center of the Ifakara
Health Institute (IHI-BRTC) in Bagamoyo, United Republic
of Tanzania, was approved by the institutional research
commissions of the Swiss Tropical and Public Health
Institute (Swiss TPH; Basel, Switzerland) and the IHI.
Ethical approval for the study was obtained from the
Ethikkomission beider Basel (EKBB; Basel, Switzerland;
reference number: 257/08) and the National Institution
for Medical Research of Tanzania (NIMR; Dar es Salaam,
United Republic of Tanzania; reference number: NIMR/
HQ/R.8a/Vol.IX/1098). The study was monitored by the
IHI internal monitoring team in collaboration with the
Pan African Collaboration for the Evaluation of Antitu-
berculosis Antibiotics (PanACEA) and Swiss TPH.

Local district, community, school, and health authorities
were informed about the purpose and procedures of the
study and their acceptance for the implementation was
sought. Individuals eligible to be screened and to poten-
tially participate in one of the study arms of IDEA were
informed in detail about the aims of the study, the risks
and benefits of study participation, and the extend of
time involvement in case of their participation [9]. It was
pointed out that participation was voluntary and that
participants could withdraw from the study at any time
without further obligation. All adult participants and in
case of children aged ten years or younger (ten years being
the age-limit of children eligible for inclusion in the
IDEA-malaria study arm) their parents or legal guardians,
were asked to sign a written informed consent sheet if
they agreed to participate. Participants’ privacy was pre-
served by de-identification of the dataset. Participants’
names were replaced by individual identification codes
and all information pertaining to names, geographical lo-
cations, and dates of birth, sample collection, and sample
examination was removed from the dataset.

Patients with helminthiases, malaria, TB, HIV-AIDS,
and/or other medical conditions received treatment ac-
cording to the national treatment guidelines of the United
Republic of Tanzania. Accordingly, participants of our
cross-sectional survey that were infected with helminths
were treated with albendazole (400 mg single oral
dose) against common soil-transmitted helminth infec-
tions, S. stercoralis and E. vermicularis, or praziquantel
(40 mg/kg) against Schistosoma infections. Participants
with asymptomatic Plasmodium parasitaemia or clinical
malaria were treated with Artemether Lumefantrine and
children with severe malaria received Quinine.
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Study area

All participants included in the present analysis resided
in one among 12 villages or small towns in the Bagamoyo
district, belonging to the Pwani region in the United
Republic of Tanzania. These settlements are located in
a rural environment approximately 20-60 kilometres
from Bagamoyo, which is a historical town located directly
at the coast along the Indian Ocean, 75 kilometres north
of Dar es Salaam. The population of the Bagamoyo district
was estimated at 311,740 inhabitants in the 2012 census
[40]. The IHI-BRTC, where the laboratory work was
conducted, is located right beside the Bagamoyo District
Hospital in the heart of the town.

The average temperature for the region is 28°C and
there are two annual rainy seasons, the heavy Masika
rains from March to June and the light Vuli rains from
October to December. The leading source of income of
the region is cash crop production of coconuts, fruits
and cashew nuts, livestock farming and, yet to a lesser
extent, fishing and salt mining [41]. The inhabitants of
the region are mainly smallholder farmers engaged in food
crop production such as vegetables, cassava, pulses, maize,
and paddy [41].

Study design and participant recruitment

The IDEA study is designed as longitudinal short-term
study with three study arms [9]. In the present study, we
focused on results of a cross-sectional study, implemented
to recruit children aged two months to ten years with
asymptomatic Plasmodium parasitaemia for the IDEA-
malaria study arm. In that arm, a sample size of 100
children with asymptomatic Plasmodium parasitaemia
was required. Expecting a prevalence of 10% of asymp-
tomatic Plasmodium parasitaemia (as found in previous,
yet unpublished studies in the Bagamoyo area), we had
to enrol about ~1,000 children living in the Bagamoyo
district in the cross-sectional study. The fieldwork for
recruitment and data collection started in early 2011
and was concluded in November 2012.

Field procedures

Before the onset of the study, sensitization and informa-
tion meetings were hold with community leaders, village
health care workers (VHCW), teachers, and local clini-
cians. Parents were informed by VHCW about the study
and asked to bring the children that they considered as
healthy to meeting points to participate in the health
screening to recruit children into the asymptomatic IDEA-
malaria study arm on a specific day. At the meeting point,
the study aims and procedures were explained in detail
and in lay terms to the children and their accompanying
parent or legal guardian. If the patient or parent/legal
guardian orally assented to participation, the parent/legal
guardian was given an information sheet and asked to
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provide a written informed consent for the child to par-
ticipate. In case of illiteracy, a thumbprint signature was
obtained.

Upon submission of the signed consent sheet, the partic-
ipant’s demographics, vitals, clinical signs and symptoms,
and reported anthelmintic treatment history (treatment
with albendazole or mebendazole within the past 6 months)
and use of bed nets were entered in standardized forms.
Children’s axillary temperature, height or length (measured
with standardized height/length boards from the World
Health Organization (WHO)/United Nations Children’s
Fund (UNICEF)), weight (measured with a 25 kilogram
hanging scale (C. M. S. Weighing Equipment Ltd., London,
United Kingdom) for light children and with a seca weigh-
ing scale (seca Deutschland, Hamburg, Germany) for
heavier children), and mid-upper arm circumference
(MUAC; measured with the standard UNICEF MUAC
tape (S0145620 MUAC, Child 11.5 Red/PAC-50)) were
recorded. A finger-prick blood sample (1.0 ml) was col-
lected and stored on ice immediately after collection until
examination in the laboratory at IHI-BRTC. Each partici-
pant was provided with (i) two plastic containers (100 ml)
with lid for urine and stool collection, respectively, and (ii)
an adhesive tape (50 x 20 mm) and a microscope slide, all
labelled with an individual identifier code. The partici-
pants were invited to collect an own urine and morning
stool sample of sufficient size (i.e. to fill half of the con-
tainer) to perform all laboratory examinations. Addition-
ally, they were instructed to wash their buttocks before
going to bed and, in the morning after wake up and before
taking a shower, to apply the adhesive tape on their anus
before sticking it to the microscope slide. The filled
containers and adhesive tape slides were collected by a
VHCW the next day around noon and transferred to
the Helminth Unit laboratory of the IHI-BRTC, where
all stool and urine samples were examined.

Laboratory procedures

The blood samples were examined for a full blood cell
count including a differential white blood cell count using
an externally quality controlled Sysmex XS-800 Haematol-
ogy Analyser (Sysmex Deutschland GmbH, Norderstedt,
Germany). Malaria parasitaemia was assessed using the
SD Bioline Malaria Ag Pf/Pan 05FK60 rapid test (Standard
Diagnostics, Kyonggi, Republic of Korea) and by micros-
copy. For the latter purpose, two thick blood smear slides
(using 6 pl of blood) per patient were prepared, stained
with Giemsa, and examined by two certified malaria
microscopists who independently counted the number
of asexual Plasmodium parasite stages per up to 500
white blood cells counts, depending on the level of parasit-
aemia [42]. Plasmodium species were not differentiated,
but it is widely assumed that P. falciparum is the major
cause of malaria in Tanzania [43]. Blood samples from
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children who entered the study from July 2012 onwards
were additionally examined for Wuchereria bancrofti
antigen using the Binax NOW Filariasis rapid immuno-
chromatic test (ICT)-card (Inverness Medical Professional
Diagnostics; Scarborough, ME, United States of America).
In brief and according to the manufacturer’s manual, 100 pl
of whole blood were transferred on the ICT-card. Sub-
sequently, the test card was closed and incubated for
10 min before the result was read.

Stool and urine samples were processed by experienced
laboratory technicians as described in detail elsewhere [9].
Firstly, the Baermann method was applied for the de-
tection of S. stercoralis larvae [44]. Secondly, during the
Baermann incubation time, from the remainder of the
stool sample of each participant duplicate Kato-Katz thick
smear slides were prepared using a 41.7 mg template [45]
for the diagnosis and number of A. lumbricoides, hook-
worm, 1. trichiura and S. mansoni eggs. Thirdly, adhesive
tape slides were microscopically examined for the pres-
ence of E. vermicularis eggs. Fourthly, the urine sample
of each participant was investigated for microhaematuria
using a dipstick (Haemastix; Siemens Healthcare Diagnos-
tics, Eschborn, Germany) and for S. haematobium eggs by
duplicate urine filtration slides (hydrophilic polycarbonate
membrane filter; pore size 20 micron, diameter 13 mm;
Sterlitech, Kent, WA, United States of America) [46].
Fifthly, the following morning, before new samples ar-
rived, a subsample of each individual’s stool (~1 g),
which had been preserved in sodium acetate acetic acid
formalin (SAF) over night, was examined for the pres-
ence and number of helminth eggs with the FLOTAC
dual technique [47] using flotation solution 2 (FS2; sat-
urated sodium chloride (NaCl) solution; specific gravity
(s.g.): 1.20) and FS7 (zinc sulfate (ZnSO4 7H20) solution;
s.g.: 1.35). At least 10% of the blood smear, Kato-Katz
thick smear, adhesive tape and urine filtration slides were
subjected to re-examination for quality control by inde-
pendent trained microscopists blinded to the initial result.

Data management and statistical analysis
Each participant’s data were entered manually in the par-
ticipant’s case report form (CRF), subsequently transferred
into an electronic data base (Microsoft Access 2010,
Microsoft Corporation; Redmont, WA, United States of
America; and DMSys, SigmaSoft International; Chicago, IL,
United States of America) and finally transferred, cleaned,
and analysed using STATA version 9.2 (StataCorp.; College
Station, TX, United States of America). Anthropometric
z-scores were calculated using the WHO Anthro and
AnthroPlus softwares (WHQO; Geneva, Switzerland).
Children were grouped according to their age into in-
fants (0-2 years), PSAC (3-4 years), and SAC (5-10 years).
According to WHO guidelines, moderate and severe mal-
nutrition were defined at a MUAC cut-off of 12.5 cm and
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11.5 cm, respectively, for infants and PSAC [48,49].
Moderate and severe wasting were defined by applying
a weight-for-height z-score cut-off below -2 and -3, re-
spectively, for infants and PSAC and for combined sexes
[49]. The weight-for-height of infants whose length was
under 45 cm was not calculated. In the same age-group,
moderate and severe underweight were defined at height-
for-age z-scores of -2 and -3, respectively. For SAC, thin-
ness and severe thinness were defined by a body mass
index (BMI)-for-age z-score cut-off below -2 and -3, re-
spectively, and stunting at a height-for-age z-score cut-off
below -2.

Anaemia thresholds were applied according to WHO rec-
ommendations as follows: haemoglobin values >10.9 mg/l
non-anaemia, 10.0-10.9 mg/l mild anaemia, 7.0-9.9 mg/l
moderate anaemia, and <7.0 mg/l severe anaemia for
infants and PSAC, and haemoglobin values >11.5 mg/l
non-anaemia, 11.0-11.4 mg/l mild anaemia, 8.0-10.9 mg/1
moderate anaemia, and <8.0 mg/l severe anaemia for SAC
[50]. Reference values for the full blood cell counts were
taken from Buchanan and colleagues (2004) who provide
haematology reference values for healthy Tanzanian
children from the Kilimanjaro region stratified by age,
including infants, PSAC, and SAC [51]. The cell counts
of our children were classified as low, when they were
below the 95% confidence interval (CI) limit and as high
when they were above the 95% CI limit of the Kiliman-
jaro reference group. Fever was considered as axillary
temperature of >38.0°C as suggested by the Brighton
Collaboration [52].

A patient was considered to be infected with a helminth
species, if the infection was detected with one or several
diagnostic methods. For each individual, helminth infec-
tion intensity was determined according to Kato-Katz
thick smear results as suggested by the WHO [53]. For
this purpose, faecal egg counts (FEC) as recorded from
each Kato-Katz thick smear microscopic examination were
transferred into eggs per gram of stool (EPG) by multiply-
ing the average FEC from duplicate Kato-Katz thick smears
of each individual by a factor 24. The lower limits of mod-
erate and heavy infections were 5,000 and 50,000 EPG for
A. lumbricoides, 1,000 and 10,000 EPG for T. trichiura,
2,000 and 4,000 EPG for hookworm and 99 and 399 EPG
for S. mansoni, respectively. Microhaematuria was classi-
fied according to the manufacturer’s suggestion into nega-
tive, trace, +, ++, or +++ and S. haematobium egg counts
into light (1-49 eggs/10 ml of urine) and heavy (=50 eggs/
10 ml of urine). Asymptomatic Plasmodium parasitaemia
was defined by a positive malaria rapid diagnostic test
result and/or by Plasmodium parasites detected micro-
scopically plus the absence of unspecific symptoms of
malaria at the day of enrolment or over the past seven
days (i.e., fever, flue, cough, difficult breathing, and/or
abdominal discomfort). Counts of below 10 parasites
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per 200 white blood cells (i.e. less than 400 parasites
per pl blood) were defined as low grade parasitaemia,
and counts of 100 and more parasites per 200 white
blood cells (i.e. 400 or more parasites per ul blood) as
moderate parasitaemia.

To assess a direct interaction between helminth and
helminth co-infections, and between helminth and asymp-
tomatic Plasmodium parasitaemia co-infections we calcu-
lated observed and expected prevalences for co-infections
[54]. The expected co-infection prevalences were calcu-
lated as the product of the observed prevalence of one
infection (regardless of a co-infection) and the observed
prevalence of the second infection (regardless of a co-
infection). For comparison of the observed versus ex-
pected prevalences, the Fisher’s exact test (two-sided)
was applied.

Multivariable logistic regression analyses were used for
estimating odds ratios (ORs), including 95% Cls, to de-
termine associations between different helminth species
infections or asymptomatic Plasmodium parasitaemia
or anaemia (binary outcome variables), and nutritional
measures (ordinal or binary explanatory variable), an-
aemia (ordinal or binary explanatory variable), specific
full blood cell count variables including haemoglobin
(continuous explanatory variable), helminth co-infections
(binary explanatory variable), asymptomatic Plasmodium
parasitaemia (binary explanatory variable), temperature
(continuous explanatory variable), or fever (binary ex-
planatory variable). In all multivariable analyses we ad-
justed for age in months (continuous explanatory variable),
sex (binary explanatory variable), and reported anthelmin-
tic treatment in the past six months (binary explanatory
variable) and included any significant explanatory variable
from univariable models pertaining to the same outcome,
excluding co-linear variables. For the multivariable logistic
regression, we applied a backward stepwise procedure
removing non-predicting covariates up to a significance
level of 0.2 and allowed for possible clustering within
houses by using the sandwich estimator robust cluster
option in STATA. Both, univariable and multivariable
regression analyses were run (i) for all ages and (ii) strati-
fied by age-group.

Results

Study group

Written informed consent to participate in the cross-
sectional survey was provided for 1,033 children. Among
them, 519 were girls and 514 were boys. According to
their month and year of birth, 225 were grouped as infants,
336 as PSAC and 472 as SAC. The numbers of children
with parasitological, haematological, and anthropo-
metric examinations in each age-group are shown in
Figure 1.
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Participants registered and consented to participate in the day 0 screening

(n=1033; female: n =519, male: n = 514)

l

)

y

Infants

(n=225; female:n =97 , male: n = 128)

Preschool-aged children

(n=336; female: n = 170 , male: n = 166)

(n=472; female: n = 252 , male: n = 220)

School-aged children

Helminth data
Duplicate urine filtration (n = 219)
Duplicate Kato-Katz (n = 208)
FLOTAC (n =204)

Helminth data
Duplicate urine filtration (n = 333)
Duplicate Kato-Katz (n = 323)
FLOTAC (n = 321)

Helminth data
Duplicate urine filtration (n = 468)
Duplicate Kato-Katz (n = 457)
FLOTAC (n = 454)

Baermann (n = 190) < Baermann (n = 308) < ] Baermann (n = 438)
Adhesive tape (n = 167) Adhesive tape (n = 240) Adhesive tape (n = 315)
ICT card (n = 29) ICT card (n = 43) ICT card (n = 68)
Malaria data Malaria data Malaria data
Duplicate thin blood smears (n = 225) e | Duplicate thin blood smears (n = 336) |« —>{ Duplicate thin blood smears (n = 472)

Rapid diagnostic test (n = 225) Rapid diagnostic test (n = 336) Rapid diagnostic test (n = 472)

Hematology data Hematology data Hematology data
Full blood cell count (n = 225) < Full blood cell count (n = 336) < > Full blood cell count (n = 472)

Anthropometric data
Mid-upper arm circumference (n = 225) =
Weight-for-height (n = 223)

Anthropometric data
Mid-upper arm circumference (n = 336) |¢ |
Weight-for-height (n = 333) )

Anthropometric data
Body-mass-index-for-age (n = 467)
Height-for-age (n = 467 )

Figure 1 Characteristics of the IDEA-malaria study group consisting of children from the Bagamoyo district, United Republic of Tanzania.

Anthropometric and haematological characteristics

In our study group, 1.3% of infants were wasted and 2.2%
were underweight (Table 1). Among the PSAC, 0.3% were
wasted and 2.4% were underweight. Thinness and stunting
were detected in 3.2% and 18.7% of SAC, respectively. An-
aemia was observed in 85.6%, 47.3%, and 45.6% of infants,
PSAC, and SAC, respectively.

As shown in Table 2, the full blood cell counts from
children belonging to our study group revealed that more
than 70% of the children had haematocrit, mean corpus-
cular volume, platelets, white blood cell counts, neutrophil
and lymphocyte counts within the normal range, when
compared to haematological reference values derived
from children of the same age-groups residing in the
Kilimanjaro district, United Republic of Tanzania [51].
However, more than 10% of our children in any age-group
had elevated white blood cell and lymphocyte counts and
more than 20% had high neutrophil counts. High mono-
cyte, eosinophil and basophil counts were detected in
more than 30% of our children regardless of age-group.

Parasitic infections, fever, and microhaematuria
Among all children examined for helminth infections,
E. vermicularis was found in 18.0%, hookworm in 9.1%,
S. stercoralis in 6.9%, T. trichiura in 2.5%, W. bancrofti
in 1.4%, S. haematobium in 0.3%, and A. lumbricoides in
0.1%. No child was diagnosed with a S. mansoni infection.
Stratified by age-group, infections with any investigated
helminth species were found in 10.2% of infants, 25.0% of

PSAC, and 33.5% of SAC. As shown in Figure 2, the
most prevalent helminth infections in infants were with
S. stercoralis (5.8%) and E. vermicularis (4.2%), followed
by W. bancrofti (3.4%), hookworm (2.5%), and T. trichiura
(0.5%). The youngest children infected with T. trichiura,
W. bancrofti, S. stercoralis, E. vermicularis, and hook-
worms were aged six, seven, ten, eleven, and 15 months,
respectively. PSAC and SAC were mostly infected with
E. vermicularis (16.7% and 26.3%, respectively), hookworm
(8.7% and 12.3%, respectively), S. stercoralis (7.5% and
7.1%, respectively), and T. trichiura (2.5% and 3.3%,
respectively).

Among the 70 children diagnosed with a hookworm
infection by the Kato-Katz method, 60 (85.7%) showed a
light, 6 (8.6%) a moderate, and 4 (5.7%) a heavy infection
intensity. Among the 21 T. trichiura positive children, 19
(90.5%) had a light and 2 (9.5%) a moderate infection in-
tensity. The only child infected with A. lumbricoides had
a moderate infection intensity. All three children infected
with S. haematobium had light infection intensities.

Asymptomatic Plasmodium parasitaemia was diagnosed
in 7.6% of infants, 9.8% of PSAC, and 18.9% of SAC,
respectively. Among all children with asymptomatic
Plasmodium parasitaemia, 66.3% had a moderate para-
sitaemia and 33.7% had a low parasitaemia. Fever at
the day of examination was measured in 1.3% of infants
and 0.6% of SAC without Plasmodium parasitaemia.
Microhaematuria was detected in 10.5% of infants, 3.9%
of PSAC, and 2.4% of SAC, respectively.
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Table 1 Anthropometric and anaemia status of infants, preschool-aged (PSAC), and school-aged children (SAC) from
the Bagamoyo district, United Republic of Tanzania, calculated in line with guidelines and thresholds provided by the

World Health Organization [48-50]

Age group

Infants PSAC SAC
Anthropometric aspects Total n % Total n % Total n %
Mid-upper arm circumference 225 336
Normal 222 98.7 335 99.7
Moderately wasted 3 13 1 03
Severely wasted 0 0 0 0
Weight-for-height 223 333
Normal 218 97.8 325 976
Moderate underweight 2 09 7 2.1
Severe underweight 3 13 1 03
Body-mass-index-for-age 467
Normal 452 96.8
Moderate thinness 10 2.1
Severe thinness 5 1.1
Height-for-age 467
Normal 380 814
Moderate stunting 68 14.6
Severe stunting 19 4.1
Anaemia 221 334 471
Normal 32 145 176 52.7 256 544
Mild anaemia 74 335 108 323 81 17.2
Moderate anaemia 106 48.0 47 14.1 127 270
Severe anaemia 9 4.1 3 09 7 1.5

Comparison between observed and expected co-infection
prevalences

A summary of observed versus expected parasite co-
infection prevalences is presented in Table 3. Significant
differences in prevalence, suggestive for non-chance find-
ings, were detected for co-infection with S. stercoralis and
asymptomatic Plasmodium parasitaemia in children of all
age-groups (p=0.039), but particularly in infants (p=
0.006). Moreover, observed co-infections with S. stercoralis
and hookworm in all age-groups (p = 0.038), S. stercoralis
and T. trichiura in all age-groups (p = 0.018), but particu-
larly in SAC (p =0.016), and hookworm and T. trichiura
in all age-groups (p =0.004), but particularly in PSAC
(p=0.022) were significantly higher than expected by
chance.

Association of helminth infections with anthropometric
measures, haematology, and parasitic co-infections
Results of the multivariable regression models stratified
by helminth infection and age-group are shown in detail
in Table 4. After adjusting for potential confounders in
multivariable analyses and here only presenting OR higher

than 2.00, strongyloidiasis was associated with asymptom-
atic Plasmodium parasitaemia in infants (S. stercoralis as
outcome: OR: 13.03; 95% CI: 1.34 — 127.23; asymptomatic
Plasmodium parasitaemia as outcome: OR: 5.75; 95% CIL:
1.21 — 27.41). Elevated eosinophil counts in infants were a
predictor for S. stercoralis (OR: 4.00; 95% CI: 1.10 — 14.58)
and hookworm infections (OR: 16.60; CI: 1.39 - 198.32).
Infants with a reported anthelmintic treatment in the past
6 months were more likely to be infected with hookworm
(OR: 27.91; 95% CI: 5.52 — 141.21).

Preschool-aged children with increased temperature
had higher odds of presenting with a hookworm infec-
tion (OR: 3.74; 95% CI: 1.14 — 12.28). Hookworm and
T. trichiura infections were positively associated in this
age-group (hookworm as outcome OR: 22.78%; 95% CI:
443 — 117.23; T. trichiura as outcome OR: 11.53; 95% CI:
2.30 — 57.77). Elevated monocyte counts were a predictor
for asymptomatic Plasmodium parasitaemia in PSAC (OR:
13.88; 95% CI 3.42 - 56.30).

School-aged children with S. stercoralis infection had
higher odds of being co-infected with T. trichiura (OR:
6.63; 95% CI: 1.52 — 28.93). In this age-group, children
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Table 2 Haematological values derived from full blood cell counts from infants, preschool-aged (PSAC), and school-aged
children (SAC) from the Bagamoyo district, United Republic of Tanzania

Age group Infants PSAC SAC

Total n % Total n % Total n %
Haematocrit (%) 225 336 472
Low 12 53 5 15 60 12.7
Normal 190 844 305 9038 372 788
High 23 102 26 77 40 85
Mean corpuscular volume (pg) 225 336 472
Low 19 84 2 06 28 59
Normal 186 82.7 308 917 408 864
High 20 89 26 77 36 76
Platelets (10°/1) 225 336 472
Low 1 04 5 15 15 32
Normal 202 89.8 305 908 420 89.0
High 22 98 26 77 37 78
White blood cells (10°/1) 225 336 472
Low 0 00 0 00 4 08
Normal 182 80.9 288 85.7 357 744
High 43 19.1 48 143 117 248
Neutrophils (10°/1) 225 336 472
Low 2 09 0 00 6 13
Normal 176 782 266 792 350 74.2
High 47 209 70 208 116 246
Lymphocytes (10°/1) 225 336 472
Low 6 2.7 6 18 5 1.1
Normal 183 813 292 86.9 374 79.2
High 36 160 38 13 93 19.7
Monocytes (10°/1) 225 336 472
Low 0 00 0 00 0 00
Normal 114 507 198 589 249 528
High 111 493 138 AN 223 472
Eosinophils (10°/1) 225 336 472
Low 11 49 12 36 12 25
Normal 127 564 187 557 276 585
High 87 387 137 408 184 390
Basophils (10%/1) 225 336 472
Low 2 09 0 00 0 00
Normal 143 636 221 658 252 534
High 80 356 115 342 220 466

Reference values are derived from children living in the Kilimanjaro district [51].

presenting with increased temperature were more likely
to be infected with E. vermicularis (OR: 2.21; 95% CI:
1.13 — 4.33). Increased eosinophil counts were predictors for
infections with T. trichiura, hookworm, and S. stercoralis
(OR: 3.23; 95% CL 1.73 — 6.02, OR: 2.71; 95% CL: 1.39 —
5.31; and OR: 2.15; 95% CI: 1.10 — 14.58, respectively).

Grouping children according to WHO anaemia thresh-
olds, in children below the age of two years asymptomatic
Plasmodium parasitaemia was associated with light (OR:
1.84; 95% CI 1.04 — 3.27), moderate (OR: 5.36; 95% CI
2.92 — 9.82), or severe anaemia (OR: 11.20; 4.20 — 29.86).
Also children aged older than two years presenting with
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Figure 2 Prevalence of helminth infections and asymptomatic Plasmodium parasitaemia in infants, preschool-aged children (PSAC) and
school-aged children (SAC) from the Bagamoyo district, United Republic of Tanzania.
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moderate (OR: 3.07; 95% CI 1.96 — 4.81) or severe an-
aemia (OR: 7.27; 95% CI 2.04 — 25.96) were more likely to
have an asymptomatic Plasmodium parasitaemia. In turn,
children in the latter age-range presenting with moderate
asymptomatic Plasmodium parasitaemia were more likely
to be anaemic (OR: 2.69; 95% CI: 1.23 — 5.86).

Wasting, underweight, stunting, thinness, fever and
microhaematuria were not associated with any helminth
infection, asymptomatic Plasmodium parasitaemia or
anaemia in our study population.

Discussion

Little is known about the epidemiology and public health
importance of S. stercoralis and E. vermicularis infections
in Sub-Saharan Africa. We found that strongyloidiasis and
enterobiasis were predominant to other helminthiases
in our study population. Noteworthy, already infants,
an age-group mostly ignored in studies pertaining to soil-
transmitted helminthiases, presented with S. stercoralis
(5.8%) and E. vermicularis infections (4.2%). Prevalences
increased with age, and 7.5% and 7.1% of PSAC and SAC,
respectively, were infected with S. stercoralis and 16.7%
and 26.3%, respectively, with E. vermicularis.

The prevalences for all helminth infections determined
in our study population are relatively low compared to
those reported from other settings in the United Republic
of Tanzania [36,55,56]. The following considerations
are offered for explanation: Firstly, over the past dec-
ade, Tanzania has successfully implemented a series of
helminth control interventions [57,58], which might have
reduced the infections in the population. Indeed, our under

five year old children might have received Mebendazole
in the frame of the biannual interventions of the Ex-
panded Programme on Immunisation (EPI), which pro-
vides vitamin A supplementation, measles vaccination,
and deworming in the Bagamoyo District, and the SAC
might have been targeted by school-based deworming
organized by the Ministry of Health. Secondly, we included
infants, PSAC, and SAC aged two months to ten years
in our study. The age-prevalence-curve for the major
soil-transmitted helminth infections and schistosomiasis
increases with age and peaks in children between 8 and
15 years [3,59]. Our children were hence not yet in the
peak age for infection, but an increase in the prevalence of
all investigated helminth species with age was indeed ob-
served. Thirdly, the conventional parasitological diagnostic
methods that we applied lack sensitivity, particularly when
infection intensities are low and only a single faecal
sample is examined [9,60,61]. While we used duplicate
Kato-Katz thick smears and the FLOTAC dual technique
on a single stool sample to detect soil-transmitted helminth
and S. mansoni infections and duplicate urine filtrations
from a single urine for S. haematobium diagnosis, the true
helminth prevalences in our study were likely considerably
higher.

S. stercoralis infections were associated with eosinophilia
in our study population, a condition that is generally
attributed to strongyloidiasis [13,17]. Our study also
confirmed results from the neighbouring Zanzibar island
with regard to a positive association between S. stercoralis
and T. trichiura infections [55]. Novel is our finding
that strongyloidiasis was associated with asymptomatic
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Table 3 Infants’, preschool-aged children’s (PSAC) and school-aged children’s (SAC) co-infection status with hookworm,
S. stercoralis, E. vermicularis, T. trichiura, and/or asymptomatic Plasmodium parasitaemia in the Bagamoyo region,
United Republic of Tanzania, and comparison between observed and expected co-infection prevalence at the unit of
age-group

Examined children (n) Observed co-infection (%) Expected co-infection (%)* P-value**

Asymptomatic Plasmodium and E. vermicularis infection

Infants 167 0.60 030 0413
PSAC 240 1.67 1.46 0.760
SAC 315 571 544 0.755
All age-groups 722 3.19 244 0.156
Asymptomatic Plasmodium and hookworm infection

Infants 204 049 0.19 0.338
PSAC 322 093 0.86 0.749
SAC 454 242 2.28 0.854
All age-groups 980 1.53 1.22 0.329
Asymptomatic Plasmodium and S. stercoralis infection

Infants 190 2.1 046 0.006
PSAC 308 097 0.75 0.715
SAC 438 1.83 136 0.345
All age-groups 936 1.60 0.96 0.039
Asymptomatic Plasmodium and T. trichiura infection

Infants 204 0.00 0.04 1.000
PSAC 321 0.00 0.25 1.000
SAC 454 044 061 1.000
All age-groups 979 0.20 033 0.760
Hookworm and E. vermicularis infection

Infants 155 0.65 0.12 0.181
PSAC 229 218 193 0.782
SAC 305 361 3.23 0.693
All age-groups 689 247 1.80 0.138
Hookworm and S. stercoralis infection

Infants 188 0.53 0.12 0.216
PSAC 307 0.98 0.59 0406
SAC 436 1.61 0.90 0.093
All age-groups 931 1.18 062 0.038
Hookworm and T. trichiura infection

Infants 204 0.00 0.01 1.000
PSAC 321 0.93 0.21 0.022
SAC 454 0.88 041 0.100
All age-groups 979 0.72 022 0.004
S. stercoralis and E. vermicularis infection

Infants 144 0.00 0.19 1.000
PSAC 215 140 148 1.000
SAC 292 1.37 1.67 0.789
All age-groups 651 1.08 1.26 0.841

S. stercoralis and T. trichiura infection

Infants 188 0.00 0.03 1.000
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Table 3 Infants’, preschool-aged children’s (PSAC) and school-aged children’s (SAC) co-infection status with hookworm,
S. stercoralis, E. vermicularis, T. trichiura, and/or asymptomatic Plasmodium parasitaemia in the Bagamoyo region,
United Republic of Tanzania, and comparison between observed and expected co-infection prevalence at the unit of

age-group (Continued)

PSAC 307 033
SAC 436 092
All age-groups 931 0.54
E. vermicularis and T. trichiura infection

Infants 155 0.00
PSAC 228 044
SAC 305 131
All age-groups 688 0.73

0.17 0423
0.24 0.016
0.17 0018
0.02 1.000
0.53 1.000
093 0484
0.50 0.361

*Expected co-infection prevalence is the product of the observed infection prevalence of one species (regardless of a co-infection) and the observed infection

prevalence of the other species (irrespective of co-infection).

**Comparison of observed and expected co-infection proportions, p-value based on a Fisher's Exact-test.

Plasmodium parasitaemia in infants. While the expected
prevalence of this co-infection in infants was only 0.5%, the
observed prevalence was 2.1%. However, due to the very
low number of co-infected infants and multiple testing,
these findings must be interpreted with care. If future stud-
ies with a larger number of co-infected children confirm
our results, it might be reasonable to assume that this tissue
invasive helminth species in particular is modulating im-
munological pathways related to the acquisition, replica-
tion, and pathologic sequelae of Plasmodium infections. In
the worst case, S. stercoralis infections in infants may be a
contributing factor to the delayed acquisition of clinical im-
munity to malaria in this highly vulnerable age-group. More
indepth-studies on the immunological interplay of strongyl-
oidiasis and malaria are clearly needed.

To date, leading reviews on the global distribution and
risk factors for S. stercoralis do not mention malaria, and
publications summarizing the epidemiology and immuno-
logical interplay of helminth and malaria co-infection ig-
nore S. stercoralis, respectively. The only study we found
assessing S. stercoralis infections and malaria was on preg-
nant women from Uganda, and revealed no association
[62]. Moreover, there are only very few publications
mentioning S. stercoralis infections in infants and PSAC
in sub-Saharan Africa, and there are no recent reports
assessing strongyloidiasis in any age-group on mainland
Tanzania [10,19,63-65]. Our findings that S. stercoralis
was infecting a considerable number of young children
of our study population from the age of ten months on-
wards, and was associated with asymptomatic Plasmodium
parasitaemia, underline the importance of diagnosing this
disease. Inclusion of S. stercoralis into helminth control
programs, as suggested by other research teams, needs to
be considered [7,19,21].

Enterobiasis was not associated with any specific haem-
atological marker or helminth co-infection, but children of
all age-groups with a reported anthelminthic treatment

history over the past six months and SAC with an in-
creased temperature had higher odds of an infection. This
finding suggests that children with enterobiasis suffer,
likely from anal itching and ill-being, and sought treat-
ment for relief. The higher odds of infection might be a
sign that either the treatment as administered did not cure
the infection or that children got rapidly reinfected, likely
due to transmission from additional infected family mem-
bers [25]. Similarly, infants with reported anthelminthic
treatment history had higher odds of hookworm infection
in our study. Also hookworm infection can considerably
impact on a child’s health and wellbeing [10] and therefore
treatment might have been sought. However, infants with
hookworm infection who had a reported treatment history
might either not have been cured by the treatment or
live in a particularly unhygienic environment that favours
rapid reinfection. Cure might not have been achieved
since, in case mebendazole was administered, cure rates
for hookworm are very low [66] or, in case no liquid for-
mulation was available, crushed tablets were difficult to
administer to very young children and might not have
resulted in complete clearance of infection.

Neither E. vermicularis nor hookworm infection was
associated with asymptomatic Plasmodium parasitaemia
in our study. While there are hardly any cross-sectional
surveys assessing E. vermicularis infections with appro-
priate diagnostic methods in sub-Saharan Africa, let alone
its potential association with malaria, there are mul-
tiple studies investigating associations between hook-
worm and Plasmodium infections. In line with our
findings, there are studies that did not find an associ-
ation between hookworm and Plasmodium infections
[67,68]. Other studies, however, indicate significant as-
sociations between these infectious diseases [38,62,69].
The heterogeneous results and potential consequences
of co-infections are nicely summarized in recent reviews
[27,28].
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Table 4 Helminth infections and significantly associated factors according to stepwise backwards multivariable
regression analyses in infants, preschool-aged (PSAC), and school-aged children (SAC) from the Bagamoyo district,
United Republic of Tanzania

Helminth infection Age-group Explanatory variable n OR  95% Confidence interval p-value Original model run with*
E. vermicularis all age-groups Gender 585 070 (045-1.11) 0.127 91,2346,7,16,17,20
Age (month) 1.03  (1.02-1.05) <0.001
Temperature 160 (096 -267) 0.071
Weight 091 (082 -1.00) 0.051
Anthelmintic treatment 215 (1.22-379) 0.008
Neutrophil counts 110 (1.01-1.20) 0.034
Infants Gender 158 372 (068 -20.36) 0.129 912321
Age (month) 113 (1.01-127) 0.027
PSAC Gender 201 051 (023-1.16) 0.108 912316
Anthelmintic treatment 360 (1.01-1286) 0.049
Neutrophil counts 1.09  (1.00-1.19 0.041
SAC Temperature 315 221 (113 -433) 0.021 91234
Anthelmintic treatment 178 (094 - 3.36) 0.076
S. stercoralis all age-groups Gender 624 062 (032-1.21) 0.163 11,1,2,34,10,12,13,14,19
Anthelmintic treatment 165 (0.80-341) 0178
T. trichiura 413 (1.04-16.52) 0.045
Asymptomatic Plasmodium 210  (097-451) 0.058
parasitaemia
Eosinophil counts 204 (1.20-348) 0.008
Platelet counts 1.00 (0.99-1.00) 0.064
Infants Gender 132 0.13  (0.01-1.38) 0.091 11,1,236,7,13,14
Age (month) 120 (097 - 1.49) 0.086
Asymptomatic Plasmodium 1303 (1.34-127.23) 0.027
parasitaemia
Eosinophil counts 400 (1.0 - 14.58) 0.036
PSAC Light anaemia 303 0.19 (0.04-082) 0.026 11,1,2321
SAC T. trichiura 290 359 (080 -16.08) 0.095 11,1,2,34,12,14,19
Eosinophil counts 215 (1.10-4.23) 0.026
Platelet counts 099 (098 - 1.00) 0011
Hookworm all age-groups Temperature 623 177 (083 -3.78) 0.143 10,1,2,34,6,7,11,12,14,16,20
Weight 112 (1.05-1.18) <0.001
T. trichiura 333 (0.77 -14.39) 0.107
Eosinophil counts 230 (1.29 - 4.09) 0.005
Infants Anthelmintic treatment 138 2791 (552 -141.21) <0001 101,2,3,6,7,14,16,20
Eosinophil counts 1660 (1.39 - 198.32) 0.026
Basophil counts 010 (0.01 -0.86) 0.036
Haemoglobin 196  (1.13-341) 0016
PSAC Gender 272 197 (072 -538) 0.185 10,1,234,12,16
Temperature 374 (1.14-1228) 0.030
Anthelmintic treatment 052 (0.2-1.34) 0.174
T. trichiura 2278 (443-117.23) <0.001
Neutrophil counts 111 (1.01-121) 0.03
SAC Eosinophil counts 295 271 (139-531) 0.004 10,1,2,3,14,27
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Table 4 Helminth infections and significantly associated factors according to stepwise backwards multivariable
regression analyses in infants, preschool-aged (PSAC), and school-aged children (SAC) from the Bagamoyo district,
United Republic of Tanzania (Continued)

T. trichiura all age-groups Anthelmintic treatment 623 012 (0.03-054) 0.005 12,1,2,3,11,14,18
S. stercoralis 518 (145-1846) 0011
Eosinophil counts 328 (169 -6.36) 0.001
Monocyte counts 002 (0.00-0.33) 0.007
Infants Age (month) 55 051  (0.31-0.85) 0.009 121,23
PSAC Hookworm 297 1153 (230-57.77) 0.003 12,1,23,10,19
Platelet counts 101 (1.00-1.01) 0.008
SAC Anthelmintic treatment 290 008 (0.01-048) 0.006 121,236,11,14
S. stercoralis 6.63 (152 -2893) 0.012
Eosinophil counts 323 (1.73-6.02) 0.001
Plasmodium parasitaemia all age-groups Age (month) 952 1.03  (1.02 - 1.04) <0001 131,23,6,7,19,20
Anthelmintic treatment 0.73 (049 - 1.10) 0.137
Haemoglobin 065 (0.56-0.76) <0.001
Platelet counts 1.00 (099 - 1.00) 0012
Infants Gender 177 288 (0.79-1055) 0.111 13,1,236,7,11,19
Weight 139 (097 -1.99) 0.071
S. stercoralis 575 (121 -2741) 0.028
Platelet counts 099 (0.99 - 1.00) 0.022
PSAC Weight 230 127 (1.06 - 1.52) 0.010 13,1,2,3,7,18,20
Haemoglobin 049 (034 -0.73) <0.001
Monocyte counts 1388 (342 -56.30) <0.001
SAC Age (month) 312 1.03  (1.01 - 1.05) 0.004 13,1,2,3,18,20
Anthelmintic treatment 065 (036-1.19 0.161
Haemoglobin 069 (0.53-0.90) 0.007
Monocyte counts 254 (077 -837) 0.126
Plasmodium parasitaemia <2 years Light anaemia 625 184  (1.04-327) 0.037 13,1,2321
Moderate anaemia 536 (292-982) <0.001
Severe anaemia 11.20 (4.20 - 29.86) <0.001
Age (month) 104 (1.025-1.05) <0.001
Anthelmintic treatment 0.72 (047 -1.10) 0.129
>2 years Light anaemia 537 157 (088 -278) 0.123 13,1,23,21
Moderate anaemia 3.07 (196 -481) <0.001
Severe anaemia 727  (2.04 - 25.96) 0.002
Gender 070 (047 -1.04) 0.076
Age (month) 1.02  (1.00-1.03) 0.021

*Explanatory variables with significant outcome in the univariable analysis and included in the original model of the multivariate analysis 1: Gender; 2: Age (month); 3:
Anthelmintic treatment; 4: Temperature; 5: mid-upper arm circumference (MUAC); 6: Height; 7: Weight; 8: A. lumbricoides infection; 9: E. vermicularis infection;
10: Hookworm infection; 11: S. stercoralis infection; 12: T. trichiura infection; 13: Asymptomatic Plasmodium parasitaemia; 14: Eosinophil counts; 15: Basophil
counts; 16: Neutrophil counts; 17: Lymphocyte counts; 18: Monocyte counts; 19: Platelet counts; 20: Haemoglobin; 21: Anaemia; 22: Malnutrition; 23: Stunting;
24: Thinness; 25: Underweight; 26: Wasting; 27: Fever.

The table shows the significant explanatory variables that remained in the final model with p <0.2.

Neither S. stercoralis, E. vermicularis, hookworm, nor thinness were rarely seen in the surveyed children and
any other investigated helminth infection was associated  therefore no association could be determined, stunting oc-
with wasting, underweight, thinness, stunting, or anaemia  curred in 18.5% of SAC and anaemia affected more
in our study population. While wasting, underweight, and  than half of the examined children. Previous studies
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conducted in the Kilombero district in Tanzania in the
early 1980s had also revealed no association between
wasting or stunting and intestinal helminth infection or
Plasmodium parasitaemia [65]. In that particular time
and place the observed substantial differences in the
nutritional status of children were related to the lean
and post-harvest seasons [70,71]. The Bagamoyo district,
however, is relatively rich in cash-crop production agricul-
tural systems throughout the year, and was one of the four
councils in Tanzania, that were not reported to have major
food and nutrition insecurity problems in 2011/12 [72].
This might explain why no acute but only chronic signs of
malnutrition like stunting were found in our study. Other
studies indicated that particularly moderate-to-heavy
intensity helminth infections were associated with re-
duced length-for-age z-score in young infected children
from Peru [73], with decreased weight-for-age z-scores
in SAC from Honduras [74], and with stunting in SAC
from China [75]. The occurrence of mostly light helminth
infection intensities in our study might hence explain why
no association was found.

Anaemia was related with asymptomatic Plasmodium
parasitaemia but not with helminthiases in infants, PSAC,
and SAC in our study. It is widely acknowledged that
Plasmodium infections, also if low-grade and asymp-
tomatic as a result of semi-immunity, contribute to the
development of anaemia [76]. Also hookworm infec-
tions have been shown to contribute to anaemia, par-
ticularly in children and women of childbearing age,
and when infection intensities were moderate-to-heavy
[3,77-80]. Also here, the reason for not finding any as-
sociation of helminth infections with anaemia might be
due to the mostly light infection intensities found in our
study population. Clearly, the low prevalence of helminth
infections and specifically of moderate and high infection
intensities, resulting in a lack of statistical power to deter-
mine effects on nutritional aspects including anaemia and
stunting, are a limitation of this study. Moreover, we did
not assess additional reasons for malnutrition and anaemia,
such as restricted access to micro-nutrients, agricultural
and dietary practices, food security, or social, political,
and economic determinants, which might have biased our
results.

Elevated eosinophil counts were strongly associated with
hookworm (OR: 16.6) and S. stercoralis (OR: 4.0) infec-
tions in infants and with 7. trichiura (OR: 3.2), hookworm
(OR: 2.7), and S. stercoralis (OR: 2.2) infections in SAC.
Marked eosinophilia is considered a common marker for
early hookworm and S. stercoralis infections, and is ex-
plained by the immune reaction to the worm larvae, which
migrate through the body tissues to reach their destination
in the lungs and in the gastrointestinal tract [13]. The
eosinophilia caused by T. trichiura is reported to be mostly
mild [13]. The hematology values of our study population
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were only partially in line with reference values derived
from a similar study population based in the Kilimanjaro
district [51]. Considerably higher neutrophil counts
were found in almost a quarter and elevated monocyte,
eosinophil, and basophil counts in more than a third of all
participants of all age-groups in our study children. While
higher eosinophil counts were associated with specific
helminth species infections and monocyte counts were
associated with asymptomatic Plasmodium parasitemia
in some age-groups, the latter being a common sign of
acute malaria [81,82], there might be additional under-
lying reasons such as viral or bacterial infections caus-
ing monocytosis or allergies and other diseases causing
eosinophilia [13,83]. Elevated basophil counts were not
associated with helminth or asymptomatic Plasmo-
dium infections in our study, confirming that it is not a
useful clinical marker for the evaluation of suspected
parasitic disease [84]. Moreover, considering the un-
published reference values used in the IHI-BRTC la-
boratory, the normal range of basophils at the IHI-
BRTC is 0.0-0.3 per 10°/L and thus much higher than
the Kilimanjaro values [51] and rather resembling the
pediatric reference values reported for Uganda [85]. A
limitation of our study is that no other infections or
diseases that might have caused elevated or decreased
blood cell counts were investigated and there is a clear
need for the establishment of standardized hematological
reference values for the Bagamoyo area.

Conclusions

The results of our cross-sectional study showed that
E. vermicularis and S. stercoralis were moderately preva-
lent in young children from rural coastal Tanzania. A con-
siderable number of infants were infected and prevalences
increased with children’s age. Our data can contribute to
inform yet missing global burden of disease and preva-
lence estimates for strongyloidiasis and enterobiasis.
The association between S. stercoralis and asymptomatic
Plasmodium parasitaemia found in infants of our study
population warrants further investigations.
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