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Chapter 1

1. General introduction

Intestinal parasitic infections (IPIs)® and under-nutrition (both protein-energy
malnutrition and micronutrient deficiencies)Z have major health and socio-economic
repercussions among populations of low socioeconomic development. Vulnerable
groups such as school-aged children and immunocompromised patients are among
those who suffer most from IPls. Research on IPIs affecting children and those with
Acquired Immune deficiency Syndrome (AIDS) is of major importance, as IPIs cause high
morbidity and mortality rates among them, and information regarding these infections
facilitates the development of better control strategies.3 Identifying factors that
increase vulnerability to infections and under-nutrition, in addition to empirical
assessment of public health interventions is essential to ensure that prevention and
control programmes in developing countries - where national health budgets are often
chronically insufficient achieve optimal impacts.

This thesis has three main purposes. First, to determine the prevalence and associated
risk factors for IPIs and under-nutrition among the most vulnerable population groups
in impoverished areas of Ethiopia. Second, to assess the impact of simple public health
interventions (hand-washing and nail clipping) in the prevention of intestinal parasite
re-infection rates, reduction of worm intensity and anaemia among school-aged
children. Third, to describe associations between parasitic infection, anaemia and
diarrhoea in children, and to explore whether interventions could be effective in
preventing IPIs in children of different demographic backgrounds. Current
epidemiological knowledge on IPls and under-nutrition are presented in this chapter.
Based on these empirical finding and theoretical concepts, we will introduce our
research aims and conclude with the outline of this thesis.

1.1 Intestinal parasitic infections and under-nutrition

IPIs and under-nutrition have distinctly similar geographic distributions, making the
same people in poor communities suffer their concurrent effects.” In such settings,
illnesses due to infectious agents and under-nutrition create a vicious cycle (Figure 1.1).
Inadequate nutrient intake and nutrient losses resulting from infections negatively
affect nutritional status, and poor nutritional status predisposes people to infections by
lowering immune protection.z’s’6

The most important intestinal parasites linked to nutritional status are the human soil-
transmitted helminthes (STHs): the hookworms: Necator americanus and Ancylostoma
duodenale; roundworms: Ascaris lumbricoides and Trichuris trichiura; and protozoan:
Giardia lamblia and Entamoeba histolytica." In endemic settings these parasites
contribute to poor growth, anaemia and other micro-nutrient deficiencies in children.
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Figure 1.1  The “Vicious Cycle” of infection and under-nutrition (adapted from: Brown, 2003).

Worm infestations exert their effects through different mechanisms. Infection with
human hookworms cause iron deficiency anaemia (IDA) and IDA is the most widespread
nutritional deficiency worldwide.” Adult worms of both hookworm species attach to the
mucosa of the upper small intestine and feed on blood and tissue fluids, releasing
anticoagulants to maintain blood flow which can result in the development of IDA.2 IDA
is associated with decreased physical and mental development’ and impaired immune
function in children.'® Infection with the largest roundworm, A. lumbricoides, results in
impaired fat digestion, decreased vitamin absorption, and temporary lactose
intolerance in children."® These mechanisms are potentially responsible for reduced
growth and other developmental defects in infected children. Furthermore, co-
infections with A. lumbricoides and G. lamblia cause bleeding through lesions formed in
the intestinal mucosa as the parasites compete for food, resulting in iron loss."
Children infected with T. trichiura who develop trichuriasis face the consequences of
chronic dysentery (T. trichiura dysentery syndrome), IDA and poor growth during heavy
parasitic infestations."

Gastro-intestinal parasitic infections can reduce the absorption of micronutrients.
Infections with G. lamblia are associated with decreased zinc'* and vitamin A
absorption.15 Co-infections with G. lamblia and Enterobius vermicularis lower serum
levels of vitamin B12 in symptomatic patients.’® Micronutrient deficiencies are also
documented to contribute to an increased risk of intestinal parasitic infections.
Micronutrient deficiencies including iron"’ and zinc®® deficiencies have been
documented as contributing to an increased risk of IPls. These findings demonstrate
that the consequences of parasitic infections on human nutrition, and the
consequences of under-nutrition on parasitic infections, are highly interlinked.
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1.2 Intestinal parasitic infections in the global context

Diseases caused by IPIs (helminths and protozoa) remain a significant global threat.
Achieving their prevention and control was recently recognised as a priority by the
United Nations Millennium Development Goals (MDGs)." Neglected parasitic diseases
are highly endemic among marginalised populations of low-income countries, favoured
for their prevailing poor environmental and sanitary conditions.

Moreover, the expansion of AIDS has resulted in significant changes in the fauna of
infectious parasites and in the severity of infections.”® Various parasites previously
considered as sporadic or zoonotic have become causative agents of life threatening
diarrhoea in immunocompromised patients.21

IPIs are estimated to affect more than two billion people globally,?* with more than five
billion people at high risk of infection.” Approximately 39 million disability adjusted life
years (DALYs) are attributed to IPIs, representing a substantial economic burden.”
Among the parasitic Neglected Tropical Diseases (NTDs), infections with worms
(helminths) are of particular importance in terms of their global burden,” and among
these, infections with STHs are the most prevalent chronic human infections.?®
According to recent global estimates, more than 438 million people are infected with
hookworm, 819 million people are infected with A. lumbricoides, and more than 464
million people are infected with T. trichiura.”’ Sub-Saharan Africa has the highest
prevalence of infection caused by these parasites. In this area of Africa, approximately
85% of the total NTD burden (affecting a total of 500 million people) results from these
specific helminth infections.”®

Intestinal protozoan infections are also common in humans worldwide, with infections
in childhood, pregnancy and AIDS sufferers being of major importance.3 E. histolytica,
G. lamblia, and Cryptosporidium species are among the most common intestinal
protozoan parasites and, diseases caused by these parasites are associated with
diarrhoea.

Three morphologically identical species in the genus Entamoeba commonly infect
humans, namely E. histolytica, Entamoeba dispar, and Entamoeba moshkovskii.”® E.
histolytica is the causative agent of amoebiasis, and intestinal amoebiasis is one of the
top ten causes of severe diarrhoea in the developing world.>® Amoebiasis is the third
leading cause of death from parasitic diseases worldwide, with an estimated rate of up
to one-hundred thousand people per year dying from dysentery, colitis, and extra
intestinal complications caused by subsequent infections.>" E. histolytica is estimated to
infect approximately 480 million people worldwide,? however, these estimations are
currently being reassessed due to advancements in molecular testing.33

10
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G. lamblia (synonymous: Giardia duodenalis or Giardia intestinalis) is a ubiquitous
enteric protozoan pathogen causing diarrhoeal illnesses in humans worldwide, with an
estimated prevalence of 28 million infections annually.>* The parasite was recently
included in the World Health Organisation (WHO) Neglected Disease Initiative.’ The
resulting disease from infection with G. lamblia, giardiasis, particularly affects children
and immune-deficient individuals. Infection with this parasite appears to be associated
with a three-fold increase in the risk of persistent diarrhoea among children in
developing countries.”

Another related and widely spread enteric protozoan pathogen to infect humans is the
Cryptosporidium species. The parasite is a major causal agent of diarrhoea in both
developed and developing countries, primarily affecting patients with AIDS and children
under five years of age.’® The recognition and identification of Cryptosporidium as a
‘neglected pathogen’ in the WHO Neglected Disease Initiative® indicates its increasing
importance in developing countries as well as a global burden.

Children bear a heavy burden from IPls, as both the principal sufferers and the source
of continued transmission. In poor settings, children are continuously infected and re-
infected by chronic intestinal parasites, negatively affecting all aspects of their
development.”’ School-aged children in particular are at greater risk for disease caused
by infections with STH than any other age group.25 Approximately 400 million school-
aged children are estimated to be infected globally with STHs, schistosomiasis and
other flukes. Often these children are infected with multiple species.38 Approximately
one billion school-aged children are estimated to live in areas stable for transmission of
at least one STH species.23

1.3  Under-nutrition in the global context

The number of under-nourished people worldwide remains unacceptably high. One of
the eight MDGs concerns the eradication of extreme poverty and hunger (MDG1).
Alleviation of extreme hunger is of a significant importance, not only as the explicit
target of MDG 1, but also as an essential condition for reaching other MDGs.* The 2015
global nutrition targets of the World Health Assembly aims to reduce childhood
stunting by 40%, reduce and maintain the prevalence of wasting below 5%, and halve
the rate of anaemia in women of childbearing age.*® In 2010, under-nutrition affected
nearly one billion people globally, with 98% living in developing countries, and
approximately 75% in rural areas.” In such settings, the two immediate causes of
under-nutrition - inadequate dietary intake and infectious diseases - interact in a
complex manner and manifest in chronic or acute health and developmental deficiency
in children.*

11
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1.3.1 Protein-energy under-nutrition

Protein-energy under-nutrition (PEU) is of a significant public health issue worldwide.
Stunted, underweight, and wasted children have an increased risk of death from
infectious diseases. According to recent estimates, stunting and underweight each
account for approximately one million deaths, while approximately 800,000 deaths are
attributed to wasting.42 Universally, growth monitoring is the tool for assessing the
nutritional status, health and developmental well-being of children. Anthropometric
measurements, usually weight and height in relation to an individual's age, are
combined to construct anthropometric indices.”* These indices can be expressed in
terms of z-scores (standard scores) or percentiles which enable comparisons of
individuals to a reference population. According to the WHO Child Growth Standards,
stunting (height-for-age <-2 SD of the median), under-weight (weight-for-age <—2 SD of
the median), and wasting (low weight-for-height <—2 SD of the median) are the most
commonly used anthropometric indices to evaluate the nutritional well-being of a
child.*

Stunting (low height-for-age) is a useful anthropometric measure in children as it
elucidates the multiple dimensions of children’s health and development.® It reflects
nutritional deficiencies and illnesses during the early-life period, which are likely to
hamper growth and development. In 2012, approximately 162 million children globally
under the age of five had stunted growth, and 92% of these children lived in only two
continents; Asia (56%) and Africa (36%).* Despite some reductions observed in other
regions, the burden of childhood stunting has increased in Africa,”’ accounting for more
than 56 million children.”” Causes for stunting extend beyond hunger, and the
consequences are wide-ranging, preventing affected communities and nations from
achieving their social and economic development goals. Stunting is untreatable, and its
prevention demands a combined effort of multiple measures which should emanate
from a range of disciplines.48

Underweight (low weight-for-age) is an indicator of both acute and chronic under-
nutrition; representing a significant health problem in developing countries, where
poverty is a strong underlying determinant. Lack of adequate nutritional intake and
repeated attacks with infectious diseases contribute to the high prevalence observed in
low-income settings.49 Childhood underweight is the leading cause of global disease
burden, and a significant proportion of deaths in young children are related to
underweight.”* Although the global number of underweight cases has decreased, it is
argued to be insufficient to meet the MDG and reduce its burden by half by 2015. In
2012, an estimated 99 million children under the age of five worldwide were
underweight.46

12
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The weight-for-age indicator is unable to distinguish between relative height and body
weight, which renders it inadequate for monitoring growth in older children. A
complementary indicator, the Body-Mass-Index (BMI)-for-age was therefore
recommended for growth monitoring in children beyond pre-school age (5 to 19 years),
as it can capture changes in weight and height in school-aged children and adolescents
that are respective of their age. Low BMI-for-age is suggested for the assessment of
thinness while high BMI-for-age is used for the assessment of obesity.>

Wasting (low weight-for-height) is an indicator reflecting weight loss relative to height,
due to a short-term loss of muscle mass. It concerns acute under-nutrition resulting
from weight loss due to infection and acute food shortage. According to 2012
estimates, approximately 51 million children under five were wasted; approximately
97% of whom lived in Asia (69%) and Africa (28%). An additional 17 million children
were severely wasted gIobaIIy.46

1.3.2  Micronutrient deficiencies

Micronutrient deficiencies are significant contributors to the burden of under-nutrition.
They are highly prevalent in children in developing countries due to the strong presence
of infectious diseases and inadequate food intake. Although the roles of various
nutrients during childhood development are highly recognised, the focus of this thesis
is confined to the prevalence, risk factors and prevention of anaemia among school-
aged children.

Anaemia is a condition in which the number of red blood cells (RBCs) in blood or the
concentration of haemoglobin in the RBCs is lower than normal. Anaemia is highly
prevalent worldwide. According to WHO estimates, more than 2.6 billion people
worldwide are anaemic,” and approximately half of the entire anaemia burden is
attributed to iron deficiency.”

Iron deficiency is the most important contributor to the development of anaemia, and
hence IDA and anaemia are used interchangeably. Iron is used for the formation of
haemoglobin, and iron-deficient production of RBCs leads to reduced haemoglobin
levels. However, depending on the local conditions, causes of anaemia can also vary.
Abnormal blood losses due to menstruation and IPIs (such as hookworms, ascaris and
schistosomiasis), chronic infections (malaria, tuberculosis and HIV), and deficiencies in
other micronutrients (including vitamin A and B12, folate, riboflavin and copper) can
also lower haemoglobin concentrations and increase the risk of anaemia.”

Children in developing countries are among the most at-risk populations for developing
anaemia due to rapid growth and subsequent physiological requirements for iron and
other nutrients, combined with the increased risk of infection and poor dietary intake

13
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associated with poor living conditions. Anaemic children are reported to have impaired
physical and cognitive development54 while young children are most vulnerable to the
long-term effects of anaemia. According to recent data from 187 countries, children
under 5 years of age were the only group with an increased prevalence of anaemia in
the years 1990 to 2010. Over 47% (293 million) of pre-school and 25% (305 million) of
school-aged children are affected by anaemia worldwide. Africa is one of the WHO
regions associated with the highest risk of anaemia among children, accounting for
approximately 68% of all anaemic pre-school aged children, according to 2008
estimates.”

Despite the recent global interest in solving health problems of school-aged children in
developing countries, data pertaining to their disease burden are lacking.”® The multi-
factorial nature of health problems in this age group requires an integrated approach to
identify the extent of health problems and to address their contributing factors. Simple
public health prevention measures against infection need to be identified and
integrated into health intervention planning. Knowledge of the infection and nutritional
status of children and immunocompromised patients has far-reaching implications for
health promotion and could be a valuable input for decision-makers in setting policy
priorities and monitoring intervention programs.

1.4 IPls and under-nutrition rates in the Ethiopian context
1.4.1  Geography of Ethiopia

Ethiopia, identified as the ancient home of mankind, is situated in the Horn of Africa,
bordered by Eritrea on the north and north east, Djibouti and Somalia on the east,
Kenya on the south, with Sudan and The Republic of South Sudan on the west and
south west (Figurel.2). Covering 1,104,300 square kilometres, Ethiopia is the tenth
largest country in Africa. The country has wide geographic diversity ranging from the
highest peak approximately 4,550 meters above sea level (at Ras Dashen) to the lowest
at about 130 meters below sea level (at Dallol in the Afar depression). A large
proportion of Ethiopia is categorised as highland lying 1,500 meters above sea level. It
has three principal climates, predominantly tropical monsoon, with temperate climate
on the plateau and hot in the lowlands.>®*’

14
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Figure 1.2 Map of Ethiopia, its Regional states and Administrative Councils. (Source:
https://www.irishaid.ie/media/irishaid/allwebsitemedia/30whatwedo/ethiopia-map-large-
490x401.png)

1.4.2 Demographic situations and governmental structure

Ethiopia is one of the least urbanised countries in the world: only 16.4% of the total
population lives in urban areas, with 83.6% living in rural settlements. The majority of
the population lives in the highland areas and the main occupation of the rural
population is farming. The lowland areas are mostly inhabited by pastoral people, who
depend mainly on livestock production. Projections from the 2007 census estimated
the total population for the year 2010 to be 79.8 million with an annual population
growth rate of 2.6%. The average household size is 4.7 members. Forty four percent of
the total population is aged below 15 years, and over half (52%) of the population is in
the age group of 15-65 years. The sex ratio between male and female for the country is
almost equal (50.5% male and 49.5% female).>**".

The country is a federal state with two parliaments: the House of Representatives and
House of Federation. The administrative structure comprises nine regional states
(Tigray, Afar, Amhara, Oromia, Somali, Benishagul Gumuz, Southern Nations
Nationalities and Peoples Region (SNNPR), Gambella, and Harari) and two
Administrative Councils (Addis Ababa and Dire Dawa city councils). The regional states
and administrative councils are further subdivided into 817 basic decentralised
administrative units called woredas, and the woredas are further divided into

15
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approximately 15,000 kebeles, the smallest local administrative units in the governance
hierarchy.SF"57

Our studies were conducted in one of the woredas of the Tigray Regional State (Figure
1.3), Kilte Awlaelo. Located in the northernmost of the country, Tigray is bordered by
Eritrea in the north, the Amhara region in the south, the Afar region in the east, and
Sudan in the west. With an estimated area of 54,569.25 km?, the region is
administratively divided into seven zones including one special zone, Mekelle - the
region’s capital city. It has 46 woredas/districts (34 rural and 12 urban) and 763 kebeles
(702 rural and 61 urban). According to the projected census of 2007, the region had a
total population of 4,806,843 (3,787,667 rural and 1,019,176 urban) in 2010.%® Figure
1.3 shows the study sites of the Kilte Awalelo woreda included in the thesis.

Legend b o g
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Figure 1.3 Map of Kilte Awlaelo woreda indicating study sites.

1.4.3 Health status of the population of Ethiopia

The health status of the population remains relatively poor despite major progress
made in the health sector. Preventable communicable diseases and nutritional
disorders are major causes of high morbidity and mortality. The core elements of
Ethiopia’s health policy involve development of preventive and curative components of
health care, and assurance of accessibility for all segments of the population. The
government of Ethiopia has devised a number of strategies which provide a framework
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for improving child health. Human Immunodeficiency Virus (HIV) and AIDS prevention
and control is also recognised as a top priority health intervention in the country.
Overall, the national HIV prevalence for the year 2009 was 2.3%; with an urban and
rural prevalence of 7.7% and 0.9%, respectively.**®

Since 2004, the government of Ethiopia has made a great move to strengthen its health
system towards the values of primary health care. A new health care plan, the
“Accelerated Expansion of Primary Health Coverage”, through comprehensive Health
Extension Program (HEP), has been launched as an effective mechanism for shifting
health care resources to rural areas where majority of the country’s population
resides.”®°

1.4.4  IPIs and under-nutrition rates in Ethiopia

Infectious diseases, diarrhoea and nutritional disorders are the major causes of death in
infancy and childhood in Ethiopia. According to the 2011 Ethiopian Demographic and
Health Survey report, 13% of children under the age of five had diarrhoea during the
survey period. Nationally, more than two in five children (44%) were anaemic. Similarly,
44% of children under age five were stunted, 29% were underweight and 10% were
wasted. Prevalence of anaemia and protein-energy malnutrition was higher among
children in rural settings.”’ Ongoing poverty, poor dietary intake and inadequate
provision of hygiene facilities make intestinal parasitosis and under-nutrition major
public health problems in Ethiopia.

The distribution and prevalence of the various species of intestinal parasites vary from
region to region due to differences in environmental, social and geographic factors.
Overall, data from recent studies indicate high prevalence of intestinal parasitosis
among school children®"®” and HIV infected patients.63 Additionally, personal hygiene
and sanitation practice were shown to be statistically associated with high parasitic
infection prevalence among these groups. Several studies have documented high
prevalence of PEU among school children, and PEU was indicated to be significantly
associated with intestinal parasitosis.&"65 Although most of the data available involves
pre-school children, some studies also indicate the presence of anaemia among school-
aged children.®

Like any other region in the country, the commonest health problems in Tigray are
communicable diseases. According to the 2004 Regional Health Bureau report, the
commonest child health problems in the region were pneumonia, diarrhoea and
malaria. Child health problems in the region are, among others, attributable to poor
personal hygiene and environmental sanitation and are aggravated by high rates of
under-nutrition. At regional level, diseases due helminthiasis and other intestinal
parasites are amongst the top ten causes of morbidity among out patients.67
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1.5 Aims of the research project

The main aims of this thesis are to determine the magnitude and associated risk factors
for intestinal parasitosis and under-nutrition among vulnerable populations (school-
aged children and HIV/AIDS patients); to empirically assess the impact of simple public
health interventions (hand-washing with soap and finger nail clipping) on the
prevention of intestinal parasite re-infection rates and anaemia among school-aged
children; to describe the associations between parasitic infection, anaemia and
diarrhoea in children, and to evaluate the intervention effects on intestinal parasite re-
infection rates in different children defined by different baseline characteristics.

1.5.1 Research questions

Based on the above mentioned aims, the following research questions were

formulated:

1. What is the prevalence and what are the associated risk factors for intestinal
parasitosis in adult HIV/AIDS patients in Ethiopia?

2. What is the magnitude of intestinal parasitosis and under-nutrition among school
children in impoverished areas of Northern Ethiopia, and what are the associated
risk factors?

3. Do regular hand-washing with soap and weekly finger nail clipping significantly
prevent intestinal parasite re-infection and reduce anaemia prevalence in school-
aged children in endemic areas?

4. How are IPls, anaemia and diarrhoea associated among affected children; and do
the effects of intervention vary among children with different baseline
demographic and health characteristics?

1.5.2 Outline of the thesis

Chapter 2 describes the prevalence and associated risk factors for IPls in HIV/AIDS
patients. In this chapter we include results from our research into the magnitude and
associated risk factors for IPls in anti-retroviral treated adult AIDS patients. In Chapter 3
we report on the magnitude and associated risk factors for IPls, anaemia and PEU
among rural school children. School children from 12 rural primary schools were
assessed for IPls and malnutrition, and associated risk factors. Findings from the studies
presented in this chapter led to the research hypothesis of the randomised controlled
trial (RCT) outlined in Chapter 4. Chapter 4 describes the impact of simple public health
interventions on the prevention of intestinal parasite re-infection and anaemia in rural
school-aged children. In this RCT, we investigated the effects of regular hand-washing
with soap and weekly nail clipping on infection prevention and anaemia prevalence in
school-aged children living in an impoverished rural area. In Chapter 5 we assess
associations between parasitic infection, anaemia and diarrhoea in children, and the
likelihood of these health problems in association with demographic characteristics,
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history of IPIs and under-nutrition among the study participants. We also explore the
impact of the interventions in children with different baseline characteristics. Data from
a previous RCT (Chapter 4) was used to conduct the subgroup and association
assessments. Chapter 6 outlines the methodological considerations of the studies
presented in this thesis, and explores implications for practice and further research.
Chapter 7 concludes with brief summary of the overall major findings, and the
conclusions of each study presented in this thesis.
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Abstract

A cross-sectional survey was conducted to determine the risk factors associated with
intestinal parasitosis in  HIV/AIDS patients receiving antiretroviral treatment.
Sociodemographic information was collected and faecal samples were analysed from
384 randomly selected patients under antiretroviral treatment. Data on CD4+ T-cell
counts and World Health Organization clinical staging were obtained from medical
records at the Adigrat hospital, Ethiopia. The overall prevalence of intestinal parasitosis
was 56% (95% confidence interval (Cl): 51% to 61%). No opportunistic intestinal
parasites and Schistosoma haematobium eggs were detected. Unavailability of latrine
and lack of hand washing with soap were associated with Entamoeba histolytica/dispar
(adjusted odds ratio (AOR), 2.75; 95% Cl: 1.77 to 4.27 and AOR, 2.67: 95% ClI: 1.60 to
4.44, respectively) and Giardia lamblia (AOR, 2.08; 95% Cl: 1.08 to 3.99 and AOR, 2.46;
95% Cl: 1.06 to 5.75, respectively) infections. Intestinal parasitosis was significantly
associated with low CD4+ T-cell count (p=0.002). In contrast, intestinal parasitic
infections were not associated (p>0.05) with the World Health Organization disease
staging. In summary, poor personal hygiene and sanitation practice contributed to the
high prevalence of intestinal parasitosis. Routine diagnosis for intestinal parasitic
infections should be performed in patients attending antiretroviral treatment clinics.
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Introduction

Intestinal parasitosis’ and Human Immunodeficiency Virus (HIV) infection’ are highly
endemic in resource-poor settings. Approximately one-third of the almost three billion
people living in marginalised regions of the world are infected with one or more
helminth parasites." Over 60 percent of the people living with HIV globally are
estimated to live in sub-Saharan Africa.’ Like many other developing countries, Ethiopia
is highly affected by the pandemic; with nearly 800,000 people living with HIV.*
Similarly, intestinal parasitic infections (IPIs) are also widely distributed among the
population,”” due to lack of safe drinking water, and poor hygiene and sanitary
conditions.

The expansion of the HIV/AIDS pandemic has resulted in significant changes in the
fauna of intestinal parasites. More importantly, the epidemiology and outcome of
diseases caused by opportunistic parasites has significantly changed.g’9 Various
intestinal parasites, previously considered to be sporadic or zoonotic, have become
common causative agents of life-threatening diarrhoea.’*""

Infection with intestinal parasites causes chronic immune activation and contributes to
the rapid progression of HIV into AIDS."" Significant correlations between number of
excreted eggs and plasma viral load have been documented, with subsequent reduction
of viral load following eradication of IPIs."*

In Ethiopia, previous studies have shown high prevalence of IPIs among HIV/AIDS
patients.”"” However, information regarding the magnitude and risk factors associated
with IPls among patients receiving antiretroviral treatment (ART) is still very limited.
The purpose of this study, therefore, was to determine the prevalence and associated
risk for IPIs among HIV/AIDS patients receiving ART at Adigrat hospital in northern
Ethiopia.

Methods

Study design and study population

The cross-sectional study was carried out among patients receiving ART at Adigrat
hospital in northern Ethiopia. The study area was selected by purposive sampling.
Purposive sampling was used due to the relatively large number of HIV/AIDS patients
receiving ART in this location during the study period and for the location’s relative
accessibility. The study population consisted of 384 randomly selected patients aged
17-64 years visiting the ART clinic for treatment. Of those randomly selected, only
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patients who were not treated with anti-parasitic drugs and not involved in any de-
worming program within two weeks before sample collection were included in the
study. The selected subjects were invited to participate in the study after written
informed consent was obtained.

Data collection

Socio-demographic information

Structured questionnaires were administered by trained medical professionals working
in the clinic in the local language to generate information on personal bio-data and
other sociodemographic and socioeconomic information. Daily close supervision (spot
checks, re-interviewing and thorough scrutiny of completed questionnaires) was
conducted by field supervisors deployed with the data collectors.

Parasitological examination

From each subject, approximately 10 grams of fresh stool and 10 mL of midday urine
specimens were collected in clean labelled containers and were analysed by well-
trained laboratory technologists. Sub-samples of stool and urine, comprising 10 percent
of total samples, were re-examined for quality control purposes. A subject was
classified as infected if an IPl was detected by any of the methods used.

Direct microscopy (Wet mount)

A direct wet mount of stool specimen in normal saline (0.85% NaCl solution) was freshly
prepared and analysed under light microscope (100x and 400x magnifications) within
less than one hour after preparation for the detection of ova, larvae, trophozoites and
cysts of intestinal parasites.

Concentration method

Formalin-ethyl acetate method

A portion of each fresh stool sample was processed using formalin ethyl acetate
concentration technique.18 Briefly, approximately 4 grams of stool specimen was mixed
with 10 ml of 10% formalin and sieved with double layered gauze in to a conical
centrifuge test tube. Ten percent formalin was then added, and centrifuged for
10 minutes at 500 x g. Supernatant was discarded and sediment re-suspended with
formalin. Two ml of ethyl acetate was added and centrifuged for 10 minutes, at 500 x g,
after vigorous hand shaking. The supernatant was discarded and the sediment analysed
for the presence of ova and/or parasites under the light microscope, at magnifications
of 100x and 400x.
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Kato-Katz method

Duplicate Kato-Katz thick smear slides were prepared for each stool specimen by one
experienced laboratory technologist to avoid inter-observer bias. The Kato-Katz smears
were prepared and analysed by placing a small amount of faecal specimen on a clean
plastic sheet. A piece of a mesh was then pressed on top, and the upper surface of the
mesh was scraped using a flat-sided spatula to collect the sieved faeces. A template
was placed on a slide and the sieved faeces were added with the spatula to completely
fill the hole in the template. The template was carefully removed and the faecal
material was covered with a pre-soaked cellophane strip. The slide was then inverted
and the faecal sample firmly pressed against another slide to evenly spread the
specimen. Prepared slides were placed on the bench with cellophane facing upwards,
enabling the evaporation of water while glycerol cleared the faeces. Prepared slides
were microscopically analysed within 30 minutes for identification of hookworm eggs,
and after 72 hours for the identification of ova of other helminths." The total number
of eggs detected on each slide was counted and the number of eggs per gram of faeces
(epg) was calculated to determine egg burden using the conversion factor.

Modified Ziehl Neelsen staining method

Detection of opportunistic protozoan parasites like Cryptosporidium and Isospora
oocysts was achieved using the modified Ziehl-Neelsen staining technique.”® Briefly, a
concentrated smear was prepared from fresh stool on a slide, and fixed with methanol
after being air dried. The smear was immersed in cold carbol fuchsin for 15 minutes and
rinsed with water. Preparation was decolourised with 1% acid alcohol (5 ml of 37%
hydrochloric acid and 495 ml of 70% ethanol) for 15 seconds. After rinsing again in tap
water, the slide was counter-stained with methylene blue for 30 seconds. The smear
was examined microscopically for oocysts using a low-power magnification and oil
immersion objectives after being air dried.

Urine sedimentation test

Ten ml urine specimens, collected between 10:00am and 2:00pm in clean containers,
were transferred to a conical tube and centrifuged at 500 x g. Supernatant was
discarded and the sediment examined microscopically (10x objective) for the detection
of S. haematobium ova.”

Immunological profile

Data on CD4+ T-cell counts obtained during the study period and WHO clinical staging
of the study participants were acquired from medical records at the hospital.
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Statistical analysis

Data were entered in an Excel spreadsheet, cleaned and anonymised. Statistical
analysis was performed using Statistical Package for Social Sciences (SPSS) version 16
(Chicago, USA). Descriptive statistics were used to analyse the prevalence of the
outcome variables. Chi square and logistic regression tests were used to investigate
associations between potential variables or risk factors by odds ratio (OR) and 95%
confidence interval (Cl). Independent sample t test was used for comparison of means.
Significance was set at p<0.05.

Ethical considerations

Ethical clearance was obtained from the Ethical Review Board of the College of Health
Sciences, Mekelle University, Ethiopia (ERC0032/2011). Written permission to conduct
the study was sought from the Regional Health Bureau and the hospital. Written
consent was obtained from study participants. Participants diagnosed positive for IPls
were treated with standard regimen.21

Results

Of the 384 cases selected for the study, 372 (97%) were able to provide stool and urine
specimens. Analysis was conducted on the 372 subjects who were able to provide
specimens. Males comprised 40% (n=150) of study participants. The median age of the
participants was 34 years (range 17-64 years). Table 2.1 describes the prevalence of
parasitic infections (56%, 95% Cl: 51% to 61%).

E. histolytica/dispar (overall prevalence of 40%) was the most commonly detected
parasite, followed by G. lamblia and Taenia species. Except for Taenia species infection
(p=0.015), no significant difference (p>0.05) was observed on the prevalence of
intestinal parasitosis among male and female participants (Table 2.1). Prevalence of
multiple parasitic infections was approximately 12% (45/372) and E. histolytica/dispar
and G. lamblia were the most common parasite combinations detected in patients with
multiple parasitic infections. No opportunistic intestinal parasites or S. haematobium
eggs were detected.

Egg concentrations of helminthic infections were of light intensity (less than 1,999 eggs
per gram of stool (epg) for hookworms, and less than 4,999 epg for Ascaris
lumbricoides).”” The arithmetic mean egg counts for the identified soil-transmitted
helminths were 75 epg for hookworm (range: 24 to 96 epg) and 40 epg for A.
lumbricoides (range: 24 to 48 epg). Mean CD4+T-cell count was 302cells/mm?>.
Intestinal parsitosis was significantly associated with decreased CD4+T-cell count
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(p=0.002). In contrast, there was no association (p>0.05) between intestinal parasitosis
and WHO disease staging (Data not shown).

Table 2.1 Prevalence of intestinal parasitosis among HIV/AIDS patients under anti retroviral treatment,
Ethiopia (n=372).

Male Female Total

Dependent variables Number (%) Number (%) Number (%)

(n=146) (n=226) (n=372) p-value
Intestinal Parasitic Infections
Protozoa
Entamoeba histolytica/dispar 61 (42) 86 (38) 147 (40) 0.473
Giardia lamblia 18 (12) 29 (13) 47 (13) 0.887
Nematodes
Hookworm 3(2) 5(2) 8(2) 0.919
Ascaris lumbricoides 2(1) 1(0.4) 3(0.8) 0.329
Enterobius vermicularis 2(1) 1(0.4) 3(0.8) 0.329
Strongyloides stercoralis 0(0) 1(0.4) 1(0.2) 0.421
Cestodes
Hymenolepis nana 6 (4) 5(2) 11 (3) 0.292
Taenia species 18 (12) 12 (5) 30 (8) 0.015°
Total parasitosis 89 (61) 119 (53) 208 (56) 0.115
Multi parasitic infections 22 (15) 23 (10) 45 (12) 0.158

? statistically significant at p<0.05

Univariate and multivariate logistic regression analysis (adjusted for age, gender, level
of education and family size) results for IPls are shown in Table 2.2. Our findings
revealed a strong positive association between poor personal hygiene habits and
intestinal parasitosis (Table 2.2). Overall, we found a relevant pattern of associations
between intestinal parasitosis and poor hygiene and sanitation practices. Unavailability
of latrine and lack of hand washing with soap at critical times were significantly
associated with E. histolytica/dispar (adjusted odds ratio [AOR], 2.75: 95% Cl: 1.77 to
4.27 and AOR, 2.67; 95% Cl: 1.60 to 4.44, respectively) and G. lamblia (AOR, 2.08, 95%
Cl: 1.08 to 3.99 and AOR, 2.46; 95% Cl: 1.06 to 5.75, respectively) infections. Female
participants were less likely to be infected with human Taenia parasites (AOR, 0.34;
95% Cl: 0.15 to 0.74) (Table 2.2).
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Discussion

Our findings revealed widespread prevalence of intestinal parasitosis among ART
patients. Only extracellular parasites were identified. E. histolytica/dispar and G.
lamblia were the most prevalent parasites indentified among the study group. IPIs and
individual hygiene and sanitation practices were very clearly related. Absence of latrine
and hand washing with soap contributed to the higher proportion of IPIs, which
suggests the need to address personal hygiene and sanitation practices among
HIV/AIDS patients.

The overall prevalence of IPIs (56%) in our data was higher than reports from different
studies conducted in the central (35.4%),” north-eastern (17.6%)"* and south-western
(39.6%)> regions of the country, as well as Kenya (50.9%),”° Ghana (35%),”’ Nigeria
(5.3%)*® and the Democratic Republic of Congo (15.4%).” Variations in geographical
locations, socioeconomic conditions and cultural practices of the population under
consideration might explain the differences in findings among the studies. The methods
employed for stool examination and the time of the study may also have contributed to
the differences. High prevalence of IPIs among the study participants may call for better
follow-up through laboratory tests and more comprehensive actions by the patients

themselves in adopting prevention measures against IPls.

In agreement with other studies, opportunistic coccidian parasitic infections were not
detected in the present study.”>***° ARTs have been documented to improve immune
status,>"*’ thereby preventing the occurrence of opportunistic parasitic infections.>**?
This may explain the absence of opportunistic parasites in this study. The significantly
lower prevalence of Taenia parasitic infection among female patients might be related
to lower consumption of raw or undercooked meat among this gender group.

Non-opportunistic parasites, including the intestinal parasites E. histolytica/dispar and
G. lamblia, are frequently encountered in resource-limited countries.” Diarrhoea is a
common clinical symptom associated with infection by these parasites.34 Infection with
these organisms might therefore contribute to the morbidity among HIV/AIDS patients,
thus early detection and treatment of infection is important to improve the quality of
life of patients under ART. Associations between poor hygiene, sanitation practices and
intestinal parasitosis are well-documented.’®*® The faecal-oral route is the most
common method of transmission, through contaminated hands and fingers.33

A major strength of this study was the random selection of study participants. As the
study population was randomised, generalisations may be made to other populations
with HIV/AIDS and undergoing ART. A limitation of the study was its cross-sectional
nature, making any inference on causal relationship among variables impossible. As a
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result, the study could only generate a hypothesis about the possible role of certain
independent variables on the infection status of these patients.

In conclusion, our results emphasise the need for increased personal hygiene and
sanitation practices which would improve the health of HIV-infected patients
undergoing ART, such as increased access to clean water and soap for hand washing,
access to latrines to restrict contamination, and hygiene-related education. Stool
examination should be routinely performed in the follow-up of patients attending ART
clinics in order to optimise treatment and to implement other preventive measures.
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Abstract

Research on associated risk factors for IPIs and malnutrition in various geographic
regions is needed for the development of appropriate control strategies. The aim of this
study was to determine risk factors associated with IPIs, anaemia, and malnutrition in
school children living in urban and rural areas of northern Ethiopia. Six hundred school
children aged 6-15 years were randomly selected in a cross-sectional survey from
12 primary schools. Sociodemographic and anthropometric data were collected. Faecal
samples were examined using direct, concentration, and the Kato-Katz methods. Urine
specimens were analysed for Schistosoma haematobium ova. Haemoglobin was
measured using a HemoCue spectrometer. The overall prevalence of intestinal
parasitosis was 72% (95% confidence interval (Cl): 66-76%). The prevalence of anaemia,
stunting, and thinness were 11% (95% Cl: 8-13%), 35% (95% Cl: 31-38%), and 34% (95%
Cl: 30-38%) respectively. Poor personal hygiene habits were generally associated with
anaemia and nutritional deficiency, given as a low BMI. Multivariate logistic regression
models associated Schistosoma mansoni infection with boys, who were also more likely
to be malnourished. Hookworm infection was associated with anaemia and unhygienic
fingernails.

Access to clean water and latrines, together with hygiene and sanitation
communication activities, could improve the health of children in Ethiopia. The use of
mobile phone applications in demographic data collection proved to be successful. The
potential advantage offered by this technology for parasitological field surveys merits
further investigation.
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Introduction

IPIs," anaemia, and malnutrition are highly endemic in resource-limited regions.z'3
School-aged children are at greater risk for disease than any other age group as they
are particularly susceptible to parasitic infections.™ In developing countries, 12% of the
global disease burden due to intestinal worms is estimated to occur in children aged
5-14 years.5

Human gastro-intestinal parasites are associated with an increased risk for childhood
malnutrition and growth deficits.®’ Parasitic diseases such as helminthiasis result in
malnutrition® through mechanisms which decrease food intake and nutrient
absorption, increase metabolic requirements, and cause direct nutrient losses.” Poor
health also results in deficits in cognitive development and educational
achievements.>*°

Many health programmes in developing countries had previously not paid enough
attention to improving the health of school-aged children.* More recently, however,
commitment has strengthened to control IPIs and to improve the health and
development of young children."” To be effective, interventions aimed at reducing the
effects of infection and malnutrition must be based on a proper assessment of the
current situation. In this study, we investigated the prevalence and associated risk
factors for intestinal parasitosis, anaemia and malnutrition in school children in urban
and rural areas of northern Ethiopia. As with other resource-poor areas in the country,
lack of access to improved sanitation facilities and poor hygiene behaviour are common
in the study area. IPls are amongst the top ten causes of morbidity following acute
upper respiratory tract infection, pneumonia, and diarrhoea.” No data on the
nutritional status of school children is available, though a study conducted on
adolescent girls from the area revealed high prevalence of malnutrition.™

Methods

Study design and study population

The cross-sectional study was carried out in October 2010 using 12 primary schools in
northern Ethiopia. The study area is approximately 1010 km’ at an altitude of
1900-2300 m above sea level. The area has a semi-arid climate typical of the region,
characterised by inadequate and erratic rainfall, mainly between June and September.
Subsistence farming is common among the population.
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The study schools were selected by purposive sampling as they were part of the
Demographic and Health Surveillance (DHS) site established by the College of Health
Sciences of Mekelle University. We incorporated all schools that offered education for
grades 1-8 in the DHS districts. Schools in towns with municipal administration were
considered as urban, while schools in areas without municipal administration and
where the predominant type of economic activity is agricultural were considered as
rural.

Six hundred school children, aged between 6-15 years, of 18,628 currently enrolled
were selected by a systematic random sampling technique using school rosters as a
sampling frame. To obtain the exact ages of the children, the reported age of a child
was cross-checked using school records, baptism certificates, local calendars, and
information from parents. The selected school children were invited to participate in
the study after obtaining a written informed consent from parents or guardians.

Data collection

Socio-demographic information

Demographic and socioeconomic data were collected using an advanced mobile phone
application (http://www.episurveyor.org). Structured questionnaires were uploaded
onto smart phone (Nokia E71) using Datadyen Episurveyor software. To reduce input
errors, simple data collection forms were developed and phones were programmed to
prevent progression without answering the current question.

Two separate questionnaires (child and household) were administered by the
investigators in a local language to generate information on personal bio-data and
other sociodemographic and socioeconomic information. The majority of
sociodemographic data were collected by asking parents or guardians. Some variables,
including hand hygiene and cleanliness of fingernails, were studied by observation.
Physical cleanliness of hands was assessed by checking the palms, fingertips, finger
pads, and backs of the hands. Hands were coded as unclean if any dirt was visible, and
clean if there was no visible dirt. Fingernails which were clean and trimmed were coded
as clean, and untrimmed nails with accumulated dirt were coded as unclean. To ensure
uniform understanding amongst all data collectors, in-house training was conducted
using role play and subsequent pre-testing in the field prior to actual data collection.
Daily close supervision (spot checks, re-interviewing and thorough examination of
completed questionnaires) was conducted by the field supervisors deployed with the
data collectors.
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Parasitological examination

From each subject, approximately 10 g of fresh stool and 10 ml of fresh midday urine
specimens were collected in clean, labelled containers. Stool specimens were analysed
by well-trained laboratory technologists using direct saline wet mount, formalin ethyl
acetate concentration technique,” and the Kato-Katz technique (thick smear
41.7 mg).16 Duplicate Kato slides were prepared for each stool specimen by an
experienced laboratory technologist. The Kato and wet mount preparations were
analysed within one hour of preparation to detect hookworm eggs and protozoan
trophozoites (Entamoeba histolytica/Entamoeba dispar and Giardia lamblia),
respectively. The remaining stool specimens were transported in screw-capped cups
with 10% formalin to the laboratory and examined using the concentration method
within 2-8 hours after collection. Kato preparations were re-examined after 72 hours
for the presence of helminth ova. The total number of eggs detected on each slide was
counted and the number of eggs per gram of faeces (epg) was calculated to determine
worm burden using a conversion factor of 24, provided with the kit. A child was
classified as infected if a positive result was detected by any of the methods used.

Urine specimens screened positive for microhaematuria with reagent test strips and
those with gross haematuria were subjected to microscopic diagnosis of
S. haematobium ova using the sedimentation method.'” Ten per cent sub-samples of
stool smears were re-examined for quality control purposes.

Haemoglobin survey

Haemoglobin concentration was determined in finger prick blood using the HemoCue
analyser on site (HemoCue Hb 201+, Sweden).18 Brief training on the machine
operation was provided to the technicians collecting and analysing blood samples
before the actual data collection period. The machines were checked on a daily basis
using reference microcuvettes as indicated by the manufacturer. Haemoglobin readings
were adjusted for altitude. Anaemia was defined for respective age and gender groups
based on WHO cut-off values."

Anthropometry

Anthropometric data were collected by recording age, weight, and height of study
participants. A portable weight scale was used to measure weight (to the nearest
0.1 kg) and a locally made stadiometer with sliding headpiece was used to measure
height (to the nearest 0.1 cm). Each child was weighed with minimal clothing and
barefooted. The weighing scale was calibrated using standard calibration weights of
2 kg iron bars. Measurements of weight and height were taken twice and the average
recorded.
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Anthropometric measurements were converted into height-for-age and body mass
index (BMI)-for-age Z-scores using WHO AnthroPlus (version 1.0.4). Children below
-2Z-scores for height-for-age and BMlI-for-age were classified as stunted and thin,
respectively.

Statistical analysis

Data were entered into Excel and anonymised at Mekelle University with additional
data cleansing at Alcala University, Spain. Statistical analysis was conducted using
Statistical Package for Social Sciences (SPSS) version 16 (Chicago, USA). Descriptive
statistics were used to analyse the prevalence of the outcome variables. Chi-square,
student’s t test, and logistic regression tests were used to investigate associations
among potential variables or risk factors by odds ratio (OR) and 95% confidence interval
(CI). Statistical significance was set at p<0.05.

Ethical considerations

Ethical clearance was obtained from the institutional Ethical Review Boards of the
College of Health Sciences, Mekelle University, Ethiopia and Alcala University, Spain.
Written permission to conduct the study was sought from the Regional Health Bureau
and local Health and Education Offices. Written consent was obtained from parents or
guardians of the children. Children who were diagnosed positive for IPls were treated
with standard regimen.20

Results

Of the 600 school children selected for the study, 583 (97.2%) were able to provide
stool specimens and 525 (87.5%) provided blood specimens. Anthropometric
measurements were made on 587 (97.8%) children. Approximately 48% (n=288) of the
study participants were male and the mean age was 11.3 years (SD=2.5). Table 3.1
describes the prevalence of parasitic infections (72%, 95% Cl: 66 to 76%), anaemia
(11%, 95% ClI: 8 to 13%), stunting (35%, 95% Cl: 31 to 38%), and thinness (34%, 95% ClI:
30 to 38%) in this population. We also present the differences between urban and rural
areas. E. histolytica/dispar proved to be the most commonly detected parasite (overall
prevalence of 39%) and was significantly higher in children from rural areas. Hookworm
showed a distinct focal nature of distribution, restricted to a few sites in rural areas.

Anaemia prevalence in the study group was of a mild public health importance, and
although not statistically significant, was slightly higher in rural areas (12%) than urban
(8%). The prevalence of malnutrition was similar across urban and rural schools;
approximately 20% of children were classified as both stunted and thin. Children
infected with up to six parasite species were identified. The prevalence of multiple
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parasitic infections was approximately 27% (156/583). E. histolytica/dispar,
Hymenolepis nana and S. mansoni were the most common parasite combinations
detected in multiple parasitic infections. No S. haematobium eggs were detected.

Egg concentrations of helminthic infections were of light intensity.21 The arithmetic
mean egg counts for the most common soil-transmitted helminths and schistosomiasis
were: 75 epg for hookworm (range: 24-330 epg), 52 epg for Ascaris lumbricoides
(range: 24-132 epg), and 75 epg for S. mansoni infection (range: 24-720 epg). Mean
haemoglobin reading in our survey was 132 g/l (SD=1.2g/l). No cases of severe anaemia
(haemoglobin <70.0 g/l) were detected. Mean haemoglobin concentration among
anaemic subjects was 113 g/l (SD=1.3 g/I). Further, there was no significant association
(p>0.05) between individual hygiene and sanitation practice and haemoglobin readings
among anaemic children (data not shown). There was no association between anaemia
and stunting (p=0.209) or thinness (p=0.640) (data not shown). Similarly, there was no
significant association between IPIs and stunting (p=0.404) or low BMI (p=0.864) (data
not shown).

Table 3.1 Urban versus rural prevalence of intestinal parasitosis, anaemia, and malnutrition among school
children, northern Ethiopia.

Urban Rural Total

No. (%) No. (%) No. (%)
Dependent variables (n =149) (n=451) (n = 600) p-value
Intestinal Parasitic Infections *
E. histolytica/dispar 44 (31) 183 (41) 227 (39) 0.021
G. lamblia 14 (10) 45 (10) 59 (10) 0.880
Nematodes
Hookworm 0(0) 31(7) 31 (5) 0.001
Ascaris lumbricoides 18 (12) 10 (2) 28 (5) <0.0001
Enterobius vermicularis 13 (9) 73 (16) 86 (15) 0.028
Strongyloides stercolaris 0(0) 5(1) 5(0.9) 0.200
Trichuris trichiura 1(0.7) 0(0) 1(0.2) 0.079
Trematodes
Schistosoma mansoni 21 (15) 59 (13) 80 (14) 0.700
Cestodes
Hymenolepis nana 30(21) 95 (22) 125 (21) 0.877
Taenia sp. 3(2) 1(0.2) 4(0.7) 0.019
Total parasitosis 100 (70) 321 (73) 421 (72) 0.483
Anaemiat 11 (8) 46 (12) 57 (11) 0.228
Stunting® 46 (32) 157 (35) 203 (35) 0.529
Thinnesst 47 (33) 153 (34) 200 (34) 0.714
Stunting and thinnesst 30 (21) 88 (23) 118 (20) 0.801

* Stool specimens were collected from 143 (urban), 440 (rural) and 583 (total) children. t Blood specimens
were collected from 136 (urban), 389 (rural) and 525 (total) children. ¥ Anthropometric measurements were
taken from 142 (urban), 445 (rural) and 587 (total) children.
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Exploratory univariate and multivariate logistic regression analysis (adjusted for age
and sex) results for IPls are shown in Table 3.2. Overall we found no relevant pattern of
association between intestinal parasitosis and drinking water source, personal hygiene,
or sanitation practices. We found positive associations between E. histolytica/dispar
and drinking water from hand pump sources. In addition, children who defecate around
bushes and homesteads and those with unclean fingernails were more likely to be
infected with hookworm. Infection with S. mansoni was significantly higher in male
children.

Our findings revealed somewhat stronger positive associations of poor personal
hygiene habits with anaemia and malnutrition (Table 3.3). E. histolytica, hookworm and
S. mansoni were incorporated in the analysis because of their high prevalence and
nutritional significance, respectively.

Children who did not use latrine and had unclean hands and fingernails were more
often anaemic and malnourished. Males were more likely to be anaemic and
malnourished than females. Infection with the hookworm, E. histolytica/dispar, and
having unclean hands were significantly associated with anaemia. Unclean hands were
also associated with thinness. Little difference was observed between the crude and
adjusted odds ratios (Tables 3.2 and 3.3), indicating that the observed associations
were not affected by age and gender of the child.
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Discussion

Our findings revealed widespread prevalence of intestinal parasitosis and malnutrition
among school children in Ethiopia. The prevalence of anaemia was 11%. Although there
were slight differences between urban and rural schools, the overall magnitude of the
problem was the same. Children with unclean hands were more likely to be anaemic
and thin. Furthermore, open air defecation around the backyard contributed to the
poor nutritional status of these children, which suggests the need to address
environmental sanitation. Although, IPIs and individual hygiene and sanitation practices
were not very clearly related, there were significant associations between not using
latrines, unclean fingernails, and presence of hookworm.

The overall prevalence of intestinal parasitic infection in our data was higher than the
2008 national prevalence report for the country,22 and studies conducted
elsewhere.”?”* The prevalence of soil-transmitted helminthiasis (10%) was in line with
the 2008 WHO report (<20%) for the country,26 while the prevalence of schistosomiasis
was higher in our survey (13.4%) than the reported prevalence of <10%. These results
might indicate a need for epidemiological updates on S. mansoni, as the prevalence
within endemic communities may vary due to changes in local environment and other
exposure-related factors.”’

Anaemia prevalence in the study group was consistent with a recent prevalence report
for the country®® and for Africa, but was much lower than the global prevalence.” The
significantly higher involvement of boys than girls in animal-keeping activities, hence
keeping them away from the home environment, and frequent bathing and swimming
in streams, thus higher rate of exposure to S. mansoni infection, might explain the
higher anaemia prevalence among the gender group. In our data, the prevalence of
stunting (low height-for-age) and thinness (BMI-for-age) were higher than other reports
for the country,””® but were within the range reported for Africa.’

The inconsistent pattern of associations observed between poor hygiene and sanitation
practices and IPIs could be partially explained by the differences in transmission and
epidemiological features between the different intestinal parasite species, leading to
various confounding factors, since infections are related to a range of host and
environmental aspects.”’ Another possible reason might be lack of statistical power in
our data due to the observed low prevalence of some parasitic infections.

Associations between poor hygiene and sanitation practices and malnutrition are well
documented,**! although comparisons are difficult because of differences in study
populations. However, a study on rural adolescent girls from the same region found
associations between open-air defecation (lack of latrine) and thinness.™
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In sharp contrast to other studies,’*>* but in agreement with some studies,””>’ we

found no significant association between IPls and malnutrition. The lack of association
could be explained by the overall low worm loads™ or could be due to a real absence of
measurable differences. In this study, no differentiation was made between the
invasive E. histolytica and the commensal E. dispar parasites. It is likely that most
infections were due to E. dispar, and were therefore harmless and not associated with
any disease. A study from Ethiopia reported high prevalence of the commensal E. dispar
infection.®

The use of mobile phone technology improved demographic data collection and quality
by avoiding paper records and the need for manual data entry. It enabled us to develop
simple data collection forms, which could be completed on mobile phones without
requiring mobile network connectivity. When the mobile network was available, the
forms stored on the phones were uploaded to the server. The cost of the phones and
maintaining battery power in remote areas usually make smooth data collection
difficult. However, in this particular survey, limited electricity access was mitigated by
using solar chargers and extra mobile batteries. The potential use and advantage
offered by this technology for parasitological field surveys in resource-limited settings
merits further investigation.

Interpretation of the results should be considered in respect of the study’s limitations.
For instance, we had enough statistical power to investigate associations for the most
prevalent parasites, but lacked adequate power to draw meaningful conclusions for less
prevalent parasites. We were also reluctant to do extensive multivariate analysis. This
would have required a thorough consideration of all possible confounders for each
variable of interest, resulting in an enormous amount of statistical testing, thereby
increasing the risk of several Type-1 errors. The associations shown in this part of this
study should, therefore, be regarded as exploratory, providing direction for in-depth
investigations of patterns of associations between risk factors and parasites. Another
limitation was the cross-sectional nature of the study, making any inference on causal
relationship among variables impossible.

Our results emphasise the need for improvements in personal hygiene practices and
hygiene-related education, in addition to increased access to clean water for hand
washing and latrines to restrict contamination, which may ultimately improve the
health of this age group. Randomised trials should be conducted to determine the
causal relationship between personal hygiene, parasitic infection, and malnutrition.

46



Risk factors for intestinal parasitosis, anaemia, and malnutrition among school children in Ethiopia

References

1. Hotez PJ, Brindley PJ, Bethony JM, King CH, Pearce EJ and Jacobson J. Helminth infections: the great
neglected tropical diseases. J Clin Invest 2008;118:1311-1321.

2. de Benoist B, McLean E, Egli |, Cogswell M. Worldwide prevalence of anaemia 1993- 2005. World Health
Organization Global Database on Anaemia. World Health Organization; Geneva, Switzerland, 2008.
Available at: http://whglibdoc.who.int/publications/2008/9789241596657_eng.pdf. (Accessed 02
January 2013).

3. Best C, Neufingerl N, van Geel L, van den Briel T, Osendarp S. The nutritional status of school-aged
children: why should we care? Food Nutr Bull 2010;31:400-17.

4.  World Health Organization. School Deworming at a glance, Geneva, 2003. Available at:
http://www.dewormtheworld.org/sites/default/files/pdf/WHO-Deworming at a Glance.pdf. (Accessed
04 January 2013).

5. Awasthi S, Bundy DAP, Savioli L. Helminthic infections. BMJ 2003;327:431-3.

6.  Oninla SO, Onayade AA, Owa JA. Impact of intestinal helminthiases on the nutritional status of primary-
school children in Osun state, south-western Nigeria. Ann Trop Med Parasitol 2010;104:583-94.

7. Sackey M, Weigel MM, Armijos RX. Predictors of nutritional consequences of intestinal parasitic
infections in rural Ecuadorian children. J Trop Pediatr 2003;49:17-23.

8.  Muller O, Krawinkel M. Malnutrition and health in developing countries. CMAJ 2005;173:279-86.

9. Harhay MO, Horton J, Olliaro PL. Epidemiology and control of human gastrointestinal parasites in
children. Expert Rev Anti Infect Ther 2010;8:219-34.

10. Bethony J, Brooker S, Albonico M, Geiger SM, Loukas A, Diemert D, Hotez PJ. Soil-transmitted helminth
infections: scariasis, trichuriasis, and hookworm. Lancet 2006;367:1521-32.

11. World Health Organization. The control of Schistosomiasis. Second report of the WHO Expert
Committee. WHO Technical Report Series 830. WHO, Geneva, 1993. Available at:
http://whqlibdoc.who.int/trs/WHO_TRS_830.pdf (Accessed 21 January 2013).

12. World Health Organization. Schistosomiasis and Soil-transmitted infections. Fifty-fourth World Health
Assembly Resolution WHA54.19. Geneva, 2001. Available at:
http://apps.who.int/gb/archive/pdf_files/WHA54/ea54r19.pdf (Accessed 21 January 2013).

13. Kilte Awlalo Wereda Health Profile. Ten Top Causes of Morbidity. Kilte Awlalo Wereda Health Office,
2011/12.

14. Mulugeta A, Hagos F, Stoecker B, Kruseman G, Linderhof V, Abraha Z, Yohannes M, Gebre-Samuel G.
Nutritional Status of Adolescence Girls from Rural Communities of Tigray, Northern Ethiopia. Ethiop J
Health Dev 2009;23:5-11.

15. Zeibig EA. Clinical Parasitology. A principal Approach. Philadelphia, PA: Saunders; 1997.

16. World Health Organization. Diagnostic Techniques for Intestinal Parasitic Infections (IPl) Applicable to
Primary Health Care. PDP 83:3, 1993. Available at: http://whglibdoc.who.int/hq/1985-86/PDP_85.2.pdf.
(Accessed 21 January 2013).

17. Cheesbrough M. District Laboratory Practice in Tropical Countries. 2" ed. Part 1.Cmabridge: Cambridge
University Press; 2005.

18. Neufeld L, Garcia-Guerra A, Sanchez-Francia D, Newton-Sanchez O, Ramirez- Villalobos MD, Rivera-
Dommarco J. Haemoglobin measured by Hemocue and a reference method in venous and capillary
blood: A validation study. Salud Publica Mex 2002;44:219-27.

19. World Health Organization. Iron deficiency anaemia assessment, prevention, and control - a guide for
programme managers. (WHO/NHD/01.3) WHO, Geneva, 2001.

20. Food, Medicine and Health Care Administration and Control Authority of Ethiopia (FMHACA). Standard
Treatment Guideline for General Hospitals. Drug Administration and Control Authority of Ethiopia
Contents; 2010.

21. Montresor A, Crompton DWT, Gyorkos TW, Savioli L. Helminth control in school-age children. A guide
for managers of control programmes. WHO, Geneva, 2002.

22. Hall A, Tamiru T, Demissie T, Degefie T, Lee S. National survey of the health and nutrition of

schoolchildren in Ethiopia. Trop Med Int Health 2008;13:1518-1526.

47



Chapter 3

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

48

Wordemann M, Polman K, Menocal Heredia LT, Diaz RJ, Madurga AM, Nufiez Ferndndez FA, Cordovi
Prado RA, Espinosa AR, Duran LP, Gorbea MB, Rivero LR, Gryseels B. Prevalence and risk factors of
intestinal parasites in Cuban children. Trop Med Int Health 2006;11:1813-1820.

Awolaju BA, Morenikeji OA. Prevalence and intensity of intestinal parasites in five communities in
south-west Nigeria. Afr J Biotechnol 2009;8:4542-4546.

Hussein AS. Prevalence of intestinal parasites among school children in northern districts of West Bank-
Palestine. Trop Med Int Health 2011;16:240-244.

World Health Organization. Neglected tropical diseases. Preventive chemotherapy diseases and
transmission control country profile. Available at:
http://www.who.int/gho/countries/eth/country_profiels/en/index.html. (Accessed 21 February 2014).
Pinot MA, Fulford AJC, Kabatereine NB, Ouma JH, Booth M, Dunne DW. Analysis of Complex Patterns of
Human Exposure and Immunity to Schistosomiasis mansoni: The Influence of Age, Sex, Ethnicity and IgE.
PLoS Negl Trop Dis 2010;4:1-10.

Worku N, Erko B, Torben W, Belay M, Kasssu A, Fetene T, Huruy K. Malnutrition and intestinal parasitic
infections in school children of Gondar, North West Ethiopia. Ethiop Med J 2009;47:9-16.

Stothard JR, Sousa-Figueiredo JC, Betson M, Seto EYW, Kabatereine NB. Investigating the spatial micro-
epidemiology of diseases within a point-prevalence sample: a field applicable method for rapid mapping
of households using low-cost GPS-data loggers. Trans R Soc Trop Med Hyg 2011;105:500-6.

Esrey SA. Water, waste, and well-Being: a multi country study. Am J Epidemiol 1996;143:608-623.
Checkley W, Gilman RH, Black RE, Epstein LD, Cabrera L, Sterling CR, Moulton LH. Effect of water and
sanitation on childhood health in a poor Peruvian peri-urban community. Lancet 2004;363:112-118.
Muniz-Junqueira MI, Queiroz EFO. Relationship between protein-energy malnutrition, vitamin A, and
parasitosis in children living in Brasilia. Rev Soc Bras Med Trop 2002;35:133-141.

Jardim-Botelho A, Brooker S, Geiger SM, Fleming F, Souza Lopes AC, Diemert DJ, Corréa-Oliveira R,
Bethony JM. Age patterns in under nutrition and helminth infection in a rural area of Brazil: associations
with Ascariasis and hookworm. Trop Med Int Health 2008;13:458-467.

Shang Y, Tang LH, Zhoul SS, Chen YD, Yang YC, Lin SX. Stunting and soil-transmitted-helminth infections
among school-age pupils in rural areas of southern China. Parasites & Vectors 2010;3:1-6.

Awasthi S, Pande V K. Prevalence of malnutrition and intestinal parasites in preschool slum children in
Lucknow. /P 1997;34:599-605.

Raja’al YA, Mubarak JS. Intestinal parasitosis and nutritional status in schoolchildren of Sahara district,
Yemen. EMHJ 2006;12:5189-5194.

Maia MM, Fausto MA, Vieira EL, Benetton ML, Carneiro M. Intestinal parasitic infection and associated
risk factors, among children presenting at outpatient clinics in Manaus, Amazonas state, Brazil. Ann Trop
Med Parasitol 2009;103:583-591.

Kebede A, Verweij J, Dorigo-Zetsma W, Sanders E, Messele T, van Lieshout L, Petros B, Polderman T.
Over diagnosis of amoebiasis in the absence of Entamoeba histolytica among patients presenting with
diarrhoea in Wonji and Akaki, Ethiopia. Trans Royal Soc Trop Med Hyg 2003;97:305-307.



Chapter 4

Impact of hand-washing with soap and nail clipping
on intestinal parasitic infections in school-
aged children: a factorial randomized

controlled trial

Mahmud MA, Spigt M, Mulugeta Bezabih A, Lopez Pavon I, Dinant D-J, Blanco Velasco R
Submitted

49



Chapter 4

Abstract

Background

Intestinal parasitic infections are highly endemic among school-aged children in
resource-limited settings. Preventive measures that are sustainable with available
resources should be implemented to reduce the prevalence of infection. The aim of this
study was to assess the impact of hand-washing with soap and nail clipping on the
prevention of intestinal parasite re-infection.

Methods and findings

Three-hundred-sixty-seven parasite negative school-aged children (aged 6-15) were
randomly assigned to receive both, one or the other, or neither of the interventions in a
2x2 factorial design. Assignment sequence was concealed. Following six months follow-
up, stool samples were examined using direct, concentration, and Kato-Katz methods.
Haemoglobin levels were determined using a HemoCue spectrometer. Primary study
outcomes were prevalence of intestinal parasite re-infection and infection intensity.
Secondary outcome was anaemia prevalence. Analysis was by intention-to-treat.
Fourteen percent (95% Cl: 9% to 19%) of the children in the hand-washing with soap
intervention were re-infected versus 29% (95% Cl: 22% to 36%) in the control (Adjusted
odds ratio [AOR] 0.32, 95% Cl: 0.17 to 0.62). Similarly, 17% (95% Cl: 12% to 22%) of the
children in the nail clipping group were re-infected versus 26% (95% Cl: 20% t032%) in
the control (AOR 0.51, 95% Cl: 0.27 to 0.95). Significant reduction in arithmetic mean
egg per gram (epg) of stool was observed among children in the hand-washing with
soap and the nail clipping groups compared to the control group (p=0.005 and p=0.001,
respectively). Likewise, following intervention, 13% (95% Cl: 8% to 18%) of the children
in the hand-washing group were anemic versus 23% (95% Cl: 17% to 29%) in the control
(AOR 0.39, 95% ClI: 0.20 to 0.78). Prevalence of anaemia did not differ significantly
between children in the nail clipping group and those in the control group (AOR 0.53,
95% Cl: 0.27 to 1.04). The need for intensive follow-up and monitoring during this study
makes that we observed the benefits of the interventions under rather ideal
circumstances so possibly the effects are overestimated compared to usual conditions.

Conclusions

Hand-washing with soap at key times and weekly nail clipping decreased intestinal
parasite re-infection rates and mean egg loads. Further, the hand-washing intervention
significantly reduced the prevalence of anemia in the study population. The next
essential step should be implementing pragmatic studies and developing more effective
approaches to promote and implement hand-washing with soap and nail clipping at
larger scales.
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Introduction

IPIs are highly prevalent in the resource-limited regions of the world." School-aged
children are particularly susceptible to parasitic infections.”” Both protozoan and
helminthic infections correlate with unrecognized morbidities including growth deficits,
malnutrition and poor school performance.3 Furthermore, intestinal parasitic infections
are reported to be substantially linked with anemia in children. Intestinal parasitic
infections can decrease food and nutrient intake, cause intestinal blood losses and
induce red blood cells destruction by the spleen.*”

The current strategy to control intestinal worm infections is periodic treatment of
people at risk.® However, providing anthelminthic drugs systematically is difficult,” and
may increase potential drug resistance.’> Furthermore, drug therapy alone only
temporarily solves the problem, considering frequent re-infections in areas where IPIs
are highly endemic.”

To reduce the dependency on a ‘drug only’ approach and to enhance sustainability,
complementary measures should be implementedg'10 which sustainable with available
resources. Human hands are important vectors that carry disease-causing pathogens.11
Hand-washing is one of the most important interventions proven to effectively reduce
the incidence of infectious diseases." Hand-washing, especially with soap, has been
shown to be an effective diarrhoeal,”** and respiratory’*" diseases preventive
measure.

In contrast, very little information on the impact of hand-washing on IPls and anaemia

is available, and existing evidence for effective hand-washing is inconclusive.’® In

addition to unclean hands, dirty and untrimmed nails have been associated with high
. . . . . . 17,18 . .

parasite infection in observational studies. However, there is no evidence for a

potential beneficial effect of nail clipping on parasitic infections.

Since the faecal-oral route is the main dissemination pathway for parasitic infections, it
is reasonable to suggest that promotion of hand-washing with soap and hand nail
clipping may reduce both prevalence and intensity of intestinal parasite re-infections.
These interventions are simple and can be implemented in low-income settings. We
conducted a factorial randomised controlled trial to assess the impact of hand-washing
with soap and nail clipping on the prevalence of intestinal parasite re-infection,
infection intensity, and prevalence of anemia among school-aged children in rural areas
of Northern Ethiopia.
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Methods

Ethical considerations

Ethical clearance was obtained from the institutional Ethical Review Board of the
College of Health Sciences, Mekelle University, Ethiopia. All participants and/or their
guardians gave a written informed consent/assent for participation. Information sheets
were read to participants in local language (Tigrigna) with explanations about the
proposed home based activities. Children who were diagnosed positive for intestinal
parasitic infections at follow-up were treated with standard medication.*

Study design

A 2 x 2 factorial randomized trial was conducted in a rural area of Northern Ethiopia, to
evaluate the impact of hand-washing with soap and nail clipping on intestinal parasite
re-infection rates, infection intensity (as measured by arithmetic mean egg per gram of
stool, epg), and anaemia prevalence among school-aged children after a 6-month study
intervention period.

Setting and study population

A scattered rural community within the Demographic Health Surveillance (DHS) site
was selected based on the high prevalence of intestinal parasitic infections among
school children.™ A total of 216 households with at least one school-aged child (aged
6-15) were randomly selected using the DHS household census as a sampling frame. In
households with more than one school-aged child, two children were recruited
randomly and were given the same intervention, resulting in a total number of
369 children in the study population.

Eligible children were aged 6-15, screened negative for IPIs either at baseline or after
pre-trial anti-parasitic treatment, were planning to continue to reside in the same
house for the study period, and had an informed consent signed by their parents or
guardians. The exclusion criteria were a positive screen for IPIs after pre-trial treatment
and suffering from severe physical and mental disabilities.

Randomisation

Eligible children were randomly assigned to receive both, one or the other, or no
treatment interventions (Figure 4.1). One investigator who did not participate in
recruiting the study participants randomly allocated the interventions using a
computer-generated random numbers in pre-prepared sealed numbered envelopes. To
facilitate blinding, the study was explained as an assessment of intestinal parasitosis
among school-aged children, while the principal purpose of the trial was concealed.
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Assignment sequence was concealed from researchers recruiting the study participants
until after interventions were assigned. Laboratory personnel were blinded to group
assignments and to the assessment outcomes. Participating children and their families
were aware of the intervention they had received, but were blinded for the study
hypothesis and the intervention(s) given to the other study groups.

Procedure

Following acquisition of a signed informed consent, a series of parasitological screening
and treatment administration steps were carried out. Parasite-negative children were
randomly assigned to interventions of hand-washing with soap, nail clipping, both, or to
continue with existing habit and practices (Figure 4.1). All children were monitored for
six months from June to November, 2012.

Rural locality with high
prevalence of intestinal
parasitic infections

l

Eligible school-aged children
randomly selected and
enrolled (n=369)

|

Parasitological screening &
treatment (n=369)

Children diagnosed positive
following treatment
administration were excluded

4 (n=2)
Children confirmed negative for parasitic No child was excluded for the
infections were randomized (n=367) other exclusion criteria
¥ 4 v v
Children assigned to hand- Children assigned to nail Children assigned to receive Children assigned to the
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Figure 4.1  Trial profile, two-by-two factorial design.
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Interventions

Hand-washing with soap

A total of eight fieldworkers were recruited to implement the intervention. They
encouraged all individuals in the intervention household (who were old enough to
understand) to wash their hands with water and soap before meals, after defecation,
after playing on the ground, before preparing food, after cleaning an infant who had
defecated, before feeding infants, and any other time when their hands were unclean.
Initially, fieldworkers provided 2-4 bars of 120 g plain soap per household, depending
on size. Soap was regularly replaced throughout the study period. Soaps were
exclusively used for hand-washing as per the directives of the study.

Fieldworkers encouraged participants to wet their hands, lather them with soap, rub
hands together for 45 seconds, and rinse the lather off with running water. Hands were
dried with clean cloths prepared by the households. Children were instructed to hum a
song for the time needed to rub their hands. Fieldworkers visited intervention
households every week, for an average of 10-15 minutes each, to correct hand-washing
techniques and promote regular hand-washing with soap at key times. Compliance was
ascertained weekly by observing the size of the soap, the cleanliness of both hands, and
asking participants to demonstrate the hand-washing procedures.

Nail clipping

New nail clippers were provided for groups assigned to the nail clipping intervention.
Nail clipping was completed on a weekly basis by the fieldworkers. Nail clippers were
kept by the fieldworkers tagged with code numbers for each child in the intervention
groups for hygienic reasons, and clippers were replaced when necessary.

Control condition

Fieldworkers provided the control households with a regular monthly supply of sugar in
an effort to preserve willingness to participate, but they gave no products that were
expected to affect the hand-washing and nail clipping behaviour. They neither
encouraged nor discouraged hand-washing or nail clipping in control households, and
visited both control and intervention households with equal frequency. Control
households were frequently checked for the presence of soap for hand-washing and
nail clippers during the weekly visits to check for contamination of the study.

Outcome measures

The trial was stopped following six months follow-up. The main outcome measures of
our study were reduction in the prevalence of intestinal parasite re-infection rates and
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egg counts among the intervention group. The secondary outcome measure was
reduction in anaemia prevalence.

Sociodemographic data collection

Two separate structured questionnaires (child and household) were administered by
the investigators in a local language during recruitment, which took place in April and
May 2012, to generate information on the demographic, together with personal
hygiene and sanitation behaviours.

Parasitological examination

Following intervention, fresh stool specimens of approximately 10 g were collected on
the spot from all study subjects. Children were brought to the school where our lab was
established, and provided with a clean labelled plastic screw-top container for sample
collection, a plastics sheet to catch the stool in the toilet, and an applicator stick to
transfer the sample. Stool specimens were analysed by well-trained blinded laboratory
personnel using direct saline wet mount, formalin ethyl-acetate concentration
techniquezo, and the Kato-Katz technique (thick smear 41.7mg).21 Duplicate slides were
prepared for each stool specimen and for each of the techniques used. For the Kato
preparations, averages were taken whenever differences in the counts were observed.
Specimens were immediately processed and the Kato and wet mount preparations
were analysed within 30 minutes to detect hookworm eggs and protozoan trophozoites
(Entamoeba histolytica/Entamoeba dispar and Giardia lamblia, respectively). The
remaining stool specimens were kept in 10% formalin and were examined using the
concentration method within two hours after collection. Kato preparations were re-
examined after 72 hours for the detection of helminth ova. A child was classified as re-
infected if an infection was detected by any methods used.

The number of eggs per gram (epg) of stool was calculated using a conversion factor of
24 provided with the kit (Vestegraard Frandsen group, Denmark) by counting the
number of eggs helminth parasites detected on each slide. Ten percent aliquots of stool
smear samples were re-examined for quality control purposes.

Haemoglobin survey

At baseline and 6-months follow-up points, haemoglobin concentration was
determined in finger prick blood using a HemoCue analyzer (HemoCue Hb 201z,
Sweden).”” Two microcuvette preparations were analyzed from a single blood
specimen. The final measure was the mean of these two measurements. Technicians
collecting and analyzing blood samples were trained for one day on machine operation
before the actual data collection. Machines were checked on a daily basis using the
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reference microcuvettes as indicated by the manufacturer. Haemoglobin readings were
adjusted for altitude, and anemia was defined for respective age and gender groups
based on the World Health Organization cut-off values.”

Data analysis

The primary hypothesis of the study was that hand-washing with soap and nail clipping
would significantly reduce the prevalence of intestinal parasite re-infection rates and
faecal egg counts. Participants were analysed according to their randomised group
allocation, consistent with intention-to-treat analysis.

We calculated a sample size of 216 households using the formula for comparison of
proportion of successes,24 which were evenly allocated into intervention and control
groups. The required sample size was calculated based on the assumptions of a
prevalence of 72%,"® a minimum detectable difference of 20%, a power of 80%, a
significance level of 0.05, and 20% drop-out. Sample size calculation was performed
with an assumption of no interaction between the two factors. Separate sample size
calculations were carried out based on target effect sizes for each of the intervention
and the larger sample size was taken as the trial sample size to enable the trial to be
powered to detect the main effects of each intervention.

Statistical analysis was conducted using Stata 13.1. Our analysis first focused on the
main effects of the interventions, as is customary for studies with factorial designs, but
the effects were also analysed for the four groups separately. Following the main effect
analysis, effect modification was investigated by adding an interaction term to the
regression models. Multilevel logistic regression models were used to investigate the
efficacy of the interventions in reducing intestinal parasite re-infection rates and
anaemia prevalence by odds ratios (ORs) and 95% confidence interval (Cl). The main
effects analysis included both factors (hand-washing with soap and nail clipping) in the
same additive model. The main effects were adjusted for child gender, age, drinking
water source, latrine use, baseline hand-washing with soap and nail hygiene, parasite at
baseline and the other factor in the additive model. For the secondary outcome, the
effect was adjusted for gender, age, water source, latrine use, anaemia at baseline,
hand-washing at baseline, nail hygiene at baseline and the other factor in the additive
model. Difference in arithmetic mean for the main egg counts was analysed using
multilevel linear regression models. The statistical significance was set at p<0.05.
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Results

Of the 369 school-aged children selected for the study, two were excluded before
randomization and another two children were lost-to-follow up due to change in
residential area (Figure 4.1). Boys accounted for 41% (n=150) of the study participants
and the mean age was 10 years (SD=2.6). At baseline, children in the four intervention
groups were similar in terms of age and sex distribution, and in their personal hygiene
and sanitation practices (Table 4.1). Households had a mean of 5.9 members (SD=2.0).
During the study, households assigned to hand-washing intervention received an
average of 1.5 bars of 120 g of soap per week; thus, about 4.4 g of soap was used per
person in the intervention group per day. Throughout the course of the follow-up no
soap for hand-washing and nail clippers were observed in the control households.

Table 4.1 Base line demographic and hygiene characteristics by intervention group (n=367).

Intervention and control groups

Hand-washing  Finger nail Hand-washing with soap  Control
Baseline characteristics Overall with soap clipping and nail clipping
(n=367) (n=91) (n=95) (n=94) (n=87)
n (%) n (%) n (%) n (%) n (%)
Gender
Male 150 (41) 38 (41) 39 (41) 38 (40) 35 (40)
Female 217 (59) 53 (59) 56 (59) 56 (60) 52 (60)
Age
6-9 161 (44) 40 (44) 42 (44) 41 (44) 38 (44)
10-15 206 (56) 51 (56) 53 (56) 53 (56) 49 (56)
Hand-washing with soap
Yes 46 (13) 14 (15) 13(14) 9 (10) 10 (11)
No 321 (87) 77 (85) 82 (86) 85 (90) 77 (89)
Hand-washing before mealt
Yes 350 (95) 86 (95) 92 (97) 89 (95) 83 (95)
No 17 (5) 5(5) 3(3) 5(5) 4(5)
Hand-washing after defecationt
Yes 50 (14) 11 (12) 13 (14) 14 (15) 12 (14)
No 317 (86) 80 (88) 82 (86) 80 (85) 75 (86)
Nail hygiene
Trimmed 90 (25) 25 (27) 22 (23) 25 (27) 18 (21)
Untrimmed 277 (75) 66 (73) 73 (77) 69 (73) 69 (79)
Drinking water source
Pipe 83 (23) 16 (18) 15 (16) 22 (23) 32(37)
Hand pump 239 (65) 64 (70) 64 (67) 60 (64) 48 (55)
Wells and streams 45 (12) 11 (12) 16 (17) 12 (13) 7 (8)
Latrine use
Yes 140 (38) 39 (43) 35(37) 31(33) 35 (40)
No 227 (62) 52 (57) 60 (63) 63 (67) 52 (60)

¥ using water only; T both water only and water and soap
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Main outcome

Table 4.2 describes the descriptive and multivariate regression analysis results for the
main outcome. The interaction between the interventions was investigated as
secondary analysis and was found to be not significant (p=0.069). After six months
follow-up, 14% (95% Cl: 9% to 19%) of the children received hand-washing with soap
intervention were re-infected compared to 29% (95% Cl: 22% to 36%) of the children in
the control group (AOR 0.32, 95% Cl: 0.17 to 0.62). Similarly, 17% (95% Cl: 12% to 22%)
of the children in the nail clipping group were re-infected, compared to 26% (95% Cl:
20% to 32%) in the control group (AOR 0.51, 95% Cl: 0.27 to 0.95).

Table 4.2 Intestinal parasite re-infection rates at six months follow-up (n=367).

Finger nail clipping
Yes No Margin

Yes 14% 14% 14%
(13 out of 94 children) (13 out of 91 children) (26 out of 185 children)
OR0.24 (C10.10t0 0.55) ORO0.25(CI0.11t0 0.57) OR0.36 (CI 0.20 to 0.66)
AOR 0.19 (C1 0.08 t0 0.48) AOR 0.19 (Cl 0.08 to 0.47) AOR 0.32 (Cl 0.17 to 0.62)

No 21% 38% 29%
Hand-washing (20 out of 95 children) (33 out of 87 children) (53 out of 182 children)
with soap OR 0.42 (C10.20 to 0.88)
AOR 0.32 (C10.14t0 0.73) OR 1 (Ref) OR 1 (Ref)
Margin  17% 26%

(33 out of 189 children) (46 out of 178 children)
OR0.54 (C10.33t0 1.03)  OR1 (Ref)
AOR 0.51 (C1 0.27 to 0.95)

ORs (crude odds ratios) and AORs (Adjusted odds ratios) are comparisons for the intervention with the
control. AORs are adjusted for gender, age, drinking water source, latrine use, parasite at baseline, hand-
washing with soap at baseline, nail clipping at baseline and the other factor in the additive model. Interaction
between the interventions in the adjusted model was not significant, p=0.069.

The arithmetic mean number of eggs for the children in the hand-washing group was
4.1 (SD=16.3) versus 11.8 (SD=35.1) in the control group. This difference was
statistically significant with an adjusted arithmetic mean difference between the groups
of 7.86 and a p-value of 0.005. Similarly, a significant difference in the arithmetic mean
egg counts was observed in children in the nail clipping group 3.4 (SD=15.0) and the
control group 12.6 (SD=35.7), with an adjusted arithmetic mean difference of 9.10 and
a p-value of 0.001. Also in this case the interaction between both interventions was not
significant (p=0.069).

Secondary outcome

Descriptive and multivariate logistic regression analysis results for the secondary
outcome are described in Table 4.3. The interaction between the interventions was
found to be not significant (p=0.814). At the end of the trial, 13% (95% Cl: 8% to 18%) of
the children in the hand-washing intervention were anaemic compared to 23% (95% Cl:
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17% to 29%) in the control group (AOR 0.39, 95% Cl: 0.20 to 0.78). Similarly, 14% (95%
Cl: 10% to 18%) children in the nail clipping intervention were anemic compared to 21%
(95% Cl: 17% to 25%) in the control group, however, the observed difference was not
statistically significant (AOR 0.53, 95% Cl: 0.27 to 1.04).

Table 4.3 Anaemia prevalence at six months follow-up (n=367).

Finger nail clipping

Yes No Margin
Yes 12% 14% 13%
(11 out of 94 children) (13 out of 91 children) (24 out of 185 children)

OR 0.22 (C1 0.08 to 0.58) OR0.38(Cl0.16t00.92) OR0.40 (Cl 0.21 to 0.78)
AOR0.21 (C10.08t00.58) AOR0.37(Cl0.15t00.91) AOR0.39 (Cl0.20to 0.78)

No 17% 29% 23%
Hand-washing (16 out of 95 children) (25 out of 87 children) (41 out of 182 children)
with soap OR0.51 (CI 0.22 to 1.20)
AOR0.49 (C10.21t01.19) OR1 (Ref) OR 1 (Ref)
Margin  14% 21%

(27 out of 189 children) (38 out of 178 children)
OR0.59 (C1 0.33 t0 1.03) OR 1 (Ref)
AOR 0.53 (CI 0.27 to 1.04)

ORs (crude odds ratios) and AORs (Adjusted odds ratios) are comparisons for the intervention with the
control. AORs are adjusted for gender, age, drinking water source, latrine use, baseline hand-washing with
soap, nail hygiene at baseline and the other factor in the additive model. The interaction between the
interventions in the adjusted model was not significant, p=0.814.

Discussion

The purpose of this trial was to evaluate the impact of two simple public health
interventions (hand-washing with soap and finger nail clipping) on the risk of intestinal
parasite re-infection, infection load, and anaemia among school-aged children.

Our six-month hand-washing with soap and weekly nail clipping interventions
demonstrated a significant reduction in intestinal parasite re-infection rates and the
size of worm burden acquired after a successful treatment. Children who received
hand-washing with soap at critical times were 68% less likely to be re-infected by
intestinal parasitic infections than children left to continue with existing habit and
practice. Similarly, children who cut their nails on a weekly basis were 49% less likely to
be re-infected by intestinal parasitic infections than the control group. Furthermore,
children who received hand-washing with soap were 61% less likely to be anaemic than
children in the control group.

Several observational studies indicated the impact of hand-washing on the prevention
of IP1s.*?® A case-control study from Vietnam demonstrated a significant reduction in
the risk of E. histolytica infection among individuals who frequently washed their hands
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with soap.”’ A longitudinal cohort study by Monse and his colleagues,®® also
demonstrated decreased re-infection rates with soil-transmitted helminthes (STH)
among school children who washed their hands with soap. However, most studies did
not take into account whether soap was effectively used. They used self-reported hand-
washing behaviour as their exposure measure - a major methodological weakness that
was addressed in the present study. Furthermore, to our knowledge, there have been
no randomized control trials conducted to address the causal impact of hand-washing
with soap and nail clipping on IPIs, worm infection intensity and anaemia.

Significant reductions in the prevalence of anemia among children were reported from
an interventional study that integrated hand-washing and dietary modification
interventions.” The confounding effects of the deworming and dietary modification
among the intervention group may result in difficulty in identifying the component
responsible for the reported improvements. Further, the studies were not designed to
allow causal inference.

In addition to the immediate benefits of improving the health of children, proper hand-
washing with soap and weekly trimming of the fingernails can lead to a reduction in the
distribution of infective parasites from faeces that result in the contamination of the
environment and hence, can reduce infection transmission in the community.s’30 In
helmenthiasis, the intensity of infection is of epidemiological importance as it is the
central determinant of transmission dynamics and morbidity.”*"** The observed
reduction of the overall worm burden following enhanced hand hygiene interventions
would probably contribute to the overall reduction of transmission and sustain gains in
the long term. To confirm this hypothesis, pragmatic trials involving a larger community
than those who received the intervention is needed. Interventions involving hand-
washing are also documented to have a lasting pedagogical effect by decreasing
infectious illness and hence decreasing school absenteeism.*®

Strength and weaknesses

Our study demonstrated causal relationships between hand hygiene and infection, and
anaemia among school-aged children. Although our data showed that hand-washing
and nail clipping were efficacious, our trial included intense follow-up and monitoring
involving high human resource investment. The long-established habitual and culturally
embedded practices on personal hygiene and sanitation among children and
households might require additional methods that would enhance behavioural changes
and hence would make large scale implementations of such interventions more
expensive. Furthermore, as any other efficacy study, intervention benefits were
assessed under specific conditions and hence might limit the generalizability of the
results and overestimate the intervention effects when implemented under usual
circumstances.
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Since labour is relatively cheap in Ethiopia and other low income countries, national
campaigns might be organised to implement hand-washing with soap at key times and
weekly nail clipping through house to house education. Additionally, hand-washing and
nail clipping interventions could be integrated into existing community health
programmes (for example, the Health Extension Program, Demographic Surveillance
Sites, and Health Development Army network) in the country that reach inaccessible
impoverished populations through house-to-house visits as their outreach activities.
The next essential step should focus on implementing pragmatic studies that
investigate the performance of the interventions under circumstances that more
closely approach the real and usual conditions and developing additional more effective
approaches to promote hand-washing with soap and nail clipping at larger scale.

Conclusion

Our data showed that regular hand-washing with soap and nail clipping are efficacious
in preventing intestinal parasitic re-infections and reducing infection intensity, and
thereby deliver health benefits to school-aged children at risk. Proper hand-washing
and weekly nail clipping may be considered for widespread implementation as a public
health measure across societies of resource-limited regions to reduce transmission of
IPls.
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Abstract

Background

In marginalised settings, under-nutrition and illnesses due to infectious agents create a
vicious circle. Children are especially vulnerable to the deleterious effects of infection,
anaemia and diarrhoea. Our aims have been to assess the pattern of associations
between intestinal parasitic infections (IPls), anaemia, and diarrhoea among school-
aged children; to asses baseline predictors for IPls, anaemia and thinness; and to
explore the impact of hand-washing and nail clipping across children with different
baseline demographic and disease characteristics.

Methods

The study was part of a factorial randomised controlled trial where the impact of hand
hygiene interventions on intestinal parasite re-infection was assessed with a follow-up
period of six months. Associations between IPIs, anaemia and diarrhoea, and baseline
predictors for infection and anaemia were analysed using binary and multiple logistic
regression models with odds ratios (OR) and 95% confidence intervals (Cl).
Furthermore, impact of hand-washing with soap and nail clipping on the primary end
point (intestinal parasite re-infection rates) was analysed across children with different
backgrounds, using logistic regression models. Possible moderating effect of each
baseline variable on the effect of the interventions was identified by adding interaction
terms to the regression models.

Results

Children with IPIs had a much higher chance of also being anaemic (OR 2.09, 95% Cl:
1.15 to 3.80), having diarrhoea (OR 2.83, 95% Cl: 1.57 to 5.09), and vice versa. Anaemia
and diarrhoea were very strongly related (OR 9.62, 95% Cl: 5.18 to 17.85), meaning that
children with diarrhoea had a very high chance of also having anaemia, and vice versa.
Our analysis on baseline predictors for IPls, anaemia, and thinness revealed no relevant
trend of associations. Anaemia seemed more common in younger children (6-9 years)
(OR 1.82, 95% Cl: 1.13 to 2.93). The presence of pre-intervention IPls was statistically
associated with post-intervention parasites (OR 1.98, 95% Cl: 1.19 to 3.28). Similarly,
the presence of pre-intervention anaemia was also associated with post-intervention
parasites (OR 2.08, 95% Cl: 1.23 to 3.51). Overall, hand-washing with soap at key times
and weekly nail clipping were efficacious in preventing intestinal parasite re-infection
among children despite the differences in their baseline demographic characteristics.

Conclusions

Intestinal parasitosis, anaemia and diarrhoea were independently associated among
school-aged children. Hand-washing with soap at key times and weekly nail clipping
were efficacious in reducing intestinal parasite re-infection rates across the children
regardless of their baseline demographic differences.
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Introduction

In resource-poor settings, under-nutrition and illnesses due to infectious diseases are
highly prevalent and closely interlinked. Nutritional deficiencies predispose people to
infection, and infections lead to nutritional deficiencies which further reduce resistance
to new infections.” Children are especially susceptible to the deleterious effects of
under-nutrition® and infections’ in developing settings.

In Ethiopia, similar to many developing countries, IPIs®” and anaemia®® are common
among school-aged children. This suggests that school-aged children in Ethiopia may be
vulnerable to the cyclical ill-effects of anaemia and illnesses due to parasitic infections.
However, there is insufficient evidence regarding the associations of IPIs, anaemia and
diarrhoea among these population groups in the country.

Remarkable heterogeneity is documented in the distribution patterns of IPIs.? Several
demographiclo, socioeconomic'!, and environmental® factors influence the distribution
patterns of IPIs within a community. These factors can create different distributions of
susceptibility to re-infection by IPIs among a population, and hence, different groups of
children may be at different risks of parasitic re-infection.

A randomised controlled trial (described in Chapter 4) revealed a significant impact of
regular hand-washing with soap on the prevention of parasitic re-infection and
anaemia among children. It is unknown if certain characteristics of the children also
determined the effects of hand-washing. One could imagine, for example, that in areas
where parasites are distributed by polluted water, that hand-washing would not be
effective in preventing parasitic infections. We set out to explore if the effect of hand-
washing and nail clipping interventions in Chapter 4 was similar across the study
population despite their different characteristics.

Description of the trial

A total of 216 households with at least one school-aged child (aged 6-15 years) were
randomly selected from the Demographic Health Surveillance (DHS) site of the College
of Health Sciences of Mekelle University. When the selected household had more than
one child in the age group, two children were recruited randomly and given the same
intervention. Overall, the study population comprised 369 apparently healthy school-
aged children.

Prior to group allocation and implementation of the interventions, children were
screened for intestinal parasitosis. Parasitological analysis using direct, formalin ethyl-
acetate concentration technique™ and the Kato-Katz technique'® was carried out. If
children were screened positive, treatment was administered.” Children screened
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negative for intestinal parasitosis, following treatment administration, were recruited
and randomly assigned to the different intervention and control groups.

An official not involved in recruiting study participants prepared sealed and numbered
randomisation envelopes at the study centre using computer generated random
numbers, and randomly assigned the study participants to the treatment and control
groups. Assignment sequence was concealed until interventions were assigned. Field
workers analysing the stool specimens, taking anthropometric and haemoglobin
measurements, and registering diarrhoeal incidence were blinded to group assignments
and to the assessment outcomes.

Interventions

Hand-washing with soap

The detailed procedures for the trial have been described in Chapter 4. Briefly, plain
soaps were provided and study households were encouraged to wash their hands at
key times. Fieldworkers visited intervention households at least once a week to
promote regular hand-washing habits. Each enrolled participant was instructed on the
procedures of hand-washing with soap and the time needed to rub hands with the
lather (45 seconds).

Finger nail clipping

New nail clippers were provided for each child and nail clipping was performed by the
field workers on weekly basis. Nail clippers were kept by the field workers and tagged
with code numbers for each child. Nail clippers were replaced when necessary
throughout the study period.

Control condition

Children in the control group were neither encouraged nor discouraged to wash their
hands or cut their finger nails. Control children were visited with equal frequency.

Data collection

Baseline factors

At the beginning of the trial, structured questionnaires (both for child and household)
were administered by the investigators in a local language to generate relevant
baseline data. Basic sociodemographic and disease-related variables were selected to
assess for known risk factors for intestinal parasitosis.w'20 Baseline variables covered
two domains: (1) sociodemographic, which included age, gender, drinking water
source, latrine use, house ownership, maternal age, education, and family size; and
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(2) data on history of parasitic infections, anaemia and Body-Mass-Index (BMI)-for-age
(thinness).

Parasitological analysis

Following six months follow-up, fresh stool specimens were collected from the study
subjects. Stool specimens were analysed using direct saline wet mount, formalin ethyl-
acetate concentration technique™ and the Kato-Katz technique.14 A child was classified
as re-infected if an infection was detected by any methods used. Sub-samples of stool
smears, comprising 10% of the total, were re-examined for quality control purposes.

Anaemia

Baseline and six-month haemoglobin levels were determined by finger prick blood
using a HemoCue analyser (HemoCue Hb 201z, Sweden).”* Haemoglobin readings were
adjusted for altitude, and anaemia was defined for respective age and gender groups
based on WHO cut-off values.”

Diarrhoea incidence

Data on self-reported diarrhoeal episodes were collected using a separate
questionnaire on a weekly basis during the study period. Diarrhoea was defined as the

. . 23 N .
passage of three or more loose or liquid stools per day.” Presence of diarrhoea in the
week was determined through information gathered from either the parents or the
child.

Anthropometry

Anthropometric measurements were taken at the start and the end of the follow-up in
duplicate, by two independent, trained and blinded data collectors. The average of the
two measurements was recorded. Portable weight scales and locally made
stadiometers with a sliding headpiece were used to measure weight (to the nearest
0.1 kg) and height (to the nearest 0.1 cm), respectively. Each child was weighed with
minimal clothing and barefooted. The weighing scales were calibrated using standard
calibration weights of 5 kg iron bars. Height measurements were taken with children
faced forwards, barefooted with feet flat and together on the centre of the base with
their heels and back against the rod. Anthropometric measurements were converted
into BMI-for-age Z scores using WHO AnthroPlus software, version 1.0.4 (WHO Anthro
2007, WHO, Geneva, Switzerland). Children below -2Z scores for BMI-for-age were
classified as thin.
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Statistical analysis

Statistical analysis was completed using SPSS for Windows version 16.0 (Chicago, USA).
Associations between post-intervention IPls, anaemia, and diarrhoea; and baseline
predictors for infection and anaemia were analysed using binary and multivariate
logistic regression models by odds ratios (OR) and 95% confidence intervals (Cl). The
impact of hand-washing with soap and nail clipping on the primary end point (intestinal
parasite re-infection rates) was analysed across children with different backgrounds
using logistic regression models. Stratifications included baseline demographics (child
age, gender, latrine use, maternal education, maternal age, family size, family drinking
water source, and living house ownership) and pre-existing disease characteristics (IPls,
anaemia, and thinness). Possible moderating effects of each baseline variable on the
effect of intervention were identified by adding interaction terms to the regression
model.** For all analyses, alpha was set at 0.05 levels for statistical significance.

Ethical considerations

The study protocol and informed consent procedure for the initial randomised
controlled trial was approved by the Institutional Review Board of the College of Health
Sciences, Mekelle University, Ethiopia. Informed consent was obtained from each
child’s parents and/or guardians. Children diagnosed positive for IPls at follow-up were
treated with standard medication,15 and children with anaemia and/or diarrhoea were
sent to the health facilities for further medical attention.

Results

Baseline characteristics and the trial profile of the original project have been described
previously (Chapter 4). Briefly, 365 (99%) children were analysed for six-month follow-
up. Boys comprised 41% (n=150) of the study participants and mean age was 10
(SD=2.6) years. Following 6 months follow-up, 21 % (95% Cl: 17% to 25%) of the
children were re-infected with intestinal parasites, 18% (95% Cl: 14% to 22%) of the
children were anaemic and 17% (95% Cl: 13% to 21%) had diarrhoea.

Associations between intestinal parasitosis, diarrhoea, and anaemia

Table 5.1 describes the multivariate logistic regression analysis results of the
associations between intestinal parasitosis, anaemia, and diarrhoea. Effects were
adjusted for each intervention. Current intestinal parasitosis, a history of diarrhoea in
the previous week, and current anaemia were independently associated. IPIs were
significantly associated with anaemia (OR 2.09, 95% Cl: 1.15 to 3.80) and diarrhoea (OR
2.83, 95% Cl: 1.57 to 5.09), and vice versa. Anaemia and diarrhoea were also strongly
related (OR 9.62, 95% Cl: 5.18 to 17.85), meaning that children with diarrhoea had a
very high chance of also having anaemia, and vice versa.
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Table 5.1 Associations between intestinal parasitic infections, anaemia and diarrhoea among school-aged
children, Ethiopia (n=365).

Post-intervention out-come variables

IPI Anaemia Diarrhoea
Post-intervention AOR (Cl) AOR (Cl) AOR (Cl)
out-come variables
. 2.09 (1.15 to 3.80)* 2.83 (1.57 to 5.09)*
Anaemia 2.09 (1.15to0 3.80)* - 9.62 (5.18 to 17.85)*
Diarrhoea 2.83 (1.57 to 5.09)* 9.62 (5.18t0 17.85)* -

* statistically significant at 0.05. CI=95% confidence interval. AOR=adjusted odds ratio as computed by the
logistic regression model. IPI=intestinal parasitic infection.

Predictors of IPls, anaemia and thinness

Multivariate logistic regression analysis results for baseline predictors are shown in
Table 5.2. Some variables were associated with having IPls in the direction that would
be expected, such as a positive association of having parasites when the household did
not have a latrine, or when the mother was older or illiterate. However, most
associations were not strong enough to reach statistical significance. The presence of
pre-intervention IPls and anaemia was significantly associated with post-intervention
parasitic infections (OR 1.98, 95% Cl: 1.19 to 3.28, and OR 2.08, 95% Cl: 1.23 to 3.51,
respectively). Anaemia seemed more common in younger children (6-9 years) (OR 1.82,
95% Cl: 1.13, 2.93), but other variables did not show a clear pattern. We found no clear
associations for low BMI.

Impact of hand-washing and nail clipping among children with different
baseline demographic and disease background

As reported in Chapter 4, both hand-washing with soap (AOR 0.32, 95% Cl: 0.20 to 0.62,
p=0.001) and weekly finger nail clipping (AOR 0.51, 95% Cl: 0.27 to 0.95, p=0.035)
interventions had a significant impact in reducing the prevalence of intestinal parasite
re-infection among the study participants.

In this study, we explored if these impacts were similar across children with different
demographic and disease backgrounds. Overall, interventions seem equally efficacious
among children regardless of age, gender, drinking water source, latrine use, mother’s
age, mother’s education, family size, house ownership, and history of intestinal
parasitosis, anaemia and thinness at baseline (Table 5.3). The impact of hand-washing
was similar for the whole group and for children who had IPIs at baseline, but the effect
significantly increased in children who were parasite-free at baseline (OR 0.48 vs. OR
0.31, p=0.048). The effects of hand-washing and nail clipping were higher for children
whose drinking water sources were wells and streams compared to those who used
pipeline and boreholes, but the effects were not statistically significant (OR 0.44 vs. OR
0.08, p=0.134 and OR 0.68 vs. OR 0.09, p=0.053; respectively).
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Table 5.3 Impact of hand-washing and nail clipping on parasite re-infection rates across children with

different baseline demographic and disease characteristics (n=365).

Hand-washing vs. control Nail clipping vs. control

Subgroup Subgroup Subgroup Subgroup

N (%) N (%) N (%) N (%)

AOR (Cl)' AOR (cl)' AOR (cl)' AOR (Cl)'

p-value p-value

Male Female Male Female

150 (41%) 215 (49%) 150 (41%) 215 (49%)
Gender

0.41(0.17, 0.97) 0.39 (0.20, 0.75) 0.34 (0.14, 0.82) 0.79 (0.41, 1.51)

0.923 0.131

6-9 years 10-15 years 6-9 years 10-15 years

208 (57%) 157 (43%) 208 (57%) 157 (43%)
Age 0.30(0.13, 0.66) 0.50 (0.25, 1.01) 0.50 (0.23, 1.09) 0.66 (0.33, 1.31)

0.338 0.604

Pipeline & borehole Wells & streams Pipeline & borehole  Wells & streams
Water 321 (88%) 44 (12%) 321 (88%) 44 (12%)
source 0.44 (0.25, 0.76) 0.08 (0.01, 0.68) 0.68 (0.39, 1.17) 0.09 (0.13, 0.64)

0.134 0.053

Yes No Yes No

139 (38%) 226 (62%) 139 (38%) 226 (62%)
Latrine use  0.33(0.13,0.81) 0.44 (0.23,0.84) 0.48 (0.20, 1.19) 0.61(0.32,1.16)

0.744 0.791

Literate Illiterate Literate Illiterate

161 (44%) 204 (56%) 161 (44%) 204 (56%)
Mother 0.58 (0.26, 1.30) 0.28 (0.14, 0.58) 0.83 (0.37, 1.85) 0.42 (0.21, 0.84)
education  0.198 0.207

<35 >35 <35 >35

193 (53%) 172 (47%) 193 (53%) 172 (47%)
Maternal 0.22 (0.09, 0.51) 0.58 (0.28,1.22) 0.58 (0.21, 1.58) 0.71(0.25, 2.02)
age 0.085 0.787
Family size <6 members > 6 members <6 members > 6 members

208 (57%) 157(43%) 208 (57%) 157(43%)

0.27 (0.13, 0.54) 0.69 (0.31, 1.55) 0.60 (0.30, 1.17) 0.53(0.23, 1.20)

0.082 0.814

Yes No Yes No
House 307(84%) 58 (16%) 307(84%) 58 (16%)
ownership  0.45 (0.26, 0.79) 0.17 (0.03, 0.88) 0.71 (0.40, 1.24) 0.19 (0.05, 0.77)

0.661 0.386

Yes No Yes No
Baseline 146 (40%) 219 (60%) 146 (40%) 219 (60%)
parasitic 0.48 (0.23,1.01) 0.31(0.14, 0.67) 0.44 (0.20, 0.97) 0.69 (0.34, 1.43)
infection 0.048* 0.696
status

Yes No Yes No
Baseline 106 (29%) 259 (71%) 106 (29%) 259 (71%)
anaemia 0.59 (0.25, 1.39) 0.32 (0.16, 0.64) 0.54 (0.23, 1.26) 0.60 (0.31, 1.15)
status 0.577 0.366

Thin Normal Thin Normal
Baseline 150 (41%) 215 (59%) 150 (41%) 215 (59%)
BMI-for- 0.330.15, 0.75) 0.45 (0.23,0.91) 0.44 (0.20, 0.97) 0.71(0.36, 1.42)
age 0.577 0.366

TAdjusted for each intervention for the other one. CI=95% Confidence Interval. * Statistically significant at

0.05. AOR=Adjusted Odds Ratio.
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Discussion

Findings of the present study demonstrate a clear relationship between IPls, anaemia
and diarrhoea among children. Children with IPIs had a much higher chance of also
being anaemic and having diarrhoea. Anaemia and diarrhoea were also very strongly
related, as children with diarrhoea had a very high chance of also having anaemia, and
vice versa. Overall, our analysis for baseline predictors did not show a clear pattern.
Most associations were not strong enough to reach statistical significance. The effects
of hand-washing with soap and nail clipping on reducing intestinal parasite re-infection
were independent of demographic differences among the children.

Associations observed between anaemia and IPIs in our data concord with other
studies that showed IPIs to be substantially linked with anaemia in children.”>? IPIs can
decrease food and nutrient intake, cause intestinal blood losses, induce red blood cell
destruction by the spleen, and induce autoimmune reactions leading to chronic
inflammation.”””® These effects may have accounted for the considerable proportion of
anaemia observed among the children infected with intestinal parasites.

Although in most instances IPIs are asymptomatic, they may also cause diarrhoea.” IPIs
can induce diarrhoea by increasing small intestine motility while reducing its digestive
and absorptive capacities.’® Our finding that diarrhoea may contribute substantially to
anaemia among children was also consistent with other reports from developing
settings.31 Diarrhoeal diseases are reported to be associated with an increased
production of cytokines, interleukin 6 and tumour necrosis factor alpha.32 These
cytokines are indicated to play a significant role in causing anaemia.”! Repeated
episodes of diarrhoea in children are also reported to lead to decreased nutrient
absorption, due to injury of the small intestine mucosa.>®

In our data, anaemia was also an independent risk factor for both IPIs and diarrhoea. In
agreement with our findings, Levy et al., (2005) have reported that anaemia increases
rates of infection in children. Furthermore, reports from several studies have indicated
that anaemia can predispose people to infections by lowering host immunity.35'36
general, our findings strengthen the well-established notion that infection and
malnutrition are intricately linked."*"®

In

No relevant trend of associations was observed between baseline demographics and
the baseline and follow-up disease outcomes. Except for few instances, we did not find
any of the measured demographic characteristics to be predictive of IPIs and
malnutrition at follow-up. It is intriguing that history of anaemia did not predict risk of
IPIs at baseline, yet it predicts risk at follow-up. To verify this finding, we double-
checked the original laboratory results, the coding, and recordings in our data and
found no errors. Parasitic infections cause long-term chronic infections by actively
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modulating their host’s immune response.39 Treatment of IPIs during the recruitment
phase of the present study might have altered the established long-term mutual
immune balance.® Any infection during the follow-up is a new infection that might
induce immune reactions leading to chronic inflammation, blood loss, and red blood
cell destruction.”?>*! This might have aggravated the severity of anaemia, among the
already anaemic children and hence rendering them more prone to IPIs during follow-
up.34

The observed significant preventive impact of hand-washing and nail clipping on
intestinal parasite re-infection rates made us curious to explore whether the
intervention effect noted in the whole cohort was homogenous across children with
different backgrounds. Hand-washing with soap and nail clipping interventions
consistently favoured reduction of intestinal parasite re-infection rates across each sub-
group analysed. A significant difference in the effect of hand-washing was observed
only for baseline parasitic infection status. Based on our data, it is possible to suggest
that benefit from the interventions is likely to be more universal among the study
groups. The observed increased benefit of hand-washing among children who were
parasite-free at baseline should be interpreted with caution, although analyses were
based on formal tests of interaction. Children were made parasite-free at recruitment
and this might have affected our analysis at follow-up. The difference in effect for hand-
washing and nail clipping between children who use pipeline and borehole water
sources and those using wells and streams is quite large, but not significant because of
the small number of children who use wells and streams.

Our data was based on a randomised controlled trial and our analysis was robust,
where we used appropriate statistical methods for assessing heterogeneity of
intervention effects among the levels of baseline with a statistical test for interaction.
Further, the study design has enabled us to make an inference on the relationship
between IPIs, anaemia and diarrhoea. However, the following limitation should be
considered when interpreting the results of the present study: the study was powered
to determine the overall effect of the interventions in the original randomised
controlled trial. Our subgroup analyses might hence be underpowered to detect
subgroup effects, unless the differences in treatment effects between subgroups would
have been very large.

In conclusion, our findings emphasise that hand-washing with soap and nail clipping
were efficacious in preventing intestinal parasite re-infection despite baseline
differences and hence can be universally used as infection prevention interventions
among school-aged children. Furthermore, intestinal parasitosis, anaemia and
diarrhoea were independently associated. We urge for a holistic and integrated
approach to break the vicious cycle of infection and malnutrition for the long-term
health benefits of this population.
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Chapter 6

Introduction

The studies presented in this thesis addressed three major issues. Initially, we
investigated the prevalence and associated factors predicting intestinal parasitosis and
under-nutrition among adult HIV/AIDS patients and school children. Data from the
cross-sectional studies enabled us to determine the magnitude of the problem among
these populations and provided the basis for research questions addressed in the
subsequent studies. Second, we assessed the impact of simple hand hygiene
interventions (hand-washing with soap at key times and weekly fingernail clipping) in
the prevention of intestinal parasite re-infection, reduction of infection intensity and
anaemia among rural school-aged children. Finally, we assessed associations between
intestinal parasitic infections (IPls), anaemia and diarrhoea among the children and
further explored whether the impact of the hand-washing and nail clipping was similar
across children of different demographic and disease backgrounds.

Magnitude and factors associated with intestinal parasitic
infections among vulnerable populations

Our analysis revealed wide spread IPls among antiretroviral-treated HIV/AIDS patients
and school-aged children. This was consistent with other reports indicating high
prevalence of IPIs among HIV infected populationsl'2 and school-aged children.? It is
well recognised that a large proportion of people affected by HIV/AIDS live in deprived
regions of the world® where the prevalence of IPIs is also remarkably high.?

In our cross-sectional studies, the prevalence of IPIs was lower among HIV/AIDS
patients (56%) compared to school-aged children (72%). This finding was in agreement
with the reports from a number of epidemiological studies which showed that children
- school-aged children in particular, bear the greatest burden of infections with
intestinal parasites compared to any other age group.”* The disproportionate burden of
infection among children has both behavioural and environmental bases, and makes
children potential carriers of parasitic infections in a community.5

Worms, in particular soil-transmitted helminths (STHs), are reported to be the most
prevalent parasitic infections and hence the major public health concern among
marginalised populations of the developing world.>®” However, the prevalence of STHs
was relatively low in our study populations. In both study groups (HIV/AIDS patients
and school-aged children), infections with the protozoan gastrointestinal parasites, E.
histolytica/dispar, were the most prevalent. The cestodes; H. nana, and the nematodes;
E. vermicularis, were the next most common parasites identified among the school-
aged children. Our data, although obtained from small populations, indicated a high
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prevalence of many other enteric parasites linked with poverty, which have not yet
gained traction as neglected tropical diseases. Accordingly, our data advocates the
need to include more parasites in the World Health Organization (WHO) Neglected
Disease Initiative.® Initiatives concerned with controlling Neglected Tropical Diseases
should consider including protozoan pathogens, such as E. histolytica, and other
helminthes, like E. vermicularis and H. nana in impoverished settings where the
parasitic infections are highly prevalent.

Our findings have also revealed that poor personal hygiene and sanitation practices
contributed to the observed high prevalence of intestinal parasitosis and malnutrition
in the study groups. Among the antiretroviral-treated HIV/AIDS patients, the habit of
not washing hands with soap at critical times and living in households without latrines
were significantly associated with increased risk of intestinal parasitosis. Although not
very clear, associations between poor hygiene practice and parasitic infections were
also observed among school children. However, poor personal hygiene and sanitation
practices, particularly poor hand hygiene and the habit of open air defecation, were
clearly associated with increased rates of anaemia and thinness in children.

Like other areas in the developing world, access to sanitation facilities in our setting
was very low. Only 39% of the children in our study reported to use latrines at baseline
(data not reported in the chapters). This was consistent with the 35% reported access
rates to improved sanitation facilities in rural areas of the developing world.’ Similarly,
only 15% of the children in the present study washed their hands with soap at critical
times at baseline. This was also in agreement with the mean prevalence estimates of
hand-washing with soap (ranging from 13% to 17%) for low- and middle-income regions
of the world, and with the estimated prevalence of 14% for Africa.”®

Although hand-washing is a simple and cost-effective infection prevention measure'**?,
it is poorly practiced throughout the world."***™® Several complex and interdependent
factors are reported to determine hand-washing compliance and hand hygiene
behaviour in general.12 Lack of water and soap, and inadequate provision of sanitation
facilities are considered factors contributing to the observed poor hand-washing
behaviour in children.”” However, it has been reported that the mere presence of soap
in the household does not improve hand-washing rates.”® In poor settings, available
soap in a household is often retained for other purposes, like washing clothes, dishes
and other household utensils, and for bathing.19

Personal hygiene practice is also influenced by children’s knowledge of and attitude
toward personal hygiene and sanitation.”® Children may perceive hand-washing as an
additional assignment that takes time away from leisure activities, having meals and
other activities of interest.”" In Ethiopia, despite the increased political commitment to
deliver hygiene and environmental health services””, hand hygiene is given less
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attention. Existing efforts to promote good hygiene, including hand-washing, are not
sufficient to bring mass behavioural changes. Much more attention is needed to
alleviate the challenges of promoting correct hand-washing practices among at-risk
populations such as young children and HIV/AIDS patients, with a need to ensure
affordability and availability of hand-washing supplies and infrastructures.

Impact of regular hand-washing with soap and weekly nail
clipping on child health

The results from the randomised controlled trial emphasise that hand-washing with
soap at critical times and weekly finger nail clipping interventions are very efficacious in
reducing intestinal parasite re-infection, the size of worm burden acquired after a
successful treatment, and rates of anaemia among school-aged children. Given the
notable impact of IPIs and malnutrition on school-aged chiIdren3, the implication of
these findings extends well beyond simple short-term health benefits among this age
group. The heavy burden of IPIs among school-aged children®* combined with
nutritional deprivation have a negative impact on their long-term overall
development.23 Several deleterious effects, including retarded physical growth,
anaemia and poor educational performance among children are significantly associated
with IPIs.”*

In regions of the world where the nutritional status of the community, and hence the
child, is poor, even relatively light worm burden causes growth deficits.” Physical
growth deficits during childhood have both short and long-term problems.26 Among the
short-term consequences are health problems such as high morbidity and mortality,
child developmental shortfalls such as reduced mental and language development, and
economic consequences due to increased health expenditures. Long-term
consequences of growth defects in early life include reduced adult stature, reduced
educational achievement, reduced work capacity and productivity in adulthood, and
poor maternal reproductive outcomes at later years for females.”®”’

Children with growth shortfalls enrol late in school and have higher dropout rates
before completing primary school.”** In deprived settings, this makes many children
leave school without acquiring basic skills, which in turn, limit future productivity of the
children and cause a continuous and significant loss of the limited educational
resources that poor countries allocate for the provision of primary education. The
health and economic implications of I[Pl prevention measures, including the
contribution of hand-washing with soap and nail clipping, should also consider the
burden IPIs impose on girls, who may become mothers in the future. Infants born to
mothers with growth deficits during childhood are more likely to have low weight at
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birth and short stature as adults, contributing to the cycle of malnutrition in under-
developed settings.?’0

The findings in the present study, which show a significant reduction in overall worm
burden among children who washed their hands with soap and clipped their fingernails,
demonstrate the efficacy of these interventions in protecting children from acquiring
new worms following treatment. Establishment of each worm in the infected host is
the result of a separate infection episodes as, except for few parasites such as
Strongyloides stercolaris and Capillaria species, helminthes do not multiply within the
same host.>® A high worm load among infected individuals is therefore the result of
repeated events of new infections.

Morbidity and related nutritional sequelae due to infections by helminthic parasites,
especially the STHs, are related to the number of individual worms harbouring the
gastro-intestinal tract of an infected person.25 Prevention of repeated infestations as a
result of our interventions has decreased the burden of worms among the children
infected during the course of the trial. Such a reduction might have decreased
morbidity due to parasitic infections and related nutritional deficiencies. Furthermore,
the number of worms found in infected individuals determines the number of
infectious stages shed to the environment (i.e. the infectiousness of the individual). The
resulting reduction of worm burden due to the interventions, therefore, can be
suggested to reduce environmental contamination and thus contribute to the reduction
of infection transmission in the community.

Our randomised control trial (RCT) data demonstrate a significant reduction in the
prevalence of anaemia among children who regularly washed their hands. The
likelihood that anaemia will affect child development31 makes it a serious public health
concern for developing countries where anaemia is highly prevalent. Anaemia affects
. 32 ore 33 . ... 3435 . .
physical growth™, cognitive development™, and immune capacity in children.
Furthermore, studies have documented late school enrolment and poor educational
achievement among anaemic children.”®

Hand-washing at critical times lowered infection rates by parasitic worms. Based on
these findings it is possible to suggest that the intervention lessens the chances of
illness®**”*® and the development of chronic inflammation in infected children.*® This
can lead to reduced iron loss and increased nutritional intake, and hence might have
reduced the prevalence of anaemia among children who have received the
intervention.

In areas where infections with intestinal parasites and anaemia coexist, hand-washing
with soap can make a difference by reducing nutritional tolls of infection, protect
children from other developmental and intellectual defects, and reduce their risk of
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acquiring other severe diseases. School absenteeism due to illnesses was significantly
lower (OR 0.13, 95% Cl: 0.05 to 0.29) among children encouraged to wash their hands
with soap (data not reported in the chapters).

Associations between intestinal parasitic infections, anaemia,
and diarrhoea among school-aged children and the impact of
hand-washing and nail clipping

We have demonstrated a clear relationship between IPIs, anaemia and diarrhoea
among children. Although the notion of a vicious cycle of infection and malnutrition are
well established®®*?, identification of specific associations are crucial in settings where
infection and anaemia are common in order to design appropriate and holistic
preventive programs, tuned to the prevailing conditions in the specific endemic setting.
In the present study, we were not able to draw conclusions on the chronological
sequence of the associations. From a public health viewpoint, we believe that our data
have revealed important links between infection, malnutrition, and associated illnesses
among the school-aged children, and in our view, no longitudinal study is needed to
further establish their sequential relationships. The noteworthy point here is that
proper hand-washing with soap breaks this link and prevents children from suffering
the subsequent deleterious impacts of infection and anaemia.

The demonstrated protective impact of regular hand-washing and weekly nail clipping
on intestinal parasitosis in our data prompted us to explore the universality of these
findings among children with different demographic and disease characteristics.
Overall, our analyses reveal that proper hand-washing with soap and weekly nail
clipping is efficacious in children uniformly, despite their baseline risk differences.

Unlike our expectations, our analysis showed that regular hand-washing with soap at
critical times benefited more children who were parasite-free at baseline compared to
those who had a history of IPIs. This could be due to: (1) study participants were
assessed and treated for IPIs at baseline and only parasite-free children were recruited
for the trial; or (2) children with a history of infection at baseline may have several
other risk factors in their respective environment that can predispose them to infection
through other transmission routes (i.e. other than contaminated hands).

In general, hand-washing and nail clipping interventions seem to be efficacious for all
individuals, provided that interventions are implemented properly with efficient follow-
up. We believe that no other longitudinal study is needed to further verify the
consistency of the benefits and we recommend hand-washing with soap to be a
nationwide household intervention strategy.
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Opportunities and barriers for wider implementation of hand
hygiene interventions

Evidence from our data in the previous chapters reveals that IPIs and anaemia are a
widespread public health problem in the study area. Furthermore, data from the RCT
suggest potential health benefits of hand-washing and nail clipping interventions in
reducing IPls and anaemia among school aged-children. These findings can have
considerable impact on the overall well-being of afflicted children in impoverished
settings in the developing world.

Sustainable development of a society is founded on healthy and safe-guarded children.
Similar to other countries with high fertility rates, a large proportion (43.5%) of
Ethiopia’s population comprises children under the age of 15 years.*’ Accordingly, due
to concerns discussed above regarding the deleterious health and developmental
effects stemming from IPls and anaemia, tackling these problems is a high priority.
Although long-term protection against parasitic infections is achieved through provision
of safe water, adequate sanitary facilities and increased health access™, they are
unattainable in the short-term for poorer countries like Ethiopia. Our RCT shows that
hand-washing with soap and weekly nail clipping are very efficacious public health
interventions, which poor communities have at their disposal to combat infections and
under-nutrition among children.

During our six month study, there were ample occasions to closely observe the
opportunities and challenges for efficient implementation of hand-washing and nail
clipping interventions at the household level. As in many developing communities,
habitual and culturally embedded practices among children and households demanded
intensive follow-up and monitoring. Implementation was particularly difficult among
children, since they were reluctant to wash their hands at every important occasion and
to follow correct hand-washing procedures. Focusing on mothers and older sisters
within a household was essential in ensuring all members of the household
continuously complied with the hand-washing protocol. We found that mothers and
elder sisters play a vital role in the management of the household health. They not only
help prompt the family, especially children, follow the hand-washing procedures, but
they also make water available for hand-washing and sustain hand-washing facilities in
the households. Our observations during the study period suggest that helping and
enabling mothers to solve household health problems is the key to change long-
established attitudes and behaviours around sanitation and hygiene within households.

Our experiences also suggest that the continuing public health problem of IPIs and
anaemia in school-aged children is potentially solvable, and perhaps sooner rather than
later. Hand-washing with soap and nail clipping can be implemented to wider
populations. Proper hand-washing with soap and regular nail clipping strategies can be
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built into the primary health care systems and other existing health programmes.
Education on proper hand-washing and nail clipping can also be incorporated into
school curricula. Based on our findings, we urge for a holistic and integrated approach
to break the vicious cycle of infection and under-nutrition for the long-term health
benefits of the age group.

Provision of soap, nail clippers and other hygiene facilities by the government could
create substantial opportunities in the struggle against infection and under-nutrition
among children, considering that these basic and inexpensive measures have
remarkable impacts on the health of children in the country. The challenge for effective
implementation is the need for an intensive house-to-house follow-up, since provision
of hygiene materials alone does not guarantee their proper use among poor
communities.™

In Ethiopia, there are many opportunities that make house-to-house implementation
feasible. The government has a policy of reaching inaccessible impoverished
populations in the country through the Health Extension Program (HEP). Many
thousands of Health Extension Workers (HEWs) are deployed to the most remote parts
of the country. HEWSs, recruited from the communities they serve, spend 75% of their
time travelling from house-to-house and visiting families.*>*® Hand-washing and nail
clipping interventions and household follow-up can be incorporated into the HEP as
hygiene and environmental sanitation is one of the major components of the health
extension package at the household level.*

The activities of the Health Demographic Surveillance Site (HDSS) programme
established in the study area and other parts of the country also involve intensive
house-to-house visits to generate longitudinal data on vital statistics.”’ Implementation
and follow-up of proper hand-washing and weekly nail clipping can be integrated with
the HDSS activities. More importantly, a program recently implemented by the
Ethiopian Federal Ministry of Health (FMOH), called the Health Development Army
(HDA), organises and mobilises networks of one to five households within a community.
Through this network, millions of volunteer community health promoters are mobilised
nationally alongside the HEWSs and they support families to adopt proper health
behaviour.*® Integration of house-to-house follow-up and hand-washing and nail
clipping activities into the network could promote implementation and sustainability
and may also enhance behavioural changes among the community. Ensuring the
effectiveness and sustainability of a hand hygiene program requires firm political
commitment and involvement of all relevant sectors to address the problem from
multiple fronts.
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Lessons learned

The RCT was carried out with a relatively small budget in a marginalised community of a
low-income country. In our experience, conducting such studies is possible in resource-
constrained environments. It was easy to find eligible participants, and achieve almost
100% participation. Human labour is relatively cheap, making house-to-house follow-up
and other field activities possible. During the design phase of the study, we discussed
whether to make the randomisation at district, school or household level, as we feared
contamination. We believe selecting and conducting the randomisation at the
household level was the correct decision. Throughout the study period, close
observation found no signs of suspect contamination. Additionally, the majority of the
infectious intestinal diseases arise within the home environment.™ Implementation of
the intervention (i.e. hand-washing with soap) at the household level by involving all
family members potentially enhanced the effectiveness of the intervention.

Notably, the continuous household visits for promoting regular hand-washing and nail
clipping appeared to change long-established hygiene and sanitation behaviours in the
intervention households. During our stay in the study area, we observed considerable
improvements in the cleanliness of the home environment and latrines, and waste
disposal behaviour in the intervention households (Figure 6.1).

Figure 6.1  Differences in cleanliness of home environment among intervention (left) and control (right)

households.
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Conclusions

In sum, we assessed common health issues and related contributory factors among
vulnerable populations in Ethiopia. Impacts of simple public health interventions on the
prevention of IPls and anaemia were assessed using a factorial RCT among rural school-
aged children. For optimum protection of IPls and improvement of the health and
nutritional status of at-risk populations such as school-aged children in Ethiopia, we
make the following major conclusive remarks and recommendations:

1. IPIs are of widespread prevalence among HIV/AIDS patients and school children in
Ethiopia. Only non-opportunistic intestinal parasites were identified in both study
groups, while peak prevalence of IPls occurred among school children. The
observed high prevalence of the protozoan parasites, E. histolytica and G. lamblia,
among the participants may reveal the importance of faecal-oral transmission
among the population groups.

2. Protein-energy malnutrition was highly prevalent among children. Prevalence of
anaemia was of mild public health significance among this age group.

3. Relevant associations between poor personal hygiene and sanitation (in particular,
unavailability of latrines and lack of hand-washing with soap) and intestinal
parasitosis were observed among HIV/AIDS patients. Although patterns of
association were not clear for all parasites identified, child personal hygiene and
sanitation practice were also associated with IPls. Among the school children, poor
personal hygiene and sanitation was significantly associated with under-nutrition.

4. Proper hand-washing with soap at critical times and weekly nail clipping kept
intestinal parasite re-infection rates and infection intensities low among the
school-aged children. The interventions can hence prevent serious morbidity in
children; an effect consistent with the rationale of deworming programs.®
Furthermore, the interventions may reduce disease transmission and provide
subsequent benefits for the community.

5. Proper hand-washing with soap at critical times reduced anaemia prevalence
among the school-aged children.

6. Generally, hand-washing with soap at key times and weekly nail clipping prevented
intestinal parasite re-infection among children, independent of differences in their
baseline demographic characteristics. Benefits from the interventions are likely to
be universal among the study groups. IPIs, anaemia and diarrhoea were linked and
mutually reinforced one another in the study population; proper hand-washing
with soap broke this vicious link.

7. There are major challenges in promoting correct hand hygiene practices in large
communities among deprived populations, including changing long-established
habitual and culturally embedded personal hygiene and sanitation practice, and
ensuring affordability and availability of hand-washing supplies and infrastructures.
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8. Ethiopia has many opportunities to implement and sustain regular hand-washing
with soap and nail clipping on a larger-scale. Intervention programmes can be
integrated into the existing community health programmes, such as the Health
Extension Program, Demographic Surveillance Sites, and Health Development
Army network, which reach inaccessible impoverished populations through house-
to-house visits and outreach activities.

9. Randomised controlled studies are possible in resource-constrained environments
even with limited budget allocations.

Future study plans

In order for communities to achieve optimal benefits from hand-washing with soap and
nail clipping, cost effectiveness data may provide valuable information for their large-
scale implementations. Further, in order to effectively implement the interventions,
assessment should be conducted into indirect effects that may arise due to the
interventions and changes in risk of transmission for a large population. We therefore
plan to conduct future research works (1) on the cost effectiveness of the
interventions; and (2) on extending the impact of the interventions to a) households
other than intervention households in a community, and b) localities surrounding
intervention areas.
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Chapter 1 presents the introductory background and premises upon which we laid and
structured our research. It describes the rationale for undertaking our studies and
generates the research questions based on the main pillars of this thesis: the
magnitude and risk factors for intestinal parasitic infections (IPls) and under-nutrition,
protection against IPls and under-nutrition through inexpensive and simple public
health interventions, determining the association between IPIs, anaemia and diarrhoea
and determining the universality of the effect of interventions among the study
populations.

The chapter describes how IPIs and under-nutrition remain major health and
socioeconomic challenges among underserved populations worldwide. Diseases caused
by IPIs (both helminths and protozoa) and under-nutrition (both protein-energy
malnutrition and micronutrient deficiencies) are of particular importance in terms of
global burden, and their control has been recently recognised as a priority for achieving
the United Nations Millennium Development Goals (MDGs).

IPIs and under-nutrition show similar geographic distribution, usually among poor
populations which suffer from their combined effects. In such settings, infection and
under-nutrition are highly interlinked. Children, particularly those of school-age, are
heavily burdened by IPIs and malnutrition. They also serve as a source for the
maintenance of IPI transmission. In endemic settings, children are continuously
infected and re-infected with IPIs and this can eventually affect all aspects of their
development. The number of IPIs affecting humans has increased following the
emergence and expansion of the AIDS pandemic. A range of parasite species previously
considered rare or zoonotic have become highly prevalent among humans and cause
life-threatening illnesses in immunocompromised patients.

The high prevalence of infectious diseases and inadequate food intake has increased
the prevalence of nutritional deficiencies among children in developing countries,
resulting in health and development problems. Among the one billion people estimated
to be affected by under-nutrition globally in 2010, 98% were from developing
countries.

Micronutrient deficiencies also contribute significantly to the burden of under-
nutrition. Anaemia is a widespread form of micronutrient deficiency affecting more
than 2.6 billion people worldwide. Although causes of anaemia vary depending on the
local conditions, iron deficiency is the most important contributing factor. IPIs (such as
hookworms, ascaris and schistosomiasis), chronic infections (such as HIV, malaria and
tuberculosis) and lack of other micronutrients can also lower haemoglobin levels and

94



Summary

increase the risk of developing anaemia. Children are among the most at-risk
population for under-nutrition due to rapid growth stages and subsequent high
nutritional requirements, combined with the increased risk of infection and poor
dietary intake.

Despite the recent global interest in solving health problems of school-aged children,
data on disease burden among these population groups are lacking in developing
countries. The multi-factorial nature of health problems in this age group requires an
integrated approach to solving the problem. The extent of health problems and
contributing factors must be identified and addressed. Simple public health infection
prevention measures also must be identified and integrated into the health
intervention programs. An understanding of the infection and nutritional status of
children and immunocompromised patients has far-reaching implications for health
promotion and could provide valuable insight for decision makers in setting policy
priorities and monitoring intervention programs.

Considering these issues, the studies in this thesis centred around three principle
investigations. First, the magnitude of IPIs and associated risk factors were assessed
among antiretroviral treated patients. Second, we investigated the prevalence and risk
factors associated with IPIs, anaemia, and malnutrition in school-aged children. Third,
based on the findings of these studies, we designed interventions that we believed
could potentially alleviate risk factors for infection and under-nutrition, and assessed
their impact in rural school-aged children. Based on the findings from this study, we
further explored whether the impact of our interventions was similar among children
despite differences in baseline demographic and disease characteristics, and assessed
the pattern of associations between IPIs, diarrhoea, and anaemia among school-aged
children.

The cross-sectional study conducted to assess the prevalence and associated risk
factors for IPls among antiretroviral-treated HIV/AIDS patients is presented in Chapter
2. A total of 384 patients receiving antiretroviral treatment (ART) were included in the
study. Data on sociodemographic and personal hygiene and sanitation practice were
collected from each participant using structured questionnaires. Parasitological surveys
were completed on stool and urine specimens using direct microscopy and
concentration techniques. Data on immunological profile and WHO disease staging was
acquired from hospital records. The overall prevalence of intestinal parasitosis was 56%
and no opportunistic gastro-intestinal parasites were detected. IPIs affected both
genders equally except for Taenia species infections, whereby female participants had
significantly less infections (OR: 0.34) than males. Intestinal parasitosis was associated
with lower mean CD4+T-cell count and poor hygiene and sanitation practice. Lack of
latrines and poor hand-washing with soap practice at critical times were significantly
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associated with higher E. histolytica/dispar (OR: 2.75 and OR: 2.67, respectively) and G.
lamblia (OR: 2.08 and OR: 2.46, respectively) infections.

In our study, IPls were widespread among the study group, with an overall prevalence
higher than several similar studies from the country and other studies elsewhere. Non-
opportunistic protozoan parasites, E. histolytica/dispar and G. lamblia, were the most
frequent parasites encountered, followed by the zoonotic tapeworms, Taenia species.
In this chapter it is highlighted that only extracellular gastrointestinal parasites were
detected. Following the advent of highly active ART, the immune status of patients has
improved, subsequently increasing protection against opportunistic infections and
improving quality of life. IPIs may contribute to the morbidity of HIV/AIDS patients in
endemic areas and their early identification could be important to improving the
quality of life of patients under ART. Additionally, increased personal hygiene and
sanitation can reduce faecal-oral transmission of IPIs among these populations.

Chapter 3 presents the results of a cross-sectional study on the risk factors associated
with IPls, anaemia and malnutrition among school children from urban and rural areas
of northern Ethiopia. This study involved 600 school children from 12 primary schools.
Demographic and socioeconomic data were collected using structured questionnaires
uploaded onto a mobile phone using Datadyne Episurveyor software. Anthropometric
data were collected by recording age, weight (to the nearest 0.1 kg), and height (to the
nearest 0.1 cm) of the children. Parasitological analysis was carried out on fresh stool
and urine specimens using direct saline wet mount, formalin ethyl acetate
concentration and the Kato—Katz techniques. For helminthic infections, the total
number of eggs detected on each slide was counted and the number of eggs per gram
of faeces (epg) was calculated to determine egg burden. Urine specimens with positive
screens for microhaematuria and those with gross haematuria were subjected to
microscopic diagnosis for S. haematobium ova using urine sedimentation method.
Haemoglobin concentrations of study participants were determined in finger prick
blood using a HemoCue analyser.

Our analysis has shown a high prevalence of parasitic infections (72%) and energy-
protein malnutrition, including stunting (35%) and thinness (34%) in our study
populations. The protozoan parasite, E. histolytica/dispar, was the most frequently
isolated parasite followed by the Cestodes - H. nana. No S. haematobium ova were
identified. Egg concentrations for each identified helminthic infection were of light
intensity. Anaemia prevalence in the study group was of a mild public health
importance (11%). Although there were slight differences between urban and rural
schools, problems of infection and under-nutrition were of the same magnitude.
Overall, children with poor personal hygiene habits had higher prevalence of intestinal
parasitosis. Similarly, the prevalence of anaemia and protein-energy malnutrition was
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higher among unhygienic children. Use of smart phone technology in the study
improved data collection time and quality, and enabled us to develop simple data
collection forms. Their potential use for field surveys in resource-limited settings is
worth further investigation. Our study suggested the need for improved personal
hygiene practices through increased access to hygiene facilities for hand washing and
proper waste disposal. We identified a need for randomised trials to address the causal
relationship between personal hygiene, parasitic infection, and malnutrition, which we
subsequently conducted in Chapter 4.

Based on our findings from Chapter 3, we conducted a factorial randomised controlled
trial among rural school-aged children to assess the impact of hand-washing with soap
and nail clipping in the prevention of intestinal parasite re-infection, reduction of worm
burden and anaemia prevalence. This study is described in Chapter 4. A study
population of 367 school-aged children (aged 6-15) were randomised to one of four
groups defined by a 2x2 factorial design: hand-washing with soap; nail clipping; hand-
washing with soap and nail clipping; or standard habit and practice controls. Eligible
children for the study were aged 6-15 years, screened negative for IPls, were planning
to continue residing in the same house for the study period, and had produced an
informed consent signed by their parents or guardians.

Random allocation of study participants to the intervention and control arms was
completed using computer generated random numbers. The principal purpose of the
trial and assignment sequence was concealed from researchers recruiting the study
participants. Laboratory personnel were blinded to group assignments and to the
assessment outcomes. Following acquisition of a signed informed consent and before
random allocation to intervention groups, a series of parasitological screening and
treatment administration steps were conducted. Children who screened negative were
randomly assigned to an intervention group and monitored for six months. At baseline,
data on sociodemographics, personal hygiene and sanitation practices were collected
using structured questionnaires. Finger prick blood was collected and haemoglobin
concentrations were determined using a HemoCue analyser.

Interventions were implemented at the household level and randomly selected school-
aged children within a household were classified as a study unit. Plain soaps were
supplied to the hand-washing intervention households, who were encouraged to wash
their hands with soap and water at critical times. New nail clippers were provided for
the children allocated to the nail clipping intervention, and nail clipping was performed
on a weekly basis by the fieldworkers. Children in the control arm were neither
encouraged nor discouraged to wash and/or clip their nails. All households were visited
with equal frequency on a weekly basis. Control households were frequently checked
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for the presence of soap for hand-washing and nail clippers during the weekly visits to
check for contamination.

The trial concluded at the end of six months as scheduled. Stool specimens were
collected and analysed by well-trained blinded laboratory personnel using direct saline
wet mount, formalin ethyl-acetate concentration technique, and the Kato-Katz
technique. Worm burden (infection intensity) for helminthic parasites was determined
by calculating numbers of eggs per gram (epg) of stool. A child was classified as re-
infected if an infection was detected by any methods used. After the trial, haemoglobin
concentration was determined using the same procedure in Chapter 3. Haemoglobin
readings were adjusted for altitude, and anaemia was defined for respective age and
gender groups based on the WHO cut-off values.

The primary hypothesis of the study stated that hand-washing with soap and nail
clipping would significantly reduce the prevalence of intestinal parasite re-infection
rates and worm burden among the study population of school-aged children. Through-
out the study period, only two children were lost to follow-up. Two others were
excluded at the beginning of the study as they screened positive for intestinal
parasitosis after successive treatments.

Regarding the study’s primary outcome, only 14% (26/185) of children in the hand-
washing with soap intervention were re-infected compared to 29% (53/182) of children
in the control group (OR 0.32). Similarly, the prevalence of re-infection was lower
among children in the nail clipping group, at 17% (33/189), compared to 26% (46/178)
of children in the control arm (OR 0.51). Further, a significant reduction in worm
burden was observed among children in the hand-washing group than the control
group (mean epg =4.1 vs. 11.8, p=0.005), and nail clipping group than the control group
(mean epg 3.4 vs. 12.6, p=0.001). At the end of the trial, 13% (24/185) of children in the
hand-washing intervention were anaemic compared to 23% (41/182) in the control
group (OR 0.39). There was also a reduction in the prevalence of anaemia among
children of the nail clipping intervention; however the observed difference did not
reach statistical significance.

The six-month hand-washing with soap and weekly nail clipping interventions
demonstrated a significant reduction in intestinal parasite re-infection rates and the
size of worm burden acquired after a successful treatment. A significant reduction in
the prevalence of anaemia was also observed in children of the hand-washing with
soap intervention. Given that school-aged children bear peak worm intensity in a
community and that the size of the worm burden is the central determinant of
transmission dynamics, proper hand-washing with soap and weekly nail trimming could
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have potential flow-on benefits to the community by reducing parasite transmission, in
addition to immediate benefits in improving the health of children under consideration.

Our data showed that hand-washing and nail clipping were efficacious, however, our
trial included rigorous follow-up and monitoring which involved high human resource
investment. The long-established habitual and culturally embedded practices on
personal hygiene and sanitation among children and households might require
additional methods to influence behavioural changes and hence would make large scale
implementations of the interventions more expensive. However, as labour is still very
inexpensive in Ethiopia and other low income countries, national campaigns could be
organised to implement hand-washing with soap at key times and weekly nail clipping
through house-to-house education. Hand-washing and nail clipping interventions could
also be integrated into existing community health programmes that reach inaccessible
impoverished populations through house-to-house visits as their outreach activities.
The next essential step should focus on implementing pragmatic studies that
investigate the performance of the interventions under circumstances that more
closely approach the real and usual conditions and developing additional more effective
approaches to promote hand-washing with soap and nail clipping at larger scale.
Chapter 5 describes the pattern of associations between IPIs, anaemia and diarrhoea,
and factors predicting IPIs and under-nutrition among school-aged children. We also
explored whether the observed effects of interventions in the study population
described in Chapter 4 could apply to children of different demographic and disease
backgrounds.

The study design, intervention, follow-up, and laboratory investigation procedures are
described in Chapter 4. The incidence of diarrhoea from all study households was
documented by the field workers using a separate questionnaire during weekly
household visits. The presence of diarrhoea was determined through corresponding
with either the parents or the child. Two independent and trained data collectors took
anthropometric measurements and the average recorded. Anthropometric
measurements were converted into BMI-for-age Z scores using WHO AnthroPlus
software. Children below -2Z scores were classified as thin.

Our findings demonstrated significant associations between IPIs, anaemia and
diarrhoea among children. No trends in associations were observed between baseline
demographic characteristics, IPls, and malnutrition among the children. Only few
potential effect modifiers were identified. Young child age was a significant predictor
for anaemia (OR 1.82). Having young mothers predicted lower history of IPIs (OR 0.50).
Living in small-sized families (OR 2.40), and history of anaemia (OR 2.08) and IPIs (OR
1.98) at baseline were significant predictors of higher risk of IPIs at follow-up. Hand-
washing with soap at key times and weekly nail clipping were effective in reducing
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intestinal parasite re-infection rates in the study population. Our analysis suggests
benefits from the interventions would likely be universal among the study groups.

Our findings in this chapter emphasise that hand-washing with soap and nail clipping
can universally be used as infection prevention measures among school-aged children
despite baseline demographic differences. Given that intestinal parasitosis, anaemia
and diarrhoea have been independently associated, a holistic and integrated approach
should be implemented to break the vicious cycle for the long-term health benefits of
the population.

In the final chapter of this thesis, Chapter 6, we present the overall major findings,
methodological considerations, and conclusions of the studies presented in this thesis.
The major discussion points in this chapter are presented in three main areas (1) the
prevalence and associated factors predicting intestinal parasitosis and under-nutrition
among vulnerable populations, notably HIV/AIDS patients and school children; (2) the
impact of simple hand hygiene interventions (hand-washing with soap at key times and
weekly finger nail clipping) on the prevention of intestinal parasite re-infection,
reduction of infection intensity and anaemia prevalence among rural school-aged
children; and (3) identifying patterns of associations between IPls, anaemia and
diarrhoea among school-aged children, and an analysis of the impact of hand-washing
and nail clipping on IPIs across different subgroups of children.

In this chapter we also discuss the widespread prevalence of IPIs and under-nutrition
among vulnerable populations in the study area. We further illustrate that observed
high prevalence rates were associated with poor hygiene and sanitation practices. The
findings of our randomised controlled trial were also highlighted. Challenges and
opportunities for large scale implementation of simple hygiene interventions were
illustrated with due emphasis. The chapter closes with nine major conclusive remarks
and recommendations, and a research plan that could be used for optimum prevention
of IPIs and under-nutrition among school-aged children in low-income countries.
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T0GL7E MY P7INPAL OchG PPt havt PPULAT Navhe NAD-CT -7 ASNMC GFd-::
LU PTGt dchG (thesis) &N PPOLETT PPH 10+

PO A2LE vl A7 OHY 8ch& APLOT I°CIPCS PPGT 8ch&T GO PT PT aPALI D
ayd YANTFG gPAPT TIATIPE PATET T1E AUPALT (Intestinal parasitic infections) AT
etaoMmt 9o it (under-nutrition) AC TG e aINABPFFOE KILUT fmS TICT
APPLE 0100 TN PAN PUNLFAN MG AmOOP (public health) #90¢- (interventions) @<yt
g9 A2EUI° NATET TIE AUPALTE NLI° 9110 (anaemia) AT (OFPoIT NAFPTF aohha
PAO7 TAACT AIHUY PG TACT AovhAhd e12210< PUNLTAN MG AnAOP 04 (MO
M) OPGE HAFEPT PITLD v-hIPhPS (universality) Ot @RI mdold (tavAnrt
AHLLE TR ad QP aPLEPTC T, PTLLOGR A M- YANT PPNV FOOCG 1D

LRD POLE - PATET TIT AUPALTT PHarAImy PN ATt QRO hbe L2485 IS O
AT 0910TE &Y QUNLTAN hGaeT AL hEHE PmSE LTINS AhTTLeR PO UT
ATLTLTY LA NATET T1F TUPALTY - CATE T TA (helminths) AG A74 YPQ (protozoan)
ATU° (rtae MMy PPN AT TINTC v-AET - P1ULE VoA (én. 9PN ATATTFS (protein-
energy malnutrition) 229 P4 TICT ATCt (micronutrient deficiencies) AZTNTrt Polhark
OTFPTF Q%A SN0 HZE oLeRCAT T4 AXIC A A% Thdt Po1e08M0 0T @
FF@-:: MRV 1A AATACE 0PCO A0, +ONL tmG TACET aEMMCI® AT Vet
LILALEI 0L I (United Nations Millennium Development Goals — MDGS) A97qht A78
PLav yipd +OAL A::

PATET TIT TUPALTS P mt 1 AT ACTT 1aPAAL SUPT BA16-4.9P hEFAT PAPA::
NHYI® o114 (ANHS @ LH NILY O0FPTF PI°C 4T 29000 N1&YD- 299uNL+AN hed AL
AAUPT (HY PTUNLAN hEA PATE T TIT HUPALTS PHar@my 9P ATlt A8l PHde T P
LATN:: UIST NFALRYR OLILOTFM- ATIPUCT PLLMN VIS NIHY MG TaCTt NAPT Polme:
A7 PG Tt NAhAND- (PMRYT AGPTLFD-IP RIL 9O Pim- 297010 T9° h'iHu-
VGt PUNLTAN hGA GFo:: eU vpd L&+ WISk A&t AL UATHSe Ut T4t
ATRLCONTFD LRCIA::

PhLN @LCTT aPnat? Ahdaed® a0 AT ATITET POUTN TIF PATET TUPALT BTC
I Ut LI OO0 ACTH T L% PiN% @RI° (AT AL F tohi@- J¢% P15
At FYPALT Au? POTF aPhAnd APTFF@- (FShor: APT AR NGt R4 APHN44-G AULOT
ANL AU Yoo oF a0l WOUE B15 0

0247, AI1CTF QIHY +AAd OOFPT OnetE 848 avFCs N4 etarMmy hav 21 AAaPSC (VIS
AL UATFSE 8MSS PALTT TOIC APT TAA:: (1 2010 NAAT APG LLE (tarAmy 9o APdt
P PO HNAD Dt1vEE ATS (LA APT @ 98 Nevt PoLPrt A4S neY Al
D10 TR
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PLPP TPL TIC (micronutrient) ATLT ARMPAR PHaPAMT 9P ATéA (malnutrition) TIC
ON&HG RLE ANTPOA hERLT RTIFA:: PLI° 9110 NAAT® AT LLE NN4T PA PPP TTL TIC
PRI APLA TOC S 02.6 (LARY APT 01AL APmS 71T (T 102 9°99° K¥AT PHY
0TS NPT KILLANAND- U3 PFALE (LUHP 0T 7TE 11C AV (iron deficiency)
AREOG PO avpk, 10 PATEF T FUPALT (WY ONGFE 11R4S AYCHE)E OC
P04, NAFPT (chronic diseases) (A781 AT AQ LI @G f49°0 (TIF) ATLUP® PANT TTL
7ICT AT 0290 910 NS ALIT A6 ST AN

VUGt NAFO M7 QD 08T OC HPRH (9L CFD hets P9 GArtE (Fen149°
NAAD- Lh 40N hed OFAP @PAle ATAAL (UFPT oA Fo OC +89°C (HaPMmy
9o AT GG T8, AP PLCITFPA:: IO ATT (PCH 0L LPF D ATIPUCT NLLN-
VISt AL 29130 MG FACT AEIt AA® APEP FAYF FCIE OF8L AICT 09T
0L OFD AFIPUCT N84 VIST AL PAD- ROTLF BG 097,040 av/B (NP -5 AQTH9°:: (IHY
ALY NAA OOT Ak VIST MG TaCT N1M9° NChF NePPGFm- o110 aoetYPFFm-ge o-pGe
0167 LMeFPN:: MG TIACE 041G ATACE AtPoh 091849 AL PATT 4287 o MNbPT
FALA® aF0PGE FUSE NA0N L7LO180T PAN 2718 19PAPT G AZhn, TEEIPT
IC ATt m- W8t av8l9 RSN A

(9SS OF7 eerhahd AP9® o aAVF@- QGTHFT AL PAAd NHFPTE etaramt 9o
ATt DG aNRPTIED- AL ThAAT 7H0, aPFCE ATLLLT PMS TI0441 WIPAPOPTG
M@y Aeh, ANATF H7L9° ANLAL 7700 01aPPLo 418 eHa0C PRI +Hnd ATIO-NVE AG AeHH104-
Afe PNTF avhahd ATPAPOALT Omst Aap1gPIP° PTG LD~ TG Z B0 NGt j-::

WILV? UBFPT 9%t @O 0910101 2V P75 dchG (thesis) “Thhd £LL10< Ntk PS
PIOCIC PPANPT AL 1m-::

aoBans@: AT TIF AUPOLT 04 bt AQ T &Yt (aP@-0L AL O FTPTF AL, PATF®-
PACT T aoMYG AHITE 0 NAPTFFO- AL, 404 ThLL A:: vAFEE N1araae avdh: (1 HIPUCT
AL N9LTT VISt PATET TIE FUPALTE R0 UM (anaemia) A PtaPAImY 9P ATt
(under-nutrition) OC TG THITE a0\ hPFFD +4A0PA::

AT QYT TORF OmA POl (197849 NP PAAS N99TED9° A+ ao+oC L9 S
RILUT MG TFACTF ePCéhhe A7 QP IF@- PavhAn? H&PT NPT MImC AhANL 191545
OLTINFD ATIPUCT N84 VIST AL 804 +2CAA:: HU- PP O'mAt AL +PHCAT LV NF
MAS M HFTTO @Mt 1904 0PSE A4 VIS AG Favddae AAPTRS (WISt @-AT
P PRI PIE FUPALTE £LI° TTING PP NAFPT PAF®: FOANC AdPd AT TenT16 TG
RIVAA L

084 AT AQ T, @Yyt +mPal NGLLA IC 09154 APTF AL PATET PIF +FUPALT ACTHTG
@ NWPET et (ATE AFOAT LH 180 AS A oFmS P75 HE O-mAd (PPhES U-AT
AL PCOAN: AAMFPAL N0 (random) PG TAFLPTT (OPLT HE, PFavlm- 384 P04 bl
AL, Pt TP, UaraTy 176k WPtk FLCAA:: PTG FAFAPT TWNLP v-bFE P14
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MGG UG AmOOP AL NRFN PGS aPmPESTT NoomPbg® avll Po97TE Ng- HNLL A::
TIE PATET FUPALT 404 NP8e TAFd PO14S AT GovG Nav@m-0L +nLL A 00815
Tadd CD4 PM7G PANT® MG LCET (WHO) PN AChT (diseases staging) 9748 NPATH
POT+ST aPHI AL +ONL A::

AMPAL PRTET TIE HUPNLT ACHTT 56 o>t AT ho FA (Taenia species) 1C U-AEIP
PFPT A £LF NPT HUPAST tmE VIO« +17kA:: NS AT 15 FUPNLT NGB T9°
NHPTE A9he CD4 UPA am7S holA 76Us At OC TS TANC ATRAD TGR AARTA::
0TSt hthtt APT evhhd WTHF PATET TIT AUPALT O-OT A930G ECLP NTAP aPAn
noA 70UG AT IC PPEE FANC ATRAT@- FedA:: QU9 TIATE avgf8s (L F Po7emepar
holmeav-ti Z380-9° AEFO7 N@YG (400G e9903mt ol 2C 196C o948 (Lt
P mPbartG KEFOT (@YG (4av-G 993t PTG+ +AFaPT (ott ATE 1297 04730
oMbt LA 1NGFD:: eI hAL Ptmba P10 70U TeART QINZOFD- +aF P T
P TUGTTFD T mANE PTGl AAFAPT A190C huat ATE 1AL BCLP eHTTOF®- i
T HPA

NPT MAmPAL (38 NOHPE (A16EP 11 NN V16T h8LT Favaae, o¢+F eNAm
TIE PATET TUPALT ACTHT PSR Nttt 004 AT A8 L G840 &Yyt tmPULPT 1l
oA (Hu- PGF 39T (opportunistic) PAU PATET TIG HUPALT NF 3R AU
OFALY® A980G BCLP NANARS (L2997 (TG PHAR AFUPALT P10+ ATHYY +0kte av(ltk
PATNAT PPID- Pho FA O-NHTF ek

P04 KT A0 . GRLN @&V THFY Fhvtte AT AQ 0. 424N NLPF@- @0 PAVFD APTF
PNTF avhAnA AP9® APHAAA ol AP7E 4297 (opportunistic) (AFPT7 eavhAhd NF+g°
APenavl, NAEL PIHY NOHET MmST '+ v-239° AOTAAA PP TIF PAZE T HUPALT NNHT
L7750 ARALE R0 P15 HUPOLT Pt AL O/kS OOTET MS7T &S 099061 (LUP7
PACTE PO vad (LH avF@¢ L9 00l hT ARA. &Yt +tmP LPTT mS ATTTAA
PILTLD AT POA ARl NG 10 (Feno149° 04T LAD- PN 70US AZh0h PHUPALTH
PaPHANGL LA ATLTLPIN TG AAQ A

POLE BOTE QU TET PATET TIF FUPALTE PLI° AIING PravAMY PPN ALt ACTG
FHIYE: aORRPFEOT AaP8AN HIPUCT AL NTLTT £IMC VIS AL SHNBe PG 10 (LY
TCF 2 FPUCT AT PHO-MM: 600 N1 (random) PoPIOLT HE, PFavLm VI AnrbPA::

PGl AAFLPT OGRS ADTULSE @lEPT SRANAND- APARA AL (R PmedT
AT 0 PSR OrhtE VIST AT AL avZ8T UISE h&I%E h0LT (@& 01 L2
09IMPF) hG dovt (L 01 498 (TIMIE) (P@(L kA PATEF TIF AUPALY
°Cavs. 1145 AT GovG (oP@-AL AT PHALE PavavCavgP HEPT Naomdbd® L A::
gecave-@- eHTTt CAZE T T (helminths) PO G (infection intensity)? PTUPNLT ATRAN
(eggs/ova) 1ePeMC N85 AI°CaPL- DAL AL 14-9° P GG (eggs per gram of stool -
epg) @OT CFTHET 0°0ATF +PfPmd:: CA7F &5 (LAYCHE (Schistosoma haematobium)

104



TImPAL (Summary in Amharic)

acept A7t GoGPE (1L IPCae- AarBan +Phzd:: (e 169° At LI° Nav@-aL:
0Pk ek YIS 029° 9710 U-b I°Cave- TRCAN::

QLY TGT: 72 oot PGk etk vISTE 0115 CATE T FUPNST: 35 Noot (APTHErT
(stunting) A79U-9° 34 (19> V9t Naoden,ste (thinness) ¢tme& vrio- FTEPA:: NAmPAL
gecave. b TEr SATET TIT HUPAL @-AT hTL0E YRILSNTO G977 (Hymenolepis nana) hS
PATE (LAYCHET (Schistosoma mansoni) hAvkde W95k O-NHTF £ PATE T 15 FUPA 10C::
PUAI® PG ATART PATET P15 e POTS oG (infection intensity) (PAA POTIF sBS (light
intensity) £48 99700201 10C:: £29° 9710 ACHTTI° NAAT® MG &CP-F (WHO) aP0d.CF aval-t
OPAA 27NN MG TG PoLavA aPPr PSR hoPAEA:: (HY PFE 9°79° AT ADE
KOG TET ARTRT 00 (L7 himcs ahtol 0ok OHabkr viGT ovhhd eNGHS oAl
AP ALt OCHRT AL P1eA ARTE AZ8AA TR AASEA::

NAMPAL (AFL HPTE 00 76UT AnONP AIPL PINLTD UITT (NGHT LE PATET 115
HUPOLT Otme PO« ATTHPA: (Haraae avihe GE Pt 0290 P NAFS 241 Aoe)H
ATt (under-nutrition) ACT P4P@-9° MIHY~ P90 78U AMANP TF9C MINLATFO- YIST AL
10C::

(LY TF PPALA HhSKET NovlE ANNAN O&T7 TP AL NTIPATT avlB hannan
LTI Pet AATACATA:: WILHUI® AAMPPI® PES PAN PP PaolB oGS PETY
aemPI® AVFAGA:: PATICT PALA FhTNE, 17481 AT O-OT N9LLLT Parah PPCIPCT AL
PIFLM- TG PILLAN TS TGP ANGALYEY TGOk harAhzd::

AR P10 7UGT AnOANP FINES ATBUT AnONP P7LnPav: aN19PFE TINTI® AHDTC W7
QAaa>-G AaFmAG AThhAT P08 (P01¢) ADD1L 29145 dPINICPT APCOT aOFC O aviPy
TG havAntA:: O FenI149° PPAN P10 20US ATINNCE PAZEF P15 TUPALYS Ptaralmy
P9 ATLFT NaPPIN L1 PADT UG avg AT ANGALTE TGk QoA ao(lt P47
TF N9°06-4 At PCAA::

POeE heti U PPOc& PPLND dch& 906G (0T NOLLD TG THE AL (1aPrHe0S
24ntef &1L9I8HE T H&? (factorial randomised trial)192m$7° KT N@YG (haoq
MG (°7rE PhE TEC PRLTT 0LTLETFD- AFIPUCT N840 VIST AL (ATET P15
TUPOLT G0 PP OATET TI15 FUPNLT PATF BG (infection intensity) AT 0LF° 771N AL
PAT®- PavhAnA NPT AL ©1L41T 404 @Mt PCAA::

0TSt 1216 LAAOT ¢TFO-NM- 367 4LILEFD- ATIUCT PRLA (0L ILLTD- 615 GV UY)
VIG17 St A7 076 HAFEPTIC DhPTeAC OFTF 0100 (random) RTET aPAlT DAl
T (PRALAN TG HNZLA:: MhGFA Pt NPLI® +htdi AGTFOT (OYS NAarG
PILIMT PEREFD (RAPTE PTUBLPATOE AGFOT (1OYF (140>G o FmS TEETFO-
004>k UUBLPAFDE AG I°79° G0Wt PAL 70UF MAPINTT (intervention) (1972L24°AF@-
(control) (F&GT @O VIGET N9PLALA PAT: 76US PU1.540- P0G Perhand N3 AL Parhe-
TCT YL Az
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0PSt ettt VISt O NPk Aeate N PiNgG: VGt 0L9LeFm- N6-15 Gavt PUPh:
0TG-k avavsf AL (841 PATET T TIF HUPALT 9°CaPS Vh9PS NATE T P16 +HUPALT 19
PR POk 190400 LHET v-te AU N91L940F (L APTC POAR: AT NOAS ORI° Ad81,
0Pt AeAtq €28 PTF AF 14 PPGE PG GA9IS 076 HAFLPT o0-L7 SALA NTet
PrtEY VST ATLaPCaye TarlTISPTG ATGE AAFAPT AN AR $L A (e ISIP
LRm- L7 LALAG PTGE AT YIS GavG (lavavCav( \tatét P taving. OAae-PPF
H7£9° 0D AL4° TG AT9.MGPP TLCAA::

PGk ALCE PSR PR UIGE TWACE vbFE P 16VS AmONP AIPLS PaPAaN-TY
aBPTF 1eemeST ATTTrE AANN0A:: NETETE FAFIP PLIP GavG (av@-(L:9° PLI° 91N
goCavs. HNLL A ARY PavFmAl L&t NN £48 HhSor 1S (thde AaLtt @t (Lt
AT NPHPOC APLT87% PTG tadéd Vs (an? 0Pagr: NevNTt 7ot 18+
+0RYE AL POP DA FLCAA:: AR TEC ParRlT YLTIP NPAPTE Navhh (l-GE
ATt FNGOGA

NOm+E: 14 Qoo ZAEFD+ (490G (L3 m0 (L7 O P14 VISt OAZET P15 TVPALT
etme PT 29 (oof ASFO e99edmt V9SF (control) QiHu- FUPNET ¢hmE Vi
FHEPA:: (PG aPAL P ABT (LD 0718 (@YS 14006 aoFmAl PATE T P15 AUPALT
feao_p St (19970 oo aFNT AT AN 17 N90F TELFD- PHSLMATD- YISt W78t
TG FUPOLT A19PGF (n® 26 (0PF TELFD PNFRLNTFO VIGT M HUPAE +tmPTPA::
tavqae, avAng® A3 P ePeC PRl T 1Lt PUISE NAZET 715 TUPNET PaomPbt 084
NA72e AOFS aoPiT TSR AARTA::

e T169° KEFO- (@75 N1A0PG LMt G PEEFD- CHELMATFO- VIGTH: WEFO- MAF M-t
TEETFO NAFSLMATFO YITT IC AI190C AE9 P10 PAZET 15 FUPNLT P00 g
(infection intensity) AZRINCFD PEIFT ALIIMA:: QLD THF AET (@G (Aa>G avFmAG
TEC PRLT NPT VT mTrE AAE ATTVNLAN £4E PATEF P17 HUPOLT NTF (avdin
218 N&HE mPTLF WHRAO+ PALA:: QUIP PUINT PPRTET VIGT O TARIP 0L TLeTF @ ATIPUCT
P40 VITTE (NGHE RLF CHUPALT NS ANVFAAL (PPGTFD- 175k P00 P00 BG
P10 Y9Gk PATO7 PANANL Parlhdh API° NATLPTOAD: aPA TJYNLANN: NTHY FUPALT Pavm St
0L ATA UGN TINT Ho-::

ORI (HEALD OPF AEFOT (0YG NAaeG eAFm-t VISt ASFOT AFmi hdet
VISt 2C AN96C NATE NLI° 971 NG PtmE VI0- AT3HPA:: AmPAL K87 (HLAL LH
(@G AQav¢ aFmNG TECT NAINN RST PATET P15 TUPNLT 490 t7: PPIg
+UPOLT ONTF aPm7G PRI 1IN ONGAT LLE ParhAnA 1 F T hT8ATFD TGk h( 1M

PBOG PAATANA PIA TOUS AmANP AJPL (9°F4 (HU TG+ $Me U1 o0t ANt 07
ADCAL PS HToRA:: R29° s (4 PTWNLAN AhATY QoTntt 4avadg TGt ATINLE:
A28 CT US AFL PULTA 1AL (LP° A7 AAPXE AX (19781 AR N7LTTF AldT (1994
chii Pt 2@« TANT (cheap manpower) P9L7T%7 (PP OHY TG+ eHht-k+7 avad e
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farnAng H&PT (0 AME A9Ns ATTNGOT LFAN:: (FenT149° 0714k ONT OE ATdlNeT
099878t PUNLTAN heEdeT HZE tmS A0ty 491840 2444 ONChd fmS TCoIT
NoGeFm NFFFo- ALY TCF OFEIIMATFOY +avqae, Nt aohAh? H&PT hinu-
TCACPT 2C N9907L (PAN AVNLTAN 99840 ATLTLFN aTIHA SFAA:: AET (D-YS
NAaeG eavFmAYS TECT PaPRT A90C NPANG (Hah aoAn- A4t AAD- PUNLHAN heEd
P8O0 a0 TILANT PNRS ANLAL ACIPE CIPGA::

oL WPPATE (ATET P17 AHUPOLTE NRI° Pi: (P9I PS (190Pben. b (thinness) NPT
oo P97 FANC & TLETFD ATIPUCT NG VIST AL PHRLIDT TG LPLONT dch
1021 (1 Hemo169° (HY IPOLEE NIPOGG Al AL PHINOD-T PTG T M-myhE “IATI® 287 NAar-q
aFmN7G TRCT ool Lo+ (07 (hAhA L1 PiNF@- 915 WISk avhnd At 94
AR PPNTOT ARNCLS U-ted® PTG tadd VITT HI& PATOT PNPT Faradeyt AL
L1M7 KA @Myt PPLNNT FPOCG 10 PHU- TCT H&S L&T (19P0&F hext £1108 (LU7E
hHY 0ten16 QLU TG ¢4P9IT OCHT U3 (diarrhoeal incidence) A% aPm@P NTIHOE+
NeAgerE LM 0 F AME TR @PF LHANYE VIGET Qeemed AL A PUIsE
PaOPnRr (thinness) U-3d APRAN vt PHALE favah (5T POAST A9The PTG
Pkavt ADTY (10PO0L PAAT® MG LCET AHIE®- PIPTRAC TEALP ATTTrt W18.007%
TRCAN::

PATET TTE TUPALTE PRI° 9NING ePUIT (AFPT PPHE TANC AWRATFD- PG Ot
Aot (LY TR (WITE “W0LANE Ut (ATET T8 FUPOLT Larmdt 6LAT (WITE
ea7 P v-2F aPhhd AmPAL PTG FAAC LATPTE FardkA:: (haIT6° AET NANLAL
OPF (@YS (4e>G aFmAG PhE TECT (PAFPTE aPRlT AILPUAGE PTIUNLANRS PNTH
Upd QRG4S SATET TIE TUPOLTT 8990 T AghAhd PATF@: NPT (U-hg® OTGE
Wttt UGt AR TaPAAL aOPE TGE AEIIM AN

AMPAL (HY P0G PPLOD- PTG QUG P91.04,21M®D- hP*7 NAaP<G aoFmAG TECT NA0(k
aLP UAI° ALTLEFD- ATIPUCT ALLA- VITT AL NTF7 PA ARTE 2aPhANA NPT AT8ADG
PATET TIS FUPALTE PLIP OIS HPOIT NAFPT PPAET FANCT HtAed® APT (ANLATL
OPF (OYG (400G (1P FmG NPATCTE PECT NaPR4LT LUT FANC NN T aPANC hT7LTLFAGE
LU7 NTUFIG OFarAmt P ALt 0-LF PULeABPG PVISTHT MG NP LH A79C AaemNP
09965 U7 APG PG OPGE. ParhAn® HE&PT +o104-P 0998471 ANEALYITY 10-::

POLE DLOTE LU POCG PTG aPhhd LML P0G (LT NTGE OOT ALt hit
PPt Bch6T (92066 2-5) PG PG TPRT TInPALT PPGF H&GPFFO- hG PAFO- FCH° NodvH
PG PG 1TOTF NTIMPAN OHITT PPOCF 1D+

ALY 00T ITPOTRE A7RE - AT AR O/ALO +tmd APTS 0TPUCT O VIST Ae PAT@-
ACTTG NALPFFOE 0TS - PAN P PAS 70US AnO0P H&PT (MANGAL OPT AE7
(@-YS NAa>G aFmA7 AS AP PPEC $LN7T) 4LILLTFD- ATIPUCT NLLAS MIMC 71.F4
VIS AL PATET 1T FUPALTTE MLV TUPALT PN20T £oLhat PO oM £L9° 1IN
(9vhAnA L8 PATFOT NPT AQHT - 0LTLOFD ATPUCT (184G VIS AR NAZET P15
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FYPALTE N29° 910G (P9I NAFPT avhnd PAD-T ONC AS DAL PFmPit PAA PAS
76US omPf H&PT MiHu- VISt AL fA ALY P71 ¢Fm- nOtF Parhahd AP av8a07%
9.0 GF@-::

(Y 90§ PATE T TIG TUPALT AG OFarMmY P91 ATl T9C ONPst Ottt +a 3P T
078 O0det FOLoF avFeE16 oV hets eNTid ACHI° A7LaP70ArH h9d Pm.SS £70Us
AmONP TALTE IC OHEPH aPPRT (\PGHE avl1m<y PAPA:: N9°04-4 LNIAANG |PTC AANTF
(randomized controlled) P+LL10< TGHTT Tt (04t $COA: PAN PPr MGG 76U
AMONP +90LAT QUL AT (NGt ATINEE PF@ FU8LATTG P I v 3PF (PAPT
PCOPA:: (9PERLLAT® I°0-4 HMY L9IMPAL VANFT N9904.CS 09987 AL A A1CT 19154
0L OF@- ATPUCT NLLG VISTT DATET TIF TUPALYS tarim 292910 ATdt 4t NNES
(HA® v-33 AgPhADA 099,001 POLLA PPGTHE RIPCIPC dP&FT NTInParT +MGEA::
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Resumen (Summary in Spanish)

En el Capitulo primero se expone la introduccion de este proyecto de investigacion y se
presentan los fundamentos sobre los que se han establecido la hipdtesis y los objetivos
del estudio. En este capitulo se describe la relevancia de de las infecciones parasitarias
intestinales (IPl) en amplios grupos de poblacion, especialmente nifios, en Etiopia y
gran parte de la poblacion mundial. Los estudios realizados en esta tesis se han
centrado en torno a tres cuestiones principales: 1) la caracterizacién de las infecciones
parasitarias intestinales (IPl) y los factores de riesgo asociados en personas con la
infeccion HIV/SIDA en tratamiento con antirretrovirales; 2) la caracterizacion de la
prevalencia y factores de riesgo asociados con las IPI, la anemia y la desnutricion en los
nifios en edad escolar; 3) el disefio e implementacién de un ensayo clinico para
demostrar la eficacia de intervenciones de salud publica sencillas, como el lavado de
manos con jabdn y el recorte de ufias, en la reduccidn de las IPl y la desnutricion en
nifos en edad escolar.

El capitulo segundo se basa en el articulo publicado en la revista International Journal
of STD & AIDS con el titulo “Risk factors for intestinal parasitosis among antiretroviral
treated HIV/AIDS patients in Ethiopia”.

En este primer trabajo hemos analizado la prevalencia y los factores de riesgo
asociados a las infecciones parasitarias intestinales en personas infectadas con HIV/
SIDA. Un total de 384 personas con HIV/SIDA en tratamiento antirretroviral (ART)
fueron incluidos para este estudio. Mediante cuestionarios estructurados recogimos los
datos sociodemograficos de este grupo de persobas. Los analisis parasitolégicos en
muestras de heces y orina se realizaron mediante técnicas de microscopia directa y de
concentracion, mientras que la informacion sobre el perfil inmunolégico y la evolucién
de la enfermedad se obtuvo a partir de las historias clinicas hospitalarias. En este
estudio, observamos que la prevalencia de las IPI era de un 56% (95% intérvalo de
confianza 51% to 61%). Las IPI se asociaronde forma significativa a un menor recuento
de células T CD4 + (p=0.002), pero no con el estadio de la enfermedad.

La escasez de letrinas y una mala higiene de manos se asociaron de forma significativa
con una mayor prevalencia de infecciones por E. Histolytica /dispar (OR: 2,75 y OR:
2,67, respectivamente) y G. lamblia (OR: 2,08 y OR: 2,46, respectivamente). Los
pardsitos protozoarios no oportunistas como la E. histolytica / dispar y G. lamblia,
fueron los parasitos mas frecuentes encontrados, seguidos por las tenias zoondticas.

En resumen, la mala higiene personal y las deficientes condiciones sanitarias
contribuyen de forma significativa a la alta prevalencia de IPI en pacientes con
HIV/SIDA. Las infecciones parasitarias intestinales contribuyen a la morbilidad de los
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pacientes con VIH / SIDA y su cribaje rutinario en la clinica es acosnsejable para mejorar
la calidad de vida de dichos pacientes.

El capitulo tercero se basa en el articulo publicado en la revista Pathogens and Global
Health con el titulo “Risk factors for intestinal parasitosis , anemia, and malnutrition
among school children in Ethiopia”.

En este capitulo presentamos los resultados de un estudio sobre los factores de riesgo
asociados a las infecciones parasitarias intestinales, la anemia y la desnutricién en los
nifios en edad escolar del norte de Etiopia.

Para este estudio, reclutamos de forma aleatoria a 600 nifios distribuidos en 12
escuelas primarias en zonas rurales del norte de Etiopia. Los datos demogréficos y
socioecondémicos fueron obtenidos mediante cuestionarios estructurados utilizando
aplicaciones especificas de smartphone. El andlisis parasitoldgico en heces se realizé
mediante los métodos de analisis directo en fresco, concentraciéon y Kato-Katz. Las
muestras de orina se utilizaron para el examen de huevos de Schistosoma
haematobium. Asimismo, para las infecciones por helmintos, se analizé el nimero total
de huevos y por gramo de heces. La concentracién de hemoglobina se determind
mediante un analizador HemoCue.

Nuestros resultados indicaron que la prevalencia de parasitosis intestinal en este grupo
de estudio era de un 72% (95% confidence interval (Cl): 66-76%). El parasito
protozoario, E.histolytica, fue el parasito mas frecuentemente aislado, seguido de los
cestodos - H. Nana. La prevalencia de anemia y retraso de crecimiento fué de un 11% %
(95% Cl: 8-13%), y un 35% (95% Cl: 31-38%) respectivamente. Aunque hubo pequefias
diferencias entre las escuelas urbanas y rurales, los problemas de infeccion y la
desnutricion fueron de la misma magnitud. Los nifios con peores habitos de higiene
personal mostraron una mayor prevalencia de IPl, anemia y desnutricion.

En resumen, el uso de nuevas aplicaciones de teléfonos moviles para la recogida de
datos en el estudio nos ha permitido un andlisis de datos mas eficiente y rdpido.
Nuestro estudio refuerza la necesidad de mejorar las practicas de higiene personal en
los niflos promoviendo el lavado de manos generalizado y un mejor acceso a los
servicios de saneamiento para reducir las infecciones parasitarias intestinales, la
anemia y la desnutricion.

El capitulo cuarto, se basa en el articulo enviado a revisién a la revista PLoS Medicine

con el titulo Hand washing with soap and nail clipping: effect on intestinal parasitosis
among school-aged children: a factorial randomised controlled trial”.
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En este estudio evaluamos la eficacia de dos intervenciones de salud publica, el lavado
de manos con jabdn y el recorte de ufias, en la prevalencia e intensidad de las
infecciones parasitarias intestinales en nifios en edad escolar. Para ello planteamos un
estudio factorial 2x2 con grupo control y aleatorizado. Se reclutaron un total de 369
nifios, entre 6-15 afios, seleccionados de forma aleatoria en 12 escuelas del norte de
Etiopia. Todos los sujetos del estudio fueron monitorizados previamente para ver si
presentaban IPI y asighados a alguno de los cuatro brazos del estudio: (a) lavado de
manos con jabon; o (b) recorte de ufias; o (c) lavado de manos con jabon y recorte de
ufias; (d) grupo control. A los seis meses de seguimiento, se realizd un examen de
muestras fecales mediante técnicas de concentracién directa y de Kato-Katz. La
hemoglobina se analizé con un espectrometro HemoCue.

Las objetivos primarios del estudio fueron la prevalencia e intensidad de la reinfeccion
parasitaria intestinal. Nuestros resultados indicaron que un 14% (95% Cl: 9% to 19%) de
los nifios en el grupo de lavado de manos con jabdn se reinfectaron en comparacion
con el 29% del grupo control (95% Cl: 22% to 36%) (OR 0.39). De forma similar, un 17%
(95% Cl: 12% to 22%) del grupo de recorte de ufias se reinfectaron en comparacion con
el 26% del grupo control (95% Cl: 20% t032%) (OR 0.57). Asimismo, se observd una
reduccion significativa en la media de huevos por gramo en las heces, tanto en el grupo
de lavado de manos con jabdn (54 vs. 82 epg, p=0.001) como en el grupo de recorte de
ufias (53 vs. 90, p=0.032). Un 13% (95% Cl: 8% to 18%) de los nifios en el grupo de
lavado de manos presentaban anemia en comparacién con el 23% (95% Cl: 17% to 29%)
en el grupo control (OR 0.49).

El lavado de manos y el recorte de ufias disminuyd de forma significativa la reinfeccion
parasitaria intestinal y la intensidad de la carga parasitaria. Asimismo, el lavado de
manos redujo la prevalencia de anemia. Estos datos sugieren la necesidad de promover
de forma mas eficaz y generalizada el lavado de manos y el recorte de ufias en nifios en
edad escolar.

El capitulo quinto se basa en el articulo en revisidn con el titulo “Associations between
intestinal parasitic infections, anemia, and diarrhoea among school-aged children, and
the impact of hand-washing and nail clipping”

En este estudio se analizaron: 1) las asociaciones entre las IPl, la anemia y la diarrea en
nifios de edad escolar; 2) los factores que pueden predecir las IPl y la desnutricion; y 3)
el impacto del lavado de manos y el recorte de ufias en nifios con diferentes situaciones
demograficas basales.

Los datos de este trabajo forman parte del ensayo aleatorizado descrito en el capitulo
anterior, donde evaludbamos el impacto del lavado de manos y el recorte de ufias en la
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reinfeccidon parasitaria intestinal. Las asociaciones entre las IPl, anemia y diarrea y otras
caracteristicas demogréficas basales se analizaron mediante modelos estadisticos de
regresion binaria y regresion logistica multiple. Nuestros resultados demostraron
asociaciones significativas entre las IPl, la anemia y la presencia de diarrea. No se
observaron tendencias en las asociaciones entre las caracteristicas basales
demogrificas, las IPI y la desnutricion. La edad del nifio fue un factor predictivo
significativo de anemia (OR 1,82); Las familias de menor tamafio (OR 2,40), anemia (OR
2,08) y la presencia de IPI (OR 1,98) al inicio del estudio fueron predictores significativos
de mayor riesgo de IPI tras la intervencion.

En conjunto, estos resultados, sugieren que el lavado de manos con jabdn y recorte de
uias son eficaces medidas de prevencion de las infecciones parasitarias intestinales en
los nifios en edad escolar.

En el capitulo sexto, discutimos las principales aportaciones y lecciones del estudio,
especialmente: (1) la prevalencia y los factores asociados a la infecciones parasitarias
intestinales y la desnutricion en poblaciones vulnerables, en particular los pacientes con
VIH / SIDA vy los nifios en edad escolar; (2) el impacto de simples intervenciones de
higiene, como el lavado de manos con jabdn y el recorte de uiias, en la prevencion de la
reinfeccidn parasitaria intestinal, la disminucidon en la intensidad de la infeccién y de la
prevalencia de la anemia entre los nifios en edad escolar; y (3) la identificacion de los
patrones de asociacion entre la IPl, la anemia y diarrea. Asimismo, al final de este
capitulo, se resumen las principales observaciones de nuestros trabajos y un grupo de
recomendaciones para la mejor prevencioén de las infecciones parasitarias intestinales y
la desnutricidn en los nifios en edad escolar en paises en desarollo.
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Valorization: Practical implications of findings

The findings of the studies in this thesis have significant implications on the health and
development of school-aged children, as well as, the health of immunocompromised
patients. Specific implications of the findings of each study, together with
implementation and evaluation of simple hygiene and sanitation interventions in the
prevention of IPIs and anaemia, are discussed in the respective Chapters. Here we
summarise the overall implications of the major findings in this thesis.

Implication on the health of HIV/AIDS patients

The findings of these studies showed widespread prevalence of extracellular Intestinal
Parasitic Infections (IPls), and significant associations with poor personal hygiene and
sanitation practices among antiretroviral treated (ART) patients. The negative
contributions of IPls to the rapid progression of diseases caused by HIV infection are
long established. Identification of parasitic agents residing in the gastro-intestinal tract,
and factors associated with high prevalence of IPIs among HIV/AIDS patients under
ART, assist to optimise treatment and control measures that would improve the quality
of life of these patients. The findings have highlighted the need for a better scheme of
follow-up to improve the quality of care for HIV/AIDS patients under ART. Incorporation
of regular stool tests and health education programmes that would help adopt
preventive measures against IPls for patients under care in ART programmes could be
essential for the betterment of health services and hence, increase the likelihood of
desired health outcomes in impoverished settings of the developing world.

Implication of prevalence and risk factors assessment in children

Children in developing settings are amongst the populations most affected by the
deleterious health and developmental impacts of IPIs and under-nutrition. Both IPls and
under-nutrition share similar geographic distribution in the impoverished areas of the
developing world and create a cyclic impact, ultimately contributing to defects in
health, growth, and other forms of development among children. Prevention and
control of IPIs (both helminthes and protozoa) and alleviation of under-nutrition (both
micronutrient and protein-energy under-nutrition) are recognised as a priority for
achieving the United Nations’ Millennium Development Goals (MDGs). To be effective,
interventions aimed at reducing the effects of infection and under-nutrition must be
based on a proper assessment of the existing situation. Chapter 3 of this thesis
investigated the prevalence and associated risk factors for intestinal parasitosis,
anaemia and protein-energy under-nutrition among school children in northern
Ethiopia. Findings in this chapter indicate a widespread occurrence of IPIs and under-
nutrition among children. Poor personal hygiene and sanitation habits were generally
associated with anaemia, thinness and IPIs. Children who had unclean hands were
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more often anaemic and thin. The findings emphasise the need for an increased access
to clean water and latrines, and hygiene and sanitation communication activities to
improve the health status of children living in endemic areas of the country.

The study used mobile phones to collect epidemiological data, which showed great
potential as a more efficient tool for data collection in the remote field settings.
Furthermore, the findings from the present study motivated the interest to design
inexpensive and simple public health hygiene interventions and empirically assess their
impacts in preventing IPIs and anaemia among school-aged children.

Implications of hand-washing and nail clipping on child health

IPIs and anaemia are of high prevalence among children in the developing regions of
the world. School-aged children bear heavy worm burden from intestinal parasitic
infections and are both the principal sufferers and source of transmission in a
community. The results from the RCT indicated that hand-washing with soap at critical
times and weekly fingernail clipping interventions were very efficacious in reducing
intestinal parasite re-infection rates, the size of worm burden, and the prevalence of
anaemia among the children. Given the notable health and developmental impacts of
IPIs and anaemia on children, the implication of these findings extends well beyond
simple short-term health benefits among these age groups. By reducing infection
intensity, the interventions can prevent serious morbidity in infected children, aligning
the effects of these simple public health interventions to be consistent with the
rationale of deworming programs. Further, the efficacy in lowering infection intensity
(worm burden) also suggests external benefit from reduced environmental
contamination and hence reduced infection transmission in the community on a larger
scale.

Long-term protection against IPls and anaemia could be successfully achieved through
public and economic development; however this is unattainable in a short period of
time for poorer countries like Ethiopia. The current strategy of periodic treatment of at-
risk individuals also has constraints due to systemic difficulties of drug provision, fear of
increased potential of drug resistance and the short-lasting impact of treatment due to
the frequent re-infection rate in endemic areas. Hand-washing with soap and nail
clipping interventions, therefore have demonstrated to be an efficacious
complementary measures that could help to lower the dependency on a ‘drug only’
approach and enhance sustainability of protective measures with available resources.

The important link between IPIs and anaemia reinforce the likelihood that proper hand-
washing with soap can be used as comprehensive public health intervention to break
this link and stop the deleterious health impacts of infection and anaemia in children.
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Further, the substantial decline in intestinal parasite re-infection rates as a result of the
interventions was seen among all children despite differences in their background.

The studies in this thesis were conducted in a resource-constrained country (Ethiopia)
and have targeted vulnerable groups living in marginalised rural and urban areas. The
findings presented in this thesis could be both useful and applicable to other children
living in endemic areas throughout the world.
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