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Abstract

Background: Helminthic and protozoan infections are common, particularly in low- or middle-income countries.
Although an association between parasite carriage and markers of poor growth have been shown in some studies,
systematic reviews have suggested only a modest impact of clearing carriage. The prevalence of these pathogens
and the effect that they have on growth in preschool children has never been investigated in Malawi.

Methods: One hundred ninety-three children aged 0–72 months were randomly recruited from rural villages in the
Mangochi district of Malawi. Formol-ether concentration was performed on stool and the samples examined with a
light microscope. Anthropometric data was taken for each child and the haemoglobin measured with a point of
care test.

Results: The mean age of the children was 2 years 4 months. Overall prevalence of intestinal parasite infection was
37.3%. Protozoa were found in 28.5% of children, while helminths were found in 8.8%. The most commonly found
organisms were Giardia lambia (12.4%), Entamoeba coli (10.4%) and Hookworm species (3.6%). Stunting was seen in
47.8% of children, 12.9% were underweight and 5.0% were wasted. No significant association was found between
markers of poor growth and infection with any intestinal parasite.

Conclusions: We found that prevalence of helminth infection was low in preschool children living in the Mangochi
district compared to international standards. However a significant proportion of the preschool population are
infected with protozoa, particularly Giardia lambia. In this cohort, despite a significant prevalence of stunting,
helminth infection was not significantly associated with any markers of poor growth. The significance of protozoal
carriage and contribution to growth restriction in this context creates further avenues for future research.
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Background
Human Enteropathogens have been shown to exert a
significant morbidity and mortality. Diarrhoeal diseases
are the fifth leading cause of under 5 mortality world-
wide, with the highest rates of death in Africa and Asia.
Globally they account for greater loss of life in children
under the age of 2 than HIV and malaria combined [1].
In 2007 a Malawian study suggested diarrhoeal diseases
were sixth leading cause of mortality in paediatric

patients [2]. The enteropathogens causing human dis-
ease are multiple, including parasites, bacteria and vi-
ruses. Diarrhoeal illness caused by Cryptosporidium spp.
and Entamoeba histolytica have been shown to cause
significant mortality in children under 5 years of age in
low and middle income countries [3–5]. Studies suggest
that diarrhoea is a poor marker of carriage; highlighting
the need for asymptomatic prevalence figs [6].
Helminth infections have also long been held to cause

a significant and serious public health problem in devel-
oping countries. Mass drug administration protocols
from the WHO advocate treatment of communities
where prevalence of soil-transmitted helminths is > 20%.
These endeavour to target both direct effects on growth
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and development as well as indirect consequences of re-
duced vaccine efficacy and reduced immune response to
pathogens [7, 8]. However, recent reviews of the impact
of treatment by Cochrane and the Campbell collabor-
ation have reported only weak evidence for weight gain
and none on height gain after treatment [9, 10]. The ef-
fect on preschool children has been less extensively
studied, but several papers have suggested some associ-
ation [11].
Malawi also has high rates of poor growth amongst

children, with the most recent national survey estimating
that 37% of preschool children were stunted [12]. Mal-
nourishment is associated not only with stunting and
poor growth, but also with failure to reach cognitive po-
tential in later life [2, 8]. The prevalence of soil-
transmitted helminths in Malawi has not been exten-
sively investigated, with the four studies [7, 13–15] con-
ducted reporting variation in prevalence from 1.8% (13)
to 77.4%. (7) Since these studies, the Malawian govern-
ment has increased its coverage of mass drug adminis-
tration for soil-transmitted helminths, with the aim to
include children who were not attending school in 2012.
No published study has measured prevalence of hel-
minth carriage in preschool children in the country,
while asymptomatic carriage prevalence of gut protozoa
has not been examined in any children in Malawi.
We hypothesize that there is a significant burden of

enteroparasites which may be exerting an effect on
growth in this region. The aim of this study therefore,
was to measure the prevalence of soil-transmitted hel-
minths and intestinal protozoa burden in preschool chil-
dren in the Mangochi district of Malawi, and to explore
any association between carriage and growth restriction
or anaemia.

Methods
Study design
This is a cross-sectional cluster survey study of the car-
riage of enteropathogens, in stool samples collected from
children aged 1–72 months, in the Mangochi district of
Malawi. The study took place between June and July
2016. Stool and blood samples were collected from chil-
dren living in villages in the Mangochi District of
Malawi, alongside the team working in the Childhood
Mortality Reduction after Oral Azithromycin in Malawi
(MORDOR-Malawi) study [16]. MORDOR-Malawi is a
cluster-randomised placebo controlled trial exploring
the effect of six-monthly administration of Azithromycin
on under-five mortality, morbidity and growth.

Study setting
Mangochi is in the lakeside area of central Malawi, with
a population on the most recent national census in 2008
of 610,239. It is situated 667 m above sea level at 14o 24′

35″ south, and 35o 21′ 48″ east. It is less urbanised than
other areas of Malawi, and has a greater proportion of
people living in poverty and a higher under-five mortal-
ity rate. Within the district, 8 rural villages were used
from areas close to Mangochi city and others close to
the Mozambique border, the location of which are
shown in Fig. 1 [17].
Children were recruited from households in the

Mangochi District as part of the MORDOR-Malawi
study [16]. Children were recruited to MORDOR-
Malawi through the 2014 census of all children living
in non-urban areas of the Mangochi District. Any
child aged less than 60 months at the time was suit-
able for recruitment to MORDOR-Malawi. Additional
entries and exits were allowed at each biannual cen-
sus. Forty children were selected from the census
using a computer based random number generator
during the April to July treatment intervention of the
MORDOR-Malawi study. The stool samples, blood
samples and anthropomorphic data collected from
these children were analysed in our study. Eight vil-
lage clusters were used based upon availability of
samples and data during the months of June and July
2016. The village status of Azithromycin or Placebo
was unblinded only after completion of MORDOR-
Malawi.
Consent forms were translated into the local language,

and read aloud to the parent or guardian of every par-
ticipant. Verbal and written consent were obtained. De-
tails were collected on the child’s name, sex and date of
birth with the use of health records cards.
Conservative estimates of a helminth prevalence of 8%

were based upon previous studies in Malawi [7, 13, 15].
It was calculated that a sample size of 179 would be suf-
ficient to estimate prevalence. This was calculated using
n = (Z2P(1-P))/d2 where Z = Z statistic for confidence
(1.96 for 95%), P = expected prevalence (8.1%), d = preci-
sion (4%); recommended to be half of P in cases where
P < 10% [18]. This was corroborated by WHO practice
which advises samples of 200 are sufficient in ecologic-
ally homogeneous areas.

Outcome measures
Prevalence of enteropathogen parasite infection was
assessed by identification of cysts or ova on light micros-
copy in faecal samples. All species of gut helminths and
protozoa were assessed for.
Anthropometric data was collected for height, weight

and middle upper arm circumference (MUAC) of the in-
dividuals. Prevalence of being underweight, stunting and
wasting were recorded based on the age and gender-
specific z-scores. These were calculated using the WHO
AnthroPlus software (WHO, Geneva, Switzerland 2007).
A height for age z-score (HAZ) below 2 standard
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deviations was defined as stunting, a weight for age z-
score (WAZ) below 2 standard deviations was defined as
being underweight and weight-for-height z-score (WHZ)
below 2 standard deviations was defined as wasting.
Haemoglobin was measured in grams per decilitre, re-
corded using a point of care machine.

Study procedures
A clean single use 50ml screw top container for the col-
lection of faecal samples was provided to the parents of
participants, along with an oral explanation and written
information on how to obtain samples. Samples were
stored in cool boxes, collected on the same day or the
following morning and transported from the field to the
MORDOR-Malawi Lab in Mangochi on ice. Samples
were processed on arrival at the lab and were read
within 24 h of processing.

The collected stool samples were concentrated using the
formol-ether method to allow for identification of protozoa
and helminth species. Two drops of suspended solution
were placed on a microscope slide, one mixed with Lugol’s
Iodine and examined under high power microscope by a
single trained microscopist for size, and features of hel-
minth or protozoa cysts and ova. 5% of samples were inde-
pendently checked by a second trained microscopist.
Microscopists were trained in the identification of all re-
gional human helminths; Ascaris lumbrocoides, Hookworm
sp., Trichuris trichiura, Schistosoma mansoni, Strongyloides
stercoralis, Taenia sp. Hymenolepis nana. As well as im-
portant human enteral protozoa; Entamoeba histolytica,
Entamoeba hartmani, Entamoeba coli, Iodamoeba buts-
chlii, Endolimax nana, Giardia sp., Chilomastix mesnili,
Dientamoeba fragalis, Cryptosporidium parvum, Cylocspora
cayetanensis, Isospora belli.

Fig. 1 Map of Mangochi District of Malawi with location of sampled villages [17]
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A trained nurse collected blood Microcuvettes and
analysed for haemoglobin concentration using a Hemo-
cue analyser (Hemocue AB, Ängelholm, Sweden). The
results were anonymously recorded on a database pro-
duced for the purpose.
Trained anthropometrists recorded height, weight,

MUAC and head circumference of all the children. Mea-
surements were taken in triplicate, with the largest
measurement used for analysis. Height was assessed with
a ShorrBoard (ShorrBoard®, Shorr Productions, LLC,
Olney, MD, USA) measuring to 1 mm, weight with an
electronic scale (Seca 874/878 flat floor scale, Seca
GMBH & Co. Kg, Hamburg, Germany) correct to 0.1 kg.
MUAC and head circumference were measured to the
nearest millimetre using non-stretch MUAC tapes. Z-
scores were calculated using the WHO AnthroPlus soft-
ware (WHO, Geneva, Switzerland 2007).

Statistical analysis
Data collected from the study were stored in Microsoft
access 2016, exported to Microsoft excel 2016 and ana-
lysed using STATA 14.1. (StataCorp LP, Texas, USA).
Quantitative variables were summarised as means, and

the standard deviations were calculated. Data was
expressed as proportions to assess the prevalence of
gastrointestinal parasite carriage and stunting, wasting
and being underweight. Proportions were compared
using a chi-squared test and Fishers exact test where this
was appropriate. Student t-test was used for comparison
of means.
Sensitivity analysis was performed between villages

treated with Azithromycin and placebo to investigate for
any measurable impact on carriage of enteropathogens
or growth. Chi Squared test was used to compare for dif-
ference in the proportion of infected children in each of
the two treatment arms, while ANOVA was used to as-
sess for differences in mean growth markers.

Ethical approval
Ethical approval was granted prior to study com-
mencement by the London School of Hygiene MSc
Research Ethics Committee (Ref: 10872). Local ethical
approval was obtained as part of the MORDOR –
Malawi study by the College of Medicine Research
and Ethics Committee (COMREC) in Malawi (Ref:
P.02/14/1521). Further details can be found in the
declarations section below.

Results
The sample demographics
A total of 320 children were recruited for the study from
8 villages and provided with sample bottle for stool spec-
imens. Of the 320 children recruited a total of 219 sam-
ples were returned. Demographic and anthropometric

data and demographic data was collected for all children,
however in 53 cases this data was not linked due to in-
correct assignment of blinded anthropometric patient
identification numbers. Fig. 2 provides a flow chart of
study recruitment.
Slightly over half of the children were female (52.8%).

The mean age of the children was 2.35 years (range 3
months to 5 years 6 months). Mean age of boys was 2.8
years, and girls 2.7 years. The demographics of the co-
hort are displayed in Table 1.

Prevalence of infection
A total of 193 stool samples were collected, 72 (37.3%) were
infected with Intestinal parasites. Protozoal infection (n= 55
(28.5%)) was more prevalent than helminths (n= 17 (8.8%)).
Giardia. lambia was the most prevalent protozoal species
with 12.4% of samples containing cysts, followed by
Entamoeba. coli with a prevalence of 10.4%. Entamoeba.
histolytica/dispar, Entamoeba. hartmanni and Iodamoeba
butschlii were also found, the prevalence for which are
shown in Table 2. Hookworm species was the most preva-
lent helminth species with 3.6% of the population being
found to be positive, followed by Taenia species. Other hel-
minths found included Hymenolepis species [2] Ascaris. lum-
bricoides [2], Trichuris trichiura [1] Strongyloides stercoralis
[1]. Prevalence of infection varied between different villages
from 14.3 to 47.1%. No association was found between azi-
thromycin administration and prevalence of helminth (p=
0.776) or enteral protozoal (p= 0.113) infection.
There was an increase in the odds of being infected by

protozoa in 4 and 5 years olds compared to those under
one year of age (OR 5.5 [0.92–32.76] p = 0.04 and 10.0
[0.92–32.76] p = 0.02 respectively). When a chi-squared
test for trend was calculated, as age increased and in-
creased odds of infection by any parasite or any protozoa
was found. Table 3 reports the full set of prevalence and
odds ratios of infection by any parasite, any helminth
and any protozoa stratified by age group.
On separate analysis there was also a significantly lower

chance of being infected with any protozoa in children
aged less than 36months (OR 0.41, 95% CI [0.19–0.90]
p = 0.02), compared to those aged 37 to 72months. When
individual pathogens were assessed, only the presence of
G. lambia infection was found to be associated with a sig-
nificantly reduced odds of infection in those aged less than
36months (OR 0.29, 95% CI [0.10–0.85] p = 0.02). There
was no significant difference in the prevalence of infection
between the genders in any category of infection.

Nutritional status
Stunting was found at an overall prevalence of 47.8%
amongst the children, while being underweight was less
common occurring in 12.9% of the children examined.
Wasting was rare; only 7 (5.00%) of the children met
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criteria for wasting, all of which occurred in children
aged under 3. Severe acute malnutrition (weight-for-
height > 3 S. D below mean z score) was seen in only 2
(1.42%) children. Further breakdown by age of the
prevalence of markers for poor nutritional status are dis-
played in Table 4. No statistically significant difference
between mean WAZ (p = 0.194), HAZ (p = 0.08) or
WHZ (p = 0.753) were found between villages treated
with Azithromycin and those treated with placebo.

Relationship between nutritional status and parasitic
infection
Odds ratios and Chi-Squared test was performed to
examine the association between infection and markers
of poor nutritional status. No significant association was
found between infection and markers of poor childhood
nutrition. (Table 5).
Similarly, association between haemoglobin and infec-

tion status was performed. The mean haemoglobin was
10.84 g/dL. No association was found between infected
individuals and haemoglobin.

Discussion
This study found a low prevalence of helminthic infec-
tion in preschool children compared to international
guidelines from the WHO [19]. Hookworm.sp. was the

most common species, with a prevalence of 3.64% while
Giardia. lambia was the most common protozoa with a
prevalence of 12.44%.
The finding of a low prevalence of helminthic infection

in preschool children in this region of Malawi would be
in line with the more recent epidemiological surveys that
have been performed on school aged children, which re-
ported a prevalence of soil-transmitted helminths of just
1.8% [13]. This is significantly less than early studies
published by Phiri and Randell reporting prevalence as
high as 60% [7, 15]. There were some differences be-
tween this study and the previous Malawian papers. The
protocol chosen for this study was that of formol ether
concentration. This was employed to allow the identifi-
cation of protozoa, something which was not achieved in
any of the three previous large studies which all used
Kato Katz. Kato-Katz is the method favoured by the
WHO in prevalence studies [8], however formol ether
concentration holds up well against Kato Katz in previ-
ous analysis [20, 21]. In one direct comparative study
formol ether showed a significantly improved sensitivity
for Ascaris, Hookworm and Trichuris (58.3, 69.5 and
88.5%) when compared to a single Kato Katz slide (38.9,
39 and 85%) [21]. A single slide obtained from a single
stool sample was the method preferred in the two previ-
ous helminth studies in Malawi. Therefore, from a

Fig. 2 Enrolment of participants and analysis of data
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methodological point of view the results obtained in this
study are comparable. The nature of helminthic and
protozoal infections is that ova and cysts are shed only
intermittently. As such it is recommended that 3 sam-
ples are collected and examined. This has been shown to
significantly increase the sensitivity up to 99.9% for As-
caris [22]. There was not sufficient time in this study to
achieve this; it is therefore likely that the true prevalence
is higher than suggested here. Hookworm eggs are also
particularly sensitive to degradation, although samples
were refrigerated to prevent hatching and fixed with
formol-ether on arrival, it is possible that this time delay
may have contributed to the low prevalence of this par-
ticular helminth.
Reasons for the significantly lower figures for hel-

minths infection rate in this Malawian study are unclear.

The systematic targeting of preschool children by the
deworming programmes is more difficult than school
aged children, but is normally organised in health clinics.
School aged children have been shown to be the most
heavily infected [23]. It is also known that there is a clear
association between high prevalence and high intensity
infection in these children [24]. Therefore, effective and
widespread control programs could be one reason for
the low prevalence seen in this study. In Malawi there is
incomplete data on the availability of soil transmitted
helminths treatment in preschool children. The ‘NTD
Master Plan’ set out by the Malawian Ministry of Health
sets out an aim to treat at least 75% of school aged chil-
dren by 2020. No such aims exist in the country for pre-
school children, where treatment programs are not
uniform and have relied upon NGO and global partners.

Table 1 Demographic data of study particpants

WEIGHT (kg) HEIGHT (cm) HC (cm)

Male 67/140 (47.8%) 12.2 85.5 47.9

Female 73/140 (52.2%) 11.6 85.0 47.5

Age (y)

0–1 17/140 (12.1%) 7.4 65.8 43.8

1–2 22/140 (15.7%) 9.5 76.6 45.8

2–3 36/140 (25.7%) 11.9 84.2 48.0

3–4 32/140 (22.9%) 13.2 90.4 48.5

4–5 26/140 (18.6%) 14.1 95.7 49.8

5–6 7/140 (5.0%) 16.7 101.9 50.2

Weight for Age (z-score) Mean −0.87 (S.D 1.17)

Mean Male −0.85 (S.D 1.08)

Mean Female −0.89 (S.D 1.24)

Minimum −5.24

Maximum 1.81

Height for Age (z-score) Mean −1.80 (S.D 1.88)

Mean Male −1.96 (S.D 1.78)

Mean Female − 1.66 (S.D 1.96)

Minimum −5.74

Maximum 4.56

Weight for Height (z-score) Mean 0.19 (S.D 1.36)

Mean Male 0.39 (S.D 1.35)

Mean Female 0.03 (S.D 1.36)

Minimum −5.03

Maximum 3.81

Haemoglobin (g/dL) Mean 10.8 (S.D 1.61)

Mean Male 10.7 (S.D 1.71)

Mean Female 10.97 (S.D 1.52)

Minimum 7

Maximum 14.3

All averages expressed as mean. HC Head Circumference
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The national Schistosomiasis Control Programme and
Community Health Services unit does not publish details
of where treatment has been offered. As part of the
Lymphatic Filariasis national program all school aged
children in the district were treated with albendazole
and Ivermectin between 2009 and 2013, reporting over
75% coverage (personal correspondence; S. Jemu, Minis-
try of Health, Lilongwe, Malawi. February 2019). Fur-
thermore previous studies have also reported personal
correspondence suggesting that high risk villages are re-
ceiving treatment [13]. It is therefore difficult to com-
ment with certainty on the role played by current
deworming programs in the specific villages studied, al-
though it remains likely that this has been important in
reducing helminth carriage.
Similarly, national drives towards the use of soap and

sanitation have improved the percentage of households

with soap or other cleaning agents to 56.2% in 2015.
However localised data regarding Mangochi district is
not readily available. The same report states that the
percentage of stools safely disposed of for children under
the age of two years is 88.2% and the number of people
using unimproved sanitation was reduced from 67.2 to
32.5% since 2006 [25]. It therefore seems credible that
this improvement in sanitation too might contribute to
the low prevalence of helminthic infections found.
There was marked variation in the prevalence of enter-

oparasite carriage between villages; as high as 47.1%
positive in one community and as low as 14.3% in an-
other. In order for a population to maintain an infection,
it requires a large enough pool of infected individuals. In
the case of helminths, where there is no zoonotic host, it
follows that infections will increasingly be clustered in
local communities and it is important to survey many

Table 2 Prevalence of cases of intestinal parasite infection in study participants seperated by village

Total Village 1 Village 2 Village 3 Village 4 Village 5 Village 6 Village 7 Village 8

Parasite n = 190 n = 32 n = 14 n = 12 n = 19 n = 2 n = 21 n = 17 n = 19

Hookworm sp. 7 (3.6%) (6.3%) (0.0%) (8.3%) (0.0%) (0.0%) (0.0%) (11.0%) (0.0%)

Taenia sp. 4 (2.1%) (0.0%) (0.0%) (8.3%) (0.0%) (0.0%) (4.8%) (0.0%) (0.0%)

A. lumbricoides 2 (1.0%) (0.0%) (7.1%) (8.3%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)

Hymenolepis sp. 2 (1.0%) (3.1%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)

T. trichura 1 (0.5%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (4.8%) (0.0%) (0.0%)

Strongyloides 1 (0.5%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)

Any Helminth 17 (8.8%) (9.4%) (7.1%) (16.7%) (0.0%) (0.0%) (14.3%) (11.8%) (0.0%)

G. lamblia 24 (12.4%) (9.4%) (7.1%) (0.0%) (21.1%) (0.4%) (19.0%) (5.9%) (25.0%)

E. coli 20 (10.4%) (12.5%) (0.0%) (16.7%) (15.8%) (0.0%) (14.3%) (23.5%) (6.3%)

E. histolytica/dispar 7 (3.6%) (6.3%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (12.5%)

E. hartmanni 3 (1.6%) (0.0%) (0.0%) (0.0%) (5.3%) (0.0%) (0.0%) (5.8%) (6.3%)

I. butschlii 1 (0.5%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (4.8%) (0.0%) (0.0%)

Any Protozoa 55 (28.5%) (18.8%) (7.1%) (16.7%) (36.8%) (0.0%) (33.3%) (35.3%) (43.8%)

Total 72 (37.3%) (31.3%) (14.3%) (33.3%) (36.8%) (0.0%) (47.6%) (47.1%) (43.8%)

Table 3 Prevalence and odds ratio of Infection with parasite, helminth or protozoa by age

Age Total ANY PARASITE ANY HELMINTH ANY PROTOZOA

(years) % (n) OR [95% CI] p % (n) OR [95% CI] p % (n) OR [95% CI] p

0–1 17 17.7 (3) 1.00 – 5.9 (1) 1.00 – 11.8 (2) 1.00 –

1–2 22 27.3 (6) 1.75 [0.35–8.59] 0.48 4.6 (1) 0.76 [0.04–13.64] 0.85 22.7 (5) 2.21 [0.35–13.64] 0.38

2–3 36 36.1 (13) 2.63 [0.61–11.35] 0.17 16.7 (6) 3.20 [0.33–30.31] 0.28 19.4 (7) 1.81 [0.32–10.06] 0.49

3–4 32 34.3 [11] 2.44 [0.55–10.77] 0.22 9.4 (3) 1.65 [0.15–17.75] 0.87 25.0 (8) 2.50 [0.44–13.92] 0.27

4–5 26 46.2 (12) 4.00 [0.84–18.86] 0.06 3.9 (1) 0.64 [0.03–11.38] 0.75 42.3 (11) 5.50 [0.92–32.76] 0.04

5–6 7 57.1 (4) 6.22 [0.71–54.29] 0.06 0 (0) – – 57.1 (4) 10.0 [0.87–114.9] 0.02

Total 140 49 Trend p= 0.024 12 Trend p= 0.630 37 Trend p = 0.006

Groups stratified by age. Chi squared test use to calculate p values and for test of trend
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distinct communities within an area to get an accurate
regional prevalence. It is a strength of this study that
many different geographically isolated communities over
the district were investigated to give a more holistic pic-
ture of the true average prevalence in Mangochi. This
did not appear to be the case in the national survey con-
ducted by Randall, where just 5 schools were selected
from each of the six ‘ecological regions’ into which the
country had been divided [7].
Protozoal infections were more common than those of

helminths, a total of 28.5% were found to be carrying at
least one organism. There has been no previous study to
compare our findings with in Malawian children. A
study in adults revealed a lower prevalence of Giardia
(1.1%) [14], but studies in other geographic areas have
shown that preschool children have a higher incidence
of protozoal infections [26].
There was a significant proportion of children meeting

the criteria for poor growth. It is notable that over 40%
of children were found to be stunted. Elucidating the
causal factors is not straightforward. Many factors have
been associated with stunting and other markers of poor
growth both in utero and after birth. The initial 1000
days from conception is highlighted as the most import-
ant periods. Inadequate maternal and child macro- or

micro-nutrition, preterm birth, lack of clean water and
sanitation and recurrent infections in early childhood,
particularly diarrhoeal diseases, have all been shown to
exert an effect. Many of these factors are interrelated [3,
27]. The role of helminths in impairing child growth is
less clear, with limited impact of mass drug administra-
tion strategies in meta-analysis studies [9]. Our study
did not find an association between parasitic infection of
any kind and the markers of stunting, wasting or being
underweight. This might be explained by the low preva-
lence of most helminths, suggestive of a greater propor-
tion of low intensity infections a finding supported in
other countries [28, 29]. There remains debate in the lit-
erature over the association of Giardia and growth re-
striction with several groups finding an association [30–
32], while others have not [33–35]. It is postulated cer-
tain strains may confer greater pathology [34, 36], with
diarrheal losses thought to be the driving force behind
the growth failure seen in Giardia infections [34, 37, 38].
As we did not enquire regarding diarrhoeal symptoms, it
is not possible to differentiate symptomatic and asymp-
tomatic cases in this study.
There were some weaknesses to our study; we did not

attempt to evaluate the diet or intake of iron of the par-
ticipants, and it was not possible to obtain the malaria

Table 4 Prevalence and odds ratio of growth restriction in patient cohort

Underweight Stunting Wasting

Age (Years) N % OR [95% CI] p N % OR [95% CI] p N % OR [95% CI] p

0–1 2/17 11.1 1 – 6/17 35.3 1 – 3/17 17.7 1 –

1–2 5/22 22.7 2.21 [0.35–13.65] 0.38 12/22 54.6 2.20 [0.57–8.43] 0.24 3/22 13.6 0.74 [0.13–4.31] 0.73

2–3 4/36 11.1 0.94 [0.10–5.80] 0.94 18/36 50.0 1.83 [0.55–6.17] 0.32 1/36 2.8 0.13 [0.01–1.55] 0.06

3–4 4/32 22.2 1.07 [0.17–6.67] 0.94 16/32 50.0 1.83 [0.53–6.32] 0.33 0/32 0.0 0 –

4–5 3/26 12.5 0.98 [0.14–6.71] 0.98 12/26 46.2 1.57 [0.44–5.66] 0.49 0/26 0.0 0 –

5–6 0/7 0.0 0 – 1/7 14.3 1.38 [0.22–8.66] 0.73 0/7 0.0 0 –

Total 18/140 12.9 67/140 47.8 7/140 5.0

Odds Ratio with 95% confidence intervals of underweight, stunting and wasting as stratified by age group

Table 5 Prevalence and odds ratio of growth restriction by parasite carriage

Underweight Stunting Wasting

n % OR [95% CI] p (Χ2) N % OR [95% CI] p (Χ2) n % OR [95% CI] p (Χ2)

Any Parasite

Absent 14/91 15.4 1 0.223 45/91 49.5 1 5/91 5.4 1

Present 4/49 8.2 0.49 [0.15–1.59] 22/49 44.9 0.83 [0.41–1.68] 0.607 2/49 4.1 0.73 [0.13–3.95] 0.714

Any Helminth

absent 18/128 14.1 1 62/128 48.4 1 6/128 4.7 1

Present 0/12 0 – – 5/12 41.7 0.76 [0.22–2.53] 0.653 1/12 8.3 [0.20–16.94] 0.580

Any Protozoa

absent 14/103 13.6 1 50/103 48.5 1 6/103 5.8 1

Present 4/37 10.8 0.77 [0.24–2.52] 0.665 17/37 46.0 0.90 [0.42–1.92] 0.786 1/37 2.7 0.45 [0.05–3.91] 0.455

Odds ratio with 95% confidence intervals of underweight, stunting and wasting as presence of absence of enteroparasite. P value calculated from Chi-squared
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status of subjects. These may have impacted on the
growth of children and haemoglobin levels. Confounding
factors may also explain the lack of effect on growth pa-
rameters seen in this study. Malawi had also experienced
at least two years of poor harvest due to flooding and
drought, leading to significant food insecurity. We did
not collect information on the socioeconomic status of
families as this was not felt to be significantly variable in
the rural communities assessed, however this may have
compounded availability of good nutritional intake for
some children. This study did not sample urine for
Schistosomiasis haematobium which has been associated
with stunting in preschool children [39], there is also
evidence for association between maternal genitourinary
schistosomiasis infection and low birth weight [40]. Al-
though local prevalence levels are not available in either
of these groups, it remains credible in this geographic
environment that this may also be impacting growth
both in utero and in the early years of life. As discussed
above it was not possible to confirm the recent availabil-
ity of de-worming medication in these communities,
which may account for some of the variation in parasite
prevalence. Some of the children in this study were in an
Azithromycin arm of the MORDOR-Malawi study. It
has been suggested that antibiotics may have growth
promoting effects [41]. The significance of a single dose
every six months is less clear and currently under inves-
tigation. From our own analysis there did not appear to
be a significant effect on growth or worm burden.
Due to time constraints it was not possible to test

more than one stool sample for each participant and,
this may have impacted our sensitivity, especially as it
appears that local prevalence is low. We attempted to re-
duce the error associated with a single sample by using a
single formol ether concentration examination, which
has been shown to have similar sensitivity to multiple
Kato-Katz specimens [21]. It is likely that our study un-
derestimates the true prevalence, especially in the case
of Hookworm sp.; however it must be noted that all pre-
vious published studies in Malawi have also had this
weakness, making the context of our prevalence
comparable.
There was a significant discrepancy between the num-

ber of stool specimens investigated and matching an-
thropometric, and demographic data. Although
complete data sets were taken, some samples were in-
completely logged and not matched to the children sur-
veyed. This limits the power of this part of the study,
and highlights the difficulties experienced when con-
ducting large complex studies in a blinded manner. A
greater redundancy in the number of recruited individ-
uals is required to prevent this from occurring. A larger
sample of complete data, increasing the power, would
have reduced the size of the confidence intervals, and

ultimately could have revealed a statistically significant
correlations.

Conclusions
This study suggests that the prevalence of helminthic
worms in the Mangochi District of Malawi is low. For the
first time in Malawi we have quantified the prevalence of
enteral protozoa in preschool children. No association was
found between parasite carriage and growth restriction.
Further investigation is warranted in the region where
there are facilities to use diagnostic procedures with
greater sensitivity, to further assess the factors responsible
for continued poor child growth in the community.

Abbreviations
HAZ: Height for age z-score; MUAC: Middle Upper Arm Circumference;
WAZ: Weight for age z-score; WHZ: Weight-for-height z-score

Acknowledgements
We would like to thank Dr. Sarah Burr and the laboratory staff in Mangochi
and Blantyre MORDOR-Malawi laboratories, Malawi for their support in the
supply and production of basic solutions.
The nursing members of the “Morbidity Team” from the MORDOR-Malawi
study for their assistance in the collection of anthropometric data and stool
collection.

Authors’ contributions
Overarching concept and study and design TJ, JH, RB and KK. Conducted
microscopy, data collection and analysis: TJ. Wrote the manuscript: TJ.
Contributed in interpretation of data: TJ, JH. Drafted and revised the
manuscript: TJ, JH and KK. All authors read and approved the final
manuscript.

Funding
Materials for sample analysis was funded with a ‘bench grant’ from the
London School of Hygiene and Tropical Medicine, London, UK. No fund was
obtained for study design or data analysis.

Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
Ethical approval was granted by the London School of Hygiene MSc
Research Ethics Committee (Ref: 10872). Local ethical approval was obtained
as part of the Childhood Mortality Reduction after Oral Azithromycin in
Malawi (MORDOR – Malawi) study by the College of Medicine Research and
Ethics Committee (COMREC) in Malawi (Ref: P.02/14/1521).
Informed consent scripts were translated into local languages, these were
read aloud to each study participant (and his/her parent/guardian) by a local
team member who was a native speaker of the local language to ensure
that they understood the risks and benefits of participating in all study
activities. Young adults and children under 18 years of age, who cannot give
consent by law, were included only following the receipt of written
informed consent from a parent or guardian by means of signature or
thumbprint if illiterate. If, at any time, a parent or guardian elected to
withdraw themselves or a family member from the study, it was made clear
that they were permitted to do so freely.
Children who were found on examination to be malnourished, or anaemic
were referred for appropriate treatment by trained study personnel, at the
nearest health centre. The Malawi government already runs a soil-
transmitted helminth control program with albendazole. Specific treatment
for stool pathogens was provided only where children were symptomatic.

Consent for publication
Not applicable.

Jones et al. BMC Infectious Diseases          (2019) 19:838 Page 9 of 11



Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Infectious Disease and Microbiology, Royal Free Hospital,
Pond Street, London NW3 2QG, UK. 2Clinical Research Department, London
School of Hygiene and Tropical Medicine, Keppel Street, London WC1E 7HT,
UK. 3Department of Ophthalmology, University of Malawi, College of
Medicine, Queen Elizabeth Central Hospital, P.O. Box E180, Blantyre, Malawi.
4Blantyre Institute for Community Ophthalmology, Lions Sight First Eye
Hospital, Queen Elizabeth Central Hospital, P.O. Box E180, Blantyre, Malawi.

Received: 20 February 2019 Accepted: 4 September 2019

References
1. Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al.

Global, Regional, and National Age-Sex-Specific Mortality for 282 Causes
of Death in 195 Countries and Territories, 1980–2017: A Systematic
Analysis for the Global Burden of Disease Study 2017. The Lancet. 2018;
392(10159):1736–88.

2. Morse TD, Nichols RAB, Grimason AM, Campbell BM, Tembo KC, Smith HV.
Incidence of cryptosporidiosis species in Paediatric patients in Malawi.
Epidemiol Infect. 2007;135(8):1307–15.

3. Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam S,
et al. Burden and Aetiology of Diarrhoeal disease in infants and young
children in developing countries (the global enteric multicenter study,
gems): a prospective, case-control study. Lancet. 2013;382(9888):209–22.

4. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global
and Regional Mortality from 235 Causes of Death for 20 Age Groups in
1990 and 2010: A Systematic Analysis for the Global Burden of Disease
Study 2010. Lancet. 2012;380(9859):2095–128.

5. Troeger C, Forouzanfar M, Rao PC, Khalil I, Brown A, Reiner RC Jr, et al.
Estimates of global, regional, and National Morbidity, mortality, and
Aetiologies of Diarrhoeal diseases: a systematic analysis for the global
burden of disease study 2015. Lancet Infect Dis. 2017;17(9):909–48.

6. Krumkamp R, Sarpong N, Schwarz NG, Adelkofer J, Loag W, Eibach D, et al.
Gastrointestinal infections and diarrheal disease in Ghanaian infants and
children: an outpatient case-control study. PLoS Negl Trop Dis. 2015;9(3).

7. Randall AE, Perez MA, Floyd S, Black GF, Crampin AC, Ngwira B, et al.
Patterns of helminth infection and relationship to Bcg vaccination in
Karonga District, northern Malawi. Trans R Soc Trop Med Hyg. 2002;96(1):
29–33.

8. Montresor A. Guidelines for the Evaluation of Soil-Transmitted Helminthiasis
and Schistosomiasis at Community Level. In: Crompton D, Hall A, Bundy D,
Savioli L, editors. Geneva, World Health Organization1998.

9. Taylor-Robinson DC, Maayan N, Soares-Weiser K, Donegan S, Garner P.
Deworming Drugs for Soil-Transmitted Intestinal Worms in Children: Effects
on Nutritional Indicators, Haemoglobin and School Performance. Cochrane
Database of Systematic Reviews. 2012(11).

10. Campbell SJ, Nery SV, McCarthy JS, Gray DJ, Soares Magalhães RJ, Clements
ACA. A critical appraisal of control strategies for soil-transmitted helminths.
Trends Parasitol. 2016;32(2):97–107.

11. Omitola OO, Mogaji HO, Oluwole AS, Adeniran AA, Alabi OM, Ekpo UF.
Geohelminth infections and nutritional status of preschool aged children in
a Periurban settlement of Ogun state. Scientifica. 2016.

12. National Statistical Office M. Malawi Demographic and Health Survey
2015-16. 2017.

13. Bowie C, Purcell B, Shaba B, Makaula P, Perez MA. National survey of the
prevalence of schistosomiasis and soil transmitted helminths in Malawi.
BMC Infect Dis. 2004;4.

14. Hosseinipour MC, Napravnik S, Joaki G, Gama S, Mbeye N, Banda B, et al. Hiv
and parasitic infection and the effect of treatment among adult outpatients
in Malawi. J Infect Dis. 2007;195(9):1278–82.

15. Phiri K, Whitty CJM, Graham SM, Ssembatya-Lule G. Urban/rural differences
in prevalence and risk factors for intestinal helminth infection in southern
Malawi. Ann Trop Med Parasitol. 2000;94(4):381–7.

16. Keenan JD, Bailey RL, West SK, Arzika AM, Hart J, Weaver J, et al.
Azithromycin to reduce childhood mortality in sub-Saharan Africa. N Engl J
Med. 2018;378(17):1583–92.

17. Esri: Mangochi [basemap]. "World Street Map" 24/06/2019. http://www.
arcgis.com/home/item.html?id=3b93337983e9436f8db950e38a8629af. (30/
08/2019).

18. Naing L. Practical issues in Calculating the Sample Size for Prevalence
Studies. In: T. Winn BNR, editor. Archives of Orofacial Sciences2006. p. 9–14.

19. Montresor A. Helminth control in school-age children: a guide for managers
of control Programmes. In: ed S, editor. Helminthiases S-t. WHO: Geneva
World Health Organisation; 2011.

20. Ebrahim A, El-Morshedy H, Omer E, El-Daly S, Barakat R. Evaluation of the
Kato-Katz thick smear and Formol ether sedimentation techniques for
quantitative diagnosis of Schistosoma Mansoni infection. Am J Trop Med
Hyg. 1997;57(6):706–8.

21. Speich B, Utzinger J, Marti H, Ame SM, Ali SM, Albonico M, et al.
Comparison of the Kato-Katz method and ether-concentration
technique for the diagnosis of soil-transmitted helminth infections in
the framework of a randomised controlled trial. Eur J Clin Microbiol
Infect Dis. 2014;33(5):815–22.

22. Sayasone S, Utzinger J, Akkhavong K, Odermatt P. Repeated stool sampling
and use of multiple techniques enhance the sensitivity of helminth
diagnosis: a cross-sectional survey in southern Lao People's Democratic
Republic. Acta Trop. 2015;141:315–21.

23. Bundy DAP. Population ecology of intestinal helminth infections in human
communities. Philosophical Transactions of the Royal Society of London
Series B-Biological Sciences. 1988;321(1207):405–20.

24. Guyatt HL, Bundy DAP. Estimating prevalence of community morbidity due
to intestinal helminths - prevalence of infection as an Indicator of the
prevalence of disease. Trans R Soc Trop Med Hyg. 1991;85(6):778–82.

25. Office MNS. Malawi Mdg Endline Survey 2014. Zomba, Malawi: National
Statistical Office2015.

26. Al-Mekhlafi MSH, Azlin M, Aini UN, Shaik A, Sa'iah A, Fatmah MS, et al.
Giardiasis as a predictor of childhood malnutrition in orang Asli children in
Malaysia. Trans R Soc Trop Med Hyg. 2005;99(9):686–91.

27. Danaei G, Andrews KG, Sudfeld CR, Fink G, McCoy DC, Peet E, et al. Risk
factors for childhood stunting in 137 developing countries: a comparative
risk assessment analysis at global, regional, and country levels. PLoS Med.
2016;13(11):e1002164.

28. Sanchez AL, Gabrie JA, Usuanlele M-T, Rueda MM, Canales M, Gyorkos TW.
Soil-transmitted helminth infections and nutritional status in school-age
children from rural communities in Honduras. PLoS Negl Trop Dis. 2013;7(8).

29. Jardim-Botelho A, Brooker S, Geiger SM, Fleming F, Souza Lopes AC,
Diemert DJ, et al. Age patterns in undernutrition and helminth infection in
a rural area of Brazil: associations with ascariasis and hookworm. Tropical
Med Int Health. 2008;13(4):458–67.

30. Simsek Z, Zeyrek FY, Kurcer MA. Effect of Giardia infection on growth and
psychomotor development of children aged 0-5 years. J Trop Pediatr. 2004;
50(2):90–3.

31. Alvim Matos SM, Oliveira Assis AM, Prado MS, Strina A, dos Santos LA, de
Jesus SR, et al. Giardia Duodenalis infection and anthropometric status in
preschoolers in Salvador, Bahia state, Brazil. Cadernos De Saude Publica.
2008;24(7):1527–35.

32. LaBeaud AD, Singer MN, McKibben M, Mungai P, Muchiri EM, McKibben E,
et al. Parasitism in children aged three years and under: relationship
between infection and growth in rural coastal Kenya. PLoS Negl Trop Dis.
2015;9(5).

33. Lunn PG, Erinoso HO, Northrop-Clewes CA, Boyce SA. Giardia intestinalis is
unlikely to be a major cause of the poor growth of rural Gambian infants. J
Nutr. 1999;129(4):872–7.

34. Hollm-Delgado M-G, Gilman RH, Bern C, Cabrera L, Sterling CR, Black RE,
et al. Lack of an adverse effect of Giardia intestinalis infection on the health
of Peruvian children. Am J Epidemiol. 2008;168(6):647–55.

35. Saldiva SR, Silveira AS, Philippi ST, Torres DM, Mangini AC, Dias RMD, et al.
Ascaris-Trichuris association and malnutrition in Brazilian children. Paediatr
Perinat Epidemiol. 1999;13(1):89–98.

36. Read C, Walters J, Robertson ID, Thompson RCA. Correlation between
genotype of Giardia Duodenalis and Diarrhoea. Int J Parasitol. 2002;32(2):
229–31.

37. Farthing MJG, Mata L, Urrutia JJ, Kronmal RA. Natural-history of Giardia
infection of infants and children in rural Guatemala and its impact on
physical growth. Am J Clin Nutr. 1986;43(3):395–405.

38. Fraser D, Dagan R, Naggan L, Greene V, ElOn J, AbuRbiah Y, et al. Natural
history of Giardia lamblia and Cryptosporidium infections in a cohort of

Jones et al. BMC Infectious Diseases          (2019) 19:838 Page 10 of 11

http://www.arcgis.com/home/item.html?id=3b93337983e9436f8db950e38a8629af
http://www.arcgis.com/home/item.html?id=3b93337983e9436f8db950e38a8629af


Israeli Bedouin infants: a study of a population in transition. Am J Trop Med
Hyg. 1997;57(5):544–9.

39. Freer JB, Bourke CD, Durhuus GH, Kjetland EF, Prendergast AJ.
Schistosomiasis in the first 1000 days. Lancet Infect Dis. 2018;18(6):e193–203.

40. Mombo-Ngoma G, Honkpehedji J, Basra A, Mackanga JR, Zoleko RM, Zinsou
J, et al. Urogenital schistosomiasis during pregnancy is associated with low
birth weight delivery: analysis of a prospective cohort of pregnant women
and their offspring in Gabon. Int J Parasitol. 2017;47(1):69–74.

41. Gough EK, Moodie EEM, Prendergast AJ, Johnson SMA, Humphrey JH,
Stoltzfus RJ, et al. The impact of antibiotics on growth in children in low
and middle income countries: systematic review and meta-analysis of
randomised controlled trials. BMJ : British Medical Journal. 2014;348:g2267.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Jones et al. BMC Infectious Diseases          (2019) 19:838 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Study setting
	Outcome measures
	Study procedures
	Statistical analysis
	Ethical approval

	Results
	The sample demographics
	Prevalence of infection
	Nutritional status
	Relationship between nutritional status and parasitic infection

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

