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Preface

The American Centers for Disease Control and Prevention (CDC) define public health as
"the science of protecting and improving the health of families and communities through
promotion of health lifestyles, research for disease and injury prevention, and detection and
control of infectious diseases.” The focus of this definition is the population, and this is im-
portant in most other definitions of public health. Nevertheless, definitions do vary, espe-
cially in societies where clinical medicine is provided as part of a national system and is
funded primarily through the national coffers. Understandably, the public often sees public
health as the provision of clinical care through publicly-funded facilities. Historically, how-
ever, public health was what communities did to address infectious disease. Classic exam-
ples include John Snow's successful attempt to link cholera transmission to specific water
sources, the control of malaria during the construction of the Panama Canal, and the control
of yellow fever in Cuba. Perhaps the most successful of all public health initiatives is the
elimination of smallpox through the use of systematic immunization.

As the successes in control of infectious diseases accumulated, the role of public health
workers evolved to address other types of health threats. One notable example is the identi-
fication of pellagra as a disease due to a nutritional deficiency. This work by the U.S. Public
Health Service led to dietary recommendations that ended a decades-long epidemic of pella-
gra in the American South. Such work led to more applications of the public health disci-
pline to addressing the health of populations. Today, public health is broadly defined,
reflecting efforts that include more aspects of the health and healthcare professions. Some
authorities have postulated 10 essential health services that any public health agency should
provide. These include:

(1) Monitoring the health status of supported populations;

(2) Diagnosing and investigating health problems and hazards in the community;
(3) Educating and empowering people to address health issues;

(4) Mobilizing community partnerships to address health problems;

(5) Developing and implementing policies that address health issues, both at the community
and individual levels;

(6) Enforcing laws and regulations that protect human health and safety;

(7) Facilitating linkages between people and personal health services to ensure access to
healthcare when it would be unavailable otherwise;

(8) Providing a competent workforce of health workers;



XV Preface

(9) Evaluating effectiveness, accessibility and quality of health services;
(10) Researching new solutions to existing health problems.

In light of this newer, broader definition of public health, this book presents chapters on a
wide range of public health topics, including new technologies for testing potable water, the
role of the news media in communicating health risks to the public, and specific health is-
sues associated with migrant or displaced populations. The purpose of this book is not to
provide an introduction to public health, but rather to provide a forum for updates on new
technologies and new analysis of current issues in the field.

David Claborn, DrPH
CDR USN (ret.)
USA
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Chapter 1

An Overview of The Public Health Global Perspective on
the Grand Challenges of Non-Communicable and
Chronic Diseases Within the Framework for Developing
new Drugs

Estella Tembe-Fokunang, Charles Fokunang,
Zacharia Sando, Barbara Atogho Tiedeu,
Frederick Kechia, Valentine Ndikum,

Marceline Ngounoue Djuidje, Jerome Ateudjieu,
Raymond Langsi, John Fomnboh Dobgima,
Joseph Fokam, Luc Gwum, Obama Abena,
Tazoacha Asonganyii, Jeanne Ngongang,
Vincent K. Titanji and Lazare Kaptue

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/59070

1. Introduction

Non-communicable diseases (NCDs) known to cause more than half of all deaths in sub
Saharan Africa over the past two decades has shown a steady increase to become a public
health concern,. [1-4]. More than 30% of these deaths are recorded before the age of 60 in the
resource poor countries. The mortality and morbidity caused by the NCDs is globally on the
increase. However, the greatest impact has been recorded in sub Saharan Africa where
healthcare facilities and medical awareness is low. In the developing countries NCDs is on the
rise at the same proportion with infectious diseases that has led to an increasing disease
burden, [2].

Other studies in sub-Saharan Africa has indicated that women within the ages of 15-49 are
dying from NCDs faster than the women living in high-income countries [3-4]. The burden of

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.
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early mortality and disability poses a serious problem to socio economic and human devel-
opment [3]. In countries where the public health systems are not well developed, payment for
health care service for the poor is difficult and creates more financial burden to the poor
subsistent population. The assess to treatment for metabolic disease such as diabetes has been
shown to cost a patient in some developing economies like India about 15-25% of their
household earnings [5-6]. Studies conducted by the World Bank showed that cardiovascular
disease can lead to high expenditure for about 25 % of India families and also creates poverty
to about 10 % of low income families [5-7]. The socio economic implication of population living
with NCDs ranges from time off work usually unpaid, high unemployment rate and also early
retirement from work. [6-8]. the world economic forum (WEF) based on socio economic
situation in developing economies attempts to place the NCDs among the top global concern
to economic empowerment [6-8].

Well-structured and coordinated primary prevention with elaborate health care disease
surveillance can potentially help reduce in developing countries like Africa [8].Base on the
good health care policy implementation strategies there has been a concerted effort by health
actors to develop and formulation of effective health programmes for the prevention and
potential control strategies for NCDs that was initiated during the World Health Assembly
that took place 2000. Some great initiatives has been implemented by WHO member countries
towards the control of tobacco consumption, an unregulated excessive alcohol intake, and the
global control of diet and nutrition, physical activity and health. A lot of effort has been taken
to reduce potential NCDs as indicated report in the action plan of WHO of 2008-2013 [8-10].
In the sub Saharan Africa regions the reduction of NCDs is not view as a technical resource
issue, but itis a highly political problem which in most cases does not create an enabling health
working environment. The health sectors and the policy-makers in most sub Saharan African
countries are aware of the burden of NCDs, and also the existence of cost-effective interven-
tions for implementation, unfortunately health intervention policy is not priority [10-12]. So
far, some donors and the international development community have been slow to respond,
in part because NCDs are not among the Millennium Development Goals [11]. So far with all
the repeated donor mobilization and commitments as demonstrated by the Paris Declaration
on Aid Effectiveness and the Accra Agenda for Action, NCDs still receive below 3 % of the
development assistance for health across most countries in sub-Saharan Africa despite the fact
that NCDs are known to cause more than of all premature deaths in these regions [11-14].

The WHO’s Action Plan for the Global Strategy for the Prevention and Control of NCDs has
putin place a strategic health development platform for change and since its adoption in 2008,
a global movement promoted by leaders from developing countries to develop a common
partnership operational platform is effective to some extend [14-16[.The Some partnership
global initiative has led to important decisions like that taken at Doha which led to some
resolution and declarations made on NCDs and different injuries advocating consideration for
integrating the NCD prevention and control into the health management framework [16].
Deliberations at the United Nations Economic and Social Council meeting in July 2009 led to
a United Nations General Assembly Resolution in May 2010, requesting the United Nations
to convene an important meeting in September 2011 inviting the participation of heads of state
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and government [17-18]. Drawing inspiration from the HIV/AIDS crucial meeting in 2001 that
was the turning point in unlocking the HIV epidemic, this meeting also provided an oppor-
tunity to raise awareness and shift in paradigm in research towards the NCDs within the
framework of the global health development agenda [19-21].

The distribution of the burden f NCDs has shown a big disease gap between the high income
earning countries where the health service is very developed and organized and the low
income countries where the health system is not well organized and less accessible to the poor
subsistence population as shown in Figure 1. There disease burden is more severe with the
highly active population within the age range of 15-59 years recording between 48 %-56 %.

High income countries Low income countries

4%

WO - 4years O -4years
5 - 14years W5 - 14years
15 - 59years 15 - 59years
56% M > 60 years M > 60years

Figure 1. Disease burden distribution in high income and low income countries (Data source-WHO 2013) [26]

Many efforts have been made to organize important workshops, conferences on NCBs through
the support of Global Health, and stakeholders in health within the WHO mapped sectors,
and in Africa coordinated by the new partnership for Africa (NEPAD), Africa Union support
programmes.

Workshops and consultation forums have contributed towards the production of vital support
documents thatserveinthe promotion of awarenesson NCDsand alsoimportantend of meeting
resolution are made through national declaration by the health sector stakeholders that helps
in identifying and targeting strategic areas for possible control intervention. In some develop-
ing countries efforts have been made towards the creation the health actors’ national pro-
grammes to deal with NCDs through national consultations and coordination that requires a
high level of commitments from the health stakeholders. There is effort made toward putting
in place a well-developed health monitoring system for sector action evaluation, accountabili-
ty and participation potential of the NGOs and other affiliated nonpublic health actors, the
public health partnership sectors and to a greater extend efforts made to enhance the strat-
egies promoting the action plan of established by WHO [22-24]. Resolutions and declarations
form organized symposiums and many organized conferences helps in setting priorities by
policy makers within the WHO member states and a roadmap to put in place sustainable
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implementation strategies. There is the need for the promotion of the awareness and sensitiza-
tion of NCDs through the outcome of a consultation frame work organized by the health sectors
in the WHO members states, at the level of research institutions, research groups focused on
developing and establishing effective policy and legislation that supports NCDs portfolios [25].

To develop good control strategies for NCDs there is the need for total participation of the
entire public health sectors, actors in health research institutions. The holistic approach
involving the total participation of all stakeholders has shown to be more effective for a
sustainable NCDs in Africa and also support resource poor countries to implement good
control programmes, and channel public health policies towards the intensification of the
prevention action and capacity strengthening for NCDs control and management systems
[24-26]. In the WHO member states where there is well organized structures to support and
promote health professionals leadership and the efforts to promote NCDs management
initiatives, are known to play a significant role in shaping study of the epidemics and managing
the cases of premature deaths in Africa [4, 7, 27]..Some of the main indicators of diseases that
are used such as disease incidence and prevalence, do not give a clear indication when
considering the disease burden involving an individual in a community in poor resource
economy

The unit measure for that is applied to express an indication of the disease burden is known
as the DALY and one DALY which represents the loss of the equivalent of one year of full
health [27]. By using the DALYs, measurement the disease burden involve in early deaths and
little disability such as measles or drowning, could be compared to other diseases that cannot
cause death but has potential to cause disability as the case of cataract that causes blindness
[1, 2, 28-29] NCDs is known to cause about half of the disease burden in the low-and middle-
income countries [22-24], and about one half of the disease burden involves non-communicable
diseases. Among the NCDs Ischaemic heart disease and stroke constitutes the biggest sources
of this disease burden and the cardiovascular diseases account for more than one quarter of
the total disease burden. Currently, injuries have been shown to account for about 17% of the
disease burden in adults aged 15-59 years, within the low- and middle income economies in
Europe, USA and the Eastern Mediterranean Regions, where more than 30% of the entire
disease and injury burden are recorded among men aged between 1544 years. [29-30].

1.1. Leading causes of burden of disease

Recent studies have shown that the four non-fatal conditions are found in the 20 leading causes
of burden of disease, while the two leading causes of death such as ischaemic heart disease
and cerebrovascular disease, and are among the top six causes of burden of disease asindicated
in table 1. The four primarily non-fatal conditions are also shown to be among the 20 leading
causes of burden of disease; such as hearing loss, alcohol use disorders, and unipolar depres-
sive disorders to name but a few.. To assess the main causes of loss of health in any populations
it is very relevant to take into consideration the non-fatal conditions as well as deaths. The
income levels are also known to be linked with major differences in burden of disease [3-5].
The two leading causes of burden of disease in the world are infectious diseases such as lower
respiratory infections and diarrheal diseases. HIV/AIDS is known to be the fifth cause of



An Overview of The Public Health Global Perspective on the Grand Challenges of Non-Communicable and...
http://dx.doi.org/10.5772/59070

burden of disease globally, and three other infectious diseases follows on the top 15 causes as
shown in Table 1.The leading causes of burden of disease in developing nations are very similar
to those recorded globally, with the exception of the statistics for malaria and tuberculosis (TB).
Asindicated in Table 1, out of the top ten causes of death, eight belongs to the Group I, however
the leading causes in developed nations are all NCDs, with the exception of road traffic
accidents which is the tenth leading cause of death [29-30].

1.2. The disease and injury burden for women

In a broader perspective depression is now known to be among the leading cause of disease
burden among young adult women with mental disorders that are known as the main source
of lost years of healthy life for women of aged 15-44 years [23].Mental disorders make up three
of the ten leading causes of disease burden in developing countries, and four of the leading
ten in developed countries. Case of self-inflicted injuries have been reported to be among the
leading ten causes for the developing economies [3, 11, and 30]. Injuries have also been shown
to be important for boys beyond infancy, however, the causes of burden of disease are broadly
similar for boys and girls but with, a marked sex differences that is seen between the age range
of 15-59 years. The burden of reproductive problems is generally restricted to developing
nations, and this is vital such that the maternal conditions make up two out of the ten leading
causes of disease burden in women of age groups 1544 years [29-30]. The HIV/AIDS, and
other maternal conditions are among the main factors contributing to the high disease burden
for women in developing countries with respect to developed countries. In sub Saharan
African and in the South-East Asia regions, the disease burden from maternal conditions is
responsible for about eight percent of the total global disease burden shown in women between
the aged groups of 15-59 year [32-34]. In developing countries great contribution can be made
towards reducing the burden of disease by developing strategies aim at reducing loss of
healthy years that can be enhanced by putting in place better facilities to implement proper
care for pregnant women, promote antenatal and neonatal care, years loss Almost all of this
loss of healthy years of life is avoidable.in low-income countries, better care for women in
pregnancy and childbirth could make a great. The Millennium Development Goal provides
an opportunity for women to have access to a skilled birth attendant during childbirth. This
opportunity where available has reduced to a greater extent the disease burden through the
prevention maternal and neonatal deaths. [9, 35].

1.3. Causes of non-communicable disease

The burden of NCDs are derived from various past and cumulative risks; and the future
burden are now determined by current population exposures to risk factors. Studies have
shown that the major risk factors for NCDs epidemics are more complex than those for
infectious disease and are well known to be responsible for most of such risk factors. [2-6].
Many populations are exposed to the most common groups of NCDs. There are some modi-
fication of these NCDs within individuals and location but generally the mode of action is the
same worldwide [9-12]. Some determinants on NCD epidemics involves the increase in aging
population, low fertility and the decreasing child survival potential
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The increase in NCDs globally has been caused by a significant change in lifestyle of the
population especially in developing economies. Current trends indicates that more people
spend longer period out of their homes working and eating fast food containing high choles-
terollevel which is a predisposing factor to metabolic diseases, with obvious implication linked
to problems such as low fertility and sexual dysfunction [32-34].

World trade and marketing developments concepts is to orientate the nutrition and food
strategies transition towards diets formulation with a high proportion of saturated fat and
sugars with high cholesterol. The consumption of high cholesterol diet, drug abuse, and
common tobacco use with little or no physical activity can lead to worldwide predisposition
of NCDs [15-17]. In developed countries, seven of the ten leading risk factors contributing to
the burden of disease are for non-communicable disease, compared with six and three of ten
in developing countries with low and high rates of mortality, respectively

1.3.1. Non-communicable disease risk

The NCD risks are higher in developing countries and dominate the disease burden of most
developed countries, to the extent that they are considered as a health priority in the
developed countries [11, 35].The developed countries have well-structured health pro-
grammes to manage the NCD risks which generally increase with age. It is therefore
important to develop control measures of the different age distributions of populations
through age-standardization of DALY rates, to reduce the apparent NCDs risks. Report on
the age-standardized DALY rates, are higher in developing countries than in developed
nations [35-37]. This disparity is due mostly to cardiovascular diseases, such as the heart
disease and stroke, with age standardized burden are significantly higher in developing
nations than in developed countries. Other disease burden under the group of sense
disorders, vision impairment and ocular anomaly like hearing loss, is more common in
developing economies than in the developed countries [35-37].

1.3.2. The Global unequal burden of disease injury

Other reports show that one sixth of the disease burden in adults caused by injuries accounts
for 17% of the disease burden in adults aged between 15-59 years [35-37]. In developing
countries about 30 % of the main disease and injury burden recorded in men between the ages
of 15-44 years are known to result from injuries. In general considering both sexes, road traffic
accidents are the third leading cause of burden in the 15-44 age group that is followed by HIV/
AIDS and unipolar depression. Due to economic decline and poor road infrastructural
development there is a rapid increase in road traffic accidents most especially in the developing
countries [12, 38]. The relative importance of intentional injuries varies from regions to regions
and these category of injuries includes aspects like self-inflicted injuries, suicide, violence and
war [37-39]. This type of injury contributes to the increasing rate of the burden, mainly in
economically oriented young adults. In most developed nations, suicides top the cause of
intentional injury burden, while low income economies aspects of violence and war leading
the massive displaced and migratory population are the main cause. Highly politically
unstable regions involve in unrest, civil wars like in the Central Africa sub regions, have rates
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of injury, death and disability among males that are similar to other developing countries [5,
30, and 39]. The death rate resulting from the effect of poisoning is significantly high devel-
oping countries than in any other region of the world. Consumption of excess and deaths is
also a main cause in developing countries where the unemployment rate is very high and
provokes frustration among the youth. Record of the potential death rate resulting from
injuries cause by fire is significantly higher for women population in the South-East Asia
regions than for the women or men population globally [40].

1.3.3. Global Projection of the burden of disease in 2035

The global forecast for the disease burden per capita is projected to potentially show a decrease
in the global DALYs from 1.53 billion in 2014 to about 1.36 billion in the year 2035, given a
general decrease of approximately 10 % [40-42]. There is also a projection of increase in
population of over 25% during the same time span, which represents a big decrease in the
general per capita disease burden worldwide. The DALY rate general have been shown to
decrease faster than the global death rate due to a potential shift in the chronic NCDs that has
not only occurred in the last decade but has become an economic health issue, that has attained
an epidemic magnitude globally [11, 43-45].

Within the coming years the burden of chronic NCDs is anticipated to be on the increase
particularly in sub Saharan Africa. This projection raises a concern of the potential death of
about 388 million people in the population in the next decade from one or more forms of
CNCDs. This health concern has provoked many states to put in place some action plans
towards reducing a significant number of premature deaths. [21, 46]. There is the possibility
that poor feeding and excessive smoking are two important factors that contribute to the
millions of preventable deaths that occur each year.The CNCDs have a significant negative
economic impact such that looking at the next 1o years, south east Asia, the UK and India are
listed to lose billions in combating the CNCDs.[47-49], Within the framework of globalization,
the increasing interconnection of countries and the openness of borders to ideas, people,
commerce, and financial capital, has beneficial and harmful effects on the health of populations
[2, 14, 50]. The effect of the present current era of globalization on health has to be debated and
reconsidered in a wider perspective [5, 52]. Greater emphasis and interest is now focused on
the control strategies on the infectious diseases and the threats to world security, the supply
of generic drugs and international trade partnership [41, 52].

1.4. The global burden of non-communicable disease and disease injury distribution

Health forecasts projection shows that there are about 56 million deaths globally, of which
about 60 % die as a result of NCDs [53]. 16 million deaths are recorded from cardiovascular
disease (CVD), especially the coronary heart disease (CHD) and stroke; 7 million from cancer;
3 5 million from chronic respiratory disease; and almost 1 million from diabetes [41, 52]. Mental
health problems are known to be the leading cause of disease burden in most countries
irrespective of its state of development and this contribute in many ways to the incidence and
severity of many NCDs such as the cardiovascular disease and cancer [1, 53]. The disease injury
distribution has been grouped into world disease regions of Africa, the Americas, and the
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Eastern Mediterranean and European regions. This distribution are well illustrated in Table
1, showing the disease injury categories and the DALY. It is observed that there is major

variation between these world disease regions.

Disease incidence or injury DALYs Percent Disease or injury DALYs Percent of
(millions)  of total (millions)  total
DALYs DALYs

The African sub Regions The Region of the Americas

1 HIV/AIDS diseases 46.7 12.4 1 Unipolar depressive 10.8 7.5

disorders

2 Lower respiratory tract 422 11.2 2 Violence abuse 6.6 4.6
infections

3 Diarrheal (gastroenterological 32.2 8.6 3 cardiovascular disease 6.5 4.6
issues problems

4 Malaria infections-PRD. 30.9 8.2 4 Alcohol abuse disorders 4.8 3.4

5  Neonatal and antenatal 13.4 3.6 5  Unstained Road traffic 4.6 3.2
infections and other accidents

6  Birth asphyxia and birth 13.4 3.6 6  Diabetes mellitus 41 2.9
trauma

7 Premature and low birth 11.3 3.0 7 Cerebrovascular disease 4.0 2.8
weight

8  Tuberculosis problems-PRD  10.8 29 8  Lower respiratory 3.6 2.5

infections
9 Road traffic accidents 72 1.9 9  Chronic obstructive 3.1 22

pulmonary disorder

COPD

10  Protein-energy malnutrition 7.1 1.9 10  Congenital malformation 2.9 2.1
anomalies

The Eastern Mediterranean sub The European sub Regions

Regions

1 Lower respiratory infection ~ 12.1 8.5 1 Cardiovacular heart 16.8 111
disease

2 Diarrheal diseases 8.3 59 2 Cerebrovascular disease 9.5 6.3

3 Ischaemic heart disease 6.2 4.3 3 Unipolar depressive 8.4 5.6
disorders

4 Neonatal infections and other 6.1 4.3 4 Alcohol use disorders 5.0 3.3

5  Cotdeath and birth trauma 5.5 3.9 5  Hearing loss, adult onset 3.9 2.6

6  Premature death and low birth 5.3 3.8 6  Road traffic accidents 3.7 24

weight
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Disease incidence or injury DALYs Percent Disease or injury DALYs Percent of
(millions)  of total (millions)  total
DALYs DALYs
7 Unipolar depressive disorders 5.2 3.7 7  Trachea, bronchus, lung 3.3 2.2
cancer

8  Road traffic accidents 5.1 3.6 8  Osteoarthritis 3.1 21

9  War and conflict problems 3.8 2.7 9  Cirrhosis of the liver 3.1 2.0
10 Congenital malformations 3.7 2.6 10  Self-inflicted injuries 3.1 2.0
The South-East Asia sub Regions The Western Pacific sub Regions

1 Lower respiratory infection ~ 28.3 6.4 1 Cerebrovascular disease  15.8 6.0

2 Diarrheal diseases 23.0 5.2 2 Unipolar depressive 15.2 5.7

disorders

3 Ischaemic heart disease 21..6 4.9 3 COrD 11.9 45

4 Unipolar depressive disorders 21.1 4.8 4 Refractive errors 10.6 4.0

5  Prematurity and low birth 18.3 41 5  Road traffic accidents 9.6 3.6

weight
6  Neonatal infections and other 14.3 3.2 6  Alcohol use disorders 8.6 3.2
7 Birth asphyxia and birth 13.9 3.1 7 Ischemic heart disease 7.9 3.0
trauma

8  Tuberculosis 12.4 2.8 8  Hearing loss, adult onset 7.0 2.6

9  Road traffic accidents 11.0 2.5 9  Birth asphyxia and trauma 5.7 2.1
10 Cerebrovascular disease 9.6 2.2 10 Tuberculosis 5.6 2.1

COPD, chronic obstructive pulmonary disease PRD-poverty related diseases

Table 1. Global disease injury distribution in the world disease regions of Africa, the Americas, Eastern Mediterranean
region and European Region [13, 29].

There are all indications that communicable diseases in Africa cause more deaths than non-
communicable diseases. NCDs contribute significantly to adult mortality with the highest rates
recorded in central and eastern European sub regions [54]. They increase the problem of health
inequalities within and between affected countries, mainly concerning poor populations due
largely to the inequalities in the distribution of major risk factors [3, 55-56].

2. The effects of globalization on disease burden

The study on economic and financial globalization and the World Trade Organization (WTO)
show that when the national and the international trade is regulated this can lead to improve-
ment of the health status of the population, although this benefit has little impact in developing
countries [7]. Many countries have put in a lot of efforts towards the regulation of national and
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international trade unfortunately, the limited resources and technical knowhow hasnot helped
to promote the programme. WTO promotion of drug development and new chemical entities
has enhance the access to many developed pharmaceuticals, but not all countries have same
accessibility due to lack of limited resources. [5, 9]. The development of NCD epidemics where
there are limited access to medical care has been influence to some extend by globalization
[1-3]. The effect of indirect effects of globalization are linked to national economic performance
which act through changes in household income, government spending, and the foreign
exchange, and prices regulation within the different countries [50]. National income play an
important role in health development however in developing countries the resources for health
promotion [51-43]. Some of the drawbacks of globalization on health can be exemplified by
increase in production and commercialization of unfriendly health products such as alcohol,
tobacco and other substances of health abuses readily available to the population. These
commodities unfortunately are very accessible to the population especially in the developing
countries where trade regulation of these products where there exist are difficult to enforce.
[36, 54].

Significant efforts have been made towards the protection of essential local producers in high
income economies and this has had an effect on the management of NCD epidemics. For
instance the move by the European Union (EU) to subsidize agricultural products is aimed at
regulating the competition that may arise from the primary producers. There is little subsidize
unfortunately for fresh produce in low income economies and therefore could reduce the
national income [55]. The EU also subsidize the production of tobacco which has been generally
considered as a policy anomaly because of the negative health effect tobacco has on the
population of consumers. [31, 45, 56]. Some attempts have been made through advocacy for
the removal of the agricultural subsidies and this was endorsed in Doha and then in Johan-
nesburg during the World Summit on Sustainable Development and most recently the
declaration by the EU gave an indication that the process for lifting subsidies linked to
production is in progress.

Modern information and communication technologies (ICT) have been shown to have some
positive and negative effects on health. It is evident that global commercialization of products
like tobacco, alcohol, and other essential household products could be made available to all
parts of the country ICT has made it possible for global commercialization shifting market
target to the younger population [3, 11]. In the USA for example millions of dollars are put
into persuasive marketing that has encourage young people to develop interest in fast food
with high cholesterol content, fizzy drinks, alcohol and tobacco. The power of media publicity
and advertisements through the use of more sophisticated technology has promoted the
persuasive marketing and also exploiting the poor regulatory environment to capture and
penetrate the consumer market [21-26].

2.1. Globalization, nutrition and alcohol on disease burden

Nowadays there has been a great substitution of our natural organic traditional food rich in
fruit, vegetables and fibers by diets rich in calories from animal fats and low in complex
carbohydrates. The impact of this food substitution syndrome has had more impact in
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developing countries [3. 11, 17]. Such changes has led to an increased rates of many NCDs in
countries previously protected by balanced and healthy diets. Sub-Saharan Africa, Asia and
some South American countries are undergoing a big shift in consumption patterns, and
consumer life style transformation although rates of heart disease are still low compared to
developed countries, and stroke rates have also reduced significantly in countries like
Singapore and Japan [46]..

Globally there has been a steady increase transformation in farming [45] food processing,
distribution [23] transportation [19] shopping practices [3, 55] and the consumption of food
outside of the home (fast food, take away) [27]. Cooking has changed with the development of
microwave, ovens and other techniques and changing lifestyles, especially in the urban cities
where people work long hours out of home [14]. Changing patterns of production and
consumption underlie the emergence of NCD epidemics and poses a problem to achieving a
sustainable development goals [56]. The impact of alcohol consumption in promoting non-
communicable disease epidemics has become very complex and a significant correlation has
been shown between alcohol consumption and liver cirrhosis, some cancers, and most causes
of injuries and violence. Alcohol also enhances and predispose the population to the risk of
cardiovascular disease [22, 36].

2.2. Global policies towards non-communicable disease control strategy

2.2.1. Prevention strategy

The progression of non-communicable disease, especially lung cancer in men and CVD, have
reduced significantly in many developed countries than in low income economies. For
example in lung cancer, the reduction in mortality is linked to the concerted prgramme
developed to reduce tobacco consumption by the population [50-52]. There are indications
that, in many European countries, and south East Asia lung cancer epidemics is on the increase
especially in women. This increase is linked to the rise in smoking habit developed in women
and the lack of traditional health promotion programmes to enhance regulation of tobacco
marketing strategies oriented towards young women [9]. The cause of reduction in CVD
mortality are complex but are linked to improved management in high risk people, in
particular in the USA, and in some countries, such as Finland and Sweden, where there are
prevention programmes aimed at reducing the risk levels in combination with other environ-
mental changes within the population [46].

The application of existing knowledge could play a major, rapid, and cost-effective contribu-
tion to the prevention and control of NCD epidemics [18]. The agenda of most international
donors is focused on belief that communicable diseases can be prevented or treated before
addressing the problems of NCDs [45]. The report made by the Commission on Macroeco-
nomics and Health did not consider as a priority to make any emphasis or awareness on the
importance of the growing burden of NCDs [7], this is probably because of the misconception
that NCDs are still the preserve of wealthy countries and populations. Generally in developing
countries the institutional response to disease prevention and control is still based on the
infectious disease paradigm [15, 34].and therefore the global and national ability in managing

13
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non-communicable disease epidemics is very inadequate and few countries have successfully
put in place a workable prevention and control programmes [1, 16].

2.2.2. Global advocacy for non-communicable disease

The sensitization and active advocacy is still at its infancy at the global level for NCD preven-
tion and control [8], and even the control platforms developed in advanced countries are still
not well coordinated to highlight the risk-factor or disease specificity [53]. The lack of coordi-
nation between evidence and action in the for example in USA can also be applied globally
[25]. Many potential advocacy groups have their origins in specialist organizations of health
professionals, and are not coordinated to generate a force as powerful promoters of broad
prevention and control policies [16, 35]. This lack of advocacy for health promotion is not in
line with the expanding commercial and consumer groups who have placed treatment at the
centre of health policy debates and funding priorities [31].A powerful widely coordinated
health alliances are necessary for main health professional organizations, consumer groups,
corporate industries, and research institution to effectively manage the prevention of major
risk factors for NCDs [14, 54].All efforts to promote research to address challenges in chronic
non communicable diseases prevention, control are being promoted through research
initiatives and stake holder funding opportunities. These challenges and the study research
needs have been addressed in table 2.

Major challenges Study/Research needed to address goals
Goal A Increase the political priority of NCD Engaging stakeholders in partnership for disease
Sensitization/ Encourage healthy lifestyle and consumers prevention
Advocacy choices through effective sensitization How to create public forums to raise awareness of
advocacy and public engagement issues relating to chronic NCDs
sensitization Promote research platform for health involving the

Assemble valid information for widespread government some state sectors such as the health

media coverage and sensitization of eduction and environment, transportation
economic, social and public health Research the causes for poor sensitization and
programmes promoting awareness to chronic disease in the
community.
Goal B The effect of poor health on economic output Quantify impact of chronic NCDs on local
Advancing and productivity economies
economic The effect State spending and taxationon ~ Program on the international implication of changes
legal and health in health related food consumption
environmental System to implement local, national and Assess motivations associated with domestic
policies international policies with trade regulation spending, and changing lifestyle choices
policies on health related consumer study the health effect of agriculture, climate change
products. and policy interventions

Research on health and economic effects of

developed community-based interventions
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Major challenges

Study/Research needed to address goals

Setting up population metrics, health indicators
program for policy and programme surveillance
Research on the efficiency of food-labeling

legislation and policies

Goal C
Programme
management of
possible

risk factors

Knowledge of environmental and cultural
factors linked to social behavior changes
Enforcement of sustainable programmes to
minimize tobacco consumption

Promote healthy food intake in the
population

Develop sustainable physical activity

strategic programmes

Study behavioral modifications to reduce risks
Study risk factors, and the factors associated or
affect risk in chronic NCDs.

Study new medical products for the prevention of
heart disease and diabetes

Study the socio-cultural, ethnic and genetic
diversity linked to risk factors that support
behavioral interventions

Assess personal risk linked to phenotypes,
genotypes and multiple risks factors

Evaluate genotype by environment interaction of
environment of genes in risk factors and the
outcomes

Research on new biomarkers and diagnostics for

risk and early disease diagnosis.

Goal D

Participation in

Application of business models as main tool

to sensitize health and preventable disease

Study marketing techniques and marketing data

resulting from commercial firms on behavioral

community outreachDevelop business ethics and code of conduct patterns.

for the food ndustries
Enhance community resources such as

voluntary and NGOs

Investigate the mechanisms for consumers and the
public have a positive influence on the food
industry

Research the impact of taste, packaging, labeling
and advertising on choice and health of consumers.
Create and evaluate community-based strategies to
promote healthy living

Source the method of effective public-private

partnerships to support health

Goal E
Identification the

health impacts on

Study and address how poverty increases
risk factors

Study and address the links between

Assess the relationship between poverty and the
risk associated to health

Examine the influence of poverty on the adoption of

poverty and urbanization and chronic NCD high-risk behavior

urbanization Identify negative effects of economic growth on
health
Study the importance in town planning to promote
the environment on healthy living

Goal F Strategies to mobilize resources in health Develop strategies that can incorporate a

systems in function of the disease burden.

sustainable health-system control/prevention of

non-communicable diseases
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Major challenges Study/Research needed to address goals
Reorientation of the Direct capacity building of health Develop partnership work platforms to promote
health system professional within prevention management, best practices in delivering accessible, cheap health
platforms Increase number and skills of professionals care
in prevention and controlof chronic non- Research on ways in supporting an organized
communicable diseases education on health promotion

Built health systems that integrate screening Put in place roadmap for the promotion of health
and prevention within health delivery training and development of courses targeted on
Increase access to medication to prevent chronic non-communicable diseases
complications of chronic non-communicable Provide local technical knowhow to enhance the
diseases training of health personnel
Evaluate effective methods to promote optimal
resources distribution of health care in poor
communities
Promote and advocate the use of e-health records in
disease forecasting
Investigate effective means of developing practical
health surveillance tools.
Implementation of high throughput screening
mechanism that group the population according to

health disease predisposition risk factors.

Table 2. Global Challenges in chronic NCDs and advocacy tools for research needs [10, 53].

2.3. Partnerships collaboration for addressing disease burden

The challenges of non-communicable disease are so complex that there is a need for many
stakeholders to collaborate in developing a control strategy. For improve the quality and
regular access to quality healthy food, there is a need for a meaningful partnership collabora-
tion between producers the consumer groups and the multinational food companies [13, 37].
The WHO has effectively developed a working to handle diet and physical activities with
respect to the chronic diseases. This collaborative approach has seen the development of food
regulatory guidelines, effective consultations process between WHQO, the state, consumer
groups, and many companies. Many food producing companies have reported the changes
that is occurring in product labelling to reduce competition and promote marketing practices;
if widely implemented, these changes could lead to significant benefits of globalization
support to public health [40]. Other participatory partnership involving WHO involves
working in close collaboration with the people and promote safe alcohol consumption.

2.4. Building Capacity and resources platforms for non-communicable disease management

Strengthening capacity for NCDs management is very important and must be promoted
especially in low income economies where health information system management are not
well developed. [20, 26].Other constraints in building good resource platforms for NCDs is the
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slow institutional response to capacity strengthening, lack of vision and mission not align
epidemiological survey activities. There is a need for creating an enabling environment for
important financial commitment in different countries that may vary depending on the
strategic planning programme put in place to build capacities that can plan and manage
activities towards combating diseases and sustainable health of the population [9]. There are
many initiatives at the national and international level to develop policies and working
documents for NCDs management within the framework of public health sectorial health
development portfolio, to what extend thses policies are effective can only be known when
there is marked improvement or continuous increase in the management of patient health
within a define country or jurisdiction.[15, 29]. There has been a significant progress in building
or promoting research partnership or collaboration by researchers at institutional, national and
international level, a global advocacy for NCDs that has attracted some funding by potential
donors in the health sector [53] There has been a significant progress made by international
consortiums to support investment towards tobacco control research by building institutional
research platforms in some developing countries and this is also being extended to other
aspects of non-communicable diseases.

3. Global norms and standards in the management of chronic non-
communicable diseases

In other to achieve success in NCDs management initiatives there must be respect for inter-
national standard norms and ethics regulating the health sector.

Each country needs to develop initiative to train health personnel’s on international ethical
code of conduct guiding or regulating clinical research for diseases affecting the population
and the global trade regulatory issue of health related products [5, 53], The respect of ethical
norms in the health sectorial research and development is still not a standard practice in the
management of NCDs in developing countries.. Despite the creation of ethical committees and
institutional review boards to regulate clinical research there are still problems that are linked
to nutrition and lack of physical activity that are difficult to address.

Multi stakeholder and other state policies are initiatives geared towards the sensitization and
advocacy to regulate the consumption and sales of food and alcohol especially for the younger
population [11].

3.1. Reorientation of health services towards management of non-communicable disease

There has been significant increase in premature loss of lives as a result the lack of a sustainable
management system for the control and prevention of NCDs. In some developed countries
well developed and user-friendly intervention systems are available for CVD management
and these are now successfully transferred to some privileged developing countries to support
interventions in CVDs [30]. There has been a significant global initiative to develop an effective
disease management system for cancer therapy. This system has contributed significant on the
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ease of diagnostics, the prevention and treatment and methods for procedures for palliative
has also improved. [11, 21, 53]. Considering for example NCD like the of breast cancer and
cervical cancer, that has also become a serious health concern in sub Saharan African countries,
among women of child bearing age, there is no proper sensitization mechanism about the
threat of this disease and the health implication for young child bearing women. In addition
diagnostic tools and procedures are not well developed, and in most cases diagnostics are
made only when severe cases are reported at the late stage of cancer at the hospitals, health
districts or integrated health centres. In most countries of the central Africa sub regions the
states has made a lot of effort to fight against cancer by creating health committee at the
ministry of health, and a society for cancer research. Despite these initiative by the government
the impact is not felt at the rural areas. Activities by some NGOs or other operational bodies
is focused in the cities. There are many opportunities for coordinated non-communicable
disease risk reduction, care, and long-term management.

4. Conclusion

The advancement of globalization of the major risks for non-communicable diseases is on a
steady increase especially in resource countries plague with poverty, political and economic
instability. On the other hand, the prospects for non-communicable chronic disease diagnosis,
prevention and management and control is still generally at its infancy. We can attain a
sustainable progress when the governments, stakeholders of international agencies, non-
governmental agencies, and civil society create an enabling environment and acknowledge
the integration of non-communicable disease as a risk factor in the public health agenda. The
challenges are enormous and the fight to promote healthy food consumption and maintenance
of a healthy lifestyle towards reducing metabolic diseases or lifestyle diseases, like diabetes,
hypertension, CVD will remain slow until the response or taskforce to NCD epidemics is well
developed and structured to meet up with their disease burden. The advocacy and the
importance of sensitization of the global community on the importance of non-communicable
disease as a public health concern is no longer the responsibility of WHO but a global mobi-
lization of nations, donors, stakeholder and greater promotion and encouragement of research
funding opportunities. Advocacy for NCDs has gain so much priority of recent in the public
health strategic disease prevention and control in most in Africa to the extent that in Cameroon
and its Central African states there has been national and sub-regional consortium for the
management of NCDs.
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1. Introduction

Mental disorders comprise a wide spectrum of illnesses that are characterized by tremendous
disabilities and impairments. In addition to this loss of quality of life for patients, mental
disorders entail high costs for public health systems. In recent years, there has been an
increasing amount of literature on the economics of mental disorders. Overall, there seems to
be evidence indicating a notable prevalence of mental disorders and a sizeable treatment gap,
expressed in a large number of patients suffering from one (or more) mental disorder(s) who
have been treated insufficiently. The question arises whether the unmet need is due to a general
lack of awareness within (national) health and social care systems and a kind of misallocation
of resources (supply-side problem) or if the utilization of services is hindered by stigma or
exclusion (demand-side problem).

Epidemiologic data is scarce, which is presumably the reason why the suffering of the patients
as well as the significance of the economic burden are underestimated. Reliable estimates of
costs and benefits associated with mental disorders are needed to ensure health care planning
and financing.

The aim of this chapter is to provide a comprehensive review of literature on this subject. The
economics of the most frequent and most burdensome mental disorders are discussed.
Therefore only the cost-of-illness studies on affective disorders, generalized anxiety disorder,
schizophrenia and alcoholism are taken into consideration. In the light of demographic
developments reference is also made to mental disorders of the elderly (i.e. dementias). Mental
disorders which begin in childhood and adolescence (i.e. hyperkinetic disorders, autism) are
also outlined to point out the importance of prevention. Accordingly, both age cohorts will
increasingly challenge health care systems. In this chapter the range of costs and the meth-

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and eproduction in any medium, provided the original work is properly cited.
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odological constraints of different cost estimates at the European level are discussed in detail
as well as the different kinds of challenges for the Austrian health care system.

Only those publications published from 1994-2014 were included because of the changes in
diagnostic criteria. Within this timeframe it can be assumed that diagnoses are based on the
ICD-10 and DSM-1V criteria respectively, which enhances comparability between the studies
analyzed. Regarding the spatial focus, the current 28 member countries of the European Union
are part of the analysis, but special attention is paid to the (limited) data available in Austria.

2. Health economics and mental health

In most OECD countries mental health care is insufficiently integrated in the health care
system, which is also reflected in the expenditures for mental health [1]. To date, various
methods have been developed and introduced to measure the economic impact of ill-health.
With a focus on mental health, the cost-of-illness studies have gained interest in the past
decades. In general, cost-of-illness studies provide monetary estimates for the economic
burden associated with a disease [2]. Thus, information on the allocation of resources and on
the relative importance of a disease can be used for further in-depth analyses or (international)
comparison.

Generally, the relevant costs are classified into direct, indirect and intangible costs. Direct costs
are the expenses for medical goods and services. Often direct costs are subdivided into direct
medical and non-medical costs, where the latter refer to all associated services.

Basically, two broad approaches can be distinguished to assess direct costs, i.e. top down and
bottom up. Costs in top down analyses are calculated based on aggregated national data and
statistics to obtain an estimate of the (health) economic significance of an illness. In contrast,
bottom up analyses estimate costs on the basis of resource consumption at the level of the
individual patient.

Indirect costs refer to productivity losses owing to a specific illness. There are two approaches
to assess indirect costs: the human capital and the friction costs methods. Within the evaluation
of mental disorders, the human capital approach is more common and recommended [3]. The
core of this method is the assumption that an economy’s potential productivity is the sum of
the output produced by its population in working age over an expected lifetime. In the case
of early retirement or premature death, all productivity losses are projected for the whole life
span, resulting in high indirect costs for chronic illnesses. [4]

Suffering, pain and reduced quality of life are also relevant in research on mental health and
are summarized as intangible costs. In particular, quantification and monetarization are
aggravated by methodological difficulties.

Throughout (mental) health economic studies, the measurement and definition of costs are not
consistent. For example, the costs of informal care (i.e. care by members of the family and
friends) are often assigned to indirect costs, but can also be assigned to direct non-medical
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costs. Costs associated with suicide, which are of particular relevance in mental disorders, are
hardly taken into account owing to manifold difficulties in valuation.

3. Epidemiology of mental disorders in Europe

The most comprehensive work providing the first epidemiologic and economic data on mental
disorders in the European Union is a compilation of recent studies: in a comprehensive review
on the costs of disorders of the brain the total costs of 12 selected disorders were estimated at
€ 386 billion, of which € 240 billion account for mental disorders alone (2004 prices, dementia
excluded) [5]. Only those studies including the cost-of-illness data published in the EU-25
member countries and Norway, Switzerland as well as Iceland were selected. In addition,
studies based on clinical trials, reviews, quality of life studies and studies dealing with specific
treatment forms were excluded. Direct healthcare costs, direct non-medical costs and indirect
costs for the following 12 disorders were estimated: affective disorders (depression, bipolar
disorders), psychotic disorders (schizophrenia), anxiety disorders (panic disorders, social
phobia, special phobias, agoraphobia, generalized anxiety disorder, obsessive compulsive
disorder), addiction (illicit drugs, alcohol), dementia, brain tumour, trauma, stroke, epilepsy,
multiple sclerosis, Parkinson’s disease, migraine and other headaches. The prevalence of these
disorders in 2004 amounted to 27% of the total population covered in the study.

Based on this analysis, a follow-up study was initiated. Using a multi-method approach
including literature research, the analysis of epidemiologic data and country-specific expert
surveys, the 12 month prevalence of the disorders included in the first report [6] as well as 14
new disorders for EU-27 plus Norway, Switzerland und Iceland was estimated [7]. Addition-
ally the age group covered was extended to the major mental disorders for children and
adolescents (2-17), adults (18-65) and elderly (65+years). Within this study, substance use
disorders (alcohol dependence, opioid dependence, cannabis dependence), psychotic disor-
ders (schizophrenia, other psychotic disorders), mood disorders (bipolar disorders, major
depression), anxiety disorders (posttraumatic stress disorder, obsessive-compulsive disorder,
generalized anxiety disorder, social phobia, specific phobias, agoraphobia, panic disorder),
somatoform disorders, eating disorders (anorexia nervosa, bulimia nervosa), childhood and
adolescence disorders (pervasive developmental disorders/autism, hyperkinetic disorders/
ADHD, conduct disorders), personality disorders (dissocial personality disorder, emotionally
unstable personality disorder), sleep disorders (non-organic insomnia, hypersomnia, narco-
lepsy, sleep apnoea), mental retardation and dementias were ascertained.

As a result, it was estimated that each year 38.2% of the EU population would be affected by
a mental disorder, whereas the most frequent disorders are anxiety disorders (14%), insomnia
(7%) and major depression (6.9%).

In terms of DALY?, mental disorders rank highest compared to the morbidity burden resulting
from all other causes, but at the same time the treatment gap is enormous. The economic
estimates were also revised accordingly, resulting in total costs of € 798 billion (2010 prices) of
which 40% are indirect costs, 37% direct medical and 23% non-direct medical costs [8][9].
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There are also several national cost-of-illness studies available. For instance, the total costs of
mental disorders in France were estimated at € 109 billion in 2007 [10]. By using a top down
approach, direct health care costs, direct non-medical costs, indirect costs and intangible costs
were derived. Within direct health care costs, public psychiatric hospitals had the highest costs
of € 6.4 billion while the costs for out-patient care accounted for € 4.7 billion. Direct non-medical
costs were estimated at € 6.3 billion, of which € 3 billion were for institutions in the health and
social care sector, € 2 billion for allowances, and interestingly also of € 1.3 billion for informal
care. In terms of indirect costs, the costs of income compensation accounted for € 4.4 billion
and the costs of productivity losses for € 20 billion. Surprisingly, intangible costs, i.e. loss of
quality of life, were also assessed, resulting in a loss of 2.2 million QALY? and costs of € 65.08
billion.

In a study set out to determine the economic burden of mental disorders in Sweden, annual
costs were estimated at € 9.4 billion (2001 values) of which € 1.9 billion were direct costs and
€ 7.5 billion were indirect costs [11]. From a methodological point of view, these findings are
based on prevalence rates of mental disorders, the cost-of-illness approach and a top down
perspective.

4. Generalized anxiety disorder

The symptoms of generalized anxiety disorder (GAD) comprise tension, worrying and anxiety
symptoms [12]°. Generalized anxiety disorder is considered to be associated with high
individual burden as a consequence of its chronic course [13]. Wittchen [14] found that GAD
is the most frequent anxiety disorder treated in primary care settings. In a systematic review,
the economic and human burden of this disorder was assessed with the focus on North
America and a selection of European countries in the period from 1987 to 2010 [15]. A total of
ninety studies met these inclusion criteria. Despite differing diagnostic criteria used in the
epidemiologic studies that were analyzed, the effects on productivity, health related quality
of life and psychological functioning can be distinguished which lead to burdensome impair-
ments in the sphere of individual functioning and well-being, condensed in high medical costs
and the use of health care services. As a further outcome, the health related quality of life
impacts are similar to panic disorder or depression. Life time prevalence rates differ among
the studies owing to changing diagnostic patterns, but are in the range of 3% to 6%. Estimating

1 DALY (“disability adjusted life year”) is a health economic measure, expressing a burden of a disease in the number of
years lost due to an illness or disability. One DALY equals one year of life in total health. DALY are calculated as the

sum of years of life lost and the years lost to disability.

2 QALY (“quality adjusted life year”) measures the quantity and quality of life generated by a health intervention and

weights time in different health states.

3 Unless specified differently, all diagnostic criteria used in this chapter refer to ICD-10 guidelines edited by Dilling et
al. (8th revision, 2011)
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direct and indirect costs associated with generalized anxiety disorder is difficult, but the results
suggest that the median medical costs for patients suffering from this disorder are significantly
higher than for patients without this disorder. Another aspect under analysis was the treatment
rate, limiting the scope of the review only to pharmacologic interventions. Surprisingly,
generalized anxiety disorder is still an under-diagnosed and highly untreated disorder,
notwithstanding the significant burden of the disease.

Hoffmann et al. [16] analyzed 24 studies and identified the human burden, quantitatively
expressed in terms of quality of life and role functioning, as well as the economic burden,
defined as health care utilization costs and productivity losses. Only studies based on DSM-
[I-R, DSM-1V or ICD-10 criteria covering the period from 1990 to 2005 were included, using
MEDLINE and PsychLIT database. As a result, the economic consequences and individual
burden associated with GAD are considerable and comparable with other mental disorders
(i.e. other anxiety disorders, somatoform disorders) as well as somatic problems.

Based on patient survey data from Germany, Spain, Italy, France and the United Kingdom,
the economic and human burden of GAD were identified [17]. Cost analyses, as well as
bivariate and multivariate approaches, showed that patients suffering from GAD have more
co-morbidities, resource use and work impairments and a less health-related quality of life
than control groups without GAD.

The costs of anxiety disorders in Europe were assessed by utilizing the mental health supple-
ment of the German National Health Interview and Examination Survey, a community sample
(n=4181, age=18-65) conducted in 1998/1999 [18]. The mean costs were derived as excess costs
(i.e. compared with individuals without an anxiety disorder) per patient. In the case of GAD,
the direct cost per patient amounts t o € 1,230 and the indirect costs to € 399, resulting in a total
of €1,629 (2004 prices).

5. Affective disorders

Affective or mood disorders are characterized by a fundamental change in mood and are
accompanied by a change in activity levels. Bipolar disorders are marked by a switch of mood,
atleast two episodes in which the patient's mood and activity levels are significantly disturbed,
consisting of an elevation of mood and increased activity (mania or hypomania) and of a
lowering of mood and decreased activity (depression). In between the episodes complete
remission can be expected. It is interesting to note that more studies on the economics of uni-
polar depressions are available than on bipolar type I and II disorders [19]. The co-morbidity
of depressive disorders with other mental disorders, as well as somatic illnesses, is high, but
studies have neglected the (lifetime) incidence of these major disabling conditions [20].
Depression or depressive episodes can vary from being mild, moderate, or severe depending
upon the number and severity of the symptoms. Typical symptoms are a lowering of mood,
decrease in activity and reduced self confidence accompanied by somatic symptoms such as
disturbed sleep and weight loss [12].

29



30 Topics in Public Health

5.1. Depression

In 2005, the costs of depression in Sweden from a prevalence based top down perspective
amounted to € 3.5 billion, with indirect costs of € 3 billion and direct costs of € 500 million [21].
This study also estimated the intangible costs of suffering based on the QALY losses of patients
undergoing treatment (€ 4.1 billion) and for those patients who do not receive any treatment
(€ 6.1 billion).

Another study based on a similar methodological approach estimated the total costs for
depression at £9 billion (2000 values) in England, where direct costs constitute only a minor
share of £ 370 million [22]. As part of the “Epidemiology of Mental Disorders (ESEMeD)
project”, a prevalence based bottom up approach was employed by Friemel et al. to assess the
direct costs of depression in Germany, which amounted to € 1.6 billion in 2002 [23].

Berto et al [24] analyzed the costs of depression based on a review of seven studies. According
to their findings, depression imposes a remarkable burden on society, which led to direct and
indirect costs of $ 43.7 billion in the US as well as of £ 417 million in the UK in 1990. It is
interesting that 5 out of 7 studies indicated that in terms of direct costs hospitalization incurs
the most costs while medication accounts for only a minor share. The economic burden is high
owing to the chronicity, early onset and high prevalence of depression to be found not only
among the working population but also in general [25].

5.2. Bipolar disorders

Recently, bipolar disorders in the EU25 and Switzerland, Norway and Island were analyzed.
Only studies published after 1980 that were based on DSM-III-R, DSM-IV or ICD-10 criteria
were considered. Epidemiologic samples in the clinical population or community, as well as
studies using structured or standardized diagnostic interviews, were included in the study
[26]. Thus, 14 studies carried out in 10 countries revealed that the 12-month prevalence of these
disorders lies within the range of 0.5-1.1%. Another interesting result was that there are only
few studies available concerned with the disability and treatment of bipolar disorders. In
comparison with other mood disorders, substance use disorders or anxiety disorders, people
suffering from bipolar disorders are characterized by a higher level of disability with regard
to severity and duration. In addition these patients also have higher productivity losses
expressed in absenteeism. The data on treatment and the utilization of health services are
scarce. This might be owing to the fact that bipolar disorders are rather rare. However, co-
morbidity with other mental disorders, as well as somatic diseases, is high.

The annual societal costs of bipolar disorders in the UK were assessed with the help of health
care and statistical databases, and amounted to a total of £ 2.06 billion in 2001/2002 [27]. This
estimate includes £ 199 million direct health care costs, £ 86 million direct non-health care costs
and £ 1.77 billion indirect costs. In a comparable way, Runge et al analyzed German health
insurance data and estimated the annual societal costs of € 5.8 billion (2002 prices) [28]. Indirect
costs account for € 5.7 billion, direct costs for € 138 million.



Mental Health — An Issue Neglected by European Public Health Systems?
http://dx.doi.org/10.5772/59138

In both studies, bipolar disorders implied a substantial economic burden and the largest share
of direct costs was for inpatient treatment (35% in UK; 60% in Germany). In addition, indirect
costs exceeded direct costs several times over.

A recent review analyzed systematically 22 cost-of-illness studies [29]. Only studies published
since 2000 and meeting 20 elaborated quality criteria were selected with a focus on the cost of
illness data for bipolar disorders. Despite the fact that all of the studies reviewed assessed the
major costs associated with bipolar disorders, the comparison of estimates was impeded by
the plurality of study outcomes on the national and international levels.

Fajutrao et al (2009) [30] carried out a systematic literature review using Medline, Embase and
Biosis as well as health technology assessments and treatment guidelines. The analysis of 25
studies dealing with epidemiology, costs and patient related issues (e.g. employment,
disability) of bipolar disorders in Europe (i.e. United Kingdom, Sweden, Spain, Germany,
France and Italy) emphasises the underestimation of this long-term disorder and high
economic burden both in terms of direct and indirect costs.

6. Schizophrenia

Schizophrenia is a chronic and highly disabling mental disorder characterized by thought
disorders, hallucinations and delusions (positive symptoms) as well as apathy, incongruity of
emotional responses and paucity of speech (negative symptoms) [31]. There is a considerable
amount of literature in which the burden of schizophrenia, together with the interrelated
dimensions of cognitive functioning, quality of life, stigma and also the burden for caregivers
is discussed [32] [33] [34].

There have been some controversial discussions on mortality and associated risk factors [35]
[36]. Life expectancy in the light of cardiovascular diseases [37][38] was subject to studies as
well as risk factors and suicide rates [39]. To sum up, the causes of mortality in patients with
schizophrenia are unnatural deaths, cardiovascular diseases, respiratory diseases and cancer.
However, it has been recognized only recently that natural causes are very often the reason
for mortality [40].

The costs associated with this disease are high and wide ranging because of the burden on the
patients per se, relatives who care for them and society at large [41]. Some analysts [42] have
attempted to draw fine distinctions between direct medical and direct non-medical costs, the
latter consist of informal care costs. In their prevalence based study on the social costs of
schizophrenia in Spain a total of € 1.97 billion (2002 prices) was calculated, of which 53% were
direct medical costs (inpatient and outpatient care, medication) accounting for 2.7% of the total
public health expenditure.

A notable example of a prevalence based bottom up study provides a differentiated consid-
eration of the costs in 2004/2005 in England [43]: taking into account various populations
(private households, residential institutions, prisons, the homeless) the total costs of schizo-
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phrenia were £ 6.7 billion. Only £ 2 billion were spent for direct treatment and care costs, but
£ 4.7 billion were indirect costs as summarized in the following table.

Lost productivity of patients 3400
Private expenditures and informal care 615
Benefit payments 570
Lost productivity of carers 32
Administration of benefit payments 14
Criminal justice system 1

Source: table based on [43]

Table 1. Indirect costs of Schizophrenia in England in 2004 (£ millions)

7. Alcohol

Similarly, studies on alcohol abuse vary considerably in estimating the burden on individuals
and society. In the past decade, alcohol and other substance use disorders have gained
attention as one of the major public health problems. [44]. Neither prevalence nor costs
attributable to addiction are easy to quantify [45]. A specific problem is causality, whether
health issues are a consequence of alcohol or some other cause [46]. Whatever the case, co-
morbidity with other mental disorders [47] is frequent and there are also causal links to
physical problems [48]. Another problem is that the diagnosis and differentiation in the forms
of alcohol abuse to be found in studies on the subject range from acute intoxication, harmful
use, dependence and withdrawal state [12]. Alongside with increased morbidity and co-
morbidity, alcohol is associated with violence [49] and crime [50]. With regard to the preva-
lence of alcohol abuse disorders, the median 12-month prevalence of alcohol dependence alone
in the EU 25 and Norway is 6.1% for the male and 1.1% for the female populations, respectively
[51].

Recent evidence suggests that alcohol dependence is even more expensive than alcohol abuse,
if health costs per patient are considered [52]. In 2002, a prevalence based Swedish study
estimated the societal costs resulting from alcohol consumption at SEK 29.4 billion or 1.3% of
GDP [53]. By far the largest share of the total costs were the indirect costs accounting for SEK
18.4 billion. A German study calculated a value of 1.16% of GDP in 2002, based on the concept
of attributable fractions and prevalence [54]. This result corresponds to the total costs of € 24.4
billion, including the direct costs of € 8.44 billion and indirect costs of € 15.96 billion. In both
studies no specification of alcohol abuse in terms of a mental disorder according to diagnostic
manuals is available and the research focus is on alcohol consumption in general. Thus, the
potential positive effects (i.e. protective health effects) were discussed too, but presented
separately.
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8. Dementia and mental health of the elderly

As a consequence of demographic developments the prevalence of mental disorders in old age
is assumed to increase [55]. But, so far, little is known about the health care situation of the
elderly with mental disorders apart from those with those with dementia and depression [56].
The various forms of dementia are a major health problem for the older generation in Europe.
According to ICD-10, various types can be distinguished. Alzheimer’s disease is the most
frequent form of dementia, but also vascular dementia caused by a stroke (cerebrovascular
accident CVA) is very common. With regard to the prevalence of Alzheimer in those who are
over 65 years of age, the rate ranges between 5.9% and 9.4%, depending on age, sex and severity
[57]. A recent review of 15 cost-of-illness studies based on patient-level data, showed that the
median annual costs amounted to € 28,000 (2005 values) which were solely for the care of
patients with Alzheimer’s disease [58] f. From a societal perspective, the annual baseline costs
of dementia in Ireland were estimated at over € 1.69 billion in 2010 [59]. A combination of
bottom up and top down approach was adopted. Informal care accounts for 48% of the total
costs, residential long-stay care for 43%, while for formal social and health care it is for 9%. For
Hungary, the costs of dementia were assessed by a cross-sectional non-population-based study
[60], resulting in total annual costs for the demented population of € 846.8 million for 2010.
The highest proportion of these costs is attributable to direct costs (55%), followed by informal
care (36%) and indirect costs (9%).

The costs for dementia for the EU-27 amounted to € 160 billion in 2008, with a range from €
111 to € 168 billion [61], based on a cost model developed upon 14 cost-of-illness studies
reviewed.

9. Child and adolescent mental health

The prevalence of child and adolescent mental disorders has increased [62]. The most common
mental disorders in childhood and adolescence are hyperkinetic disorders (ICD-10) or
attention-deficit hyperactivity disorders (ADHD, according to DSM-1V) [63]. The predomi-
nant symptoms are ill-regulated, disorganized and excessive activity and lack of persistence
in activities requiring cognitive involvement. The children who are affected tend to be
impulsive, socially isolated and lack self confidence. The cognitive functions are also frequent-
ly impaired. An early onset (usually during the first five years of a child’s life) and overlapping
difficulties in various aspects of life (education, establishing social ties) continuing until
adulthood are distinctive. Symptoms of conduct disorders include a persistent pattern of
aggressive, dissocial or defiant conduct. A characteristic of this disorder is also the inability to
conform with the social expectations appropriate to the child’s age. Severe other mental
disorders may also exist (e.g. personality disorders). Autism is assigned to the group of
pervasive developmental disorders and is defined by reciprocal social interaction, abnormal-
ities in patterns of communication, as well as stereotyped behaviour and activities in all areas
of the individual’s functioning. [12]
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The economic burden of mental disorders with onset usually occurring in childhood and
adolescence is enormous. The vast majority of literature on ADHD is based on US data, but
few European studies are available. From the results of the analysis of German statistical data,
medical costs associated with hyperkinetic disorders alone amounted to € 142 million in 2002,
which is a first estimate and a rather conservative one [64]. A comparison of children with and
without ADHD in Belgium (Flanders) showed that the families and patients are faced with a
high (psycho)social and economic burden [65]: based on a questionnaire sent to a non-random
sample, the private costs borne by parents amounted to € 533 per year for the parents, and the
public costs came to € 779 in 2002. These costs are six and twice as high, respectively, than for
children who do not suffer from ADHD. The results of a review of European evidence on
ADHD were applied to the case of the Netherlands [66], where the average total costs ranged
between € 1,041 and € 1,529 million, depending on the application of high or low level scenarios
(2012 prices). The lion’s share of the costs at € 648 million was allocated to education including
additional school lessons and costs for the services of educational psychologists and other
health care professionals. The productivity losses of the members of the family accounted for
€ 143-€ 339 million, health care costs for the members of the family amount to € 161 million.
Patient health care costs ranged from € 84-€ 377 million and social care costs were estimated
at € 4.3 million.

Conduct disorders are common too, but prevalence rates vary owing to diagnostic difficulties
and to which subjects and/or populations are included in the study [67]. The first German
study on the costs of conduct disorders was based on a retrospective analysis of data from a
statutory health insurance institution for the period 2006-2009 and resulted in annual mean
expenditures of € 2,632, which are 3.8 times higher than those for a matched control group [68].
From a multicentre controlled trial of groups taking over the role of a parent to deal with
antisocial behavior in childhood a sample was drawn to estimate the costs of anti-social
behaviour in the UK [69]: the annual mean costs of health, voluntary and educational services
were estimated to be a £ 1,277, the costs for members of the family, resulting from absence
from work, additional repair as well as household tasks were £ 4,637 (2002/2003 prices).

The spectrum of autism disorders was analyzed in two British studies: while Knapp et al.
estimated the annual costs, based on prevalence and different data sources for children of
different age groups to be £ 2.7 billion and for adults to be £ 25 billion separately (2005/2006
prices) [70], Barett et al undertook a randomized controlled trial of a communication inter-
vention which focussed on autism in children under 5 years of age and used the prevalence
rates of the former study. Thus, the estimated service costs for this subgroup amounted to £
109 million and the wider societal costs at £ 130 million per annum [71].

Based on the British Child and Adolescent Mental Health Surveys, a study on the economic
burden of children aged 5-15 with a conduct, hyperactivity or emotional disorder (ICD-10)
estimated the national costs for the health, education and social care services at £ 1.47 billion
in 2008, the largest share of which was for the education services [72].
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10. The Austrian case

The Austrian welfare system can best be described as corporatist and conservative because of
the dominance of social insurance and the strong linkage to paid employment [73]. Health, as
a dimension of social policy, incurs the second largest proportion of expenditure and is
primarily funded by health insurance contributions [74]. In 2012, the total health care expen-
ditures (public and private) amount to € 34,067 million, which corresponds to 11.1% of GDP
[75]. A total of 22 social security institutions and the Main Association of Austrian Social
Security Institutions (i.e. Hauptverband der Sozialversicherungstriger) organize health, accident
and pension insurance [76]. There are no specific benefit payments in the case of a mental
illness, but the general benefits and other support (e.g. subsidies for education, reintegration
programmes, supported employment) are also of high importance for the mentally ill [77].

10.1. Mental health care

In Austria, there is no national mental health care system, but there are reforms and initiatives
that are aimed at achieving international targets, such as deinstitutionalization, decentraliza-
tion of services and equity of mental and somatic illnesses [78]. Because of Austria’s federal
structure the efforts made by the nine federal provinces in terms of data collection and
availability at the level of provinces differ. Thus, the most recent psychiatry report including
information on inpatient and outpatient care deals only with the situation in the province of
Vorarlberg [79]. Within the last 5 years, besides Vorarlberg, only Styria [80] published up-to-
date information on the provision and utilization of services regularly. The last national
psychiatry report dates back to 2004 [81], but the Austrian Health Care Structure Plan, as the
key planning instrument in the health care sector, includes psychiatric care on all levels of
provision [82].

The Main Association of Austrian Social Security Institutions also published a national strategy
on mental health [83]. Within this strategy, 25 targets are established that can prevent illness,
improve treatment and reduce disability associated with mental disorders. Data on the history
of suicide rates and spatial, socio-economic as well as gender patterns is also available [84][85]
[86]. In addition, a national programme on suicide prevention was adopted recently [87]. A
detailed report on alcohol consumption, alcohol related inpatient health service utilization,
morbidity and mortality is available for Austria [88].

The federal organisation of health care also necessitates different financing structures of mental
health care services [89]. The system of financing psycho-social services is complex. For
instance, the model for funding psychotherapy can illustrate the juxtaposition of different
possibilities. Psychotherapy can be financed privately, which guarantees the freedom of choice
of an adequate psychotherapist. However, based on the principle of benefits in kind, health
insurance covers the costs for psychotherapy in total only under specific conditions, but these
are limited and waiting lists are long. Finally, a mixed form is the subsidy or co-payment
through health insurance [90].
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Particularly children and adolescents are a vulnerable but neglected group within the care
system [91]. Insufficiencies in the treatment structures are evident in the inpatient and
outpatient sectors as well as in the sector of registered doctors, where the respective WHO
indicators are not met [92]. Inpatient treatment is predominant, while psychotherapy and
specialized ambulatory care practically do not exist without additional costs for those caring
for the patient [93].

10.2. The costs of mental disorders in Austria

The costs of mental disorders are huge as the previous sections on selected disorders have
shown. Although there have been a few recent studies on this subject, Austrian data is scarce.
Based on statutory health insurance data, about 9% of the Austrian population or 900,000
(insured) Austrians made use of the health services to receive treatment for mental illness in
2009 [94].The associated costs in terms of medication, inpatient treatment, psychotherapy,
physician services, psychiatric and psychological services, as well as sick pay were estimated
at € 790-850 million. This estimate excludes rehabilitation costs as well as disability pensions,
where it is important to note that mental disorders are the most common cause for new
disability pension claims.

Wancata et al. [95] calculated the costs of 12 mental and neuropsychiatric disorders of the brain
as part of the first European cost study [6] [7]. Thus, direct medical costs and direct non-medical
costs were derived. Indirect costs were estimated based on the human capital approach.
Anxiety disorders, affective disorders (bipolar disorders and depression), addiction (alcohol
and illegal drugs), migraine, psychotic disorders, dementia, epilepsy, Parkinson’s disease,
stroke (cerebrovascular accident), multiple sclerosis, brain tumours and brain trauma were
analyzed. With regard to the 12 month prevalence, in 2004 anxiety disorders were the most
prevalent disorders (847,622 cases), followed by affective disorders (479,091 cases) and
addiction (194,795 cases). In terms of costs per case and per mental disorder, the estimates are
based on data from the review on the European level: dementia caused the highest costs at €
13,635 followed by psychotic disorders at € 9,487 and affective disorders at € 5,138 (2004 prices).
Taking the Austrian population as a whole, the costs for these 12 disorders amounted to € 8.8
billion, whereas 47% are indirect costs (productivity loss), 37% are direct non-medical costs
and 17% are direct medical costs. The authors emphasize that the results must be taken with
caution, because the values were extrapolated from averaged and adjusted data taken from
other studies owing to the lack of epidemiologic and cost data, respectively. Bearing these
limitations in mind, the estimates presented should serve only as a first classification (Table 2).

Costs associated with schizophrenia were analyzed as part of a comprehensive report on this
mental disorder in Austria [96]. The most important finding was that there are major gaps in
the knowledge and data on this subject. In a short international survey of the studies available,
the differences given in the direct and indirect cost estimates on account of the specific
characteristics of the underlying health systems and thus of the treatment and care programs,
are significant. With regard to the Austrian case, a search in Medline database brought to light
one article which dealt with the burden that not only those with this disorder also their families
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Direct non-health

Mental Disorder Direct costs care costs Indirect costs Total costs’
Affective disorders 617 - 1845 2462
Anxiety disorders 427 — 428 856
Dementia 262 833 - 1094
Addiction 260 40 1043 1444
Psychoses 1095 204 - 1299

! These figures are estimations only. Therefore the sum may not be exact as it is either rounded up or down. Source:

estimates extracted from [93]

Table 2. Total costs of selected mental disorders in 2004 (€, millions)

have to bear, respectively. In Austria only few health care service data are recorded directly
related to a diagnosis, which is a prerequisite for an appropriate application of cost-of-illness
studies. For instance, inpatient care is filed related to the diagnosis, but sick-leaves and
prescriptions are not documented according to ICD-10 criteria. Thus, a collection of diagnosis-
based data for all health and care services throughout Austria is not feasible, which makes it
difficult to obtain statements on the current size and burden of schizophrenia. Despite these
limitations, the data from the Main Association of Austrian Social Security Institutions, from
the Upper Austrian regional health insurance fund (i.e. Oberdsterreichische Gebietskranken-
kasse), the Austrian Federal Pension Fund and Statistics Austria could be used. As a result, the
number of hospital inpatient stays is steadily declining. Not only the number of patients taking
sick-leave because of a mental illness, but also the duration of this leave has increased in
Austria, but there is no detailed analysis as there is a lack of data. In 2006, the Upper Austrian
regional health insurance fund reported 14,010 sick-leave days incurring costs of € 198, 802 for
the insured persons with schizophrenia. This comparatively low number might be due to the
fact that patients suffering from schizophrenia are likely to prematurely leave the employment
market or have difficulties in accessing the employment market. Focusing on pension benefits,
it can be said that schizophrenia is one of the most frequent reasons that claims are made. It is
an interesting fact that more than 90% of the pension claims made because of schizophrenia
are approved, while the refusal rate for claims based on other mental disorders is approx. 39%.
The average age of patients with schizophrenia is 40 when they apply for a pension and are
thus more than 10 years younger than claimants with other disorders.

A recent cost benefit analysis suggests that alcohol abuse disorders incure high costs for
Austria’s public health system. As a result, the costs outweigh the “benefits” (i.e. tax revenues)
at the rate of 0.25% of GDP (i.e. € 737.9 million, 2011 prices) [97].

At the European level, Austria was also part of the updated review on costs of disorders of the
brain in the EU-27 countries [8]. Estimates for selected mental disorders in 2010 are shown
below (Table 3). Taking into account that these estimates are highly aggregated and partly
based on extrapolation, the results may be classified as first ranges as it is given that primary
data in Austria is insufficient.
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Mental disorder Total costs
Addiction 1282
Anxiety disorders 1568
Child/ Adolescent mental disorders 425
Dementia 1451
Mood disorders 2253
Psychotic disorders 1961

Source: extracted from [8]

Table 3. Estimates of selected mental disorders in Austria (EPPP million, 2010)

11. Discussion

One may suppose that the blind spots in mental health care research are negligible.. But in
view of the limitations in methodologies adopted for the estimates, both with regard to the
prevalence of mental disorder and the costs they incur, the conclusiveness of the results may
not be given (as indicated by most authors).

When it comes to the economic evaluation of mental disorders, suicidal behaviour and suicide
give rise to controversy. On the one hand, it can be argued that suicide must be included in
cost analyses in terms of lost productivity owing to premature mortality. On the other hand,
suicide attempts result in medical costs. Some authors even discuss the potential savings if a
suicide is carried out as treatment is no longer required and pension benefits and care costs
are reduced [98]. However, suicide has been excluded or described only qualitatively in most
of the recent studies.

Another key aspect is co-morbidity-whether with other mental disorders or somatic illnesses-
which can be considered only insufficiently in the studies and approaches available. Multiple
co-morbidities are common in patients suffering from mental disorders. Thus, the burden
might have been underestimated. A rather sensitive matter is the consideration of criminal
justice costs. Establishing a cause-effect link is difficult, but it is a fact that stigmatization and
discrimination are interrelated. Stigmatization may also be a reason why patients do not seek
any treatment at all. It is assumed, in most of the studies, that a high number of persons with
mental disorders remain untreated. This treatment gap also infers that current cost estimates
might be too low.

The cost estimates presented show that the burden, both for society and individuals, is
tremendous. However, the estimates can be classified as conservative. All of the studies
indicate that the indirect costs are an even larger burden than the direct costs incurred by
making use of the health services. There are, however, also studies in which only the direct
costs for health care systems are estimated. Only one study estimated the intangible costs in
monetary terms [21]. Throughout the studies, the costs and cost categories are not applied in
a consistent way, since there are no international standards. The comparison of cost estimates,
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especially in the case of studies utilizing the top-down approach, may be hindered by the
presence of heterogeneous public health systems as well. Thus, the different systems of data
collection, funding of health and social services, categorizing and grouping of medical and
psycho-social services may account for different study outcomes. However, the findings of the
cost-of-illness studies are summarized below (Table 4).

Direct

. . % of total public
Mental Reference Country/ Direct non Indirect  Total
i Approach health care
Disorder (year of costs) currency costs health Costs costs .
expenditure’
care costs
Prevalence
. Sweden
Depression  [21] (2005) ¢ based, 500 3000 3500 2.4
top down
Prevalence
England
[22] (2000) . based, 370 8630 9000 n.a.
top down
Prevalence
Germany
[23] (2002) ¢ based, bottom 1600 1600 0.9
up
Bipolar UK Health care
. [27] (2001) . 199 86 1770 2060 n.a.
disorders £ data, statistics
Health
Germany |
[28] (2002) ¢ insurance 138 5700 5800 0.08
data, statistics
Schizo- Spain Prevalence
] [42] (2002) 1044 926 1970 24
phrenia € based
Prevalence
England
[43] (2004) . based, bottom 2000 4700 6700 n.a.
up
Sweden Prevalence
Alcohol [53] (2002) 10987 18 394 29 400 5.8
SEK based
Prevalence
Germany  based,
[54] (2002) . 7 064 1377 15958 24 398 39
€ attributable
fractions

!own calculation based on EUROSTAT [99]. Results include direct costs only. Data of the United Kingdom is not available
in Eurostat’s

System of National Health Accounts. In the case of Sweden and Germany 2003 values were adopted owing to compara-
bility.

Table 4. Summary of original cost-of-illness studies (millions)

To sum up the cost of illness part of this chapter, the following table presents the total cost
estimates converted into Euros (2013 values). As already indicated above, a comparison of
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single cost estimates is hindered by several factors. However, the scale of the economic burden
of selected mental disorders is apparent.

Reference Total costs

Mental Disorder (year of costs) Country (millions) Per capita costs’
Depression [21] (2005) Sweden 3948 413
[22] (2000) England 15116 n.a.
[23] (2002) Germany 1934 24
Bipolar disorders [27] (2001) UK 3434 54
[28] (2002) Germany 7012 85
Schizophrenia [42] (2002) Spain 2689 58
[43] (2004) England 10733 n.a.
Alcohol [53] (2002) Sweden 3816 399
[54] (2002) Germany 29 496 360

‘only direct costs

! own calculation based on EUROSTAT [100]. Total costs (direct and indirect) are considered if not otherwise specified.
Owing to accuracy population figures from 2013 are used.

Table 5. Summary of cost-of-illness studies presented in 2013 Euros

The relevance of mental health in specific population groups has been outlined. Dementias in
the elderly population are a challenge to the health and social care systems, as life expectancy
and prevalence have increased. The role of informal care is striking, raising the question how
relatives can be supported faced with the burden of long term care and how care should be
organised and financed respectively in times of limited resources.

With regard to the mental health of children and adolescents, the studies that have been
discussed emphasize not only the burden on the patients, but also on the members of their
families and carers.

A high share of the costs related to a child’s mental disorder is borne by the parents. The health
care and social care sector are affected in terms of costs, but in particular the educational
services sector is stretched. Associated problems, such as poor education in adolescence, imply
a worse socio-economic status and related adverse effects in adulthood [101].

Finally, the case of Austria illustrates that national cost data and epidemiology measures are
scarce and scattered, impeding general statements on the current state of mental health of the
population. On the one hand, cost data of several health insurance institutions indicate the
burden of mental disorders in terms of the utilization of medical resources, health services as
well as the impact on the number, duration and costs of taking sick-leave. Despite data
insufficiencies, these cost estimates provide an initial overview of the importance of mental
disorders at the societal level. On the other hand, the cost of illness information based solely
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onnational primary datais currently not available, and thus prevents a more profound analysis
of the role of specific mental disorders in the social and health care system.

12. Conclusion

Collectively, the studies mentioned in this review outline the critical role of mental health in
European public health systems in terms of the provision of proper treatment as well as
prevention programmes. Analyses of the single cost-of-illness studies have shown that
estimates are often based on extrapolated data. Assumptions with regard to the epidemiology
of a specific mental disorder affect study outcomes inevitably. The need for research and
concerted action in mental health seems to be apparent. Appropriate data and health economic
studies would lead to more informed decisions when it comes to the allocation of scarce
resources in the health care system.
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1. Introduction

Alcohol is the most commonly used and abused drug worldwide [1]. The highest level of
alcohol consumption occurs in the developed world. This fact is not surprising since the history
of alcoholic beverages is linked to the history of mankind. For centuries, alcohol consumption
has been part of our culture and society. Drinking alcohol is a social activity, embedded today
in traditional and sociocultural contexts. Probably, the main reason for alcohol consumption
is its ability to produce positive moods and stress-relieving effects. In the last twenty years,
worldwide per capita consumption of alcohol has remained stable. Currently, every person in
the world aged 15 years or older drinks on average approximately 6 liters of pure alcohol per
year. However, not all people in the world drink alcohol. Specifically, 61.7% of world popu-
lation aged 15 years or older has not drunk alcohol in the past 12 months. This mean that those
who drink alcohol consume on average 14.63 liters of pure alcohol annually. However,
according to data from the Global Information System on Alcohol and Health [2], there are
significant geographical variations in total per capita alcohol consumption. Thus, Chad
(African WHO region) has the highest level of worldwide consumption at more than 33 liters
per year. In comparison, alcohol consumption per capita in Pakistan (Eastern Mediterranean
WHO region) averaged 1.2 liters per year (see Table 1).

Every year, a large amount of money is spent on alcohol worldwide. In fact, Europeans spend
about 100 billion euros per year on alcoholic beverages. This is reflected in the region's high
rate of alcohol consumption per capita: 15 liters of pure ethanol per year. Consuming and
abusing these huge amounts of alcohol is clearly a problem, with enormous health and
socioeconomic effects worldwide. Thus, harmful use of alcohol is a major public health
problem. Drinking alcohol is socially acceptable and associated with relaxation and pleasure,
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WHO region Males (15+) Females (15+) Both sexes (15+)
Africa 20.12 10.44 16.91
America 16.66 8.86 13.47
Eastern Mediterranean 18.57 6.52 15.31
Europe 19.93 9.41 15.44
South-East Asia 19.41 4.13 15.73
Western Pacific 14.84 4.43 10.95
Total 18.25 7.29 14.63

Table 1. Total alcohol per capita consumption, drinkers only, 2010 (in liters of pure alcohol; aged 15+). Data from
Global Status Report on Alcohol and Health (WHO, 2014)

and some people drink alcohol without experiencing harmful effects. However, alcohol does
cause a growing number of people to experience physical, social and psychological harmful
effects. Alcohol has important effects on our body, even when consumed in small amounts.
The effects of alcohol intoxication are greatly influenced by gender, drinking speed, type and
amount of food consumed, etc. Physiological changes appear as a function of Blood Alcohol
Concentration (BAC) (see Table 2). BAC refers to the milligrams of alcohol per 100 milliliters
of blood, and is usually expressed as a percentage. For instance, having a BAC of 0.10 means
that a person has 1 part alcohol per 1000 parts blood. As the amount of alcohol consumed in
a single sitting increases, the BAC increases proportionately.

BAC level (%) Physiological effects

0.02-0.09 Mood changes (euphoria, increased sociability, talkativeness and more expansive

personality), loss of inhibition, impaired coordination

0.1-0.19 Lack of coordination, impaired judgment, difficulty in walking and standing steadily
0.2-0.29 Marked ataxia (staggering; slurred speech), major motor impairment, nausea
0.30-0.39 Increased sedation/hypnosis, marked decreases in responsiveness to environmental

stimuli, partial amnesia (“blackout”) likely

0.4 or more Alcohol poisoning, coma, risk of death (lethal dose for 50% of people)

Table 2. BAC levels and their effects for a typical person

As indicated in Table 2, excessive alcohol use has immediate physiological and psychological
effects that increase the risk of many harmful health conditions. These effects vary from mood
changes to alcohol poisoning and coma. Over time, excessive alcohol use can lead to chronic
diseases (cardiovascular problems, liver diseases...), neurological impairment and social
problems, including unemployment and family problems. Also, people who drink too much
or too often, or are unable to control alcohol consumption, can develop an alcohol use disorder.
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Alcohol dependence and harmful alcohol use are recognized as mental health disorders in the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [3] and the International Statistical
Classification of Diseases and Related Health Problems (ICD-10) [4]. The Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) defines Alcohol Use Disorder (AUD) as the presence of
atleast 2 of 11 criteria within a 12-month period, defined by a cluster of behavioral and physical
symptoms organized in four groups:

1. Impaired control: (1) alcohol is often taken in large amounts or over longer period than was
intended, (2) unsuccessful efforts to stop or cut down alcohol use, (3) spending a great
deal of time obtaining, using, or recovering from alcohol use, (4) craving for the substance.

2. Social impairment: (5) failure to fulfill major obligations due to use, (6) continued use
despite problems caused or exacerbated by use, (7) important social, occupational or
recreational activities given up or reduced because of alcohol use.

3. Risky use: (8) recurrent alcohol use in hazardous situations, (9) continued use despite
physical or psychological problems caused or exacerbated by alcohol use.

4.  Pharmacological dependence: (10) tolerance to substance effects, (11) withdrawal symptoms
when not using or using less.

According to the DSM-5, the severity of the alcohol use disorder (mild, moderate and severe)
is based on the number of criteria met. Anyone meeting 2 or 3 criteria would receive the mild
AUD diagnosis. Anyone meeting 4 or 5 criteria would receive the moderate AUD diagnosis.
Finally, anyone meeting 6 or more criteria would receive the severe AUD diagnosis.

Although a large proportion of the population consumes alcohol, not all of them become
alcohol dependent. Research shows that people who drink moderately may be less likely to
experience AUD. Thus, only 3.6% of alcohol users worldwide are alcohol dependent, a
condition implying a degree of addiction that makes it difficult for them to abstain or reduce
their drinking in spite of increasingly serious harm [2] (see Figure 1). When comparing different
WHO regions, the following conclusion can be made. The highest lifetime prevalence of
alcohol use disorder occurs in Europe (6.1%) and the Americas (5.4%). The lowest prevalence
rates of alcohol use disorders occurs in South-East Asia (2.1%) and Eastern Mediterranean
countries (0.4%)

Specifically, alcohol use is ranked as the third leading risk factor for disease and disability in
the world. It is the leading risk factor in the Western Pacific and the Americas, and the second
largest in Europe. According to 2012 data from the Global Information System on Alcohol and
Health [2], harmful use of alcohol kills 3.3 million people annually and represents 4.5% of the
global disease burden. Also, alcohol has been shown to be causally related to more than 60
different types of diseases and injuries [5]. For example, 33.4% of all deaths caused by cardi-
ovascular disease (i.e. hypertension, atrial fibrillation and hemorrhagic stroke [6] and diabetes
mellitus [7] are causally related to ethanol consumption; also, alcohol has been related to
gastrointestinal diseases such as liver cirrhosis and pancreatitis in 16.2% of cases [8]. Generally,
the risk of suffering these disease is related to the volume of alcohol consumed: the higher the
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Figure 1. Prevalence of alcohol use disorders (AUDs) by WHO region, 2010. Data from Global Status Report on Alco-
hol and Health (WHO, 2014)

volume, the larger the risk of these diseases. Recently, drinking alcohol has been related to the
incidence of infectious diseases such as tuberculosis and HIV/AIDS [9].

The impact of harmful use of alcohol is not just personal, it may also impose significant social
and economic costs on society. The economic cost of ethanol abuse is estimated at more than
$235 billion every year [10]. More than 70 percent of the estimated cost of alcohol abuse is
attributed to lost productivity. Other costs are largely the result of alcohol-related health care,
motor vehicle accidents, and law enforcement and other criminal justice expenses.

Adolescents are a particularly vulnerable to the harmful effects of alcohol. In fact, ten years
ago, the National Institute on Alcohol Abuse and Alcoholism (NIAAA) formed an interdisci-
plinary working group on underage drinking in order to intensify research, evaluation and
outreach efforts on the underage drinking problem. Alcohol is the most common drug of abuse
in adolescence, more than tobacco and other illicit drugs. Misuse of alcohol among adolescent
is an international problem. In fact, 320.000 young people aged 15 to 29 die each year from
alcohol-related causes—9% of all deaths in that age group [11].

Bearing in mind all these data, in 2010 the World Health Assembly approved a resolution to
urge countries to strengthen national responses to public health problems caused by the
harmful use of alcohol.

2. Present situation

In general, adolescence can be defined as the transitional period between childhood and adult
maturity characterized by behavioral, hormonal and neurochemical changes designed to
prepare the body for independent survival. It is derived from the Latin adolescere-. The present
participle adolescens means growing up; the past participle adultus means grown up. The World
Health Organization (WHO) defines adolescents as people between 10 and 19 years of age.
However, different definitions of adolescence have been used in scientific literature. Thus,
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whereas some clinical researchers define human adolescence as the age span from approxi-
mately 9 to 18 years of age [12], others consider the entire second decade of life as “adolescence”
[13]. In spite of conceptual term differences, all studies agree with the idea that adolescence is
a time of marked change, a time of transition into adulthood. Therefore, at this age, people
experiment with adult aspects of life: they establish their own identities, make close relation-
ship outside the family, and want to try out new things, some of which may be risky or even
dangerous. Many teenagers experiment with alcohol and illegal drugs.

Epidemiological studies have detected the development of a new pattern of alcohol consump-
tion in adolescents. This pattern is characterized by drinking large amounts of alcohol over a
short period of time, especially in leisure time and weekends, with periods of abstinence
between drinking episodes. In spite of the fact that young people drink less often than adults,
on average they consume more drinks per drinking occasion than adult drinkers. Specifically,
compared to adults, adolescents drink more than twice as much per drinking episode [14]. We
can say that they show a pattern of binge drinking.

In 2004, the NIAAA defined binge drinking as a pattern of drinking that brings Blood Alcohol
Concentration (BAC) to 0.08 grams percent or above. For adults, this pattern corresponds to
drinking five or more drinks (male), or four or more drinks (female), in about two hours. For
adolescents, an important debate has developed over the definition of binge and whether that
definition must be different for adults and adolescents due to alcohol absorption differences.
Thus, according to recent research estimates, reaching a given BAC level takes fewer drinks
for young people.

Although it has declined in the last decade, underage drinking (ages 12-20) is still an important
public health problem. Despite the fact that these teens are under the legal age for purchasing
alcohol, many adolescents engage in underage drinking in general and binge drinking in
particular. However, the levels and patterns of alcohol consumption vary widely between
countries. According to the Global Status Report on Alcohol and Health [2] the prevalence of
heavy episodic drinking in 15-19 year-olds ranged from 50.6% in Germany to zero in some
Eastern Mediterranean countries, such as Afghanistan, Morocco or Tunisia. Particularly, in the
African, Eastern Mediterranean and South-East Asia regions, young people (15 to 19) are less
likely to engage in heavy episodic drinking (see Table 3). By contrast, adolescent alcohol use
is common in many European and American countries. Thus, in a US study, 10% of 8 graders,
22% of 10" graders and 26% of 12 graders reported that they had consumed five or more
drinks in a row within the previous 2 weeks [15]. Clearly, underage alcohol use increases with
age. Specifically, the percentage of the population who drinks at least one whole drink rises
steeply during adolescence. In Europe, the binge-drinking rates are even twice or three times
higher than in United States [16]. Thus, 50-70% of 16-year olds have consumed alcohol once
in their lives, and >35-70% of European adolescents who have ever drunk report at least one
heavy drinking episode in the previous month [17].

Table 3 shows clear differences in alcohol use between genders. Underage males report more
alcohol use than underage females, independently of WHO region. Similarly, previous studies
in adults have shown that women drink less than men and also, that they have more alcohol-
related problems than men [18]. Studies have shown that adolescent girls suffer more adverse
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cognitive effect related to alcohol than adolescent boys, especially in working memory and
visual-spatial functions. Multiple factors can contribute to gender differences in risk factors
for alcohol use. For example, hormonal fluctuation, differences in alcohol metabolism, or
gender-specific drinking patterns. In agreement with these data showing gender differences
in alcohol use profile, alcohol prevention should take these sub-group differences into account.

WHO region Males Females Both sexes
Africa 6.43 1.84 416
America 23.89 5.58 14.88
Eastern Mediterranean 0.24 0.07 0.15
Europe 35.00 18.19 26.80
South-East Asia 0.5 0.06 0.29
Western Pacific 18.00 6.65 12.47
Total 14.01 5.39 9.79

Table 3. Heavy episodic drinking prevalence* (%, 15-19 year-olds), 2010. *Consumed at least 60 grams or more of pure
alcohol on at least one occasion in the past

2.1. Binge drinking and short-and long-term outcomes

Binge drinking has many negative short-and long-term outcomes. In a 2004 global mortality
patterns report, 3.2 million deaths were attributed to alcohol use among people aged 15 to 29.
That is 19% of all deaths —the highest mortality risk factor in the age group. Binge drinking is
associated with increased risk of:

* unsafe sexual activity [19,20]. Underage alcohol use has been associated to risky sexual
behavior (unwanted, unintended and unprotected sexual activity) and multiple sex
partners. For example, 32% of adolescent who started drinking at 13 reported having
unplanned sex because of drinking, and 10% reported having unprotected sex because of
drinking [21]. Such behavior increases the risk of unplanned pregnancy and sexually
transmitted disease infection [19]. Also, young people who drink are more likely to carry
out or be the victim of physical or sexual assault [21].

* criminal and aggressive behavior [22]. Hazardous alcohol use can reduced physical control and
ability to recognize warning signs in potentially dangerous situation, therefore increasing
the risk of becoming a victim of violence [22,23]. Similarly, reduced self-control and ability
to process incoming information and assess risks can make some drinkers perpetrate acts
of violence [24]. Recently, it has been proposed that a common risk factor (i.e. anti-social
personality disorder) could explain the relationship between violence and heavy alcohol
drinking [25, 26].

* suicide ideation and suicide attempts [27]. Thus, individuals with suicide ideation and attempts
are more likely to engage in heavy episodic drinking and have greater alcohol problem [28].
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Also, binge drinking has been associated with successful suicide [29]. Every year in the
United Stated, about 300 young people under 21 commit suicide as result of underage
drinking.

* drunk driving or riding in a vehicle driven by a drunk driver [30]. 24 percent of drivers aged 15
to 20 involved in fatal motor vehicle accidents had been drinking. Alcohol has a range of
effects on reaction time, cognitive processing, coordination, alertness, vision, and hearing,
all of which increase accident risk.

* alcohol intoxication and accidental death. Consuming alcohol can cause a range of physical
consequences, from hangovers to death from alcohol poisoning. Alcohol intoxication is
manifested by such signs as slurred speech, loss of coordination, unsteady gait, euphoria,
confusion, impaired judgment or stupefaction. Also, it can lead to complications such as
trauma, dehydration, delirium, heart attack or convulsions. In the most severe cases, alcohol
poisoning can lead to coma and even death.

Finally, we know that the adolescent brain undergoes neurodevelopmental changes. These
changes can be influenced by genetic, environmental and sexual hormone factors. Thus,
drinking alcohol early in the adolescence has adverse effects on the brain [31].

2.2. The adolescent brain and substances of abuse

The transition to adolescence is characterized by a rapid biological transformation, including
the hormonal and physiological changes of puberty. During this period, the body grows
(height and weight), secondary sex characteristics emerge, and sex hormones reach adult
levels. Adolescence is a time of substantial neuromaturation involving important changes in
numerous brain regions, including the hippocampus, the prefrontal cortex, and limbic system
structures. Although the human brain does reach approximately 90% if its adult weight by age
6 [32], structural changes continue throughout adolescence. Specifically, the prefrontal cortex,
which plays an important role in executive control functions (i.e. planning, emotional regula-
tion, decision making...) starts to develop early in life and continues after adolescence and into
the early 20s. In contrast, the limbic system — the site that governs reward processing, appetite
and pleasure seeking— develops earlier than the prefrontal cortex. This maturation disparity
between limbic system and prefrontal cortex might explain the preponderance of behaviors
driven by emotion and reward over more rational decision making in adolescents.

Changes observed in the adolescent brain are characterized not only by continued neural
system maturation, but also by changes in the synaptic connection in these neural regions.
During adolescence, the brain is highly plastic and shaped by experience. It has been shown
that gray matter volume and density decrease during adolescence. Developmental declines in
gray matter occur first in the sensory and motor regions of the cortex and then in the prefrontal
cortex (PFC) and other cortical association areas [33, 34]. Such reduction in gray matter is
largely due to the loss of weak or unused synapses via synaptic pruning. As the person matures
into adulthood, this process makes these areas more efficient and promotes speed, overall
efficiency, and enhanced information processing capacity. Conversely, white matter increases
during the transition from childhood to young adulthood, first in the occipital regions and
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then in the frontal, temporal and parietal association areas. Myelination has been related to
increased cognitive efficiency. In general, this neural pruning may serve to refine the abun-
dance of brain connections and increase brain efficiency during adolescence.

Similarly, throughout adolescence there are rapid changes in neurotransmission and plasticity.
These changes have a particularly strong effect on dopamine (DA) and serotonin. Both
neurotransmitters are dynamically changing in the adolescent brain. The dopaminergic system
undergoes marked transitional changes during development. During adolescence, the brain
shows elevated basal levels of extracellular DA in comparison with adulthood [35]. Also,
dopamine D1 and D2 [36], but not dopamine D3 [37] receptor levels increase in the striatum
during early adolescence. The activity levels of these dopaminergic receptors are 30-40%
greater than in adults, measured as an increase in D1 and D2 receptor binding [38]. Moreover,
the density of DA transporter (DAT), which removes DA from the synapses, is greater in
adolescence than in adulthood [39, 40]. Bearing in mind the role of dopamine in reward and
euphoria, these changes in the dopaminergic system could be related to the euphoric behaviors
showed by adolescents.

Several studies have shown that the serotonergic system undergoes reorganization during
postnatal development (from childhood through adolescence). Specifically, brain seroto-
nin (5-hydroxytryptamine or 5-HT) concentration peaks early in life and then decreases to
adult levels levels [41, 42]. 5-HT,, subtype receptor levels behave similarly [43]. More-
over, the 5-HT turnover has been reported to be approximately 4 times lower in adoles-
cents than in adults [44]. In addition, serotonin transporters—involved in neurotransmitter
inactivation—steadily increase until adulthood [40, 45] and decrease synaptic 5-HT
concentration. The low level of 5-HT has been associated with impaired impulse control,
anxiety, and aggressive behavior. In summary, evidence indicates that during adoles-
cence, there is relatively greater activity in the dopamine system than in the inhibitory
serotonin (5-HT) system, potentially resulting in an imbalance in the reward (DA-mediat-
ed) and suppression (5-HT-mediated) mechanisms [38, 46].

Others neurotransmitters (acetylcholine, glutamate, GABA...) also undergo brain changes
during development. Relative to adults, adolescents exhibit developmentally enhanced
activity of the glutamatergic system in certain brain regions [47], while at the same time
displaying developmentally immaturity of the gamma-aminobutyric acid (GABA) system
[48,49]. On the other hand, the maturation of the central cholinergic system, which plays an
important role in both memory/learning and anxiety, occurs in this critical period [50].

The neurochemical, cellular and structural organization of the adolescent brain makes it more
vulnerable than the adult brain to disruption from activities such as binge drinking. The brains
of adolescents that consume alcohol show a reduction on myelin fiber tracts with frontal
connections as well as altered white matter integrity, events that might underlie dysfunctions
inlearning, memory and executive functions [51]. In addition, since alcohol interacts with some
neurotransmitter systems that are essential for brain development, drug exposure during
adolescence may be particularly harmful to the still developing brain. For example, binge
drinking results in altered serotoninergic innervation and increased transporter density in
several brain regions, including the forebrain [52]. Thus, underage drinking could contribute
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to altered sleep patterns, impulsivity, satiation and other behaviors associated with serotoni-
nergic function. In the same way, given that acetylcholine is an important neurotrophic agent
implicated in cholinergic target cell proliferation and differentiation [53, 54], ethanol con-
sumption during adolescence could evoke neurodevelopmental abnormalities by disrupting
the timing or intensity of neurotrophic actions. In addition, the alteration of cholinergic system
could be mediating the learning and memory deficits shown by adolescent who consume
alcohol.

Binge-drinking adolescents suffer volume reduction in several brain areas, such as the
prefrontal cortex, the hippocampus and the left middle and inferior temporal gyrus [55-57];
this reduction is positively correlated with the duration of alcohol use. Several studies have
shown cognitive impairments in adolescents with alcohol use disorder [58]. As such, neuro-
psychological studies have revealed that binge-drinking adolescents exhibit poor performance
in tasks assessing verbal and nonverbal memory, problem solving, attention, working
memory, and visual-spatial skills [58-61]. Furthermore, adolescent binge drinkers were faster
in speed test response, confirming the hypothesis of increased impulsivity in this population
[62]. Interestingly, a recent study has demonstrated that old people and young people who
consume excessive alcohol show similar deterioration in executive function [63]. These data
suggest that, as a consequence of alcohol consumption, the area of the brain undergoing
deterioration is similar in both adolescents and old people. However, additional research could
help clarify if alcoholism produces cognitive aging.

Finally, the changes in the adolescent brain have consequences not only at the time but also
later in life. Recent studies have demonstrated that exposure to alcohol during adolescence
has long-term effects on the brain that persist into adulthood. There is evidence that ethanol
exposure during adolescence might also alter neuropeptide systems critically involved in
voluntary ethanol intake. Thus, following binge-like ethanol exposure during adolescence,
adult animals show increased mRNA expression of basal corticotrophin releasing factor (CRF)
in the paraventricular nucleus of hypothalamus [64], decreased overall hippocampal neuro-
peptide Y (NPY) immunoreactivity in Wistar rats [65], and reduced a-MSH expression in the
hypothalamus and the amygdala of adult rats [66]. Given the role of these neuropeptides in
ethanol consumption and the fact binge-like ethanol exposure during adolescence increases
the probability of ethanol consumption during adulthood, the changes observed in these
studies might contribute to increased vulnerability to ethanol consumption during adulthood.
However, additional studies are necessary to check this hypothesis.

3. Risk factors for alcohol consumption among adolescents

Alcohol consumption among adolescents has a multifaceted etiology. In this section, we will
address the reasons why adolescents drink large amounts of alcohol, focusing on age-
dependent alcohol sensitivity. Research literature has shown that, in general, adolescents are
more sensitive than adults to the stimulating effects of alcohol, and less sensitive to some of
the aversive effects of acute alcohol intoxication. Finally, and given that both environmental
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and genetic factors are found to affect levels of alcohol use from adolescence to adulthood [67],
we will dedicate a subsection to this topic.

3.1. Adolescents and adults respond differently to the effects of alcohol

Ethanol use increases throughout adolescence and is often associated with relatively high
consumption levels. Although the exact cause of the increase in ethanol consumption during
adolescence is not known, age-dependent sensitivity differences to some ethanol effects may
play a contributory role. Mainly, two complementary explanations are given as to why
adolescents drink more alcohol than adults. First, they are more sensitive to the positive effects
of alcohol, i.e. the social loss of inhibition effect of alcohol when compared with adults [68],
which may serve to reinforce or promote excessive intake. In fact, on average and per occasion,
adolescents consume more alcohol than adults. In agreement with these behavioral data, it has
been demonstrated that in adolescence a single ethanol exposure causes a robust and pro-
nounced increase in dopamine release in comparison with adults [69]. This enhancement in
dopamine release is consistent with the greater rewarding effects of alcohol in adolescents [70].
Thus, the increased sensitivity to alcohol's rewarding effects could contribute to increased
susceptibility to alcoholism in the adolescent population.

Secondly, numerous studies have demonstrated that adolescents are less sensitive to the
negative effects of alcohol than adults, such as sedation, loss of coordination and hangover
effect. This decreased sensitivity may allow adolescents to continue drinking longer than their
adult counterparts, thereby increasing the risk of acute cognitive impairment and brain
damage.

Because it is unethical and illegal to provide alcohol to minors for the purpose of research, the
majority of research on this topic have been performed on laboratory animals, primarily
rodents. Findings from several studies using animal adolescence models support the hypoth-
esis that adolescents are less sensitive to the negative effects of alcohol than adults, including
hypnotic [71], hypothermic [72,73], motor impairing [74,75] and anxiolytic effects [76].

For instance, adolescent rats are markedly less sensitive than adult rats to alcohol-induced
sedation. Sedation refers to the calming or tranquilizing effect of a drug. In rats, sedation is
measured by the loss of the righting reflex. After a large acute dose of ethanol, adolescent rats
regained their righting reflex and woke up more quickly at higher blood alcohol levels (BAC)
than adult animals [71]. These authors suggest that the same differences should exist in
humans. Consequently, adolescents may experience minimal hypnotic effect from ethanol
consumption, thus receiving less negative feedback as a result of drinking. In addition,
adolescents appeared more sensitive to high doses of ethanol when examining ethanol's
hypothermic effects [72]. In general, adolescent showed a greater magnitude of ethanol-
induced hypothermia than adults; even though adults showed more rapid and sustained
ethanol-induced hypothermia than adolescents [73].

It is well known that alcohol disrupts motor coordination. Numerous studies suggest that
adolescent rats display age-related differences in the development of motor impairment [74,
75], suggesting that the disruption is less pronounced in adolescents than in adults. Similarly,
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human adolescents might drink more because of their relative insensitivity to motor cues
signaling intoxication.

One important motivation for alcohol use is the fact that alcohol has anxiety-reducing
properties. The evidence for the anxiolytic effect of ethanol in human [77] and animal models
[78] has been demonstrated. Studies carried on adolescent rats have shown that they are less
sensitive than adults to the anxiolytic effect of alcohol. Specifically, some investigators have
found that, due to tolerance development, adolescent rats require greater quantities of alcohol
than adults to reach anxiolytic effects [76].

Likewise, adolescent rats are less sensitive than adults to consequences associated with ethanol
withdrawal. The signs of ethanol withdrawal include physiological (headache, fatigue, tremor,
...) and psychological (anxiety, guilt, depression,...) symptoms. Adolescent rats show less
anxiogenic signs of acute withdrawal as measured in the elevated plus maze [79], in the open
field test [80] or in a social interaction test [81]. The results of these studies suggest that even
when using different behavioral test to examine anxiety, adolescents fail to exhibit the
withdrawal-induced anxiety seen in adults. Human studies have shown that, compared to
adults, adolescents who commonly abuse alcohol, rarely report withdrawal symptoms upon
drinking cessation [82].

In summary, findings derived from basic research indicate that adolescents and adults
experience alcohol differently. In general, adolescents are less sensitive to the negative aspects
of alcohol consumption (sedation, motor impairment, anxiety), but more sensitive to its
positive and rewarding effects. Thus, adolescents are “resistant” to the negative effects of
ethanol that limit consumption progression. In general, during adolescence, more drinks are
necessary to elicit a signal that it is time to stop. Conversely, adolescents are more sensitive to
the effects that facilitate the maintenance, progression and escalation of alcohol consumption.
This pattern of response to alcohol would be a vulnerability factor for adolescents to engage
in problematic drinking trajectories. However, there are environmental and genetic factors
that may also contribute to alcohol consumption among adolescents.

3.2. Environment and heritability factors

The environment and heritability factors play a dramatic role in controlling individual
predisposition to developing alcohol abuse [83, 84]. Knowing the characteristics that increase
the risk of adolescent alcohol use disorder can be helpful in preventing or attenuating such
risk.

The relationship between early use of alcohol during adolescence and the increased risk of
excessive alcohol drinking and alcohol disorder in adulthood has been well documented.
Several studies have reported that alcohol consumption before 14 years of age is associated
with a fourfold increase in the risk of alcohol dependence in adulthood [85, 86]. Similarly, 10
years after alcohol initiation, 14% of adolescent who started to drink at early ages, versus 2%
of those who delayed the drinking onset, met alcohol dependence criteria [87]. Also, early
alcohol use is associated with more mental health and social negative effects [88] or even with
increased later use and abuse of other substances (tobacco, marijuana or other illicit drugs) [89].
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Another important risk factor associated with using alcohol for the first time at an earlier age
is a family history of alcoholism [90-92]. Having a family history of alcohol drinking problems
is associated with greater underage drinking [90, 91] and greater frequency of alcohol-use
problems [92]. Several studies have reported that only the father's drinking had a direct effect
on adolescent drinking [93, 94] while the mother's didn't. Further research is needed to clarify
the real impact of parental drinking on adolescent drinking. It is known that alcohol use
disorder tends to be repeated within families. For example, 60% of people with alcohol
dependence and a family history of alcohol (i.e., an alcoholic parent) initiated drinking at age
13. By contrast, when they did not have a family history of alcohol, only 28% initiated drinking
at age 13 [95]. However, it is difficult to draw clear conclusions about this factor because this
predisposition may be due to children inheriting certain genes that determine an underlying
predisposition or because they learn certain behavioral patterns that lead to the development
of alcoholism. Moreover, we should consider that other studies have shown no family history
[96] and no offspring and/or parent gender dependence [94] on young adult problematic
drinking. Given the non-conclusive data, additional research is needed to understand the
relationship between family history of alcoholism and early use of alcohol during adolescence.

Other environmental factors recognized as important risk factors in excessive alcohol use
among adolescents are: the influence of a stressful life event [97] and peer substance use on
initiation and intensity of alcohol use. The exposure to stress is strongly associated with the
initiation and prolongation of alcohol drinking which most often evolves into alcohol depend-
ence. In other words, and given that adolescents are highly vulnerable to social influence and
they tend to copy what their friends do to feel accepted, peer effects on risk-taking are strong
in this age group. For example, having friends who drink increases the likelihood that an
adolescent will drink too. According to the National Survey on Drug Abuse and Health (2012),
the probability of ethanol consumption if a few friends have consumed alcohol within the past
30 days is 7.3%, 25% if most of them consumed alcohol and 41.4% if all of them consumed
alcohol. Similarly, adolescents are also influenced by how much their friends drink [98].

It has been shown that intrapersonal risk factors predict alcohol-related problems among
adolescents and young adults. Some of them are poor behavioral regulation and Attention
Deficit Hyperactivity Disorder (ADHD) [99-101], delinquency and personality traits, like
sensation seeking, impulsivity [102] and neuroticism [103]. All of them have been shown to be
positively related to drug use among youth.

In addition, recent data have highlight the existence of protective factors, such as parental
control and a supportive environment [104, 105]. Studies have consistently found that the
parenting style significantly protects against adolescent drinking behavior. Specifically, both
indulgent and authoritative parenting styles have been hypothesized to be a major source of
influence on protection against adolescent substance use [106]. It seems that fostering an
environment of acceptance, dialogue and affection is a good strategy to prevent adolescent
alcohol consumption. For example, adolescents from authoritative households (i.e. harmo-
nious, warm and responsive parents that exert concurrently firm control and maturity
demands) use less illegal drugs [107]. As well as parental control, involvement in social
activities is another protective factor in adolescent alcohol use [108]. Adolescents who
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demonstrate a high involvement in social activities (sports, extracurricular and/or academic
activities...), are less likely to consume alcohol or other drugs.

Studies have shown that alcohol use among adolescents could also be influenced by genetic
factors. Behavioral genetic studies carried on twins have shown a significant genetic compo-
nent in alcohol dependence (58%), regular alcohol use (43%) and alcohol-related problems
(38.5%) [109, 110]. By analyzing the genetic makeup of adolescents who consume alcohol,
researchers have found specific chromosome regions that correlate with this consumption
pattern. One recent study found that a serotonin transporter polymorphism (5-HTTLPR)
predicted adolescent increase in alcohol use over time [111]. In spite of having a similar initial
level of alcohol consumption, adolescents with the 5-HTTLPR showed larger increases in
alcohol consumption. Other genes associated with the risk of developing alcohol use disorder
(AUD) during youth is p-opioid receptor (OPRM1) polymorphism [112, 113]. Thus, adoles-
cents who met criteria for an AUD diagnosis had a higher prevalence of this polymorphism.
Finally, genes involved in gamma-aminobutyric (GABA) receptors have also been widely
studied because of their role in alcohol use disorders in adolescence and young adulthood.
The most frequently studied polymorphism included the GABA receptor subunits GABRA2
[114] and GABRGS3 [115]. Further research is needed to identify the actual genes involved in
the early alcohol consumption and their contribution to alcohol problems in adolescents.

In summary, studies have clearly shown that both genetic and environmental factors contrib-
ute to the risk of alcohol dependence in adolescence and later in adulthood, and it is likely that
the interplay between these factors is critical in determining the risk of alcohol abuse and
dependence. For example, twin studies have found that initiation on alcohol use is largely
influenced by the environmental risk factor [116]. Once initiation has occurred, genetic factors
explain a large amount of alcohol use frequency variations (34-72%) especially as adolescents
get older [116]. Thus, studies that tested interactions between environmental factors and genes
implicated in alcohol drinking in adolescence are necessary. We cannot forget that, in spite of
the fact that certain genetic polymorphism may increase the probability to develop alcohol
dependence, the manifestation of the disorder might depend on environmental factors.

4. Prevention programs

Alcohol dependence is a chronic disorder that causes high direct and indirect costs to public
health and has important social and family implications. Moreover, it ranks among the first
on the list of disorders that cause higher rates of death in the world. However, it has remained
a relatively low priority in public policy, including in public health policy. Considering all
these data, in 2010 the World Health Assembly approved a resolution to urge countries to
strengthen national responses to public health problems caused by the harmful use of alcohol.

At 1.8 billion, adolescents and young adults represent more than a quarter of the world's
population. According to data from the WHO's Global Burden of Disease study, 7.4% of all
disability and premature deaths in people aged 10-24 are alcohol-attributable, followed by
unsafe sex (4%) or illicit drug use (2%) [117]. Also, it should be noted that most of the mental
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disorders begin before age 25. This finding suggest that public health strategies should focus
on child and adolescent health, paying special attention to adolescent drinking. Given that
early initiation of alcohol use has been frequently associated with later alcohol-related
problems [87], delaying the initiation of drinking from early adolescence to late adolescence
or adulthood is an important prevention goal [118]. Understanding the precursors and etiology
of drinking behavior is necessary to limit premature and excessive drinking among adoles-
cents.

However, before we start to set up alcohol consumption prevention plans for adolescents, we
must identify alcohol consumption determinants, i.e. why do young people drink? Numerous
studies have demonstrated that both alcohol expectations and drinking motives are related to
alcohol use [119, 120]. However, it seems that drinking motives are the most proximate factor
preceding alcohol use. Adolescents appear to drink because of social motives being either
positive (social camaraderie) or negative (peer pressure, not to feel left out). Thus, most
adolescents drink alcohol to relax, to have fun or to belong to the group. In general, alcohol is
used to gain social recognition [119]. Another factor that influences alcohol consumption
among adolescents is alcohol expectations. Several studies have shown that high positive
alcohol expectations predict alcohol consumption and alcohol problems among adolescents
[121, 122]. In agreement with these data, alcohol use prevention programs may benefit from
addressing adolescent perceptions about the positive consequences of alcohol use. In essence,
knowing drinking motivations and alcohol expectations may lead to designing more effective
preventive strategies.

Governments and other stakeholders can support and empower communities to use their local
knowledge and cultural expertise to adopt effective approaches to prevent and reduce harmful
use of alcohol [123]. Generally, government support for community action takes the form of
training programs and policies for subgroups at particular risk, such as adolescents. There is
a great variety of governmental initiatives to prevent alcohol use and abuse during adolescence
from school-to parents-based programs. Because early adolescence is a time when alcohol use
experimentation often begins to occur, middle high school age student are most often targeted
in this prevention programs. As well as school-based program, there are programs to teach
parents effective ways to monitor and communicate with their children about the use of
alcohol. Mainly, the majority of these programs focus on giving information about the negative
health, social and behavioral outcomes of drinking alcohol during adolescence. These ap-
proaches considered that people make decisions about alcohol use and abuse based on their
knowledge of the adverse consequences involved. However, it has been demonstrated that
prevention programs based solely on providing information about the negative consequences
of alcohol have little influence on alcohol consumption [124, 125]. Thus, the World Health
Organization (WHO) suggested promoting prevention campaigns focused on affective and
conative components of attitudes and not just cognitive components. In addition to the
educational component, a section to induce changes in attitudes towards excessive alcohol
consumption should be included in prevention programs. As is generally acknowledged,
adolescent drinking behavior is strongly influenced by peers. For that, workshops where
adolescents learn effective strategies of self-control based on the ability to say “no” in social
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pressure situations are very effective to prevent alcohol consumption. Amongst the generic
prevention programs, those based on psychosocial approaches demonstrated significantly
greater reductions in alcohol use. Among the effective psychosocial and developmental alcohol
misuse prevention programs currently used in schools, we would like to highlight the Like
Skills Training Program, the Unplugged Program and the Good Behaviour Game. For example,
the Unplugged Program is based on a social influence approach and addresses social and
personal skills, knowledge, and normative beliefs about alcohol. Reviews of the literature
dealing with school-based programs support the idea that this kind of programs based on a
social influence model may prevent juvenile alcohol use through attitude modification, refusal
skills and normative perceptions [126].

Community-based alcohol abuse prevention programs include some combination of school,
family and public policy. Among public policies aimed at reducing alcohol consumption
among adolescents, one of the measures proposed is the prohibition of selling alcohol to
individuals under a certain age or the consumption of alcohol under this age. In 2012, most
countries (69.27%) determined that the minimum legal drinking age (MLDA) is 18 years.
However, some countries have no age limit or a 16-year age limit. Studies evaluating the
minimum legal drinking ages showed a statistically significant inverse relationship with
alcohol consumption. Thus, it seems that greater MLDA's were associated with slight reduc-
tions in the prevalence of alcohol consumption [127]. Another policy to reduce adolescent
alcohol consumption is increasing the price of alcohol. Several studies have shown that, as the
price of alcohol increases, alcohol consumption and alcohol-related problems decline among
the general population [128]. Specific studies to evaluate the real impact of the price of alcohol
on adolescent populations is needed. Besides price, other controls on alcohol availability, such
as restriction of the hours and days of alcohol purchasing or numbers and types of alcohol
outlets, have been shown to affect levels of drinking.

Recent research has demonstrated that presenting a coordinated, comprehensive message
across multiple delivery component is most effective in terms of changing behavior. We have
mentioned some effective prevention programs in schools, families and communities. By
implementing evidence-based strategies, governments can reduce excessive alcohol consump-
tion and the many health and social costs related to it. Moreover, prevention programs for
adolescent alcohol use could have a positive impact in preventing other common risks often
associated to alcohol drinks, such as violent behavior or unprotected sex. At the same time,
adolescent personal and social well-being will be promoted.

5. Conclusion

At 1.8 billion, adolescents and young adults represent more than a quarter of the world's
population. Many health-related behaviors usually starting in adolescence (i.e. alcohol use)
contribute to disease in adulthood. Several studies have indicated that a considerable amount
of adolescents drink alcohol, and this number is continually growing. Nevertheless, the
increase in alcohol use and abuse among adolescents has been coupled with increasing social,
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health and economic consequences. Adolescents who drink alcohol may experience a range
of adverse short-and long-term consequences, including physical and mental health problems,
violent and aggressive behavior, and adjustment problems in school and at home. Clearly,
underage drinking and its consequences present a significant public health problem that must
command our attention.
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1. Introduction

Dengue, an emergent viral infection, has increased exponentially since the 1960s [1]. In spite
of the alarming escalation of cases reported, the WHO still believes the disease is significantly
underreported [2]. The effects of climate change are expected to dramatically increase the
global incidence and geographic locations of dengue. According to the WHO, the number of
countries reporting dengue cases has increased from nine countries before 1960 to more than
64 countries in 2007 [2]. Dengue cases continue to climb despite numerous interventions
globally to halt the progression. Climate change allows the primary dengue vectors to thrive
in more geographical locations; increased population, urbanization and deforestation have
also provided favorable conditions for vectors. In areas with poor or nonexistent infrastructure,
sanitation, and unreliable water supplies, water storage systems provide ideal breeding
grounds for mosquitos. These issues are compounded by intercontinental commerce, specifi-
cally the transport of tires, which harbor rainwater and mosquito larvae, allowing introduction
of non-native mosquitos to other countries.

No cure currently exists for dengue and vaccine development has been fraught with difficul-
ties. Dengue should be categorized as one of the most imperative global health issues in need
of effective solutions. Drastic changes need to occur in public health approaches and health
management policies for dengue. Without serious and immediate attention to the escalation
of dengue the global burden of disease will significantly intensify.

2. Background

Dengue is believed to be an ancient disease, one with unclear origins. Early Chinese medical
records first describe a dengue-like outbreak as early as 400 AD, and later historical docu-
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mentation in Asia, Africa, and North America made record of a dengue-like epidemic in the
seventeenth century. Dengue has often been referred to as “break bone fever”; it was given
this name due to the onset of high fever accompanied by agonizing bone and joint pain. The
word “Dengue” was first recorded in the nineteenth century derived from the Spanish word
meaning “fastidious” possibly to describe the way infected individuals carefully walked while
experiencing horrendous bone pain [3].

Dengue is an infection passed from person to person by vector transmission. The predominant
vectors for dengue are Aedes aegypti and Aedes albopictus. The vectors become infected after the
female mosquito takes a blood meal from an infected human. Once the mosquito has been
infected the virus incubates inside the mosquito host for approximately 8-10 days [4]. Upon
completion of the incubation period the infected mosquito is capable of transmitting dengue
to any human that it feeds on, for the remainder of its life. Four primary serotypes of dengue
exist, DEN-1, DEN-2, DEN-3, DEN-4. Recently the Center for Infectious Disease and Research
Policy reported a fifth serotype [5].

The most severe manifestations of the disease are dengue shock syndrome, and dengue
hemorrhagic fever. Infection with one serotype does not impart complete or lasting immunity
to other serotypes of dengue. Following recuperation from dengue infection, of a specific
serotype, anindividual hasimmunity from that serotype however immunity to other serotypes
transitory and incomplete leaving individuals at a significantly increased risk of infection with
a more severe serotype of dengue [2]. Unlike other vector-transmitted diseases, concurrent
dengue infections increase an individual’s susceptibility to a more life threatening serotype of
dengue. Some cases of dengue are asymptomatic, however the classic symptoms include
malaise, severe muscle and joint pain all accompanied with a high fever. The only treatment
option currently administered for dengue infection is fluid replacement and rest. More severe
cases of dengue cause capillaries in the body to leak blood plasma. This can progress to internal
hemorrhaging, organ failure, and death [2].

According to estimates from the Centers for Disease Control and Prevention (CDC) three
billion people globally are at risk of contracting dengue [4]. Although accurate assessments of
dengue are difficult to ascertain, one undeniable observation is that Asia bears an unequal
burden of dengue cases, with an approximate seventy percent of cases arising in Asian
countries [6]. Findings from a recent study reveal that dengue is universal throughout tropical
regions. Researchers estimate that there are 390 million dengue infections annually, all around
the globe [6]. This is more than triple the WHO’s most recent estimates of 100 million infections
each year [2]. Another 16 million infections are attributed to Africa's burden of disease, which
rivals that of the Americas and is significantly larger than previously predicted [6]. It is
assumed that these numbers still underestimate the true incidence of dengue. Several factors
likely add to the underreporting of dengue. Many tropical regions have various other diseases
with symptomatically similar illnesses, which people may not seek treatment for or, if
treatment is sought, misdiagnosis can occur. There are also potential economic impacts of
reporting dengue for both individuals and countries as a whole.
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Figure 1. World Health Organization

Climate and population growth are important factors for predicting the current risk of dengue
around the world. With population explosion, globalization, and constant urbanization,
dramatic shifts in the distribution of the disease are anticipated. The virus may be introduced
to areas that previously were not at risk, and those, that are currently affected, may experience
enormous increases in the number of cases. Endemic transmission in Africa and the Americas,
recent outbreaks in Portugal, and the ever-increasing incidence in Asia are proof of the
challenges that plague an effective dengue control and the issues surrounding vector control
[6]. This is a pivotal moment in the fields of global health and health management systems.
Efforts to combat dengue appear stuck. However, recent vaccine developments appear to be
more effective at delivering a more feasible vaccine Strategies for tackling dengue need to be
rethought in order to maximize the value and cost-effectiveness of health management
systems, by indicating where resources can be targeted to achieve maximum and sustainable
impact.

Humans have known for a long time that climatic conditions affect epidemic diseases. Today
there is a worldwide increase in many infectious diseases and this reflects the combined
impacts of rapid demographic changes, as well as social and environmental changes in human
living conditions. Important determinants of vector-transmitted disease include: vector
survival, reproduction, and the vector’s biting habits. Vectors can survive and reproduce
within a range of optimal climatic conditions, which include factors such as temperature,
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rainfall, proximity to large bodies of water, amount of daylight and elevation. There is a large
body of evidence demonstrating associations between climatic conditions and infectious
diseases. Dengue is of great public health concern and may be very sensitive to long term
climate change. Dengue varies seasonally in highly endemic areas. Excessive rainfall and high
humidity are major contributing factors to enhancing mosquito breeding sites and thus overall
mosquito populations. Mathematical modeling methods have been used to demonstrate the
relationship between climatic variables and biological parameters such as breeding, survival,
and biting rates. Landscape modeling is also used because climate also influences habitats.
Combining climate bases models with spatial analytical methods to study the effects of both
climatic and environmental factors are beginning to be used to predict how climate induce
changes would affect mosquito populations.

Emergence of DEN/DHF
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Figure 2. World Health Organization

3. Burden of Disease

The burden of disease due to dengue started in Asia after the commencement of World War
I1[7]. Major factors contributing to the post war dengue proliferation include: worldwide rapid
population expansion, urbanization, and globalization of markets. These factors coupled with
new modes of human transportation could have facilitated the dissemination of both people
and disease [7].

In order to initiate successful health management policies and programs it is important to
understand the economic impact of dengue on Southeast Asia. Several articles have been
published about this topic as well as assessments from the WHO. The overwhelming consensus
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Figure 3. Dengue matters

reports that dengue is one of the most critical infectious diseases in tropical and subtropical
regions. Dengue represents a monumental burden in Southeast Asia where it is endemic.
Studies conducted from 2001 — 2005 have reported dengue specific cases in Cambodia to be
three million dollars annually, Malaysia at forty-two million dollars annually, and Thailand
fifty-three million dollars annually [8]. Another study estimated annual costs for Cambodia to
be eight million dollars [9]. In 2009 the officially reported dengue cases were estimated to cost
Malaysia one hundred million dollars [10]. The estimates of SEA burden of disease due to
dengue are available only for a fraction of countries in the region. Estimates vary depending
on methodology of studies and variance in officially reported cases. Although dengue is a
reportable disease there is a considerable amount of underreporting [11, 12]. The total number
of dengue related cases is difficult to ascertain due to inconsistency in surveillance methods
and unreliability of surveillance reporting. Unreliability is due to a variety of factors including
method and certainty of diagnosis as well as when and where the data were collected. To better
illustrate the current estimates for the burden of disease the following graphs from Dengue
Matters are provided: figure 3 and figure 4.
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Estimated Annual Economic Burden of Dengue in SE Asia
US Dollars in Millions (2010)
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Figure 4. ‘Dengue Matters’

The rapid urbanization and development of Asian cities has a drastic effect on the transmission
of infectious disease. Currently, millions of people inhabit several cities in Asia. This coupled
with a lack of wastewater infrastructure, insufficient housing, and unhygienic societal
conditions promote the propagation of dengue infection. These factors are some of the major
contributors to the proliferation of dengue in Asia [87].

Various global issues impact the delicate balance between environment and development. This
balance has serious ramifications for controlling vector-transmitted diseases. The most
profound impact on the encroachment of the environment is the explosion in human popula-
tion. According to the United States Census Bureau, the world population is currently seven
billion individuals. A human population that continues to grow will have a number of impacts
on the surrounding environment and mosquito ecology including depletion of natural
resources, opportunistic breeding sites, decreased biodiversity.
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Dengue episodes and economic burden by year
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Figure 5. ‘Dengue Matters’

The perpetual demand for commercial goods, food, and energy compels nations to develop
vast quantities of land and water resources for agricultural and energy harvesting purposes.
In the process of land development, deforestation and soil degradation decimate the natural
habitats of mosquito populations. These processes are then compounded by man-made water
reservoirs and irrigation systems designed to facilitate land development. Such large stagnant
bodies of water may be providing generous breeding grounds for vector populations. Miti-
gation of such ecological impacts may be addressed by allowing cooperative consultation
during construction planning phases. Construction plans can be coupled with adequate health
risk assessment plans to facilitate improved environmental safeguards to prevent future vector
ecological problems and health concerns. Areas developed for their natural resources undergo
significant alterations in human population living conditions and density, which correlate to
the incidence of infectious diseases [13]. Land development tends to create population
migration due to potential economic opportunities and the need for seasonal labor. Settlement
of individuals in a new area without competent infrastructure of water systems can introduce
new unexposed individuals into a high-risk situation that has the potential to spread vector-
transmitted illnesses rapidly. Living conditions may also degrade the overall health of the
population and promote the spread of viral variations [13].
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Expeditious urbanization entices rural individuals to relocate to urban environments based
on potential economic opportunities. As this occurs urban settings tend to be ill prepared for
the increased demand of basic water services. Sewage, sanitation and drinking water supplies
rarely match the populations’ needs and consequently result in increased incidence of
infectious diseases. Historical patterns of rapid urbanization coupled with observable corre-
lations of increased infectious disease, specifically vector-transmitted diseases, highlight the
dramatic need for resources in urban settings.

Vector transmitted diseases such as dengue increase as biodiversity decreases. When natural
habitats are destroyed by land development projects, habitats become simplified. The break-
down of habitats facilitates the growth of mosquito populations over their natural predators.
Exacerbating the situation is the excessive use of pesticides, which can select for mutations,
and lead to insecticide resistant mosquitos. Of particular concern are the agricultural applica-
tions of indiscriminate pesticide application that can release chemical residue into the envi-
ronment affecting a wide variety of other insects. Natural predators of mosquitos, like
dragonflies, tend be unintended victims of pesticide overuse and in turn lead to the accelera-
tion of insecticide resistance.

The effects of climate change on global disease patterns and geographical expansion are still
speculative. By reflecting on the observable patterns in the last few decades, some trends
become apparent. A few of the global climate change issues have the potential for impacting
vector ecology and thus vector transmitted diseases. Increased temperatures may expand the
geographical endemic areas for infectious diseases. Warmer temperatures may also allow
vector migration to occur at higher altitudes. Shifts in global wind patterns may impact the
passive migration of vectors. Increased rainfall introduces stagnant water issues to new areas
and plays an important role in the life cycle of a mosquito. Most dengue transmitting vectors
breed in small pools of water. The existence of potential vector breeding grounds depends not
only upon rainfall but also on evaporation. The patterns, frequency, and amounts of rainfall
globally are expected to change and will impact temperature, evaporation and humidity
thereby making clear predictions regarding vector migrations complex. Increased tempera-
tures are anticipated to increase sea levels, natural disasters, and rainfall all of which could
lead to greater vector breading site opportunities Climate change is predicted to increase the
quantity and intensity of natural disasters. Natural disaster areas are ideal sites for the
dissemination of infectious disease and give ample opportunities for vectors to propagate.

Various time series studies explore the relationship between average temperatures in con-
junction with rainfall rates. It has been hypothesized that increasing temperatures could be
part of the reason why dengue can now survive in a greater range of areas. Many other
confounding factors, however, could be causing the increase in dengue in these areas. Further
investigations into whether climate change could drive the geographical spread of the disease
and produce an increase in incidence would be beneficial. Other studies consider the impact
temperature and deforestation have on vector transmitted diseases. Assessing the biological
significance of the warming trend on mosquito populations some scientists suggest that the
observed temperature changes will be significantly amplify the mosquito population. The
effects of climate change on the health of human societies are already evident however these
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effects are expected to increase. Direct assessment of climate related effects are difficult to
definitively ascertain due to the complexity of interrelated variables. Challenges arise when
attempting to distinguish which variables most directly affect climate change but a few
influences are clear. Human population explosion, the use and development of land, and
naturally occurring variability are some of the most influential factors in climate change.
Current data can be used to influence future policy and public information. Many agree that
climate change exacerbates weather related issues, droughts from a dearth of rainfall or once
manageable seasonable rainfall causing widespread flooding conditions [88]. Affects suffered
as a result of climate change would include weather-related disasters. Condition can be
temporary or permanent, ranging from short-term displacement from a natural disaster to
living with severe water scarcity. Currently the best estimates of the level of impact of climate
on health trends are just predictions based on possibilities. Gradual environmental degrada-
tion due to climate change also affects long-term water quality and quantity in various parts
of the world. Water related issues could trigger increases in vector-transmitted diseases such
as dengue. Environmental degradation is a contributing factor to poverty, and can expel people
from their homes. Individuals affected by water scarcity, poverty, disease, or displacement
also tends to have worse health outcomes. Climate change can be expected to disproportionally
affect developing countries. Effects brought on by climate change could further reduce health
outcomes and increase food and water insecurity leading to more displacement and greater
proportions of populations subjected to poverty and disease. Increases in poverty would result
in competition for scarce resources and greater burdens on economically limited governments.
Deteriorating conditions could ultimately lead to increases in conflicts. Therefore, health
outcomes are employed as a foundation for climate change associated influences [88]. Em-
ploying this tactic, WHO assesses the global burden of disease related to climate change factors
to have longitudinal effects on millions of individuals currently [1]. Climate change is antici-
pated to significantly increase food and water quality and insecurity [1]. Climate change is
expected to produce an increase in chronic diseases, respiratory diseases, and vector-trans-
mitted diseases, all of which could overburden the current public health system. A warmer
and more variable climate leads to increased levels of air pollutants and increased transmission
of diseases through unclean water. It compromises agricultural production and it increases
the hazards of weather-related disasters. Climate change together with the changes vector
habitats as well as water supplies can increase the incidence of many diseases particularly
dengue.

Dengue incidence, particularly dengue epidemics, has been currently associated with rainy
season. Despite the number of studies, convincing data or models supporting this hypothesis
is limited in small countries [14]. A study in Thailand found that climatic factors play a role in
transmission cycle of DHF, but relative importance of these factors varied with geographical
areas [15]. Ecological studies related to Aedes aegypti have shown that Aedes aegypti is a
humidity loving species and is governed by the conditions to which it has adapted. It avails
all available opportunities in the peridomestic domain during this rainy season when tem-
perature falls down and humidity increases. The association between flooding caused by
precipitation and an increase in vector breeding sites is multifaceted. It is generally believed
that increased rainfall will increase the number of breeding sites particularly for mosquitos
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[16]. Flooding is typically followed by an immediate dip in vector populations, due to excess
water clearing out existing breeding sites, however as waters recede mosquito populations
tend to bounce back in areas where the water pools [17]. The relationship between dengue and
increased precipitation is not always proportional because transmission of dengue requires
the disease be prevalent in the population for vectors to be able to transmit the disease [16].
Although increased precipitation can cause more areas of pooled water, which can increase
mosquito population density or increase exposure to mosquito populations through housing
damage. Increased rainfall or flooding situations do not always affect the incidence of dengue
infections in populations [18]. It is postulated that with an increase of mosquitos the incidence
of potential dengue transmission is increased [18]. Typically after a natural disaster occurs an
increase in infectious disease follows, this can occur for several reasons: lack of access to clean
water, crowding living conditions, disruptions in vector elimination programs, and increase
in time spent outdoors which increases the exposure to vectors [18]. Addressing some of the
known risk factors and bolstering public health infrastructure can mitigate potentially
preventable vector transmitted disease. Particular attention should be paid to post natural
disaster situations. When individuals travel to avoid the effects of natural disasters it can lead
to congregations in areas without proper water supply or sewage infrastructure both of which
can rapidly increase the incidence of infectious disease [19]. Another consideration of a shift
inhuman settlements is the potential upsurge in stress and mental illness, and human struggle,
which can aggravate infectious diseases like dengue [20].
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Although dengue is currently a global concern, approximately seventy-five percent of
individuals living in Asia have been exposed to dengue [21, 22]. More than one billion high-
risk individuals, like children, live in a dengue endemic country in Southeast. In SEA the
leading cause of child hospitalizations and child mortality are attributed to dengue [22, 23].
The WHO has a clear documentation of the development of dengue in the last few decades.
Eight SEA countries reported dengue related illnesses in 2003; within six years all SEA
countries reported endemic dengue [21, 22]. The number of dengue cases in SEA continues to
climb in quantity and severity. Currently eight SEA countries are categorized as hyper-
endemic, meaning all four stains of dengue exist simultaneously [22].

Dengue infections in children aged 5 years or younger, mostly in developing countries could
see a sharp increase in incidence. Other severely affected population groups could include
women, the elderly and people living in small islands, and other coastal regions. These groups
are the most affected due to social factors such as immune susceptibility and geographic areas
of high risk. Immune susceptibility affects the very young and the very old while geographical
high-risk areas are those prone to natural disasters and areas lacking water and sewage
infrastructure. Southeast Asia disproportionally experiences a great burden of disease due to
these factors [88]. Overall, the per capita mortality rate from vector borne diseases is expo-
nentially greater in developing nations than in developed regions.

There is increasing incidence of dengue incidence in older age groups, and this age shift has
been reported in Singapore, Indonesia, Bangladesh and Thailand [24, 25]. Thailand, cases of
dengue in small infants as young as 1-2 months and in adults have been reported with
increasing frequency [26]. During the first known outbreak in Nepal the majority of the cases
occurred between the age of 16 and 45 years [27]. The first recorded outbreak in Bangladesh
affected the age group of 18-33 years were the most affected [28]. Sri Lanka with chronological
overview shows that modal age group affected by dengue has shifted from less than 15 years
of age to 15-34 years of age. It has been hypothesized that the time interval between two
sequential infections could be the reason to explain this phenomenon [29, 30]. There are many
studies from South-East Asia region that suggest higher ratio of males than females in dengue
hospitalized and only few studies suggest no difference in sexes [24, 26, 28]. However, almost
all of these studies were hospital-based suggesting they represent those who had access
healthcare rather than the infected population [29]. Gender bias is still abundant in many
countries and health-seeking behavior is linked to this issue. Further research into determining
the sex differences both in infection and severity of the disease is needed to understand the
biological and cultural factors that drive disease pattern in communities.

4. Objective

Explore the potential for cooperative health management policy to effectively combat the
eminent threat of dengue epidemics due to climate change. In order to measure and evaluate
past interventions and current health management system responses, a review of dengue
literature was performed. Along with reporting successful and non-successful interventions,
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insight into response and treatment options available for dengue outbreaks in Asia was also
assessed. All evaluations were performed with the intention of highlighting areas of health
management in critical need of change to attain progress in the battle against vector-transmit-
ted disease in Asia.

5. Methodology

A systematic review of dengue history, transmission, prevention, diagnosis, treatment,
control, surveillance, response, intervention outcomes and vaccine development was per-
formed. The purpose was to explore the potential complex causal links of effective health
management strategies to combat the occurrence of dengue pandemics due to global climate
change. Through the use of evidence-based literature the following paper will discuss current
challenges of dengue prevention, transmission, control and vaccine development; successful
and unsuccessful interventions in endemic areas, future predictions of dengue endemic areas
due to climate change, and future role of health management policies globally. The research
issues we address in this paper include prior intervention methods and their effectiveness,
treatments, and implications on health management policies. This paper is divided into
subsections with the purpose of addressing each of the research questions. A variety of
intervention methods including some unconventional approaches are explained. The treat-
ment subsection brings to light the lack of treatments available. Implications of health
management and policy examine the methods of surveillance, existing infrastructure, potential
sustainable approaches, and technological developments. Through the conclusion section we
provide a summation and identify gaps in current public health management approaches.
Although data from other sources has been used the majority of the articles focus on responses
in Southeast Asia. This paper is limited to a public health management approach rather than
a site management or medical management approach

6. Interventions

When assessing the dengue vector control methods in Asia the predominant types included
chemical, environmental, and biological. Most interventions focused on evaluating their
effectiveness based on reduction of adult vector population rather than decreased incidence
of disease. Although adult vector control reduces the mosquito populations, it often does not
appear to reduce the rate of dengue infections. Vector control must also be continually
maintained which can cause imposition to the human population and additional costs to
governments. Chemical means of vector control seem to have a better effect, when compared
to other methods, for control of outbreak situations. Insecticide treated netting (ITN), or
curtains, seem to be less sustainable predominantly due to non-use or improper use of ITN by
indigenous populations. Bed nets used while sleeping, provide some protection but are not as
effective against dengue vectors like they are in malaria; this is because the mosquitoes that
transmit the dengue virus often bite during the day rather than at night. Insecticide resistance
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to chemical means of vector control is a problematic issue that has arisen and must be factored
into any future chemical campaigns to control vector populations. Dengue is believed to be a
primarily urban disease as the vectors are well adapted to human habitation. The urbanization
of South East Asia that started after World War II for economic purpose has led to population
growth that contributes to the increase of susceptible hosts. However, dengue has spread into
rural areas from where it had not been reported before. During the first half of the 21st century,
piped water supply was restricted to urban towns, and now that supply system has been
introduced into rural areas, water storage practices have changed. Modern transport system
has also connected the rural areas better, and, finally, solid waste disposal also became a
consequence from all this development. These are most cited reasons for rural dengue spread
[30, 31]. In Singapore, successful vector control programs have brought down dengue inci-
dence between 1974 and 1985. However, there was a major resurgence of dengue with more
adult cases being reported. Serological studies indicated changes in the transmission sites and
that the transmission was occurring in work sites rather than in residential houses [32].

Resistance to insecticides, specifically dichlorodiphenyltrichlorethane (DDT), presents a
significant challenge to the control of dengue vectors. DDT was first introduced during World
War II to protect troops and control vector- borne disease, such as malaria. After World War
II, the indiscriminant agricultural use of DDT greatly increased vector resistance. The World
Health Organization launched a program to eradicate malaria in 1955. This program, based
partially on the use of DDT was initially successful; however, the success was not sustained
in lower socioeconomic areas. Today indoor residual spraying (IRS) is used to control vector
populations [33]. IRS is the application of DDT to the internal walls of domiciles to repel or
eliminate mosquitos. This method is effective, long lasting, and reduces both DDT resistances
in vector populations as well as diminishes environmental destruction due to DDT contami-
nation [34].

Health education to control dengue ensures that community members understand the process
of dengue infection and the critical behaviors that need to be altered to prevent transmission
and decrease the incidence of morbidity and mortality.

Interventions with a primary focus on behavior modification, through educational means,
seem to have better, long lasting effects on the incidence of dengue. Educational campaigns
involving the community are well received and sustainable. The cost is comparatively low
compared to vector control measures. These programs allow for community involvement and
ownership, which are the proven foundation to any successful intervention. Appointment of
a community leader, with involvement from inception through the intervention, compared
with communities without involvement prior to commencement of the intervention had better
reduction of dengue vectors and dengue infection rates [35]. The most highly involved
communities reported the most intervention success [36, 37]. Requiring the involved com-
munities to take and maintain ownership of the interventions seems to play a significant role
in intervention effectiveness [38, 39]. Additional benefits to high levels of community involve-
ment included increased community efficacy, community pride, and an overall increase in
well being [36].
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Educational programs delivered through schools seemed to have the greatest impact on
behavioral changes to reduce vector populations [35, 39, 40, 41, 42]. These interventions suggest
educational programs delivered through schools are more effective than other methods of
distributing educational information. In Colima, Mexico a study highlighted the effectiveness
of a combined approach with a focus on uninterrupted health education to reduce the breeding
sites of vectors [43]. The aforementioned study demonstrated community targeted health
education combined with larvicide treatment had a greater impact on decreasing mosquito
habitats than larvicide treatment alone. [43] This combined approach is not universally
accepted. (Some argue that too much variation occurs between the acquisition of knowledge
and implantation [44, 45]. Individuals with sound comprehension of preventive measures
were most often successful in incorporating new behaviors to prevent dengue disease and
transmission [50]. It is important to understand that in cultures where the indigenous people
lacked sufficient understanding of disease transmission, changes to their personal and
household behaviors were met with resistance. Their resistance stemmed from a belief that
vector control should be a governmental responsibility rather than a personal responsibility
[52, 52]. Education programs based in schools enhance community education programs
because of the transference of information and utility from classrooms to domicile. A main
factor for the success of school based education programs stems from the fact that dengue
predominantly affects children; therefore, education directed at the young population can help
maintain changes in attitudes and behaviors [53]. In Thailand, [54, 55], school based education
programs have demonstrated children’s increase in understanding and prevention of dengue.
Although knowledge of mosquitos and habitat reduction methods are beneficial, they must
be incorporated into a health belief and behavioral change model to ensure success. The
incorporation of behavioral change models to introduce educational information is pivotal to
community acceptance and participation [56]. Current gaps in research insufficiently explain
the best mode of delivery and most effective length of continuous education program.
Educational programs’ variance is dependent upon adequate funding, convenient health care
centers, human capacity, political involvement, and availability of additional resources.

In Cambodia, the National Dengue Control Program provides dengue education in the school
system and at local health centers [52]. Although these programs can be effective they are not
given financial priority nor are they routinely evaluated for effectiveness. Materials provided
for educational purposes can be complicated and therefore misunderstood. The individuals
tasked to oversee the distribution of educational material are teachers and health care workers
[52]. These workers are often inadequately trained and lack guidelines that recommend
practical and effective methods of preventing vector bites. Insufficient funding for new and
updated educational materials leads to a culture of familiarity and lapse into old behaviors
and habits that propagate dengue infections. Community involvement in the control and
prevention of dengue is essential, but will not be substantially effective until proper resources
are consistently allocated [52].

Some of the environmental interventions discussed in this article include the use of natural
predators as vector control. Dragonfly larvae used in an experiment to reduce the abundance
of A. aegypti mosquitos, in Myanmar, showed positive results [57]. Virtually all A. aegypti
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larvae disappeared immediately after two dragonflies were placed in each container, and the
density of adult mosquitos declined within six weeks [57]. The use of Copepods, natural
mosquito larvae predators, in an intervention in Viet Nam proved to be inexpensive and
community- accepted [58]. Environmental interventions are best suited for large communal
water storage containers. The use of predators may be useful in reducing vector populations,
particularly where communities lack water and sewage infrastructure. Global warming is said
to affect the disease pattern, and it is essential for epidemiologists to understand such patterns
in relation to biodiversity. Such an approach can have a dramatic impact on the public health
strategies for disease prevention and control. Climate change may have variable effects on
different diseases; some diseases may be sensitive to climatic changes, while others may be
less responsive [59]. Climate change may actually expand the range of vector borne diseases
from the tropical zone, where the species diversity of hosts is comparatively high in contrast
to the temperate climatic zone, where species diversity is very low [60, 61]. It is too early to
predict the impact of biodiversity and global warming on the propagation of vector borne
disease as the vector behavior and transmission mechanisms of the host differ [62]. It is also
necessary to initiate innovative research and systematic monitoring programs to obtain first
hand information about the patterns of disease occurrence and relate it with biodiversity.

Biodiversity plays an important role in the transmission of diseases. However, the mechanism
by which the biodiversity disease relationship is controlled is still ambiguous, as biodiversity
and disease pattern show varied degrees of complexities, which need to be, addressed in future
studies. Extensive studies on biodiversity-disease relationships in different ecological zones
would be helpful in order to demystify the associations with this relationship. The task is not
easy for ecologists as the dynamic nature of ecosystems poses difficulties in understanding
various eco-based relationships. The need for increased precision in estimates presents an
opportunity for investment in research on the social implications of climate change.

7. Immunizations

Currently no vaccine exists to protect against dengue. Specific challenges in vaccine develop-
ment are due to three major factors. The first difficulty arises from the fact that dengue has
four distinct serotypes each with the ability to cause disease. The second and more challenging
obstacle is each infection increases an individual’s risk of contracting a more severe strain of
dengue. Therefore an effective vaccine must protect against all serotypes simultaneously.
Lastly, there are no known animal hosts for dengue. Without an animal host, the only viable
candidates for vaccine trials are human beings themselves. Testing the effectiveness of a trial
vaccine poses serious ethical issues.

8. Implications on health management policy

Increased burning of fossil fuels by the world’s developed nations and the continued course
of industrialization and development are attributed with great impacts to the world’s climate.
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Developing nations will face an unequal burden of disease caused by climate change. Indi-
viduals in impoverished areas have enormous morbidity and mortality rates in relation to
infectious diseases when compared with developed nations [88]. More concretely, both climate
change and disease affect human vulnerability. In addition to the known factors of dengue,
such as variation in seasonal weather, vector control programs, and socioeconomic status,
climate change is extremely likely to influence current vector-borne disease epidemiology.
While the effects could manifest in several ways ranging from, an increase in short term
epidemics to a gradual change in long term disease tendencies. Currently there are limited
amounts of published articles that provide information containing predictions. There is
currently a dearth of substantiated information regarding the exact percentage of climate
change influenced infectious disease. This can prove challenging to making new public health
policies [18]. Clear indications of climate change on dengue, will be easier to detect than overall
climate change, due to the slow rate of transformation. Climate change variability will depend
on the level of health infrastructure in the affected areas. The cost and efficacy of prevention
and potential cures or vaccines will be essential to disease management.

Making headway in the fight against vector-transmitted diseases ideally will incorporate a
multidisciplinary approach. Working together with mosquito experts to understand mosquito
attraction and control vector populations, future development that considers ecological
balance and mitigates human impact on the environment, unified and structured rapid disease
identification surveillance reporting and treatment of diseases, well-funded and continually
evolving community education programs are all vital parts of a holistic approach.

High-risk populations for contraction of the more serious forms of dengue, dengue hemor-
rhagic fever and dengue shock syndrome, are individuals who have recently been infected
with a less severe stain of dengue. Children in impoverished areas are at particularly elevated
risk. They often become infected early with less severe stains of dengue, which puts them ata
much higher risk of contracting a more severe type of dengue and thus more likely to die. Little
to no research has been completed to assess the ability to transmit the dengue through breast
milk. This could potentially shed new light on transmission risk factors.

Surveillance of disease is one of the most critical factors for assessing and responding to disease
outbreaks. Once surveillance indicates an emerging infectious disease, treatment, contain-
ment, and prevention of new cases becomes the focus of effective health management. The
existing surveillance systems in Asia are woefully inadequate to address the urgency of
dengue. Lack of emerging disease surveillance, in Asia, must be given greater priority. The
use of surveillance to forecast the risk of vector borne disease more accurately could greatly
alter the impact of emerging disease. Traditional health management resources are insuffi-
ciently funded; focused efforts to develop more effective, and more accurate tools could greatly
aid early detection of increased infection rates.

Strong health systems are also important to maintain. Dengue outbreaks can be worsened
when health systems are not strong enough to adequately respond to the increased demands
of epidemics. Viruses are continually evolving to outwit control measures. Public health and
health systems must be ever vigilant in maintaining set priorities to tackle infectious diseases,
such as dengue. Training of community- based individuals in assessing; treating, reporting,
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and containing outbreaks of dengue are of great importance. There is an imperative need for
point of care testing. Many areas of Asia with endemic dengue lack access to proper laboratory
testing. Even in the presence of laboratory facilities testing for dengue can be time consuming,.
Point of care (POC) testing would allow health care workers in the communities to rapidly
assess and accurately diagnose dengue infections. One of the major challenges to preventing
the spread of dengue infections is the amount of time needed to confirm the presence of
antibodies in the host system; however, with POC testing this could be significantly mitigated.

The need for sustainable development in sanitation and water availability is pivotal to
alleviating the burden of disease in Asia. The establishment of a consistent water supply to
homes would decrease the need for water storage and thus decrease available breeding sites
for vectors, bacteria, and other pathogens. The WHO conducted a cost benefit analysis of
establishing such systems in developing countries. The outcome of the analysis discussed the
financial gain that could be achieved. The report suggests a minimal return of 3 to 1 for each
dollar invested, and up to thirty-four times the return on investment [63]. This would also
directly reduce the burden of various diseases and drastically reduce the need for economic
funding to combat preventable diseases. Although exact funding estimates are variable
depending on regions, the application of new ideas or innovations to tackling the engineering
obstacles could prove financially profitable [63]. In addition to potential profitability, estab-
lishing or improving sanitation and water supply could reduce the average days lost due to
illness. There would also be a decrease in money spent by patients seeking treatment. The
benefits to improving and establishing these systems would behoove nations globally. The
increase in production of developing countries coupled with more consistent attendance in
schools would also allow these countries to establish and maintain ownership of high health
management improvements at a cost significantly less than the current burden of disease [63].

Public health principals are rooted in the idea of community involvement. This involvement
has been proven effective for sustainable interventions. Communities that do not understand,
support, or have a clear understanding of the importance of the intervention undermine
intervention success. Community health and well-being are multifactorial and equally affect
individuals quality of life. Community based changes should be made to the current system
with the intention of improving the health of the entire community and should be evidence
based. Approaching these changes from a community level and paying acute attention all
aspects of the social, political, and economic factors of each community in an effort to reduce
health disparities [89].This is important to eliminate or reduce factors that contribute to health
problems or introduce new elements that promote better health.

Mosquitos can fly distances equivalent to about thirty miles; this includes open ocean distan-
ces, like those found between islands and mainland. They can smell humans from a distance
of fifty yards. Mosquito eradication would significantly decrease the global burden of disease;,
however the magnitude and complexity of such a project would not only be impractical but
potentially have unintended consequences on global ecology. Scientists are however, employ-
ing innovative techniques to battle vector transmitted diseases, and some of the most ground-
breaking processes can be found in the fight against malaria. Malaria research is developing
new ways to combat vector populations: genetically altered mosquitos, mosquito attraction
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and repulsion factors, the use of animals to detect mosquito breeding sites, and human
pharmaceutical interventions for exterminating adult mosquitos.

There are hundreds of scientists whose entire lives and careers have been devoted to working
on the problems caused by mosquitoes. They follow their breeding habits, study them to
understanding their sense of smell, and decipherer their DNA. Bart Knols, a malariologist, is
a leader in the fight against mosquito-transmitted disease. Although insecticides are making
a comeback, new modern and radical versions are in the forefront of this battle. Genetically
altered mosquitos offer a potential middle ground to complete mosquito eradication. The
normal process inside mosquitos involves the release of a repressor chemical to prevent protein
(tTA) from binding to the complementary site [64]. Genetic modification alters this process by
removing the repressor and allowing the tTA to bind to the tetO-binding site. This binding
process triggers more tTA proteins to be released and bond to tetO creating a continuous cycle
[64]. The tTA protein damages the normal mosquito cells and causes larvae to die [64]. The
following image illustrates the aforementioned process. This genetic alteration does not allow
the larvae to survive to adulthood. Male and female mosquito genes are necessary for
successful breeding of genetically altered offspring, but only male mosquitoes are released
after the modification process is complete. Release of only the male mosquitos is done to
prevent any genetically altered mosquitoes from biting humans, thereby eliminating the
potential of genetically altered genes being transferred to humans. Careful consideration has
been given to ethical and safety concerns where genetic modification techniques are applied.
Advocates for genetically modified mosquitos argue that mosquito transmitted disease could
be drastically lowered with very little disruption in the ecology. Others have suggested that
the so-called Asian tiger mosquito, which also carries dengue, could fill the vacuum left by the
Aedes aegypti.

Mosquito traps are another potential low cost high impact innovation that may impact the
number of dengue related illnesses. Traps specifically designed for this purpose have been
developed with a variety of users in mind: researcher, private consumers, and commercial
consumers. Through a combination of light and dark contrasting color combinations these
traps visual simulate objects that naturally attract mosquitos. The traps also are made with
chemical compounds meant give off an odor similar to human skin. Some traps additionally
have CO2, which is another attractant for mosquitos. These traps reduce adult mosquito
populations without the need for insecticides or pesticides [65].

Smartphones may help increase the ability to halt outbreaks of dengue fever. Mobile phones
are increasingly being used across the developing world to collect data and improve health
outcomes. Mobile phones have penetrated the majority of markets worldwide and South East
Asia is one of the mobile phones fastest growing markets.

The potential of integrated mobile services could better serve rural communities by providing
the ability to communicate health related information. Rural communities tend to face
unnecessary health related hardships that could be greatly mitigated with mobile access to
health experts and necessary information services. Mobile connectedness would also allow for
more accurate assessments of the prevalence of diseases [87]. A range of educational services
could be provided via mobile phones for health education in remote villages and communities.
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Figure 7. How GM mosquitos work

Mobile phone can be used to collect and analyze data regarding disease outbreaks faster, which
would allow for faster response time and containment. This is particularly important for
communities that have been displaced due to a natural disasters or conflict.

In Sri Lanka in a brief experiment morning and evening newspapers were printed using ink
infused with citronella, a natural insect repellent. The experiment began by handing out
newspapers on World Health Day and although no long lasting effects were expected. This
type of approach may be more cost effective than other approaches and may serve as a bridge
while waiting for an effective vaccine to be developed. Another possible use of such a low-
tech approach may allow for dissemination of health related educational pamphlets or
newspapers treated with natural insect repellant [66].

9. Conclusion

The first step in effective dengue prevention and control should be recognizing it as a priority
and understanding its characteristics.[67] Factors that may have contributed to rapid changing
epidemiology of dengue in South East Asia region are the challenges that need to be addressed
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in designing operational research and implementation strategies. Operational research is
needed to answer research questions on how the efficacy, cost-effectiveness, sustainability and
scaling-up of existing and promising new control methods can be enhanced. Complementary
to basic research, operational and implementation research are important in achieving
progress. Dengue is a rising threat globally and requires actions of prevention and control in
an urgent manner. Some of the major factors influencing changes in dengue epidemiology
include: viral subtypes with increased virulence, lack of information on vector ecology in
microclimatic conditions, time interval in sequential infection. Greater resources and efforts
will be essential to containing the expected changes in disease epidemiology. Climate varia-
bility has the potential to produce multiple disease epidemics simultaneously. Climate change
has extensive consequences that reach well beyond health concerns. Human health and
survival is contingent upon the effects of climate change. Future health policies are related to
climate change and therefore policy changes for both should be interwoven. The complex
relationship of socioeconomic status, climate changes and the proliferation of infectious
disease like dengue should be addressed as a global issue. Climate change is expected to affect
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vector breeding sites and global dissemination in addition to human immunology, migration,
and behavior. Impoverished areas have heightened environmental risk and decreased
resources to prevent or manage dengue infection [88]. Community based interventions
employing education and natural predators may be of particular use in rural and urban areas.
However for long lasting declines in infectious disease major infrastructure must be under-
taken. Changes in water security and wastewater are integral for public health programs to
wholly address the propagation of dengue [88]. Most of the structural improvements could
reduce the incidence of other infectious diseases.

Resources and knowledge must be harnessed at a community level through integrated
programs. Having aid workers trained in effective responses and prevention for dengue
infections is paramount and will make a substantial contribution toward reducing dengue
related illness. Much needed behavior changes can only come about by empowering com-
munities with critical knowledge concerning hygiene, sanitation, and the environment.
Funding and continual training needs to be given priority this will allow community health
workers to identify and treat suspected dengue cases. Integration of community needs and
aspirations with overall health outcomes will improve the overall community-based surveil-
lance.

Economic growth opportunities, of Asian countries, can be bolstered if endemic dengue
infections can be tackled, treated, and effectively managed. Opportunities exist for stakehold-
ers and financial investors to better utilize their contributions by investing in holistic sustain-
able and innovative health management policies and public health practices. Equilibrium
needs to be reached between communities, sustainability, infrastructure, technological
advances, ecofriendly approaches, and effective solutions. Educational and community based
programs should be a central focus on all future dengue control and prevention measures. The
most effective methods of educational programs were those based out of the primary schools
within communities. A means of rapid on site testing should be utilized for detection and
diagnosis of dengue. Once dengue is diagnosed in a community, better reporting and surveil-
lance must occur to prevent epidemics. Addressing the lack of accurate surveillance systems
in Asia could significantly impact response time and limit the occurrence of epidemic episodes
of dengue. Future innovations focused on natural deterrents to target mosquitos may have
useable implications for other vector transmitted diseases. These issues are important to the
field of public health and health management systems further research, analysis, and moni-
toring is warranted to fully understand the effects of interconnected, sustainable, innovative
ways to reduce the global burden of dengue infections.

Pharmaceuticals designed to treat dengue have made progress and could potentially develop
more rapidly due to the enormity of dengue’s impact on a global scale. The continued increase
of vector-transmitted diseases might make the drug markets for a dengue cure economically
viable. Morbidity issues as they relate to economies can be drastically affected by sudden
epidemics; here is where antivirals could potentially have a complementary role to vaccines
for dengue. The challenges that remain with dengue pharmaceuticals are due to the need for
human clinical trials.
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1. Introduction

The quality of drinking water in the United States (U.S.) is extensively monitored and regulated
by federal, state and local agencies, yet there is increasing public concern and confusion about
the safety and quality of drinking water — both from public water systems and from bottled
water products. In the U.S., tap water and bottled water are regulated by two different agencies:
the Environmental Protection Agency (EPA) regulates public water system water (tap water)
and the Food and Drug Administration (FDA) regulates bottled water. Federal law requires
that the FDA’s regulations for bottled water must be at least as protective of public health as
EPA standards for tap water [1].

The quantity of publically supplied water which is directly consumed as drinking water is
estimated by the American Water Works Association to be less than four tenths of one percent
(<0.4%) of the total produced [2]. As a food product, however, 100% of bottled water is intended
for human consumption.

With respect to public water supplies, researchers estimate that more than 500 boil alerts
occurred in the United States in 2010 [3]. In addition, the Centers for Disease Control and
Prevention (CDC) reports that waterborne diseases, such as Cryptosporidiosis and Giardiasis,
cost the U.S. healthcare system as much as $539 million a year in hospital expenses [4]. In 2006,
EPA researchers reported an estimated 16.4 million cases of acute gastrointestinal illness per
year are caused by tap water [5]. Subsequent research has estimated that the number of illnesses
to be closer to 19.5 million cases per year [6].

In contrast, a survey of state bottled water regulatory authorities, dated June, 2009 and
conducted by the Government Accountability Office (GAO), found there were zero outbreaks
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of foodborne illness from bottled water over a 5-year period. Moreover, in testimony before a
July 9, 2009 Congressional hearing, a FDA official stated that the agency was aware of no major
outbreaks of illness or serious safety concerns associated with bottled water in the past decade
[7]. In addition, a review of the FDA's recall database reveals that only two Class I recalls of
bottled water products have occurred since 1990. The first, occurring in Puerto Rico in June,
1990, was a recall of isopropyl alcohol that was labeled as “distilled water.” The second recall,
in 2007, involved five Armenian mineral water products imported into the U.S. with excessive
arsenic levels, as discovered by testing completed by the FDA.

Drinking water experts have begun turning their attention to the distribution systems that
carry the EPA-regulated public system drinking water from treatment plants to consumers.
Emerging research has found that microbial issues in distribution systems are causing
significant waterborne illness outbreaks, and that the outbreak incidence has been steadily
increasing since the late 1980s [8].

The purpose of this review and position paper is to help educate the public about the impor-
tance of access to safe drinking water and inform policy makers and the general public about
issues such as water distribution systems, infrastructure repair, safe water availability, and the
EPA’s regulation of public water systems for microbial contaminants and how this compares
with the FDA’s regulation of bottled water. All of these topics combined are potentially major
contributing factors to impending health concerns and risks related to drinking water in the
United States.

2. Comparison of regulations, standards, monitoring and advisories

2.1. Regulations

Public drinking water and bottled water are both regulated extensively. These regulations
include an array of international, federal, state, and local agencies, and in some cases, trade
associations. There are health-based standards for both tap and bottled waters, and these
standards are, with few exceptions, the same [9].

Unlike tap water compliance failures, which generally result in monetary fines and require-
ments for corrective action, under the Park Doctrine, the failure of a bottled water product to
meet the FDA Standards of Quality can result in criminal liability for the responsible person(s)
in the manufacture and distribution of a food product that causes adverse health consequences
to the public [10].

2.2. Standards

There are notable differences in standards for microbiological contaminants between bottled
water and tap water. With the promulgation of the FDA’s “Bottled Water Microbial Rule,”
effective December 1, 2009, bottled water now has standards specifically regulating total
coliform (TC) and Escherichia coli (E. coli) in both non-Public Water System (PWS) source
water and all finished product water. There are specific requirements for follow-up monitoring



Microbial Health Risks of Regulated Drinking Waters in the United States — A Comparative Microbial Safety ...
http://dx.doi.org/10.5772/58879

in the event of a positive test result for total coliform, i.e., each positive TC result must be
evaluated for presence of E. coli. The FDA Rule also makes clear that:

1. IfE. coliis detected and confirmed in non-PWS source water, that source water is not of
a safe and sanitary quality for bottling, and must not be used as a source for bottled water.
If that water is used for bottling, the finished product is considered by the FDA to be
adulterated.

2. IfE. coliis detected and confirmed in finished product water at any level, that product is
also deemed adulterated under provisions of the Federal Food, Drug, and Cosmetic Act
(FFDCA).

The EPA currently has no enforceable standard for either total coliform or E. coli in source
waters. Under the EPA Groundwater Rule (GWR), groundwater-sourced PWSs must engage
in additional source water testing and implement a sanitary survey, specified levels of
treatment, and other corrective actions, but the source is not removed from service. However,
the U.S. EPA published the revised Total Coliform Rule (rTCR) as a final rule on February 13,
2013. Although not yet promulgated, the Rule will affirm a new standard for E. coli in public
drinking water, and will also require an investigation and corrective action at groundwater
sources that test positive for E. coli. The revised TCR removes the standard for total coliform,
while the FDA continues to regulate bottled water for both total coliform and E. coli.

With regard to response when a microbial standard is exceeded, bottled water compliance is
determined from each individual test result in both the source and the finished product. When
one sample exceeds the standard of quality for E. coli, and the bottler continues to use the
source for bottling, the finished product is considered by the FDA to be adulterated and subject
to recall. The FDA also clearly stated its policy on adulterated finished product in the 2009
Bottled Water Microbial Rule.

“If E. coli is present in bottled water, then the bottled water is deemed to be adulterated under
section 402(a)(3) of the act (§ 165.110(b)(2)(i)(B); § 165.110(d)).” 74 Fed. Reg. 25651 (May 29,
2009)

Public water systems are currently required to collect a specified number of samples per
month, as is discussed in the monitoring section. The current EPA TCR maximum contaminant
level (MCL) for total coliform is “no more than 5% of monthly samples are valid for total
coliform.” For example, if a small groundwater-sourced community water system collects only
the required minimum of 25 samples per month, one of those samples may test positive for
total coliform, but the system would be in compliance with the TCR. The TCR requires positive
test results for total coliform to be confirmed for presence of E. coli. If any of the coliform
samples are positive for E. coli, a public notification, usually with a boil water order, is issued
to consumers. The new USEPA revised Total Coliform Rule will require public notification
only for E. coli when it becomes effective (date to be determined).

The comparison of microbiological standards for bottled water and tap water is presented in
the table.

11
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Microbiological Contaminants FDA SOQ EPA MCL

If positive for total coliform, follow-up
testing required to determine presence  No MCL in source water.

of E. coli in source water.

Finished product:
Total coliform
MPN: <2.2 organisms per 100 ml. (8)

ME: <4 CFU per 100 ml; arithmetic mean No MCL in finished water.
shall not exceed 1 coliform organism per
100 ml. (8)
None detected in source water.
If detected, source water not of a safe, No MCL in source water. [11]
sanitary quality.
Escherichia coli (E. coli)
None detected in finished product. None detected in finished water. None
If detected, product is deemed detected in any of the follow-up
adulterated. samples if initial sample is positive.

Table 1. Comparison of microbiological standards

In addition, the EPA has established a guideline for heterotrophic plate count (HPC) bacteria
of 500 CFU/ml as a means of demonstrating adequate levels of disinfection in the distribution
system. This is not a health-based standard, and itis only used to indicate adequate disinfection
in the distribution system. There are no standards or guidelines for HPC in bottled water.
However, in 2002, the World Health Organization published a report on HPC bacteria in
drinking water, concluding that “The available body of evidence supports the conclusion that,
in the absence of fecal contamination, there is no direct relationship between HPC values in
ingested water and human health effects in the population at large.” Therefore, the HPC
bacteria found in natural bottled waters is considered to be part of the natural flora of the water,
and does not pose a health risk in the absence of fecal indicators such as E. coli [12]. Although
HPC is not an FDA-required test for bottled water, most bottled water companies currently,
or will, under upcoming rules from the Food Safety Modernization Act (FSMA), monitor for
HPC as part of their ongoing internal sanitation control and environmental monitoring
programs.

In addition, as Messner, et.al. (2006) notes, pathogens have a wide range of resistance to
public water system disinfection and Cryptosporidium is the most resistant. “Free chlorine,
the most commonly used disinfectant, achieves virtually no inactivation of Cryptosporidi-
um but appears very effective for inactivating most viruses [5].” The FDA permits only the
use of ground water not under the direct influence of surface water, as defined in 21 C.F.R.
§141.2, as source water for bottling. Exclusion of such source waters also precluded the
need to regulate bottled water for surface water parasites like Cryptosporidium parvum and
Giardia lamblia.



Microbial Health Risks of Regulated Drinking Waters in the United States — A Comparative Microbial Safety ...
http://dx.doi.org/10.5772/58879

2.3. Monitoring

It is in the area of monitoring activities that tap water and bottled water truly diverge. One
major reason for this divergence is the method of delivery. Tap water is delivered to consumers
through systems of underground piping, while bottled water is packaged in a sealed container
and delivered to consumers through retail outlets and home delivery.

2.4. EPA monitoring requirements — Microbiological testing frequencies

Testing frequency for total coliform at groundwater and surface water-sourced Community
Water Systems (CWSs) is based primarily on the population served. The number of samples
required is prescribed on a monthly schedule. Therefore, a CWS will collect a minimum of
anywhere from 1 up to 480 samples per month. The following table, which lists the number of
samples to be tested, is taken from 40 CFR 141:

CWS Monitoring schedule for total coliform (From the USEPA RTCR) [11]

Population served

Minimum number of samples per month

2,501 to 3,300 3
3,301 to 4,100 4
4,101 to 4,900 5
4,901 to 5,800 6
5,801 to 6,700 7
6,701 to 7,600 8
7,601 to 8,500 9
8,501 to 12,900 10
12,901 to 17,200 15
17,201 to 21,500 20
21,501 to 25,000 25
25,001 to 33,000 30
33,001 to 41,000 40
41,001 to 50,000 50
50,001 to 59,000 60
59,001 to 70,000 70
70,001 to 83,000 80
83,001 to 96,000 90
96,001 to 130,000 100
130,001 to 220,000 120
220,001 to 320,000 150
320,001 to 450,000 180
450,001 to 600,000 210

600,001 to 780,000 240
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Population served

780,001 to 970,000 270
970,001 to 1,230,000 300
1,230,001 to 1,520,000 330
1,520,001 to 1,850,000 360
1,850,001 to 2,270,000 390
2,270,001 to 3,020,000 420
3,020,001 to 3,960,000 450
3,960,001 or more 480

2.5. FDA monitoring requirements

Bottled water sources (other than municipal water sources) are required to be tested for total
coliform weekly at each source used for bottling. If any source water sample is positive for
total coliform, the FDA requires that it be evaluated for presence of E. coli. If a sample is
confirmed to be contaminated with E. coli, the source is considered not suitable for bottling,
and any product that contains water from that source is considered by the FDA to be adulter-
ated.

Each bottled water finished product type (spring water, purified water, fluoridated water, etc.)
is required to be tested for total coliform weekly. If any product sample is positive for total
coliform, the FDA requires that it be evaluated for presence of E. coli. If a sample is confirmed
to be contaminated with E. coli, the product type is considered by the FDA to be adulterated.

To fully understand a comparison of bottled water testing and public water system testing,
one must look at the relative size of the operations and the amount of water processed by each.
The FDA states in the preamble to their March 3, 2003 direct final rule for radionuclides that
they base sample frequency on the following:

“According to EPA’s per capita total water use estimates applied to bottled water, an average
bottled water facility processes as much water as a municipal system serving between 42 and
72 households... serving between 100 and 500 people, which is the closest category EPA
presents.”

Applying this principle, a community water system serving between 100 and 500 people is
required by the USEPA to test a minimum of one (1) total coliform sample per month. The
FDA requires one (1) total coliform sample per week.

2.6. Comparisons of bottled water plant testing and PWS testing for total coliform

For more direct comparison of bottled water and public water testing, here are examples of
each for total coliform.

In the table below, a large bottled water plant packaging approximately 250,000 gallons per
day is compared to New York City, which, according to 2009 data, distributed approximately
1.086 billion gallons of water per day within its distribution system.
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Bottled Water Plant (large bottler, 1) (product type) New York City (large city)

250,000 gallons per day 1.086 billion gallons per day

7.5 million gallons per month 32.58 billion gallons per month

1 sample per week; 4 samples per month 480 samples per month (~16 samples per day)
1 sample per 1,875,000 gallons 1 sample per 67,875,000 gallons

Sample Ratio: 36:1

Disclaimer: Both the bottled water plant and New York City likely test more than the minimum number of samples
each month. Numbers above based on minimum regulatory requirements.

Table 2. Total coliform testing comparison — Large City

As the table above shows, even though New York City is required to collect a minimum of 480
samples per month, when those samples are viewed on a gallons of water produced basis, the
bottled water plant tests 36 times more frequently than the New York City system. Of course,
this assumes only the minimum number of samples required by the FDA and the EPA is
collected. In all likelihood, both the bottled water plant and New York City are collecting more
than the minimum number of samples.

Below is a comparison of large bottled water plant with a smaller public water system — the
groundwater-based CWS serving 10,000 that was reviewed earlier in this paper:

Bottled Water Plant (large bottler, 1) product type) CWS Serving 10,000 (small city)
250,000 gallons per day 1.2 million gallons per day

7.5 million gallons per month 36 million gallons per month

1 sample per week; 4 samples per month 10 samples per month

1 sample per 1,875,000 gallons 1 sample per 3,600,000 gallons

Sample Ratio: 2:1

Table 3. Total coliform testing comparison — Small City

The Table below compares a small home and office delivery (HOD) bottled water plant with
the CWS serving 10,000 people.

Bottled Water Plant (small bottler, 1) product type) CWS Serving 10,000 (small city)
25,000 gallons per day 1.2 million gallons per day
750,000 gallons per month 36 million gallons per month

1 sample per week, 4 samples per month 10 samples per month

1 sample per 187,500 gallons 1 sample per 3,600,000 gallons

Sample Ratio: 19:1

Table 4. Total coliform testing comparison — Small City, small Bottler
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The ratio of bottled water samples tested versus the number of CWS samples tested is up to
19:1. Once again, this assumes both the bottled water plant and the community water system
are collecting only the minimum number of samples required by their respective regulations.

3. Advisories

3.1. When public drinking water does not meet EPA standards — Advisories

Public water systems must notify the public when they violate EPA or state drinking water
regulations (including monitoring requirements) in cases when the drinking water may pose
a risk to consumer’s health [13]. Under the EPA notification rule, there are three tiers of
notification, depending on the seriousness of the violation. The table below shows how public
system drinking water violations are assessed.

Required Distribution Time Notification Delivery Method
Immediate  Any time a situation occurs where there is the Water suppliers must use media outlets such as
Notice potential for human health to be immediately television, radio, and newspapers, post their notice
(Tier 1) impacted, water suppliers have 24 hours to notify in public places, or personally deliver a notice to

people who may drink the water of the situation.  their customers in these situations.

Notice as Any time a water system provides water with Notice may be provided via the media, posting, or
soon as levels of a contaminant that exceed EPA or state  through the mail.

possible standards or that hasn't been treated properly, but

(Tier 2) that doesn't pose an immediate risk to human

health, the water system must notify its customers

as soon as possible, but within 30 days of the

violation.
Annual When water systems violate a drinking water The extra time gives water suppliers the
Notice standard that does not have a direct impact on opportunity to consolidate these notices and send
(Tier 3) human health (For Example, failing to take a them with Annual Water Quality Reports

required sample on time) the water supplier has ~ (Consumer Confidence Reports).
up to a year to provide a notice of this situation to

its customers.

Source: EPA, “Water: Public Notification Rule”

Table 5. EPA’S 3 tiers of public notification

The EPA reports that in 2011, 93.2 percent of US public water systems met health-based
standards for drinking water. Also in that year, the EPA reports US public water systems had
8,431 total coliform rule violations affecting 9,837,344 people [14].
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3.2. When bottled water does not meet FDA standards — Advisories

Under FDA rule (21 C.F.R.§165.110), bottled water that “contains a substance at a level
considered injurious to health under section 402(a)(1) of the Federal Food, Drug, and Cosmetic
Act (the act), or that consists in whole or in part of any filthy, putrid or decomposed substance,
or that is otherwise unfit for food under section 402(a)(3) of the act is deemed to be adulterated,
regardless of whether or not the water bears a label statement of substandard quality prescri-
bed by paragraph (c) of this section. If E. coli is present in bottled water, then the bottled water
will be deemed adulterated under section 402(a)(3) of the act [15].” Adulterated food and
beverages should not enter the food supply, and if they do, the manufacturer could face
criminal or civil penalties and mandatory recalls. Criminal penalties could be assessed under
the Park Doctrine, which places responsibility for adulterated product on company owners
and/or senior management.

The FDA'’s website recall database indicates that in 2011 and 2012 there was one incidence of
a bottled water Class II recall [16]. Mountain Pure, LLC voluntarily recalled 23,000 16.9 oz.
bottles of its Mountain Pure bottled water in Clinton, AR on May 4, 2011 because of a biological
contamination. In a FDA press release, the Arkansas Department of Health said it was unlikely
that a healthy person would get sick from drinking the water, but people with a weakened
immune system might be at higher risk [17]. In 2014, in Pittsburgh there was precautionary
voluntary recall of bottled water because of a preliminary finding of E. coli in a finished
product. All confirmatory tests performed in a number of certified laboratories were negative
for both E. coli and total coliforms. These negative findings plus the high ozone concentration
used in bottled waters in Pennsylvania (plus the bottling plan in additions uses ultraviolet
light) makes this finding of E. coli without any merit.

3.3. People who have immune-compromised illnesses

Waterborne diseases can lead to serious acute, chronic and sometimes fatal health consequen-
ces, especially for people who have compromised immune systems. Both the CDC and the
EPA advise people who have immune-compromised illnesses (such as people undergoing
chemotherapy, living with HIV/AIDS, transplant patients, children and infants, elderly and
pregnant women) to consider taking extra precautions with their drinking water [18]. An EPA
video and accompanying booklet aimed at educating health care providers about drinking
water tells providers to advise these patients to “to consider alternatives to tap water [19].”

4. Comparison of estimated incidences of public water system-borne and
bottled waterborne diseases

4.1. EPA approach to a national estimate

Research into drinking water-related incidences of acute gastrointestinal illness (AGI) is sparse
largely due to gaps in data caused by reporting uncertainties. However, the EPA has developed
an analytical approach and model for generating a national estimate of AGI illness due to
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drinking water and using this model, it is estimated that public water systems cause 16.4
million cases of AGI per year in the United States [5].

A Messner, et al. (2006) study uses AGI to measure public water system health risk because
ACGI is the broadest indicator of health effects associated with most water-borne pathogens
and allows for comparison to national data on AGI incidence due to all causes. His study
focuses on public water systems because 94% of the US population lives in a community that
is served by public water systems. He acknowledges that water-borne diseases caused by non-
public water systems could be significant, but a lack of data makes it difficult to include non-
public water systems in calculating a national estimate.

In his research, Messner, et al. (2006) cites a Laval household intervention study that shows
significant differences in Highly Credible Gastrointestinal Illness (HCGI) incidences between
tap water drinkers and bottled water drinkers. “The difference in incidence between the two
groups of 0.26 cases of HCGI per person-year represents the estimated attributable risk to
drinking tap water [5].”

Meanwhile, amuch broader study by Reynolds, et al. (2008) calculated all possible water-borne
infections and illnesses associated with exposure to pathogens in drinking water, not just AGI,
and concluded the estimated number of water-borne illnesses per year in the USis 19.5 million
cases [6].

5. OQutbreaks associated with bottled water

The FDA testified before a United States House of Representatives Subcommittee on Oversight
and Investigations in July 2009 that the agency was aware of no major outbreaks of illness or
serious safety concerns associated with bottled water in the past decade [20]. And said:
“Because FDA's experience over the years has shown that bottled water has a good safety
record, bottled water plants generally are assigned a relatively low priority for inspection.”

At that same hearing, the Government Accountability Office (GAO) made public its report on
bottled water, which found that based on a survey of water quality or food and health
protection officials in all 50 states and the District of Columbia, there was no evidence that
bottled water caused any illnesses during the previous five years [21].

Meanwhile, the CDC attributes just five cases of AGI to bottled water in the past 10 years
[22]. (One case of AGI in 2007 caused by an unidentified agent, one case of AGI in 2004 caused
by gasoline byproducts, and three cases of AGI in 2003 caused by the chemical bromate,
unidentified chemical cleaning product, and unidentified agent.)

5.1. Outbreak comparison

The following table summarizes the estimated incidences of Public Water System-borne and
Bottled Waterborne diseases.
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Drinking Water Sources & Estimated Cases of AGI 2003 - 2012

Tap Water: 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total
EPA 164m 16.4m 164m 16.4m 164m 16.4m 164m 164m 164m 164m  164m
Reynolds 19.5m 195m 195m 195m 195m 195m 195m 195m 195m 19.5m  195m

Bottled Water: 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total

FDA 0 0 0 0 0 0 0 0 0 0 0
GAO n/a n/a n/a n/a n/a 0 0 0 0 0 0
CDC 3 1 0 0 1 0 0 0 0 0 5

Table 6. Drinking water sources & estimated cases of AGI 2003-2012

6. Distribution system and contact surface comparisons

EPA-mandated protocols are designed to effectively eliminate pathogens from public water
system drinking water, but treatment inadequacies and interruptions, as well as public
drinking water distribution system failures, have been associated with waterborne disease
outbreaks [6]. In fact, recent research indicates distribution system failures are increasingly the
cause of waterborne outbreaks [23].

The pipes that connect treatment plants to consumers’ taps span 1 billion miles in the United
States [24]. Researchers studying public health risks associated with contamination occurring
in public water supply distribution systems have found a list of probable causes including;:
cross connections and backflow, intrusion caused by pressure transients, nitrification, perme-
ation and leaching, water main repair and replacement, aging infrastructure and microbial
growth inside distribution pipes [25].

6.1. Number of outbreaks caused by public water supply distribution systems

Data from the CDC’s passive drinking water surveillance system indicates the incidence of
public water supply waterborne disease outbreaks has actually decreased since the 1980s,
presumably due to the EPA’s Surface Water Treatment Rule and the Total Coliform Rule.
However, the number of outbreaks due to public water supply distribution system issues and
failures has remained relatively consistent despite an apparent increase in the percentage of
those outbreaks (see chart below). It is also the case that if contamination occurs but only affects
a small number of people, it may not be reported and investigated as an outbreak. “Indeed, it
has been acknowledged that a fairly sizable number of cases of cryptosporidiosis could be
occurring in a large city such as New York City without detection of a possible outbreak [26].”

In a more recent update of the above data, CDC reports that in 2009-2010, there were 33
drinking water outbreaks. Of the 33 outbreaks, 25 (75.8%) occurred in community water
systems.
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Source: “Public Water Supply Distribution Systems: Assessing and reducing risks,” National Acadeny of Sciences, 2005.

Figure 1. Public water supply outbreaks and percentage due to distribution systems
6.2. Types of distribution deficiencies

Cross-connections and backflow issues pose serious public health threats. A backflow occurs
when non-potable water flows directly into the drinking water supply through a cross
connection, which occurs when the system has low water pressure or the non-potable
system has backpressure [25]. A study that monitored public drinking supply distribu-
tion system failures from 1981 to 2002 found that 50% of waterborne outbreaks were the
result of backflow [27]. A study by the University of Southern California examined the
plumbing systems in 188 homes and found 9.6 percent had a direct cross connection that
presented a health risk [28].

Water main breaks are another serious problem in the United States. Each day more than 700
water mains break, 36 exposing distribution system water and pipe interiors to external
microbial and chemical contaminants, both during the break and the repair process. The EPA
estimated in 2002 that 5 percent of all waterborne outbreaks due to distribution system
deficiencies were caused by water main repairs or the installation of new pipes [29].

Issues with finished water storage (uncovered and reservoirs) is another cause of water-
borne outbreaks as drinking water quality degrades over time and is susceptible to external
contamination from wildlife, rain and algae [30]. Other public water supply distribution
system risks include: biofilm build-up (the growth of bacteria on distribution system pipes
and household plumbing), low-pressure intrusions [31] caused by leaks, permeation and
leaching (in fact, 7 billion gallons leak from public water supply distribution pipes each
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day in the US [31] and the cost of water losses in 1994 was estimated $2.8 billion annual-
ly [32]).

Biofilm build-up, by itself, has been the subject of study by the EPA, which has concluded that:
“Biofilms likely exist in all distribution systems, and are recognized as a normal part of the
distribution system”. Moreover, “...a wide range of primary and opportunistic pathogens
have demonstrated the ability to survive, if not grow, in biofilms. These pathogens are of both
fecal and non-fecal origin, and have a multitude of pathways through which they can enter
the distribution system. Some of the pathogens identified as growing or potentially surviving
in biofilms include Legionella, Mycobacterium avium complex, Pseudomonas aeruginosa,
poliovirus 1, coxsackievirus B and several species of fungi. ...Once becoming established as
part of the biofilm, pathogens can be protected from disinfection [33].”

6.3. Costs to address deficiencies in us public water supply distribution systems

According to the EPA’s Drinking Water Infrastructure Needs Survey and Assessment, 2009, the
national assessment of public water system infrastructure needs shows a total twenty-year
capital improvement need of $334.8 billion, to repair or replace thousands of miles of pipe,
thousands of treatment plants, storage tanks and other assets to protect the public health [34].
The pie chart below shows the majority of need is to address deficiencies with the public water
supply distribution systems that include co-residency of leaking water pipes in the same
trenches with leaking sewage lines [35].

Financial Need by Project Type (in billions of $)
1%

6% &£ 11%

B Transmission & distribution
B Treatment
W Source

Storage

Other

Source: EPA, “Drinking Water Infrastructure Needs Survey and Assessment,” 2009

Figure 2. Financial requirement by repair type

In 2002, the EPA released a Clean Water and Drinking Water Infrastructure Gap Analysis Report,
which calculated a “funding gap” of more than $500 billion dollars over the next 20 years.
(Includes $122 billion for clean water capital costs, $102 billion for drinking water capital costs,
$148 billion for clean water operation and maintenance and $161 billion for drinking water
operation and maintenance [36]).
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6.4. Water distribution

Under FDA rule (21 CFR Part 129), bottled water is: “required to be safe and that it be
processed, bottled, held and transported under sanitary conditions. Processing practices
addressed in the Current Good Manufacturing Practice (CGMP) regulations include
protection of the water source from contamination, sanitation at the bottling facility, quality
control to assure the bacteriological and chemical safety of the water, and sampling and
testing of source water and the final product for microbiological, chemical, and radiologi-
cal contaminants. Bottlers are required to maintain source approval and testing records to
show to government inspectors [37].”

In addition, bottled water companies are required to conduct daily in-house total coliform
monitoring on finished product of each product type and quarterly microbial rinse/swab tests
which may be performed in-house by qualified plant personnel or by an approved laboratory
on containers (incoming as well as those immediately from the washer) and closures as
stipulated in 21 CFR Section 129.80 (f) [38]. This specific standard of sanitation for the interior
of bottles and caps is: "No more than one of the four samples may exceed more than one
bacterium per milliliter of capacity or one colony per square centimeter of surface area. All
samples shall be free of coliform organisms.” For example, not more than one of four 500 ml
containers shall exceed 500 CFUs of bacteria. None of the containers are permitted to be
positive for coliform bacteria. In comparison, there is an EPA guideline of 500 CFU/ml of
heterotrophic plate count bacteria for public drinking water in the distribution system, beyond
which the public water system must adjust disinfection levels to reduce the bacteria count.
However, distribution pipes may still be lined with biofilms that may contribute to the bacteria
load in the water.

Throughout the bottled water distribution system, each bottle is sealed and must remain sealed
until it is opened by the consumer thus eliminating risk the of contamination during the
distribution process. In addition, in the unlikely event that a problem with bottled water
occurs, the product can be easily identified and recalled using a lot number printed on the
bottled water container.

7. Conclusions

The quality of drinking water in the United States is extensively monitored and regulated by
federal, state and local agencies, yet a close examination of both public system drinking wa-
ter and bottled water processing and distribution procedures reveals striking differences
that could explain why consumers have safety concerns regarding tap water. This paper has
shown that on a gallon for gallon basis bottled water is tested more often than tap water. It
is also the case that water quality breach notification differences means tap water drinkers
would consume potentially hazardous drinking water before they are notified. Bottled wa-
ter is tested before the water leaves the plant, and is withheld or withdrawn if the water
does not meet FDA water quality standards.
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A comparison of waterborne illness outbreaks reveals overwhelming evidence that the mi-
crobial health risks associated with drinking tap water are far greater than that of bottled
water, with 195 million illnesses in the past 10 years for tap water compared to fewer than a
dozen for bottled water.

In examining public water supply distribution systems, this paper highlights how deficien-
cies in these systems are key factors and causes of compromised tap water quality.

Overall, water is a precious resource. It has many uses for which there is no substitute and
is therefore needed in many different ways for our survival and endurance. Thus, safe
drinking water holds great value and to maintain its safety the public needs to stay educated
and aware. Our government regulations are working to protect and produce our safe
drinking water supply, but more needs to be done. And an informed consumer can help
drive policies that will meet the needs of the American people—and ensure a safe drinking
water supply.
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Chapter 6

Accelerated Detection of Microbes Utilizing an Organic
Particle Catalyst in the Total Coliforms and Escherichia
coli MMO-MUG (Colilert®) test

Stephen C. Edberg

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/59128

1. Introduction

In 1992, the United States Environmental Protection Agency (EPA) approved the first dual
total coliform and Escherichia coli (E. coli) direct detection test for public drinking water [1]. The
MMO-MUG test, commercially known as Colilert® (Idexx Laboratories Inc., Westbrook, ME),
could detect 1 total coliform or 1E. coli in a 100 mL sample in 24 hours of incubation [2]. Over
the next decades, the original MMO-MUG and variants have achieved worldwide use with
consistently robust accuracy. Recently one form of the MMO-MUG, Colilert-18°, achieved
European Union recognition as an ISO standard for total coliforms and E. coli [3].

One barrier to the utilization of new methods has been the need for an 18 to 24 hour incubation
time. One form of the MMO-MUG, Colilert-18®, has a shorter incubation time than the original
but requires an inconvenient and time consuming pre-heating step. Employing a new strategy
that fosters the development of biofilm by incorporation of inert natural particles in the sample
was reported to significantly reduce the incubation time of the MMO-MUG drinking water
tests and other microbiological analyses.

The natural particles (see Figure 1) are made as a dried hydrophilic colloid extract ob-
tained from Gelidium cartilagineum, Gracilaria confervoides, Pterocladia lucida and related algae
of the class Rhodophyceae. These particles (Colloidands®, Pilots Point LLC, Sarasota, FL) have
no innate significant nutritive value with the following composition: total fat 0%, saturated
fat 0%, polyunsaturated fat 0%, monounsaturated fat 0%, cholesterol 0% sodium <1 mg/L,
potassium 23 mg/L; total carbohydrate 0.7 g/L, fiber 0.1 g/L, sugar 0 g/L, protein 0 g/L, iron
10 g/L.

The particles are a heterogeneous natural mixture:

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.
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Figure 1. High resolution photomicrograph of the phycocolloid particles (Colloidands®, Pilots Point LLC, Sarasota, FL)

A study was conducted with the original MMO-MUG (Colilert®) to determine if from cold
water < 8°C the incorporation of the particles could significantly reduce detection time of total
coliforms and E. coli

2. Materials and methods

2.1. Activity of the particles

In order to establish that the particles were acting as a physical catalyst, the Colisure® variation
of the MMO-MUG test was used. This test uses a yellow/gold beta-galactosidase substrate that
becomes red/magenta when positive. Accordingly, the exact physical location of the beginning
of the development of color could be directly determined photographically.

Colloidands® particles (Pilots Point LLC, Sarasota, FL) were added to the Colisure® test at 10
grams per liter. Both the standard Idexx Klebsiella pneumoniae (K. pneumoniae) and Escherichia
coli (E. coli) quality control bacteria were utilized. Photographic records were taken each hour
of incubation at 35°C for 20 hours at a concentration of 10 bacteria per mL.

2.2. Level of sensitivity

2.2.1. Quality control Klebsiella and Escherichia coli (Idexx Laboratories Inc., Westbrook, Maine)

Figure 2 and Figure 3 describe the complete protocol by which the MMO-MUG (Colilert®) was
examined for its ability to detect 1 total coliform and 1 E. coli in 16 hours. For the purpose of
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studying universally available bacteria, the standard quality control strains available from the
manufacturer of Colilert® (Idexx Laboratories Inc., Westbrook, ME) were utilized. Virtually all
water testing laboratories use these for quality control or have access to them.
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Figure 2. Test Protocol Part I for the detection of 1 total coliform Klebsiella and 1 E. coli in 16 hours

Analysis was made both by visual observation and also by an instrument. Visual observation:
Yellow color development (for total coliforms and E. coli) and fluorescence (E. coli) was
determined each hour while there was a person in the laboratory. The observations were
structured to best represent the optimum work pattern in the standard drinking water
laboratory: inoculation no later than 4 pm (1600 hours) and the reading of results at 8 am (0800
hours) the next day.

Instrumented Analysis: Figure 4 presents the Pilots Point Monitor (Pilots Point LLC, Sarasota,
FL) that was used. This instrument utilizes white light sent through a sample and determines
the change in three parameters: Luminosity, or white to black (a measure of turbidity), called
the “L” value; a change from red to green (called the “a” value), and a change from blue to
yellow (called the “b” value). See Figure 5. Measurements are made every 15 minutes. The
instrument can measure light changes from 365 nm through the visible spectrum therefore it
can detect both the color change produced by total coliforms and the fluorescence produced
by E. coli.
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Figure 3. Test Protocol Part II for the detection of 1 total coliform Klebsiella and 1 E. coli in 16 hours

Figure 4. Pilots Point Monitor® (PPM60°)

2.3. Isolates from source water

Lake source water from the supply to the Regional Water Authority (New Haven, CT) was
obtained. While protected from human intrusion, there are abundant animal life, particular

deer, rabbit, and small animals. This is the same water source that was used in the original
certification of the MMO-MUG test [4].
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Figure 5. Principle of Pilots Point Instrument

The same protocol as for the quality control bacteria described in the protocol (see Figure 2
and Figure 3) was used. To avoid possible enhancement of enzyme stimulation by the
substrates present in the MMO-MUG formula, the source water samples were processed by
the classical membrane filtration method as described in Standard Methods [5]. Bacteria
consistent with total coliforms and E. coli were identified to species (API® ID strip range,
bioMérieux, Durham, NC).

3. Results

3.1. Activity of the particles

Figure 6 presents the results of the Colloidands® particle analysis. The top tube is inoculated
with Idexx Klebsiella, the bottom tube with Idexx E. coli. The original color of the Colisure® is
yellow/gold; a positive occurs when the hydrolysable substrate is cleaved during growth and
multiplication. The particles have largely sunk to the bottom of the tube. It is clearly shown
that the red/magenta color is overwhelmingly seen in the particle layer at the bottom of the
test tube. Over time, the positive color spreads fully into the liquid layer. The observation that
the particle layer consistently is where the color develops first substantiates the ability of the
particles to accelerate the growth and multiplication of the target bacteria.

3.2. Level of sensitivity

Table 1 and Graph 1 present the visual observation of the Colilert® test with and without
phycocolloid particles at low numbers of E. coli, Table 2 and Graph 2 present the visual
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Figure 6. Growth of total coliform Klebsiella and E. coli utilizing phycocolloids as catalysts

observation of Colilert® with Enterobacter cloacae (E. cloacae) added, Table 3 and Graph 3 present
the observation with K. pneumoniae added, and Table 4 and Graph 4 present the observation
with E. coli added. The water was < 8°C and there were 7 grams of Colloidands® particles per
liter of Colilert®. Overall the presence of the particles decreases the time to a positive, both for
K. pneumoniae and E. coli demonstrating the efficacy of the particles. Specifically both for the
Idexx Klebsiella and Idexx E. coli, Colilert® is able to detect 1 bacterium in 100 mL of water in

16 hours or less as seen in Figure 7.
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Figure 7 presents the actual pictures of the replicates of the analysis of the Colilert® test to
detect 1 bacterium per 100 mL. As can be seen, each of the 100 mL samples was clearly positive.
As shown in Figure 6, the particle layer at the bottom of the water collection vessel is densely
colored. The liquid is also clearly positive.

Figure 8 and Figure 9 present the results of the testing shown in Figure 7 as follows: from the
100 mL samples in Figure 7, 1 mL of supernatant was added to a 13 x 100 mm polystyrene test
tube and placed in the PPM instrument. Readings in the PPM instrument were taken and a
definite change in the “L”, “a”, and “b” values can be seen which indicate positive results for
both quality control Idexx E. coli and Idexx total coliform Klebsiella. Because the light path in
the test tube is much smaller than in the 100 mL vessel, the time required for a positive in a
100 mL sample is longer.

In all configurations — 1 mL in a test tube and 100 mL in a water collection vessel — the
phycocolloids significantly decreases the time to detect the quality control Idexx total coliform
Klebsiella and the Idexx quality control E. coli. In addition, the phycocolloids decreases the time
to detect 1 bacterium in 100 mL of cold water < 8°C to within 16 hours.
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Figure 8. PPM Readings of 10 Quality Control E. coli at the 1 CFU/100 mL level

139



140 Topics in Public Health

—=T.] @4 | @l [ Y A ) ) ==L &4 FTr] ==1| DA A
———y @1 a3 — @1 L] —_——y -1 ax ——y -r Ar —-—y ar AR
— I | W3 b LB | W b W | M2 —~—b 18 M3 T T
Tbens Klebs 6 Toben Kletss 7 ey Kieba 8 Indey Kl # Ty Klebs 10
- - ) - -
»- P " A ™ - 'S - &
— — — — —
» = # £ ] = P, =
» = = = = 3
r r
11 » # (L] 1] (L] i
an """'& A ~& 1 a8 =) 1 i
=1 @4 | 63 ———L o ] Ao W @ — ] [T
— ey 43 | a1 g 43 ELF | —y &1 41 .y 22 e 3 - ar +4
e T ) () ———h 18 B Y] ——u 10 ar | . 8 1] =W 1A ]

Figure 9. PPM Readings of 10 Quality Control Klebsiella at the 1 CFU/100 mL level

Figure 10 and Figure 11 present 1 mL duplicate data from the PPM instrument on detection of
10 bacteria per mL of Idexx E. coli in Colilert® with the addition of phycocolloids in cold water
<8°C. The “b” value on the graph indicates the color change from colorless (Colilert® negative)
to yellow (Colilert® positive). Once the yellow color starts to develop, a strong yellow color is
observed in a two hour time period. In the experiment shown in Figure 10, the time to detection
was 8.5 hours. In the experiment shown in Figure 11, the time to detection was 9.5 hours. The
phycocolloid particles not only reduces the time to positive detection but also reduces the time

bacteria spend in lag phase and increases the multiplication of bacteria in log phase as seen in
the graphs.
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4, Discussion

Since the introduction of the MMO-MUG (Colilert®) test in 1989 for the simultaneous detection
of total coliforms and E. coli from drinking water, wastewater, bathing water, and other uses,
attempts to decrease the time to a positive have been met with limited success. A variation of
the Colilert® test, Colilert-18®, reduced the time from 24 hours to 18 hours incubation but
requires the heating of the water sample adding an additional hour or two. Water samples are
transported to the laboratory chilled by regulation. However, because many water samples
arrive and are processed at the end of the work day after collection, the time to a result is often
in the middle of the work day, thus delaying remediation and response and adversely affecting
the public’s health protection.

The two types of bacteria that generally exist are describes as either sessile (a unit that attaches
to a surface or exist in a biofilm) or planktonic (existing freely in bulk solution). Antonie van
Leuwenhoek described biofilms in 1674 as “animalcules” through observation of material
scraped from human tooth surfaces with his microscope, but with advances in technology,
biofilms can more accurately be described [6]. Biofilms can be described as microbial com-
munities that are sessile and grow on surfaces surrounded by a matrix of extracellular
polymeric substances; microcolonies are distinct communities of bacterial cells of one or many
different species that are surrounded by a matrix. The advantages of biofilm formation by
bacteria is that it provides protection against antibiotics, disinfectants, and environments that
are constantly changing [7]. The key to the catalyst activity of the phycocolloids is their ability
to interact with the bacteria and the attendant production of microcolonies. The bacteria
multiply much faster when attached to the particles as microcolony biofilm.

The micro particles increase the surface area in the liquid broth and allow microbes that
multiply in vitro to establish a biofilm. In effect, the micro particles act in an analogous way
as a catalyst does in a chemical reaction. In the microbiology area, the micro particles provide
multiple attachment surfaces for the microbes to "establish residence". Microbes prefer surfaces
on which to grow and multiply rather than being free in a liquid environment. For example,
the microbes may experience quorum sensing, which accelerates the generation of a biofilm.
The biofilm is produced when the microbes multiply, and it yields colonies of microbes that
are held together by external capsules, pili, and glycocalyxes of the microbes which, in the
broad context, are surface components, such as polysaccharides, proteins and/or mixtures
thereof. The micro particles are static, in that they are not consumed but serve as a physical
structure that provides shelter and attachment and promotes the multiplication and expression
of the target microbe. There may be attached nutritive elements on the micro particles that
serve to stimulate the development of the bacterial nidus. The micro particles may be colloidal,
in suspension, or a combination. Any materials or structures that encourage the growth of
microbes on a biofilm are highly preferred for use in this invention. Supporting the catalytic
activity of the phycocolloids is the observation that growth starts first at the bottom of the test
tubes, where particles have gravitationally settled and microbial biofilms have developed,
attached to the particles. Additional particles are distributed with the remainder of the
admixture, but have not yet been associated with metabolizable substrate creating a color
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change. The image of the test tubes illustrates well how the particles expedite the detection of
the bacteria (i.e., E. coli) targeted by the metabolizable substrate of the test mixture, and the
increased sensitivity associated therewith; i.e., the micro particles provide surface area or
attachment surfaces for the E. coli microbes to establish residence, grow, and multiply (e.g.,
creating biofilms), which growth is indicated by the color change created when the nutrient
portions of the metabolizable substrate are metabolized by the microbes.

This report demonstrates that phycocolloids introduced into the classical Colilert® formula
significantly decreases the time to a positive. By visual observation with both standard quality
control Klebsiella and E. coli, plus with total coliforms and E. coli isolated from source water, it
was demonstrated that Colilert® could detect 1 target bacterium in 100 mL of cold water < 8°C
in repetitive experiments. The detection in cold water < 8°C is particularly important because
the Colilert-18® variation, while rated positive in 18 hours, requires the pre-heating of the water
sample before the test is started, thus effectively increase the time to approximately 20 hours.

The 16 hour benchmark is particularly important for laboratory work flow. It provides the
ability to perform a 4 to 8 test — in by 4 pm, finished by 8 am, the optimum for the work flow.
Further enhancing the time to detection is the use of the PPM instrument. With it, detection of
1 total coliform and 1 E. coli in cold water < 8°C was decreased by several hours; furthermore
the instrument signals a positive at the time it is positive.
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Chapter 7

A New Direct Detection System for Antibiotic Resistant
Bacteria

Stephen C. Edberg and J. Michael Miller

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/59345

1. Introduction

A new system based on the phenotypic expression of antibiotic resistance has been developed.
The system, the Defined Substrate Utilization® (DSU®) process, enhances the metabolism of
the target microbe while providing inadequate nutrients for the non-target microbes. Accord-
ingly, the target microbe multiples to a much greater extent than the non-target microbes and
this differential allows for the specific detection of the target microbe. The non-target microbes
multiply insufficiently to be noticed. Incorporated in the DSU® screening tools are substrates,
that when metabolized, produces a sensible signal such as color or luminescence. In addition,
specific inhibitors to the non-target microbes are included in the formulas. This format allows
a more sensitive screen than parallel agar-based methods. In terms of time to positive, the
liquid (once the powder is hydrated with sterile water), coupled with the optimization of
nutrients generates results in the same time frame as genetic amplification tests. The mixing
of the ingredients in powder form permits a much less expensive individual screen than either
conventional agar-based or genetic amplification methods. In addition, the format permits
utilization of the DSU® tools both in the remote field environment or the clinical microbiology
laboratory.

There are two basic protocols utilized for the epidemiological screening of microbes. The first
is the conventional agar-based culture technique. Here a specimen is plated on one or more
selective agars and incubated 24 to 48 hours. A trained medical technologist examines the
colonies and those compatible with the target microbe are subjected to specific biochemical
and/or immunochemical testing, and antibiotic susceptibility procedures. These may require
from 24 to 72 hours incubation [1]. In an attempt to facilitate the culture protocol, chromogenic
substrate media have been introduced for some, but not all, bacteria of epidemiological
interest. Chromogenic substrate agars have a short shelf life, must be stored cold and often in

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.
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the dark, and the colors differentiating the positive and negative colonies may not always be
distinct, necessitating confirmatory testing [2]. They are generally held 48 hours before calling
a negative, although 48 hours can result in false-positives [3, 4].

The second technique utilizes genetic amplification (GA) to detect the target microbe. A
number of companies make different types of GA. However, in common to them all are: each
requires an expensive instrument, utilizes reagents which are expensive, requires highly
skilled labor in a centralized laboratory, and does not recover living bacteria [5]. In addition,
each is subject to false-positives and false-negatives because of unexpected mutations [6, 7].

A new and novel, one-step, direct epidemiology screening method based on classical pheno-
typic parameters was developed as an alternative to conventional agar-based methods for a
variety of antibiotic resistant bacteria. For example, for Staphylococcus aureus (S. aureus), the
key enzyme is coagulase and specificity is achieved equal to that of conventional identification
schemes [8]. The method of Defined Substrate Utilization® (DSU®) optimizes specific, selective,
and differential biochemicals in powder form. Hence, it overcomes the observation by Selepak
and Witebsky that the lot-to-lot variation of commercial plasma was too variable to be used
directly from patient specimens [9]. For each target microbe, an optimum background of
nutrients and inhibitors was generated tailored to the biochemical physiology of that bacteri-
um. Accordingly, the target microbes are preferentially fed while the non-target microbes are
in a nutrient deficit.

The powder format allows optimization of ingredients much more precisely than an agar gel.
Moreover, the overall sensitivity of the DSU® method is enhanced since liquid culture (once
the powder is hydrated with sterile water) detects a lower number of colony forming units
(CFU) than on the surface of agar [10, 11]. The DSU® tools are generally positive from a colony
within 4 to 5 hours and from a human or animal sample in 6-9 hours on average. The bacteria
remain viable in the screens and thus provide the opportunity to further evaluate the target
microbe.

In addition to be able to be done manually by visual observation, an inexpensive instrument
was developed to read and analyze results of all the screens (Pilots Point Monitor 60°, Pilots
Point LLC, Sarasota, FL). One may add any combination of any of the DSU® screening tools
into the instrument and results are generated by an algorithm controlling the analysis. Results
can be sent to cell phones, via Wi-Fi, or in any format to any location. For example, the
instruments may be stationed at various clinics.

This paper shall describe in detail four of the epidemiological screens: methicillin-resistant S.
aureus (MRSA), all S. aureus including MRSA and methicillin-susceptible S. aureus (MSSA),
vancomycin-resistant enterococci (VRE), and carbapenemase-resistant Enterobacteriaceae
(CRE). Screens for vancomycin-intermediate resistant S. aureus (VISA), and ciprofloxacin-
resistant (cipR) bacteria will be described briefly as subsets of the above. In addition, the
principles and function of the instrument will be presented.

While this paper presents six of the DSU® epidemiology screens, the format and phenotypic
expression in the presence of defined nutrients, allows for the rapid development of others.
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2. The Defined Substrate Utilization® Method

2.1. Screening Method for S. aureus: Both Methicillin-susceptible (MSSA) and Methicillin-
resistant (MRSA)

2.1.1. EPI-M® and aureusAlert® — Quantitative analysis with pure and anterior nares cultures

[EPI-M® is the DSU® epidemiology screen for MRSA, aureusAlert® is the DSU® epidemiology
screen for all S. aureus — both MSSA and MRSA (Pilots Point LLC, Sarasota, FL)]

2.1.1.1. Pure cultures

S.aureus ATCC 43300 (MRSA), S. aureus ATCC 34591 (MRSA), S. aureus ATCC 25923 (MSSA),
S. aureus ATCC 29213 (MSSA), S. epidermidis ATCC 12228, the MRSA USA 600 (6 isolates),
MRSA USA 300 (2 isolates), and MRSA USA 100 (2 isolates), plus 5 clinical patient laboratory
isolates of MRSA and 5 of MSSA were utilized.

A suspension of each of the bacterial isolates was made in normal physiological saline to a 0.5
McFarland standard. From this suspension, 0.1 mL was transferred to 9.9 mL of sterile normal
saline and vortexed well. Using a quantitative pipette (Rainin, Rainin Instrument LLC,
Oakland, CA) 1 and 10 microliters of the suspension was transferred to aureusAlert® and EPI-
MP®and a dilution series generated. Colony counts were made from the 0.5 McFarland standard
and the 9.9 mL normal saline [8].

2.1.1.2. Human surveillance study

Nasal swabs (Culturette™ II, Becton, Dickinson and Company, Cockeysville, MD) were
obtained from people entering or leaving a building at the following locations: Yale-New
Haven Hospital (New Haven, CT, USA); Walter E. Washington Convention Center (Wash-
ington, D.C., DC, USA), George Washington University Hospital (Washington, D.C., DC, USA)
and Tampa General Hospital (Tampa, FL, USA). Two swabs were obtained from the same
nostril.

2.1.1.3. Conventional procedure

S. aureus: Volunteer nasal swab specimens were aseptically transferred to Trypticase Soy Broth
(TSB) containing 6.5% NaCl for 24 hours enrichment at 33°C-35°C. The enrichment samples
were subcultured on to Tryptic Soy Sheep Blood Agar (TSBA) plates, and the plates were
incubated aerobically for 24 hours at 35°C. Suspicious colonies of S. aureus were identified by
using standard laboratory methods including catalase, tube or slide coagulase, Gram staining,
and mannitol salt agar. Confirmed S. aureus colonies were tested for methicillin resistance
using the CLSI recommended reference method (e.g., 30 mcg cefoxitin disk) [12]. In addition,
an assay for PBP-2 (Remel, Lenexa, KS) was performed.

MRSA: Cultures were inoculated into TSB with 6.5% NaCl and incubated for 18-24 hours. A
subculture was made to blood agar (BA) plates and a Staphaurex® (Remel, Lenexa, KS) test
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performed. In addition, an assay for PBP-2 (Remel, Lenexa, KS) was performed. Antibiotic
susceptibility test (AST) was performed by both an agar dilution method (Mueller-Hinton agar
with 4 mcg/mL oxacillin, Becton, Dickinson and Company, Cockeysville, MD) and also by the

™

Sensititre™ (Trek Diagnostic Systems, Oakwood Village, OH) microdilution method.

2.1.1.4. Defined Substrate Utilization® screens

All ingredients of the Defined Substrate Utilization® screens are optimized in powder form in
a tube and are performed in the same way. Each tube is labelled with the name of the screen,
and a specific amount of water is transferred to the tube to hydrate the powder. The sample
is added to the tube and incubated at 35°C. A positive result, which can occur any time after
the initiation of incubation, is seen as follows:

Interpretation: aureusAlert® — a clot or coalescence forms in the liquid; no observable clot or
coalescence is a negative result. EPI-M® — the liquid changes color from straw-colored to
amethyst with an increase in coalescence; no change from straw-colored is a negative result.
Tubes are held a maximum of 24 hours before calling them negative.

Control S. aureus standards ATCC 25923 (MSSA) and ATCC 43300 (MRSA) plus 5 MSSA and
5 MRSA isolates from patients were tested. MSSA and MRSA isolates were diluted from 7
log10 to 1 log10 and incubated at 35” and 23°C.

Based on quantitative analysis of pure cultures, the Defined Substrate Utilization® screens were
able to detect as low as 20 CFU (18 hours of incubation) with both MSSA and MRSA (Table 1;
Table 3). Tables 2A and 2B, and Tables 4A and 4B, present the results of the nasal screening of
normal subject volunteers. For both the detection of S. aureus and MRSA there was no
difference between the Defined Substrate Utilization® screens and conventional methods.
aureusAlert® and EPI-M® showed a specificity of 100%.

2.1.2. aureusAlert® for all S. aureus (MSSA & MRSA)

F\"EUS‘-- .

Figure 1. S. aureus Negative — Liquid
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Figure 2. S. aureus Positive — Clot

MSSA ATCC 25923 (CFU/mL) Detection Time at 35°C
7 log10 20h
61ogl0 3.0h
51ogl0 40h
41logl10 7.0h
31ogl10 10.0h
2log10 150h
Table 1. Detection time of Quality Control Clone ATCC 25923 in aureusAlert®
Conventional Positive Conventional Negative Total
aureusAlert® Positive 450 20 470
aureusAlert® Negative 10 1787 1797
Total 460 1807 2267
(A)
Sit aureusAlert® Conventional
ite
(Positive / Negative) (Positive / Negative)
Tampa General Hospital 69 /322 72 /322
Yale-New Haven Hospital 63 /289 58 /289
(B)

Table 2. A&B. Detection comparison of S. aureus nasal swabs in aureusAlert® and conventional methods
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2.1.3. EPI-M® (MRSA)

Figure 3. MRSA Negative — Straw-colored

Figure 4. MRSA Positive — Amethyst

MRSA ATCC 43300 (CFU/mL) Detection Time at 35°C
7 logl0 20h
61ogl0 30h
51logl0 40h
41logl0 65h
31ogl0 140h
21og10 180h

Table 3. Detection time of Quality Control Clone ATCC 43300 in EPI-M®
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Conventional Positive Conventional Negative Total
EPI-M®Positive 49 2 51
EPI-M®Negative 1 480 481
Total 50 482 532
(A)
Site EPI-M® Conventional
(Positive / Negative) (Positive / Negative)
Tampa General Hospital 33/317 32/317
Yale-New Haven Hospital 19/217 18 /217

(B)

Table 4. A & B. Detection comparison of MRSA nasal swabs in EPI-M® and conventional methods

Described here is a method to detect S. aureus, both MSSA and MRSA, directly from a human,
animal, or environmental sample. The key innovation was to optimize all ingredients and
generate a stable, ready-to-use powder. The system’s central ingredient is an enhanced
coagulase substrate. The enhanced coagulase reaction overcame the observation by Selepak
and Witebsky that rabbit plasma variability precluded the ability to directly detect S. aureus
directly from samples. In one form, aureusAlert®, all S. aureus are detected. Using the
aureusAlert® as a base, the addition of a mecA inducer specifically distinguishes MRSA (EPI-
M®). By employing the definitive tests in the right milieu, as low as 20 CFU of MSSA and MRSA
could be detected.

This study demonstrated that the sensitivity was equivalent to conventional methods by direct
comparison and molecular methods from literature references. The time to detection was in
the clinically useful range for the epidemiological screening of anterior nares (Table 1; Table
3). Because coagulase was chosen as the core detection system, a specificity of 49/49 for EPI-
MP® was seen from sampled subjects. Likewise, aureusAlert® being an enhanced coagulase test
also showed complete agreement with conventional identifications.

The bacteria remain viable in the aureusAlert® and EPI-M® epidemiology screening tools. The
tubes can be transported, as is, from the field for further analysis (e.g., antibiotic susceptibility
testing, molecular fingerprinting). The powder format offers great flexibility of use. It has the
ability to gather information from a broad spectrum of sampling: in the field, in satellite
facilities, in clinics, and in large volume central laboratories. It requires no skilled labor.
Because it is a stable powder, it can be inexpensively transported. Its cost is 20% of genetic
amplification and 75% of conventional processing surveillance samples.

2.1.4. Additional S. aureus screen: EPI-VISA®

The screen for vancomycin-intermediate resistant S. aureus (VISA) utilizes the EPI-M® base
with the substitution of 3 meg/mL (3 mg/L) of vancomycin for cefoxitin. The colors produced
are the same as the EPI-M®.
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2.2. Screening Method for Vancomycin-resistant Enterococci (VRE)

Both asymptomatically colonized and infected patients serve as reservoirs for transmission of
VRE, as well as contaminated surfaces and patient care equipment. European Union and
United States public health agencies have developed recommendations for preventing the
transmission of vancomycin resistance within and among hospitals and nursing homes.
Current surveillance methods require a number of sequential steps and needs a special series
of culture media and identification tests. A highly skilled and trained medical technologist is
needed to perform the analysis. Molecular tests are expensive and require special equipment.

A new, simple, and one-step screening method for the detection of VRE (as defined as a
minimum inhibitory concentration (MIC) to vancomycin of 6 mcg/mL) directly from rectal/
perirectal specimens was compared to the Food and Drug Administration (FDA) reference or
predicate method. The screening tool (EPI-V®, Pilots Point LLC, Sarasota, FL) contains all the
required ingredients in a stable powder form, in a standard test tube. The presence of VRE in
arectal swab is denoted by the production of a two sequential biochemical reactions inside the
test tube: substrate hydrolysis representing bile-esculin followed by pyrrolidonyl arylamidase
(PYR) substrate hydrolysis. Bile-esculin plus PYR is the generally accepted identification of
the genus Enterococcus [13].

2.2.1. Standard culture method

The FDA predicate VRE culture method is Bile Esculin Azide agar with 6 mcg/mL vancomycin
(BEAV) (Remel, Lenexa, KS) [14]. Specimens consisted of 400 sequential human rectal/
perirectal surveillance swabs obtained as part of the ongoing surveillance program. The
collection device was a Culturette™ II (Becton Dickinson and Company, Cockeysville, MD).
There was no prior notification of individuals collecting the specimens. The Culturette™ II
swab was twirled vigorously in 1 mL of pH 7.0, 50 mM HEPES (Sigma-Aldrich, St. Louis, MO)
buffer so that each of the two methods would be challenged with the same inoculum. From
the HEPES bulffer, 0.1 mL of the extracted patient specimen was plated on the surface of the
BEAV agar plate. After incubation for 24 hours at 35°C in ambient air, colonies that were brown-
black were gram-stained. Colonies showing gram-positive cocci in chains were then tested by
the PYR reaction (Becton-Dickinson, Cockeysville, MD). The MIC to vancomycin from PYR
positive colonies was performed by the Etest® method (bioMérieux, Durham, NC).

2.2.2. EPI-V®

The EPI-V® screening tool is in a powder format, in a flange-capped test tube, and stored at
room temperature. To use, 3 mL of sterile water was added to dissolve the powder. To this
solution, 0.1 mL of the extracted patient's specimen was added. EPI-V® test tubes were
incubated for a maximum of 24 hours at 35°C in ambient air to call a specimen negative.
However, color development at any time, denoted a positive result. Test tubes demonstrating
a brown-black color (bile-esculin positive) were tilted to coat the disk present in the EPI-V®
cap. This cap contains an enhanced reagent for the detection of PYR hydrolysis [15]. The
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development of a bright fuchsia color within 15 seconds is a positive reaction for PYR. Positive
bile-esculin and PYR results demonstrated the presence of VRE.

In order to determine if a false-positive or false-negative reaction had occurred from the EPI-
V®, approximately 0.1 mL was subcultured from all tests tubes to the surface of a Bile Esculin
Azide agar plate containing 6 mcg/mL vancomycin. Plates were incubated at 35°C for 24 hours
in ambient air. All colonies compatible with Enterococcus were then identified to species. If an
Enterococcus species was isolated, an Etest® MIC to vancomycin was performed. All isolates
were identified to species using the Vitek 2 system (bioMérieux, Durham, NC).

Figure 5. VRE Negative — Straw-colored with white disk

Figure 6. VRE Positive — Dark brown/black with bright fuchsia disk

The EPI-V® tool, from a diluted specimen, demonstrated a sensitivity of 107% and a specificity
of 98.4%. Table 5 presents the comparison of the EPI-V® results versus the Bile Esculin Azide
(BEAV) culture method. Table 6 presents the time course of the 120 positive analyses by the
EPI-V® tool.
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BEAV Positive BEAYV Negative
EPI-V® Positive 111 9
EPI-V® Negative 0 280

Table 5. Comparison of EPI-V® and Bile Esculin Azide Media for the recovery of VRE from stool samples

Time Number of Specimens Positive Cumulative
5h 12 12
6h 6 18
7h 5 23
8h 11 34
9h 3 37
10h 7 44
16 h 73 107
18h 8 115
20h 5 120

Table 6. EPI-V® Time to Positive from 120 positive stool samples

The EPI-V® screening tool consists of both a substrate in the liquid (a bile-esculin substrate)
and a detection disk for a second biochemical reaction (PYR).

The EPI-V® tool showed excellent sensitivity and specificity relative to the Bile Esculin Azide
FDA referenced method and required only a maximum of 20 hours. In addition, the EPI-V®
tool offered several significant advantages over the FDA referenced method. These included:
no skilled technologist time required, simple quality control, highly conserved incubator and
refrigerator space, and approximately 1/4-1/3 the cost of agar-based methods. The simplicity
and ease of use of the EPI-V® epidemiology screen allows for more efficient and timely
processing of large numbers of patient surveillance specimens for VRE. This new screen offers
the clinical microbiologist, hospital epidemiologist, or infection control practitioner, flexibility
as to the timing of collection and number of rectal or perirectal patient surveillance cultures.

2.3. Screening Methods for Antibiotic Resistant Enterobacteriaceae

Carbapenems are a class of antibiotics made by modifying penicillin. This chemical modifica-
tion keeps part of the penicillin molecule, called the beta-lactam structure, and makes the rest
artificial. Therefore, carbapenems are referred to, with other classes of penicillin modified
antibiotics, as semi-synthetic penicillins. The modifications were made because bacteria
rapidly became resistant to penicillin. Chemists added bits and pieces of chemical structures
to penicillin to avoid this resistance. The bacteria figured out how to make enzymes to
chemically destroy these new modifications. After 70+ years of this war between chemists and
bacteria, the bacteria have topped the chemists by making a class of enzymes called carbape-
nemases [16].
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The original carbapenem was first used in the U.S. in 1976. Since then better forms of this class
have been made chemically. Currently, the most common carbapenem antibiotic used is
meropenem. In the fight between chemists and bacteria, meropenem is the last antibiotic
standing. If a bacterium is resistant to meropenem, there are no good alternatives [16].

2.3.1. What is CRE?

The clinical microbiology laboratory, where infections are diagnosed, divides bacteria into
various shapes (spheres are cocci, cylinders are rods) and armor (gram-positive or gram-
negative). A particular class of antibiotic generally has activity against either gram-negative
or gram-positive bacteria, but not both. Carbapenems were developed to treat the gram-
negative bacteria found in hospitals. Gram-negative bacteria in hospitals are associated with
a very large morbidity and mortality, plus tremendous cost.

The gram-negative bacteria that have become resistant to carbapenems are known as CRE, or
carbapenem-resistant enterics. Until a short time ago carbapenem resistance was only in one
type of enteric, called Klebsiella pneumoniae (K. pneumoniae); therefore resistant bacteria were
called K. pneumoniae carbapenemase (KPC). Unfortunately resistance has spread to bacteria
related to Klebsiella and we now use the term CRE. These enteric bacteria normally live in the
intestines of humans [16].

2.3.2. What is the CRE problem?

CRE is primarily a nosocomial associated problem. The likely reasons include the following;:
the use of large amounts of various antibiotics that select for the CRE bacteria; the transport
from patient to patient of CRE on the hands of health care workers, including doctors and
nurses; an environment such as a hospital room in which the bacteria can be deposited to infect
new residents. For example, the CRE bacteria can remain alive in hospital rooms for a very
long time period. In one study, after 30 days significant numbers of CRE could be found in a
hospital room, and even after 100 days CRE were recovered. Death rates of up to 50% can be
seen in patients with CRE isolated from the blood. The CDC has identified CRE as one of the
prime problems for hospitalized patients [16].

2.3.3. Impediments to the control of CRE

Lack of funding: There is no billing code for CRE under Medicare and Medicaid. Therefore,
reimbursement for the actual laboratory testing is not available. While there would be a huge
financial benefit to the prevention of infections (in addition to the obvious benefit to the patient)
hospitals do not balance costs and benefits between departments.

Lack of a systems approach: Many hospitals are now actually networks of hospitals. It has been
difficult to achieve uniformity of action across the networks.

Lack of a diagnostic test: The IDSA says “New, rapid accurate diagnostic tests are sorely needed.
Unfortunately, there is little impetus for companies...”
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Need for highly skilled labor: Current methods require several days and utilize highly skilled and
costly labor [16].

2.3.4. Methods for the detection of Carbapenemase-producing Enterobacteriaceae

2.3.4.1. Centers for Disease Control Method

The CDC method utilizes a series of sequential steps and can require up to 4 days to determine
either positive of negative [17].

Procedure:

Step 1. Day One

1. Aseptically, place one 10-pg ertapenem or meropenem disc in 5 mL trypticase soy broth
(TSB).

2. Immediately inoculate the broth with the rectal culture swab.

3. Incubate overnight at 35 + 2°C, ambient air.

Step 2. Day Two

1. Vortex and subculture 100 pl of the incubated broth culture onto a MacConkey agar plate.
2. Streak for isolation.

3. Incubate overnight at 35 + 2°C, ambient air.

Step 3. Day Three

1. Examine the MacConkey agar for lactose-fermenting (pink-red) colonies.

2. More than one colony morphology may represent different species of Enterobacteriaceae.

NOTE: Carbapenemases are known to exist in several different species of gram-negative bacilli
including species of Enterobacteriaceae and Pseudomonas aeruginosa (P. aeruginosa). However,
carbapenemases are more common in lactose-fermenting species of Enterobacteriaceae (e.g.
K. pneumoniae and E. coli) than in non-lactose fermenting Enterobacteriaceae (e.g. Serratia
marcescens and some Enterobacter spp.) and P. aeruginosa. In this procedure, it is suggested
that laboratories focus their efforts on detection of resistant lactose-fermenting bacteria to
reduce workload. Healthcare facilities that have identified clinical infections with carbapene-
mase-producing non-lactose fermenting gram-negative species should consider altering this
procedure to include characterization of colonies with a morphology that is consistent with
those species.

It may be necessary to subculture representative colonies of each morphology type to a non-
selective media for isolation and/or for susceptibility testing. Screen representative isolated
colonies using a phenotypic test for carbapenemase production, such as the Modified Hodge
Test (MHT) or test for carbapenem susceptibility using a standardized method and follow the
CLSI guidelines for identification of carbapenemase-producing Enterobacteriaceae [12].
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Step 4. Day Four

1. For CRE and/or MHT-positive isolates, perform species-level identification.

2.3.4.2. Hydrolysis of Carbapenem Methods
Rapid Detection of Carbapenemase-producing Enterobacteriaceae

This method takes advantages of the observation that the hydrolysis of imipenem results in
an acid molecule. Therefore, the authors incorporate a pH indicator that changes from red to
yellow when acid is produced in sufficient amounts. One advantage of the method is that by
using a pH change, a broad spectrum of carbapenemases can be detected. A significant
disadvantage is that imipenem is not stable and the whole formula must be made fresh each
time it is used. This aspect seriously inhibits the method’s use [18].

Detection of Carbapenemase Producers in Enterobacteriaceae by Use of a Novel Screening Medium

Different concentrations of several carbapenem molecules were tested, and finally, ertapenem
was added to Drigalski agar medium at a concentration of 0.25 mg/mL. ZnSO, (70 mg/mL)
was added to improve expression of metallo-beta-lactamases (MBLs) by MBL producers.
Cloxacillin (250 mg/mL), which is a cephalosporinase (AmpC-type beta-lactamase) inhibitor,
was used to prevent growth of isolates expressing high levels of cephalosporinases, such as
Enterobacter cloacae (E. cloacae), Enterobacter aerogenes (E. aerogenes), Morganella morgannii (M.
morgannii), and Serratia marcescens (S. marcescens). These isolates are clinically significant
sources of carbapenem resistance associated with an outer membrane permeability defect [19].

2.4. Screening Method for Carbapenem-resistant Enterobacteriaceae (CRE)

EPI-CRE®is a selective and differential medium containing 2 mecg/mL of meropenem, intended
for use in the qualitative detection of gastrointestinal colonization with carbapenem-resistant
Enterobacteriaceae (CRE) to provide epidemiological data. It is based on classical biochemicals
in an optimized form. EPI-CRE® is performed with rectal swabs and fecal specimens from
patients to screen for CRE colonization. The presence of CRE is established when the color of
the medium changes from red to yellow. In addition, a violet precipitate may also be observed.

Specimens should be collected, handled and disposed of in compliance with accepted guide-
lines and in accordance with all regulations. Cotton swabs should be avoided with preference
to synthetic fibers such as Dacron or rayon. A generally available reference is the Manual of
Clinical Microbiology [8]. EPI-CRE®is performed with rectal swabs and fecal specimens which
should be collected and handled following recommended guidelines [13].

2.4.1. EPI-CRE®

2.4.1.1. Procedure

1. Inoculate the sample into the medium. If a swab is used, twirl the swab in the medium
for 10 seconds and express excess fluid from the swab before removing and discarding
into disinfectant. Do not use a cotton swab.
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2. Incubate the tube(s) at 34-36°C.

3. Thetube(s) may be examined any time up to 24 hours for a color change from red to yellow.
If the medium has not become yellow in 24 hours, it is negative.

4. Atany time after the start of incubation, if a yellow color is observed, EPI-CRE®is positive.
In addition, a violet precipitate may be observed.

Figure 7. CRE Negative — Red

Figure 8. CRE Positive — Yellow with violet precipitate
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2.4.1.2. Note on the biology of EPI-CRE®

EPI-CRE® detects ONLY living bacteria. It is 100% specific (based on Bergy’s Manual and the
Manual of Clinical Microbiology).

PCR positive and EPI-CRE®negative: Genetic amplification is not to be used as a “test of cure”.
The reason is that PCR and other genetic amplification methods will detect dead bacteria.
Therefore, if a patient is treated intra-nasally or systemically with an effective antibiotic, the
bacteria may be killed but their genetic material still is present. EPI-CRE® only detects living
bacteria so this situation is not a limitation with this method.

2.5. Screening Method for Ciprofloxacin-resistant (cipR) Bacteria

EPI-FLOX®is a selective medium that allows the differentiation of ciprofloxacin-resistant from
ciprofloxacin-susceptible bacteria. EPI-FLOX® contains 2 mcg/mL of ciprofloxacin, intended
for use in the qualitative detection of ciprofloxacin-resistant (cipR) bacteria to provide
epidemiological data. It is based on classical biochemicals in an optimized form. EPI-FLOX®
is performed with urethral swabs and specimens, or rectal swabs and fecal specimens from
patients to screen for cipR bacterial colonization. The presence of cipR bacteria is established
when the color of the medium changes from red to yellow. In addition, a violet precipitate may
also be observed.

The base formula of the EPI-FLOX® is the same as that of EPI-CRE® with the substitution of
ciprofloxacin for meropenem. Therefore the procedure for use and the color changes are the
same.

2.5.1. Note on the utility of the antibiotic resistant Enterobacteriaceae format

Because the base formula is designed to select for lactose positive Enterobacteriaceae, changes
in the antibiotic can easily produce tailored screens. For example, by decreasing the concen-
tration of meropenem to 0.25 mcg/mL, an epidemiological screen for OXA-48 can be produced.

3. Instrument: Pilots Point Monitor 60° (PPM 60%)

As described above, each of the DSU® epidemiology screens can be done manually. However,
there are advantages to be able to place the screens in an instrument. Among these are:

Standardization: the instrument will read and interpret the screens in a completely uniform
manner.

Positives reported when detected: the instrument monitors the color change of each screen every
15 minutes. Once the algorithm determines that a significant change has occurred compared
to a control the results are reported at that time. Therefore there is continuous monitoring and
reporting. Another benefit is that response time will be shortened.

Satellite screening: Because results are available from the instrument via Wi-Fi, internet, and
intranet, screening at various locations can be controlled from a central location.
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Epidemiological pattern analysis: Either from a central location or from satellite laboratories, data
can be analyzed to determine if any increase of any of the epidemiological threats from any
location is occurring.

Inexpensive cost: the instrument is designed to minimize cost. As shall be discussed below the
instrument’s function is to produce light and measure a change. Data are transferred to a
computer — either a personal computer (PC) or an information technology (IT) system — for
analysis. This format lowers the cost of the instrument.

Single instrument for all screens: Because of the light source chosen (see below) all of the screens,
regardless of color, can be performed in one instrument. Moreover, wavelengths from 360nm
through the entire visible light can be accurately measured, which allowed both fluorescent
(366nm) and visible light measurements. The ability to use both ultraviolet and visible
wavelengths permits the development of two separate biochemical identification systems. The
separation of two biochemicals can allow for the detection of two separate target microbes (if
each is specific for each microbe) of an enhanced specificity for a single target microbe (if the
two together provide enhance specificity over one alone).

3.1. Principle of the instrument

The choice of the light source is critical to the generation of a functioning inexpensive instru-
ment. Instead of using laser, fluorescence polarization, light scattering, reflectance spectro-
photometry that are expensive and functionally limited, an inexpensive instrument that uses
a white light generator that passes through the sample was generated. Absorption of one or
more of the colors allows other to pass through. In addition an overall measure of turbidity,
called luminosity, is also measured. For EPI-M® the coagulase coalescence change enhances
the process.

The principal of the instrument is based on the way the human eye sees color.

(4} Organization of the retina {e) Convergence
in the retina P
Rod epithelium

Neurons where [ Ganglion / [T
signals from rods eall | Cone (color vision)
i+ vourtoi [ Blos® Rod (mancchromatic vision)

Eopyeight & 2007 Paarson Education, inc., gubkshing ns Bonjamin Cummings F ig. 10-35

There are three primary colors that the cones see, which translate into the full range of colors.
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In the analysis program the light coming out of the sample is broken down as shown below.
The first measure, which is called the “L” value, is essentially luminosity. It determines a scale
from black to white. The second measure is the “a” value, which measures a change from green
tored. The third measure is the “b” value, which measures a change from blue (and effectively
includes as shown below yellow). Any particular reading can be determined exactly on the
graph below by knowing the “L”, “a”, and “b” values. The sensitivity of the analysis program
is enhanced because it can relate the changes of any combination of “L”, “a”, and “b” values.
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An example of a typical analysis is shown below for an EPI-M® MRSA analysis with standard
ATCC MRSA 43300. The tube is scanned every 15 minutes and “L”, “a”, and “b” values
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generated (see the spreadsheet below for the individual values). The analysis program then
translates the values into graphical form, which are shown above the spreadsheet. The analysis
program then determines by a combination of “L”, “a”, or “b”, or any combination thereof, if
there is a significant change compared to a control. In this analysis 3 log10 of ATCC 43300 was
detected in 14.5 hours.
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3.2. The instrument

The inside of the Pilots Point Monitor 60° is shown below. It is designed to accept the largest
number of screens with the smallest footprint. It is approximately 0.8 meters in diameter. In
the current configuration, 6 instruments can be connected to one PC. In practice the instrument
cannot be opened. The tube (as shown in the opened instrument below) in practice is added
to the instrument by sliding the blue plastic bar below the PPM 60° logo so as to expose only
one slot. The instrument via a barcode on the test tube recognizes the name of the screen and
all the demographics of the patient. The carrousel moves past the light generator with each
shift of position every 15 minutes. There is an incubator in the instrument that can be adjusted
+/-0.2°C.

Below is a diagram of the working aspects of the instrument: 46 is the carrousel block, 28 is the
wall of the carrousel. 50 are the holes in the carrousel into which the tubes are place, 34 is the
white light source, and 32 is the detector which reads the amount and quality of light (“L”,
“a”, and “b”) that is represented by 54.
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Below is the instrument as it would be used.

As the scanning of the tubes progresses, the information is sent to a PC or to a central IT station.
This flexibility allows both large and small laboratories, epidemiologists in the field, research-
ers studying the prevalence of antibiotic resistant bacteria in animals, people, and even surfaces

to use one system.
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3.3. Enhanced sensitivity of the Defined Substrate Utilization® tools

3.3.1. Agar compared to liquid

Compared to agar-based microbial detection systems, liquid with the same formulas are
always more sensitive, meaning liquid has the ability to detect a smaller number of bacteria
than agar and in shorter period of time [10]. The reasons for this difference are based first on
the fact that on the surface of agar, bacteria must make colonies to be observed. A visible colony
requires a minimum number of bacteria. The surface of agar has a surface tension that inhibits
the spreading of the bacterial colony. By comparison in liquid, the bacteria are free to divide
in three dimensions.

In addition, the nutrients from the agar must enter the colony from only one direction — from
the agar vertically into the colony. Likewise the waste products, which are inhibitory to the
growth of the microbial colony, diffuse in close proximity to the developing colony thus
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inhibiting the colony’s lateral development. The production of a colony can be thought to reach
development when the nutrients below the colony (all that is available to it) combined with
the production of waste products cause the bacteria to stop multiplying and expanding. By
contrast, a bacterium in liquid suffers no such inhibitions. Nutrients, including the metabo-
lizable substrate, are available from all directions. Therefore, there is no inhibition for the
development of the bacteria. Likewise any waste products diffuse away from the developing
bacteria nidus into the liquid, away from the nidus.

3.3.2. Optical parameters

Microbiological optical systems have over the years moved to a microtiter format. The
microtiter structures are either the classical 96 well microtiter tray, or a variation, or a microtiter
format in a vertical series of cupules, as exemplified by the Vitek 2 system (bioMérieux,
Durham, NC). The decrease in the light path has significant negative effects on both sensitivity
and the time to detection. The reason for this is that the optics of light absorbance is governed
by the Beer-Lambert law. As shall be discussed below, the intensity of light is logarithmically
related to the length of the light path. This means that a decrease in the light path results in a
log decrease in the amount of measurable light that reaches the detector. This relationship was
presented as the linear relationship between absorbance and concentration of an absorbing
species.

The general Beer-Lambert law is usually written as:
A=a (lambda) *b * ¢

where A is the measured absorbance, a (lambda) is a wavelength-dependent absorptivity
coefficient, b is the path length, and c is the analyte concentration.

When working in concentration units of molarity, the Beer-Lambert law is written as:
A=epsilon *b * c
where epsilon is the wavelength-dependent molar absorptivity coefficient with units of M cm™

Regarding instruments, measurements are usually made in terms of transmittance (T), which
is defined as:

T=I/1,

whereIis the light intensity after it passes through the sample and I, is the initial light intensity.
The relation between A and T is:

A=-log T=-log (I/1,)

and this formula is the one that is generally associated with the Beer-Lambert law.

The PPM 60° instrument uses traditional 1 centimeter (cm) light path test tubes. By comparison,
the light path of the well formatted microtiter trays is 0.1 cm and the light path of the Vitek 2
system even less. Therefore, the differences in the light paths inherently make the PPM 60°®
instrument on the order of 100 times more sensitive. In terms of number of bacteria per mL, 6
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log10/mL of bacteria is the lowest limit of detection in a 0.1 cm light path (based on turbidity,
without a chemical signal, such as the release of a chromophore from a hydrolysable substrate
or change in a pH indicator) and in a 1 cm pathway, the limit increases to 8 log10/mL.

Practically, because bacteria in log phase have a generation time of 15-20 minutes, the time to
detection in the PPM 60® instrument is much less than other methods, and significantly less
than the observation of colonies on agar.

3.3.3. Example of data produced by the PPM 60° and analysis of a positive

Below are the results from the PPM 60® from a patient isolate of MRSA from the Mt. Sinai
Hospital, New York City, NY, USA (courtesy of Dr. Camille Hamula). The initial inoculum
was less than that found in the nose at 6.0 x 10* CFU.
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There was a significant change beginning at 9 hours and the positive was called at 11.25 hours.

3.3.4. Quantification of CFU/mL by the PPM 60 instrument

The time to a positive is proportional to the number of bacteria in the sample. Bacteria go
through four stages of growth in liquid (but not agar): lag phase, log phase, stationery phase,
and decline phase.

Stationary

Death

Log ® wiable cells/ml

0 10 20 Z0 40 a0

Time {hours)

It is well known that the greater the number of bacteria in a sample, the shorter the lag phase.
Lag phase is the time that the bacteria acclimate to a new environment. When bacteria enter a
new environment, there is a heterogeneous population in terms of physiological health. Each
of the cells acclimates to the new environment and leave lag phase and enter log phase at
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different times. By analogy it is similar to a kettle of popcorn kernels; one adds the kernels and
all are in the same oil at the same temperature. The “healthier” ones pop first, the number of
pops increase, and then there are a very large number of pops. Then there is a declining number
of pops. Likewise with bacteria, some leave lag phase and enter log phase before others. The
greater the number of bacteria, the shorter is the overall time the population goes from lag
phase to log phase. In the PPM 60° instrument as discussed above, once the bacteria enter log
phase they are dividing every 15-20 minutes. Therefore, the more bacteria in a population that
leaves lag phase and enters log phase, the shorter the time to a positive since each bacteria
multiplying produces a signal.

Below are examples of the ability of the PPM 60° to provide quantitative information with a
variety of target bacteria.

3.3.4.1. MRSA

EPI-M® MRSA Isolates Time to Positive

0 2 4 i 8 10 12 14 16
Incubation Time (hours)

=2 ATCC 43300 ==]solate 42869 <l=[solate 43681 ===[solate 50 | 33===[solate 31667

Isolate Positive Result Total CFU
Clinical Isolate 50153 6.25 hrs 24,000
Clinical Isolate 43681 6.0 hrs 14,800
Clinical Isolate 42869 8.5 hrs 10,400
Clinical Isolate 51667 9.0 hrs 4,800

ATCC 43300 9.75 hrs 4,000
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3.3.4.3. CRE
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1. Introduction

Iron deficiency anemia (IDA) is the most prevalent micronutrient condition globally, with
nearly 50% of anemia cases being caused by iron deficiency according to the World Health
Organization (WHO) [1]. While it is a condition that does not discriminate between the
developed and developing world, the incidence is still higher in developing countries. In
South-East Asia the WHO reported that 65.5% of preschool-age children suffer from anemia,
and 48.2% and 45.7% of pregnant and non-pregnant women, respectively, also suffer from
anemia, which represents the highest prevalence in the world [1].

As the most prevalent micronutrient condition in the world it is critical that there is a strong
understanding of how to improve iron intake. In many cases this may involve taking iron
supplement pills, however this is by no means the only approach that is currently being used.
This chapter seeks to provide background information on iron deficiency and iron deficiency
anemia (IDA), and review a number of current strategies currently being used to address these
conditions around the world. This review is by no means exhaustive, but aims to cover a
number of studies in each of the major iron deficiency intervention strategies.

2. Iron deficiency and iron deficiency anemia

The word anemia is derived from the Greek word évatpia anaimia, meaning “without blood,”
[2]. Anemia is a deficiency of red blood cells and/or hemoglobin resulting in a reduction of the
oxygen-carrying capacity of blood [3]. An individual with a circulating hemoglobin concen-
tration less than 120g/L is considered to be anemic, but this varies across age and sex based on
iron requirement and hemoglobin thresholds, which can be seen in Figure 1 [1, 4].

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and eproduction in any medium, provided the original work is properly cited.
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Children (0.5-4.99 yrs)

Children (12-14.99 yrs)

Figure 1. Hemoglobin concentration thresholds below which anemia is present

Anemia is caused by a long-term iron imbalance resulting in the depletion of bodily iron stores
over time [2, 5]. Iron is a necessary component in the production of red blood cells, and so the
absence of sufficient supplies results in decreased hemoglobin production and subsequently
red blood cell production [2, 5, 6]. The focus of this chapter is on IDA, and this is typically a
result of inadequate dietary intake, but could also be a result of excessive blood loss from
trauma or post-partum hemorrhage, or other diseases such as parasitic infections, malaria, and
inherited hemoglobin disorders [5, 6].

There are several risk factors of IDA, which have resulted in uneven distribution of prevalence
around the world, with the highest concentration in developing countries in Africa and Asia
[4]. The most commonly reported risk factors of IDA include: poverty [4, 7]; local dietary staples
such as rice which have low bio-availability of iron [8]; genetic hemoglobinopathies [9];
consumption of untreated water [10]; sex where typically females are more likely to experience
IDA than males [11]; low parental educational attainment [10-12]; maternal anemia [13]; and
food insecurity [13]. Based on the information presented above, it is clear that the determinants
of IDA are complex and a number of social, ecological, biological and socioeconomic factors
are at play. Across each study, however, poverty is the most salient predictor.

2.1. Signs and symptoms of iron deficiency anemia

The signs and symptoms vary among individuals but there are always adverse effects of IDA.
Pregnant and postpartum women and young children are most susceptible to iron deficiency
and IDA because of the high demands for iron that growth and pregnancy have [14]. These
groups also experience some of the most severe symptoms [14].

Symptoms of IDA may include diminished work capacity, immune system dysfunction,
neurocognitive impairment, dizziness, fatigue, and pallor [2, 6, 7]. Severe anemia can reduce
significantly a woman'’s ability to survive giving birth due to bleeding during and after
childbirth [14, 15]. Additionally, pregnant women are at higher risk of preterm delivery when
anemic [8]. For these reasons, anemia is considered to be a major contributor to maternal
mortality in the developing world. The WHO reports that anemia is a factor in 20% of maternal
deaths [16].
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Children are also highly susceptible to adverse effects of IDA and experience additional signs
and symptoms if left untreated. Anemic children may experience height and weight distur-
bances, slowing of learning and behavior development, and interruptions in physical or mental
growth [12]. IDA can affect neurocognitive development, resulting in reduced psychomotor
and cognitive abilities in children [2, 17]. These are most often measured on standardized
measures of mental development, cognitive function tests, psychomotor scales, and educa-
tional achievement tests [18]. The impaired cognitive and psychomotor development that
children affected by iron deficiency or IDA experience is speculated to have a causal relation-
ship to future earning potential, though study terms have not yet been long enough to quantify
this [17]. This is thought to occur because of the direct relationship between iron and oxygen
delivery to the brain and muscles [14].

3. Iron in the body

Iron is a critical component in many metabolic functions, particularly in delivering oxygen
throughout the body as an essential component of red blood cells. The majority of human iron
stores are found in hemoglobin [19]. Iron is a component of every human cell and plays a
critical role in many biochemical reactions in the body. It is involved in oxygen transportation,
energy production, cellular respiration, DNA synthesis and the production of dopamine and
serotonin, which are essential to neurotransmission [7, 14, 20, 21]. The storage and transpor-
tation of iron are highly dependent on red blood cells morphology and the presence of
sufficient amounts of hemoglobin. Iron is toxic when too much is stored in the body and may
cause tissue damage when the iron capacity has been exceeded [5, 19]. This problem can be
compounded by the very slow rate at which humans naturally lose iron [22].

3.1. Dietary iron

Dietary iron comes in two forms: heme and non-heme. Heme iron, which is more easily
absorbed, comes from meat, poultry and fish. This source of iron is easily absorbed because it
is delivered as the stable prophyrin complex and is unaffected by other food components [21].
Contrary to this, non-heme iron is more difficult to absorb and comes from cereals, legumes
and some vegetables [21].

Non-heme iron from food comes in several different chemical forms and the elemental iron is
dependent on this and the body’s ability to recognize and absorb the iron. For example, the
chemistry of ferric (Fe**) is much more dependent on pH levels in the stomach relative to
ferrous (Fe*) iron; ferric iron requires a more acidic environment to be absorbed [21]. Thus,
consuming vitamin C with dietary iron or iron supplementation can be a critical step to
absorbing the maximum amount of elemental iron possible [5, 23]. Non-heme iron is further
complicated in the presence of tannins (e.g. in tea) or phytate (e.g. in whole grains), as these
are known to inhibit the absorption of non-heme iron [5, 21].
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4. Implications of parasitic infections and malaria

4.1. Helminths

Infection with soil-transmitted intestinal helminths is a common problem among populations
living primarily in rural areas of low-income countries. These parasites are a large, polyphy-
letic grouping of multicellular organisms that can generally be seen with the naked eye in their
mature stages. Helminths typically include roundworm (Ascaris lumbricoides), whipworm
(Trichuris trichiura) and the hookworms (Necator americanus and Ancylostoma duodenale) [24].
Some estimates suggest that more than 2 billion people on the planet are infected with one, or
multiple helminths, with the highest prevalence occurring where sanitation is poor and water
supplies are compromised [24].

Soil-transmitted helminths live in the intestine of an infected person, and are easily spread
when a person comes into contact with the feces of an infected individual. This contact might
result from the use of gardens, bushes or fields as an open latrine, or could result from the use
of human feces as fertilizer that is intentionally sprayed onto crops and deposited into the soil.
A new host is established when an uninfected person then unknowingly ingests the eggs of
these parasites [25].

The association between parasite infection and anemia is well known and has been widely
documented [26]. Primarily, the organisms cause gastrointestinal bleeding resulting in blood
loss, lowered hemoglobin values, and resultant anemia. Further, some organisms disrupt
nutrient absorption by damaging the mucosal surface of gut, leading to poor absorption of
micronutrients. For example, the two significant hookworm species Ancylostoma duodenale and
Necator americanus, produce 5000-10,000 and 10,000-25,000 eggs per day, resulting in 0.03 mL
and 0.15-0.23 mL blood loss per day, respectively [27]. In addition, some hookworms release
anti clotting factors that ensures continuous blood flow and thereby further leads to poor
health outcomes [27].

4.2. Malaria

Malaria is a well-known cause of morbidity and mortality in the developing world, initiated
by infection by parasites of the genus Plasmodium. Estimates of the burden of disease suggest
that more than 515 million episodes occur annually, representing 18% of all childhood deaths
in Sub-Saharan Africa [28, 29]. Anemia caused by malaria has a multi-factorial pathophysiol-
ogy with unknown molecular mechanisms [30]. Research has shown that malaria is implicated
in both the destruction of red blood cells through hemolysis of both infected and uninfected
erythrocytes, but also through the decreased production of erythrocytes in the bone marrow
[30]. Malarial anemia is therefore typically normocytic and normochromic with a distinct
absence of reticulocytes.

Severe malarial anemia is of great public health concern because of the widespread prevalence
of malaria in the developing world where access to appropriate healthcare is limited, and
because children and pregnant women are the hardest hit by the condition [31]. Malarial
anemia is most often observed in areas where high malarial transmission occurs [31]. Severe



Review of Iron Supplementation and Fortification
http://dx.doi.org/10.5772/58987

anemia caused by P falciparum, one species of malarial infection, is responsible for approxi-
mately one-third deaths associated with the disease [30].

5. Treating iron deficiency anemia

Treating iron deficiency and iron deficiency anemia must continue to be a priority of govern-
ments, non-governmental organizations and international aid agencies alike. The ideal
approach to addressing iron deficiency is a nutritious and well balanced diet that naturally
provides adequate iron intake. However, this is not a reality in much of the developing world
where subsistence comes from cereals with low iron bioavailability. This generates the need
for a cost-effective, simple and easy to administer solution that may be found in supplemen-
tation and fortification. Food fortification is widely considered to be the most cost-effective
approach to treating IDA, but this is not without its challenges [8]. While in the developed
world fortified products are rampant, and often there are government regulations to ensure
fortification of common food items (e.g. milk, breakfast cereals, and salt) this strategy can be
less effective in the developing world. Even the smallest price increase in staple products in
developing countries may be a deterrent to purchase and use them [8]. With escalating food
prices, which peaked in the 2008 food crisis, households in developing countries were
spending large shares of their incomes on food and commonly had to switch to cheaper but
less nutritious foods to combat hunger [32]. In this case, the likelihood of households pur-
chasing fortified foods may be a more difficult intervention to implement.

Currently several fortification approaches are being implemented; reference [33] describes
three methods; 1) fortified products added during food processing (e.g. wheat flour); 2)
fortification added at home during food preparation (e.g. multiple micronutrient powders);
and 3) genetically engineered foods with enhanced nutrition (e.g. genetically engineered
cereals). In general, iron fortification has been found to be very successful around the world;
in a meta-analysis of randomized controlled trials for iron deficiency alleviation, 13 studies on
iron fortification for women and 41 for children were assessed [34]. These studies included
fortification via sodium iron ethylenediaminetetraacetic acid (NaFeEDTA), ferrous sulfate,
fortified candies, fortified curry powder and ferrous pyrophosphate [34]. In these studies,
efficaciousness of iron fortificants all showed significant results in improving hemoglobin
concentration and reducing anemia in study populations [34]. A separate meta-analysis of 60
studies showed similar results: iron-fortified foods are efficacious in increasing hemoglobin
concentrations and reducing IDA in study populations [35].

6. Iron supplements

The Lancet Series (2013) on maternal and child nutrition reported that during a trial of iron
supplements in pregnant women they found a 67% reduction of iron deficiency anemia [36].
Additionally, in non-pregnant women a review of studies showed that intermittent iron
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supplementation was effective in reducing the risk of anemia by 27% [36]. This review also
indicated that daily iron supplementation reduced the incidence of low birth weight by 19%
[36]. Despite the high success rates of iron supplementation, distribution and cost become
major concerns and make compliance in iron deficiency reduction strategies very difficult to
navigate. Iron supplementation, often in the form of a pill or liquid, is an expensive option for
treating iron deficiency and IDA, though the elemental iron present is much higher [8].

Apart from the difficulties of program implementation, a cost-effectiveness analysis was
conducted in four subregions of the world (African subregion, South American subre-
gion, European subregion and South-East Asian subregion) in order to compare the cost-
effectiveness (in $USD) of iron supplementation versus fortification. This study showed that
in the developed world supplementation was more cost-effective due to well-developed
distribution chains already in place [18]. But despite the higher overall impact of iron
supplementation on a population’s health, fortification is more cost-effective in rural and
developing communities [18].

7. Case study: Iron fortified candies for children

The use of micronutrient fortified candies and lozenges have been tested in some countries,
including India and Indonesia. There are relatively few randomized controlled trials (RCTs)
that assess the efficaciousness of this intervention compared to many of the other programs
reviewed in this chapter.

Nutri-candy was developed as a strategy to alleviate iron deficiency and other micronutrient
deficiencies in children aged 2-6 years, pregnant and lactating women and adolescent girls in
the developing world [37].

Nutrients  Lewvels per 3 gram lozenge
Vitamin A 500 1U

Vitamin C 10 mg

Folic acid 50 mcg

Iron 7mg

Figure 2. Nutri-candy nutritional content [37]

In India, where various manufacturers produce nutri-candy, more than five million people in
four states take a fortified candy every day at a cost of US $1.33 per person per year which
includes the cost of transportation [38]. In West Bengal a study showed that while using nutri-
candy the prevalence of iron deficiency anemia reduced by 15%. In Haryana another study
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took place that found the prevalence anemia changed from 50% at baseline to 9.6% in the group
receiving a daily nutri-candy [39].

In Indonesia a similar study took place to test the impact of Vitella, a chewy fruit candy fortified
with multiple micronutrients, on iron levels in children aged 4-6 years [40]. This study found
that the hemoglobin concentration of children receiving the candies increased by 10.2g/L, and
anemia prevalence decreased by 42.1% after 12 weeks of intervention [40].

Based on these few studies in India and Indonesia the use of fortified candies should be further
researched and incorporated into national strategies to alleviate iron deficiency. All studies
reported high acceptability of the product both from caregivers and children [38-40]. If
incorporated into school programs or other national strategies it may be very effective in
reducing the burden of iron deficiency in low-income countries.

8. Fortified staples

Certain foods can be fortified after harvesting in order to deliver more iron during consump-
tion and some can be genetically modified and bred to include more iron. The universal
fortification of foods has been promoted as a strategy to address micronutrient deficiencies
around the world. For example, in Canada and the United States it is a legal requirement to
fortify milk during processing with Vitamins A, C and D [41, 42]. Universal food fortification
is viewed to be an efficacious and cost-effective strategy to address IDA [43].

To use rice as an example, there are some strains of rice that have been genetically modified
to have greater amounts of iron but the research in this area is still relatively new [44]. This
can be achieved by introducing other genes to rice breeds that increase the storage of iron on
polished white rice [45]. One way that this is done is by adding a gene from soybeans that adds
the protein ferritin to rice, and studies have shown that this source of iron is bioavailable [45].

When rice is polished it loses much of its natural iron during this process and so a method of
fortifying rice by applying an edible coating that improves the available iron in the rice [46].
A third way to fortify rice is by using a product called Ultra Rice which is a high-iron simulated
rice grain that can be mixed in with regular rice and is highly accepted with no reports of bad
texture or taste [43, 47].

During a randomized controlled trial in the Philippines iron fortified rice was proportionately
mixed with regular rice to provide more available iron in a serving of rice. Hemoglobin
concentrations of children in the study sites significantly increased from baseline to endline,
and prevalence of anemia significantly decreased by 4.7% [48]. In Mexico when female factory
workers were given fortified rice five days a week for six months iron status improved
significantly, and the prevalence of anemia was reduced by 80% [43]. However, a study in
Brazil found that the use of fortified rice only once weekly in child-care centres brought about
similar results [47]. In addition to improved iron status, another study in Brazil found that
study participants and their families exhibited a very high rate of acceptance of the fortified
rice as part of their diet with no adverse effects or undesirable taste, colour or smell [49]. Iron
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fortified rice, with proven effectiveness in improving iron status as well as high acceptability
of the product, may be an important part of national nutrition strategies.

Wheat flour and maize flour can also be fortified to be more iron rich, and may be a useful tool
in addressing iron deficiency in communities where large amounts of wheat flour and its
products are consumed [50]. The WHO supports the fortification of wheat and maize flour but
suspects that it will be the most effective in reducing iron deficiency when it is mandated at
the national level [51].

In a trial that assessed the efficacy of fortified wheat flour it was found that there was a lower
prevalence of iron deficiency in women who consumed the fortified flour more regularly [50].
In a study conducted with Indian school children, iron fortified whole wheat flour, after seven
months the prevalence of iron deficiency significantly declined from 62% to 21% [52].

Iron biofortified pearl millet has also been tested as an approach to address iron deficiency in
communities of developing countries. A study in Benin found that consuming iron fortified
pearl millet can double the absorption of iron in women and may be a highly effective approach
to combatting iron deficiency in millet-eating communities [53].

Despite the improvement in hemoglobin concentration in trial communities, there were
challenges and limitations to this approach for addressing iron deficiency and IDA. Primarily,
the cost to households associated with switching to fortified products proved to be a challenge.
For example, in the Philippines when the market was flooded with unfortified rice by the
government, the population began purchasing the cheaper, unfortified variety rather than the
iron-fortified rice that was slightly more expensive, despite the added benefit [48]. The other
studies reviewed did not test the possibility of selling fortified products in markets so it is
uncertain how this would work in different countries. It is likely that higher costs of fortified
rice could be a barrier to the sale of the fortified rice, and this strategy may be difficult to sustain
within a competitive market environment.

9. Food fortification involving sodium ferritin

It is possible to fortify condiments such as fish sauce and soy sauce, which are commonly
consumed in Asian countries. A study conducted using iron fortified Thai fish sauce showed
that iron absorption from ferric sulfate fortified fish sauce added to a meal of rice and vege-
tables showed positive results [54]. This suggests that fortified fish sauce may be an effective
solution to combat iron deficiency in countries with high fish sauce use. A similar study
conducted in Switzerland assessed NaFeEDTA fortified fish sauce and found that it is a
potential fortification method to address iron deficiency and iron deficiency anemia [55]. In
Cambodia fortified fish sauce and soy sauce are becoming more salient in the iron deficiency
discussion and the government intends to legislate fortifying these condiments by 2015 [56].
In Vietnam, where fish sauce is consumed as part of the regular diet and produced locally, a
study was conducted and found that women using iron fortified fish sauce for six months had
an average higher hemoglobin concentrations by 8.7g/L than women who used regular fish
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sauce [57]. However, there are still challenges associated with fortifying condiments which
include a changing of the colour of the sauce due to the addition of fortificants as well as
political challenges to monitoring and rolling out this type of initiative [54, 56].

While the cost-effectiveness ratio of this type of fortification has been positive, these analyses
do not include the costs of potential health implications of high sodium diets [58]. Sodium
is known to cause many adverse health problems including hypertension, increased risk of
cardiovascular disease and increased risk of stroke [59]. It is possible that this type of
intervention may promote excessive salt intake and the negative health impacts may
outweigh the benefit of increased iron intake [60]. In fact, the WHO recommends that “the
use of salt as the vehicle for new fortification initiatives other than iodine and fluoride
should be discouraged,” [60].

10. Micronutrient Powders (MNDPs)

Micronutrient powders include any fortified powders that have at least two micronutrients in
their composition. These powders are added to food being prepared in the home and then
consumed, providing the benefits of the micronutrients they contain. This fortification method
has received a great amount of attention in the nutrition world, as many micronutrient
deficiencies are so prevalent around the world in both developed and developing countries
and this strategy has the potential to address multiple deficiencies at once.

Sprinkles, a brand of MNP, were developed as a fortification method by creating a powder
with iron and various micronutrients that can be ‘sprinkled” on complementary foods before
being fed to children [61, 62]. Various studies have shown that this is an effective method of
increasing hemoglobin concentration and treating iron deficiency anemia in children [62-66].
In Cambodia two studies were conducted that demonstrated a significant decline in iron
deficiency anemia among groups of children who were on a daily regiment of sprinkles versus
a control group with no intervention [67, 68]. A study in Kenya assessed Sprinkles in a more
real world setting by selling the product in local markets and found that in this situation they
remained efficacious in reducing iron deficiency [69]. In India, where IDA is incredibly
prevalent, the use of MNPs resulted in significantly reduced levels of IDA in children after 24
weeks of treatment [70]. In a meta-analysis conducted on 17 studies, micronutrient powders
showed to significantantly reduce the prevalence of anemia by 34%, iron deficiency anemia
by 57%, and improves hemoglobin concentration [71]. These results were from studies that
occurred in various countries including Ghana, India, Bangladesh, Kenya, Pakistan and Haiti,
which represents a number of regions in the world [71].

While the randomized clinical trials that have been conducted to test various MNPs have been
successful, these are all in highly controlled situations. Studies have consistently showed
success in improving biomarkers such as hemoglobin concentration and a reduction in anemia
prevalence, however the adherence to such programs in a less-controlled environment may
differ. Distribution, cultural cooking practices, and cultural perceptions of MNPs may impact
the effectiveness of such programs, though in the case of MNPs there is potential for this
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intervention to remain efficacious. Micronutrient powders were accepted in many communi-
ties by caregivers around the world because they can be incorporated into the regular feeding
practices [64, 68]. In a study conducted in Bangladesh on sprinkle adherence [63] it showed
that adherence was higher and hematological improvements were greater in groups who
received more flexible instructions for use of 60 Sprinkles packets, rather than being told to
use them daily. Further research into adherence and acceptability would be useful in order to
develop a strong implementation strategy for different regions of the world.

11. Taking advantage of adventitious sources of dietary iron

11.1. Cast iron pots

Early studies demonstrated that cooking food in cast iron pots increases the iron content of
certain foods and that this iron is bioavailable [72]. In the face of the global iron deficiency
endemic, researchers believed that promoting the use of cast iron pots could be efficacious in
reducing the incidence of iron deficiency and iron deficiency anemia. Studies have taken place
that assess the effectiveness, cost effectiveness and acceptability of this approach.

A laboratory study was conducted in order to assess the impact on the iron contents of green
leafy vegetables when cooked in different pots. This study demonstrated that the material of
the pot plays a significant role in the bioavailable iron in green leafy vegetables, and those
cooked in iron utensils had 9% more available iron than those cooked in non-iron pots [73].
There is still some debate whether or not the iron that leaches into the food is bioavailable, and
the need for more extensive analysis into improving iron availability in more types of food
such as maize and rice [74].

The main limitations of using cast iron pots to improve iron status are that there was low
acceptability during randomized controlled trials [75-77]. Cast-iron pots were reported to be
heavy, rust easily, and required more attention for cooking due being prone to higher cooking
temperatures [75]. In one study it was found that participants were selling the cast iron pots
in the market in order to supplement low family incomes [78]. On the other hand, cast iron
pots required less wood for stoves since cooking times were faster, and the pots were consid-
ered to be very durable [75].

Despite increases in hemoglobin concentrations and a reduction in anemia in the trial com-
munities, the use of cast iron pots is not an effective strategy for addressing iron deficiency
and IDA in most cases. It is possible that in communities where the use of cast iron pots is
already prevalent then promoting continued or increased use has potential to be a part of a
larger strategy to eliminate iron deficiency and IDA because the communities already accept
the use of these pots [79].

11.2. The Lucky Iron Fish

The Lucky Iron Fish, an intervention based on the same principles of cooking with a cast iron
pot, has shown in a randomized controlled trial to be effective in increasing hemoglobin



Review of Iron Supplementation and Fortification
http://dx.doi.org/10.5772/58987

concentrations by 11.6g/L, and reducing anemia by half in the study population, compared to
the control group after 12 months [80]. This method involves boiling water or cooking soup
with the Lucky Iron Fish (an iron ingot shaped like a common Cambodian fish) for 10 minutes
and adding some form of ascorbic acid (citrus juice, most commonly) [80, 81].

While this has potential to be effective in addressing iron deficiency it has only been tested on
women of reproductive age, and thus it is not certain that the Lucky Iron Fish will provide the
right amount of iron for children. The clinical trial included only 6 pregnant women, and future
research could seek out larger numbers of pregnant and lactating women to test the effica-
ciousness in these times of high iron demand. Furthermore, gaining a better understanding of
the type of iron that leaches into water and foods would be beneficial, as would further testing
of fortifiable foods. Additional challenges associated with this approach are predominantly
surrounding acceptability and education, as this intervention requires significant behavior
change in home practices. Research regarding the acceptability, adherence and cost-effective-
ness of this strategy should take place in order to carefully compare it with alternate inter-
ventions to be included in a national nutrition strategy.

12. Case study: Treating IDA in Cambodia in pregnant and post-partum
women

In Cambodia, it is reported that in 2006 63% infants and young children suffer from anemia
[67]. Current projects addressing iron deficiency in Cambodia include: the government
supported supplementation for pregnant and post-partum women; Sprinkles; weekly iron
folic acid supplements for women of reproductive age; helminth control; fortified foods such
asrice and fish sauce; and the Lucky Iron Fish [82-84]. However, the official government stance,
as advised by the World Health Organization (WHO) is for a supplementation program, and
thus no official fortification program is currently in place or widely accepted by the numerous
government and non-government groups working to address nutrition issues in Cambodia
[84]. Recent research assessing the possibility of iron-fortified condiments has put fortification
on the government'’s radar and is speculated to result in a change in government legislation
[56]. Iron deficiency and its associated anemia remains a salient health issue in Cambodia and
looking ahead a more multi-faceted approach may be necessary to successfully combat this
challenge.

12.1. Government supplementation program

The following guidelines are followed by Health Centres in Cambodia: First contact during
pregnancy: 60 iron/folic acid tablets provided; Second contact during pregnancy: 30 iron/folic
acid tablets provided; Post-partum: 42 iron/folic acid tablets provided [84].

Iron supplementation is known to be incredibly effective due to the high bioavailability of
iron [85-87]. This is especially important to ensure during pregnancy when iron demands
of women are greater, and the risks can be more severe [1, 87]. Daily iron supplementa-
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tion is the most effective strategy at protecting iron stores in women during pregnancy but
large doses of iron are also associated with negative side effects [87]. The negative side
effects may cause problems with compliance, thus damaging the effectiveness of these
programs [86]. Currently an urgent need for evaluation on the government’s supplementa-
tion program exists — as no studies have reported the effectiveness in at-need populations
and monitoring the changes in iron deficiency and IDA.

In two focus groups held in February 2014 in the remote Preah Vihear province in northern
Cambodia, women (approximately 30 in each village; Koh Ker and Ker) reported that less
than 5% of participants visited a health centre during their pregnancy [88]. Collectively, the
women reported that they were aware that at their community health centre they would
have received free iron supplements for during pregnancy and after delivering their child.
Despite this, women chose (by personal preference or circumstances dictated this) to deliver
in their homes with a local midwife from their village. The health centres can be expen-
sive to travel to and are far away from their villages, in the case of the two villages that
were visited. The roads used to travel are barely passable, which only becomes more difficult
during the rainy season (June — November) [88]. This suggests that in some parts of
Cambodia the government initiatives may not be reaching marginalized populations, the
population that demonstrates the greatest need.

13. Discussion

There is a significant difference between fortification and supplementation with regards to
economic feasibility, government involvement and effectiveness in improving health. Fortifi-
cation has an opportunity to be a more cost-effective and efficacious treatment for iron
deficiency and iron-deficiency anemia than supplementation in many developing countries.
While iron supplements should continue to be a critical component of a national strategy to
alleviate iron deficiency and its associated anemia, particularly in times of high iron demands
such as pregnancy, a multifaceted approach should be developed to more effectively combat
this micronutrient deficiency.

Each of the fortification strategies reviewed in this chapter were efficacious in improving iron
status in a controlled environment. However in many cases this does not provide assurance
that adopting these strategies will be effective in every community. Adherence and accepta-
bility are critical to the success of these interventions, but most RCTs do not assess these
conditions, as it can be difficult with the need for controlled settings to conduct trials. As with
many other development strategies, the approach will vary across, and even within countries,
which makes developing guidelines for the treatment of ID and IDA difficult. What works in
one country will likely not work in the exact same way in a neighbouring country, and the
same can be said from one village to the next. However, some of the interventions that were
reviewed in this chapter demonstrated greater success in different regions of the world than
others. The use of cast-iron pots did not prove to be an acceptable strategy in most countries
due to the preference for lighter, easier to clean aluminum pots.
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Multi-micronutrient powders have proven to be consistently effective in RCTs in alleviat-
ing iron deficiency in children. Both government distribution channels and selling sachets
of MNPs in a market setting have been successful. A limitation of this approach is that few
studies have tested the efficaciousness of MNPs in treating ID and IDA in groups other
than children. The few studies conducted testing the effectiveness of MMPs in pregnant
women the results are modest, and has been suggested that alone they are not adequate to
address maternal iron deficiency [89]. There are still challenges being addressed with this
approach but it has the potential to be efficacious as part of a national strategy. Since women
of reproductive age are in great need of iron fortification programs multi-micronutrient
powders should not be the sole component of a national approach, but could be included
as part of a strategy to improve children’s iron status.

Similarly, biofortified staples such as rice and wheat flour were highly acceptable and
effective in decreasing ID and IDA. Future research could focus on cereals beyond rice and
wheat flour and the possibility of enriching them with iron either during the breeding and
growing of a crop, or during processing. Further research surrounding genetically modify-
ing rice to contain more iron is required, otherwise the iron must always be added during
processing and risks being rinsed off when the rice is washed. Biofortified staples can be
very sensitive to market prices, which could be a serious limitation in competitive market
settings. This approach would work if governments are able to pass legislation that
mandates all of the main staple product in a region be fortified with iron. The challenges
associated with this are difficult, but the positive health outcomes have the potential to be
vast.

Ultimately, for any of these fortification strategies to be successfully implemented extensive
education and health behavior campaigns must take place. Properly planned education
materials and outreach can promote adherence and acceptability at a community level. Iron
deficiency can sometimes not be felt immediately by an individual, especially when compared
to hunger, which is why it is often called “hidden hunger,” along with other micronutrient
deficiencies. This is relevant to education and behavior change because certain behaviours that
aren’t routine (such as washing your hands, or taking an iron supplement) may not seem
credible or urgent because there are no immediately visible health concerns [90]. This may
pose a challenge to communicate the future implications and the less tangible impacts of these
things on their health in order to promote healthier behaviours.

One of the largest and most difficult questions is then: who is responsible? At this point in the
battle to alleviate iron deficiency and IDA the most dangerous thing that can be done isnothing,.
Inaction in the face of this epidemic will benefit no one, and the negative health consequences
of iron deficiency will persist. The cognitive and physical development consequences and
threat to maternal health that iron deficiency poses are severe and will only continue to be the
most prevalent nutrition issue in the world without the combined support of governments,
aid agencies and non-government agencies alike.
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1. Introduction

Carbamates are an important class of pesticides used worldwide in public health, among rural
and urban settings. Indeed, due to their mode of action and effectiveness, the application of
these compounds is one of the best options presently offered for pest control in modern
agriculture. They are also used for gardening, and as therapeutic pharmaceuticals for veteri-
nary medicine. Carbamates have been also used in medicine for myasthenia gravis, an
autoimmune disease which affects the postsynaptic element of the neuromuscular junction,
and as pre-exposure protection in military settings from chemical warfare nerve agents such
as Sarin and Tabun. For example carbamates such as physostigmine, and pyridostigmine have
been listed as human drugs. However, current environmental concerns of the deleterious
health impacts of carbamate pesticides have been increasing. Humans and other non-target
species are exposed to residues of these cholinesterase-inhibiting chemicals via nutritional
sources (legumes, fruits, contaminated meat, and dairy products), water and/or through
environmental/occupational settings due to inappropriate handling. As other pollutants,
carbamates may induce deleterious effects on both biotic (micro and macro fauna and flora)
and abiotic systems. The adverse effects of several carbamate pesticides include renal, hepatic,
neurological, reproductive, immune, and metabolic functions in both humans and animals.
Furthermore, some of them are classified as endocrine disrupting chemicals [1], and regarded
as priority pollutants by the United States Environmental Protection Agency (US EPA) [2].

In this chapter a brief overview of the current knowledge on the carbamates” mode of action
and toxicological aspects is presented. The role of in vivo studies (histological and hematolog-
ical approaches), epidemiology and interdisciplinary research on assessment of the carba-
mates’ environmental and potential public health effects is addressed and the major
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contributions are discussed. In addition, this chapter presents the results of some of our
laboratory experiments that focus on the evaluation of aminocarb and thiodicarb renal and
hepatic toxicity, lymphoid organ damage including the spleen and thymus, and adverse effects
on male reproductive organs.

2. Mode of action and toxicology

Several key issues on carbamate pesticides such as mechanism of action, and toxicological
aspects, including adverse human health effects were recently reported by our group [3].
Briefly, this paper also addresses other topics for a better understanding of toxicological effects,
namely risk and exposure assessment, biomonitoring, and analytical methods for the detection
of these chemicals on foodstuffs and biological fluids or tissues (e.g. blood, serum, urine, breast
milk, hair). International legislation was also mentioned in this report.

Carbamates are esters of N-methyl carbamic acid, known as acetylcholinesterase-inhibiting
agents (AChE). As with other pesticides like organophosphates, carbamates inhibit the
acetylcholine esterase enzyme which catalyzes the hydrolysis of acetylcholine (Ach), a
neuromediator agent, which results in ACh increase at a nerve synapse or neuromuscular
junction, thereby increasing stimulation of those nerve endings [4]. Carbamates” cholinester-
ase-inhibiting effect is reversible compared to organophosphates which is irreversible.

The range of the toxicity of carbamates is variable [5]. Several carbamates have slight (LD, >
200 mg/kg) to highly (LD5, <50 mg/kg) toxic activity in rodents (Table 1). For example thiodi-
carb (dimethyl N, N’-thiobis (methylimino) carbonyloxy bisethanimido thioate) is a conven-
tional insecticide for controlling cotton bollworm [6]. It is categorized as class II, moderately
toxic, by US EPA and World Health Organization (WHO). In addition, several factors including
the route, duration, and frequency of exposure, contact with other pollutants, and compro-
mised physiological condition (e.g. hepatic injury) may determine the degree of toxicity [7-8].

Among other pesticides, some carbamates were included in the list of endocrine-disrupting
chemicals (EDCs) by WHO [1]. Due to the potential dangerous effects on both wildlife and
human health, this issue has received considerable attention within the scope of public health.
The potential of EDCs to interfere with the synthesis, secretion, transport, metabolism, and
elimination of a wide range of hormones was already established. These hormonally active
chemicals may induce a wide range of deleterious health effects such as developmental,
behavioral and reproductive deficits. Agonistic and antagonist mechanism was described.
Recently, De Coster and van Larebeke [9] presented an overview of relevant chemicals with
endocrine disrupting features, including carbamate pesticides such as chlorpropham, carbaryl,
benomyl, methiocarb, pirimicarb, and propamocarb. In this well designed review, authors
provided different mechanisms such as the activation of the classical ERa and Erp nuclear
receptors, through estrogen associated receptors, and membrane-bound estrogen-receptors,
among others.
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3. Potential public health risks

A growing body of literature evidences the harmful effects of carbamates and other pesticides
on human and environmental health. Carbamates have been analyzed in environmental
analysis, food safety, toxicology, and occupational health. Due to the extensive use of carba-
mates for agricultural and non-agricultural purposes, their residues have been detected in
soils, wastewater effluents, surface water and raw drinking water sources, as well as food
products, around the world, and have received particular attention because of their toxicity.
The control of the levels of the residues of these compounds in the environment and in crops
has an outstanding importance. The presence of pesticide residues and/or their degradation
products, which sometimes are more toxic than their precursors in the environment and in
foodstulffs, calls for the use of very sensitive analytical methods, capable of determining these
compounds at concentration levels equal to or lower than the maximum residue levels (MRLs)
established by international organizations [10]. Except for occupational exposure or at home
application, e.g. home gardens or the handling with domestic animals, people are exposed to
pesticides mainly through diet. Human intake due to pesticide residues in food commodities
is usually much higher than those related to water consumption and air inhalation. The
evaluation of pesticide residues in food is nowadays a priority objective to ensure food quality
and safety, as well as to protect consumers against potential health risks [3, 11]. Considering
the chronic exposure through food, Jensen and co-workers [12] used the probabilistic approach
to estimate the cumulative exposure to organophosphorus and carbamate pesticide residues
from the consumption of fruit, vegetables and cereals in the population of Denmark. Despite
the limitations and the uncertainties in the calculation of the dietary cumulative intake, the
results showed that exposure for children aged up to 6 years were, on average, 2.4 times higher
than the exposure for the general population. Tomatoes were the food source that provided
about 67% of the total intake of acetylcholinesterase enzyme-inhibiting pesticides. An outbreak
of food borne-illness was reported due to severe methomyl intoxication in Korea [8]. Six elderly
people collapsed abruptly after eating 1-2 spoons of boiled rice mixed with bean sprouts and
seasoned with soybean sauce. One patient died of cardiac arrest. Symptoms of toxicity
presented quickly in the subjects and progressed rapidly, including chest tightness, an unusual
sensation in the pit of the stomach, dizziness, ataxia, and finally, collapse. Three patients who
drank ethanol with the meal experienced only mild toxic symptoms [8].

The relationships between possible exposure to pesticides and the implications for human
health have been the matter of exhaustive and multiple reviews [9, 13-21]. The overall
conclusions are that pesticides may induce chronic health complications leading to several
diseases. For example neurodevelopmental or behavioral problems, birth defects, asthma, and
cancer were documented in children [22].

Due to the relevance of hormones through the life cycle, EDCs may interfere with the devel-
opmental processes of humans and wildlife species. The extent of exposure to EDCs may
severely affect the most vulnerable life stages including prenatal, early postnatal life, and
children. Developmental exposures may induce alterations that, while not evident as birth
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defects, can promote permanent changes that lead to increased incidence of diseases through-
out life [1].

Several recent reports indicate a correlation between EDCs and numerous chronic diseases
such as cancer, diabetes, developmental deficits, obesity, and reproductive health disorders.
For example, the potential influence of several endocrine disruptor pesticides on human health
was reviewed by Mnif and colleagues [15]. Among other carbamates, aldicarb was demon-
strated to inhibit the activity of 17 beta-estradiol and progesterone; carbendazim induced an
increase of estrogen production and aromatase activity, although low estrogen effect was
reported for carbaryl.

Deleterious health effects of some carbamates chronic exposure in occupational settings were
already described, and environmental and public health impacts also considered [14].
Occupational pesticide exposure associated with cancer incidence is thoroughly discussed
elsewhere. Alavanja and Bonner reviewed association between carbamates such as aldicarb
and carbaryl with colon cancer and melanoma, respectively [23]. In this review and concerning
the U.S. Agricultural Health Study (AHS), specific pesticide exposures ascertained by ques-
tionnaire prior to the onset of disease were found to be significantly associated with cutaneous
melanoma (eg. for more than 56 days of exposure to carbaryl) [23]. Also positive relations
between non-Hodgkin lymphoma and carbamate insecticides, among other pesticide expo-
sures in occupational agricultural sceneries, were also lately reported [21]. The relationship
between carbamate pesticides, namely carbaryl, and multiple myeloma occurrence was
recently described [24].

The association between occupational exposure to organophosphate and carbamate pesticides
and semen quality, as well as reproductive and thyroid hormone profiles of Venezuelan farm
workers, was undertaken by Miranda-Contreras and colleagues [19]. These findings confirm
the potential impact of occupational exposure to EDCs on male reproductive function. Features
like sperm chromatin damage and reduction of semen were documented and adverse
reproductive health outcomes were detected. The evidence available today shows that both
men and women can experience adverse reproductive effects as a result of chronic exposure
to carbamate pesticides.

Occupational pesticides non-intentional poisoning was also reviewed recently and carba-
mates were one of the main groups of pesticides-related mortalities in Brazil [25]. Multi-
ple routes may be considered (inhalation, dermal, oral), with skin contact being one of most
common routes of exposure. Protective measures for pesticides exposure related with
dermal route of exposure were recently reviewed [26]. In fact, safe handling through
personal protective equipment may reduce absorption of those chemicals. In the Republic
of Korea, mortality studies due to organophosphate and carbamate poisoned patients
(occupationally linked acute exposures or suicides) were recently reported in which 17 cases,
under the age of 56.8 + 19.2 years were found among a total of 146 [7]. Unlike other types
of intoxication, there are definite antidotes for carbamates exposure. The mortality of these
disease entities could be diminished with sufficient use of atropine, 2-pyridine aldoxime
methyl chloride (2-PAM, known as pralidoxime) and vigorous airway management if used
from the early stage of their occurrence [7].
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4. In vivo studies

As for other hazardous chemicals, the contribution of laboratory experimental studies is
relevant to understand the impact of carbamate pesticides on public health. Extensive research
based on animal experiments, particularly mammals, has evidenced the toxicological effects
of a wide range of carbamates. Table 1 displays some relevant contributions of predictive
toxicology studies carried out in laboratory animals, based on several approaches. Results
clearly show that a number of carbamates have led to a broad spectrum of adverse health
effects on different tissues, organs, and systems (hepatic, renal, developmental, and repro-
ductive) in a dose dependent manner with obvious implications on functions. In particular,
exposure to carbamates during critical periods of life (eg. pregnancy, and fetal development)
induces maternal health anomalies and developmental disability. Generally, apart from
hepatic toxicity, harmful effects on reproductive health through altered spermatogenesis, and
reduced semen quality have become a noticeable concern.

As shown on Table 1 the most characterized compounds are carbaryl and carbofuran. Alter-
ations on brain, liver, and testis accompanied by testosterone level decay were reported after
carbaryl exposure. In addition, nephrotoxic, hepatotoxic and intestinal disruption were
documented after intoxication with carbofuran.

Recently, the toxicity of two new carbamates, ethyl-4-bromophenyl-carbamate and ethyl-4-
chlorophenylcarbamate, was characterized [27, 28]. Authors reported low subchronic toxicity
torats as evidenced by low severity and reversibility of the majority of the observed alterations
[28]. Still, degenerative changes in liver, binucleated hepatocytes, and focal coagulative
necrosis were noted, and increased lesions were related to high dosage. Biochemical parame-
ters, namely plasma enzymes such as gamma-glutamyltransferase, lactate dehydrogenase,
and creatinine exhibited a slight increase.

Carbamate Exposure route &  Tissue/Organ
Animal Results Reference
Pesticide dosing /system
Orally, 10, 20 and 40 Hemorrhagic focus on hepatic
Blood, liver and
Aminocarb Rat mg/kg bw for 14 and renal parenchyma, toxic ~ [29]
kidney
days effects on lymphoid organs
Decrease of testicular weight,
Orally 5 mg/kg bw

degenerative changes on
daily for 10 and 30~ Testis [30]
testicular parenchyma, and

days
Leydig cells
Bendiocarb Rabbit Per os daily at a
dose of 5 mg/kg/bw, Affects the liver ultrastructure;
and after day 11 Liver regeneration of the damaged ~ [31]
received the same tissue

dose every 48 h.
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Carbamate Exposure route &  Tissue/Organ
Animal Results Reference
Pesticide dosing /system
Low subchronic toxicity
Subchronic oral
and reversibility on liver, and
toxicities; drinking
Ethyl-4- Many organs spleen.
water (12.5, 25 and
bromphenyl- Lung, brain, Both carbamates are low
50mg/kg/day) for 90
carbamate and d cerebellum, hazard; signs of toxicity at the [28]
Rat ays
ethyl-4- Y intestine, stomach,  higher dosages. The maximum [27]
5,50, 300 and
chlorphenyl- liver, kidney, heart, dose of each carbamate did not
2000mg/kg single
carbamate and muscle. cause
dose using an
clinical manifestations or liver
intragastric tube
and skin alterations
Orally Chlorpyrifos,
No significant
carbaryl and a
histopathological changes;
Rat mixture for 90 Liver, kidney, urine [32]
mitochondrial enzymes were
consecutive days.
affected
per os
Decline in the testosterone
10, 30 mg/kg via levels; increase in LH and FSH
Carbaryl Blood
Rat intraperitoneal 35 levels [33]
testis
days of exposure Decrease in number of germ
cells
oral gavage at 2
Dose-related increase at all
ml/kg
Rat Brain, plasma, liver ages, with differences across [34]
preweaning age to
life span
senescence
Orally at 0, 20, 100
Adverse effects on
and 200 mg/kg for
Rat Testis spermatogenesis, resulting in  [35]
80 days prior to
reduced fertility
mating.
Dose of 150 mg/kg/day
Mated mice 0, 150, induced a very slight increase
300, and 600 Maternal Blood in postimplantation loss;
Carbendazim Mouse [36]
mg/kg/day by Fetuses maternal and developmental
gavage. toxicity at 300 and 600
mg/kg/day
Once daily
Tubular dilation,
p.o. at 10 ml/kg for a
Rat Testis tubular necrosis, and/or germ  [37]
dose of 200 mg/kg/
cell degeneration
day.
Each pesticide per se Alterations in the serum lipid
Cartap, carbofuran Rat Serum [38]
(50% LD50); profile; marked decrease in
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Carbamate Exposure route &  Tissue/Organ
Animal Results Reference
Pesticide dosing /system
combination of these
two with 25% LD50 HDL,; enhanced effect on levels
of each during 1 of serum lipids in co-
week adiministration
Orally.
Intestinal distruption of the
4.0 mg/kg/bw for 7 villi, and comet assay showed
days or 2.8 disintegration of DNA in
Rat mg/kg/bw for 30 Small Intestine enterocytes of animals exposed [39]
days daily by Ryle's for 30 days; toxicity may
tube. modulate digestive functions
in intestine
Carbofuran
Orally 1 mg/kg/bw Nephrotoxic effects through
dissolved in Kidneys augmented oxidative
Rat [40]
sunflower oil daily ~ blood stress and attenuated
for 28 days antioxidant defense system
Liver toxicity and clastogenic
P.o at 0-5 mg/kg/
Rat Liver, bone marrow effects (micronucleated [41]
bw for 5 weeks
polychromatic erythrocytes)
High developmental disability
Orally (0.5, 1, 2, and in pups (changes in
4 mg/kg) during the sensorimotor functions, and
Carbosulfan Rat Brain [42]
embryonic period high anxiety) in pups; growth
(1-15) rate changes in a dose
dependent manner.
Possible lipid peroxidation,
Orally at doses 25,
Liver, kidney, brain, disturbances on the GSH levels
10, and 2 mg/kg/ bw
and testis in liver, kidney, testis, and
for 1, 5, and 28 days
brain
Methiocarb Rat Oxidative damage on liver and
kidney, which were partly,
25 mg/kg/ bw for 20
Liver,and kidney ameliorated by the [44]
days, (i.g.)
pretreatment of vitamin E and
taurine.
Orally; 1 mg; 2 mg, 3
mg and 4 mg/kg/bw Harmful effects on cell
for 30 days and metabolism, cell membrane
Methomyl Mouse Liver and serum [45]

effective dose of 4
mg/kg/bw for 5, 10,
and 20 days

permeability, and hepatic

detoxification system

203



204 Topics in Public Health

Carbamate Exposure route &  Tissue/Organ
Animal Results Reference
Pesticide dosing /system
Orally daily for 65 Decreased the fertility index,
Testis, epididymis,
Rat days at 2 doses (0.5 testicular damage, sperm [46]
and serum
and 1.0 mg kg bw) quality affected
Prominent changes in liver
oxidative markers, as
Oral gavage 2.14,

endogenous metabolites
and 10.7 mg/kg/day

in serum and liver; PI, either
pirimicarb, and

Pirimicarb Mouse Liver and serum alone or in combination lead to [47]

dichlorvos plus

changes on liver glucose, fat
pirimicarb daily for

and protein metabolism,
30 consecutive days

energy metabolism and

oxidative balance

Orally daily at 10, ~ Liver, kidneys,
20, or 40 mg/kg/bw  spleen, testis and Organ toxicity to high doses ~ [48]

during 30 days thymus
Significant increase in AST on
. 7th day. No much changes on
Thiodicarb Rat
Intraperitoneal, 2.9  Vital organs, the various biochemical
and 5.8 mg/kg daily particularly liver profiles except inhibiting [49]
for 28 days and heart AChE. No adverse specific

damage to vital organs, mainly

liver and heart

Table 1. Laboratory animal findings on main carbamate pesticides effects. Abbreviations: bw-body weight; i.g.-
intragastrically.

4.1. Case studies: Effects of thiodicarb and aminocarb on male reproductive system

As presented in Table 1, the effects of thiodicarb on various biochemical parameters and blood
enzymes were investigated in adult male wistar rats following its daily intraperitoneal
administration at rates of 2.9 and 5.8 mg/kg for 28 days [49]. The findings of this research
indicated that thiodicarb did not significantly affect or alter the various biochemical profiles
except inhibiting AChE following intraperitoneal administration up to 28 days.

The systemic toxic effects of thiodicarb on rats have been well described by our group [48].
Several approaches such as hematological, biochemical, histopathological, and flow cytometry
were used in this paper to characterize the subacute effects. Marked systemic organ toxicity
was reported including renal and testis degeneration, appreciated cellular loss on thymus,
hemorrhagic focus on liver, and disruption within the spleen. T lymphocytes displayed high
values. This paper also evidenced some hemorrhage on interstitial tissue of testis.

To complement the above mentioned work, and in order to fully characterize the effects of
thiodicarb on the male reproductive system of rats, experiments were conducted under the
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guidelines for ethics on animal experimentation using a similar protocol for epididymis
(another reproductive organ). Briefly, three months old rats purchased from Harlan Iberica
(Spain) were divided into two groups, and kept under appropriate conditions. Thiodicarb was
dissolved in water and was given every day (40 mg/kg body weight) for a period of 30 days.
For comparison, animals given water only were used. After one month, animals were anes-
thetized, and sacrificed for epididymis sampling and further histological analyses. No
apparent macroscopic changes were noted in organs of thiodicarb-exposed rats. However the
observations at light microcope level evidenced a reduction of sperm mass within the lumen
(Figure 1). However no changes were noted on the epithelium lining the ducts.

Figure 1. Histological sections of rat epididymis (E) from (a) control; and thiodicarb (40 mg/kg body weight) exposed
animals during one month period (b). A considerable decrease on sperm is noted in the lumen (arrow); Inset — a gener-
al view displaying a reduction on sperm (arrow); haematoxylin and eosin stain. Original magnification: (a) x200; (b)
x200; inset x40.

Aminocarb (4-dimethylamino-3-methy-N-carbamate) is a phenylsubstituted methylcarba-
mate pesticide broadly used to control the growth of insect pests such as Lepidoptera and
Coleoptera species affecting agriculture and storage of legumes, fruits, and grains. The toxicity
of this carbamate on rats was thoroughly characterized through histological, hematological,
and biochemical approaches as shown on Table 1. The results of this study evidenced multi-
organ damage and the extension of lesions were dose-dependent. Studies on progress using
a similar experimental dosing procedure (30, and 40 mg/kg body weight, respectively) were
conducted in male rats aiming to evaluate the effects of aminocarb on testis and epididymis
using histological assays. The results clearly show harmfull effects on both testis and epidi-
dymis (Figures 2 and 3). Epidydimis revealed a reduction of sperm compared to control. The
testis presented some degenerative changes such as vacuolation, germ cell loss with obvious
decrease of seminiferous epithelium, and release of immature germ cells into the lumen.
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Figure 2. Epididymis (E) of (a) control and aminocarb-dosed rats (20mg/kg) for 14 days (b) displaying a decrease on
sperm (arrow); testis (T) from control (c) and pesticide exposed rat (d-e) evidencing strong vacuolation (*), and imma-
ture germ cells (arrow); haematoxylin and eosin stain. Original magnification: (a,) x100; (b) x200; (c-e) x200.

Figure 3. Representative histological section of testis from aminocarb-exposed rat (40 mg/kg/body weight) during 14
days. Immature germ cells (arrow) within the lumen of seminiferous tubules; some tubules (*) denoted a decrease on
germ cell layers; haematoxylin-eosin stain. Original magnification: x100.
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Overall taken together, the results mentioned above clearly evidence the deleterious effects of
both carbamates (thiodicarb and aminocarb) on male organs namely testis and epididymis. In
fact disrupted spermatogenesis, and subsequent changes in epididymis ducts may compro-
mise the reproductive potential. These findings are consistent with the results from studies on
other carbamates reported on Table 1.

5. Conclusion

Although efforts have been made globally and a significant progress was accomplished, the
impact of carbamates (mainly of those that exhibit endocrine disruptor behavior) on human
and environmental health still remains a public health problem and a challenge.

Insights from endocrine disruptor research in animals have a huge impact on current practice
in toxicological evaluation. The effects of exposures should be studied in adulthood but also,
and particularly, in fetal development, perinatal life, childhood and puberty.

Continuous efforts to undertake multidisciplinary research based on in vitro technologies and
in vivo toxicological studies, coupled to the epidemiological studies of exposure in humans are
mandatory in order to improve our knowledge on the underlying mechanisms and health
consequences. Also, protection programs, including educational ones, on the appropriate use
of pesticides to minimize population exposures as well as preventive health monitoring are
needed principally in developing countries.
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1. Introduction

Diabetes mellitus (DM) is one of the most investigated health issues today, and it is becoming
a major concern for academicians and decision makers in Public Health, mainly due to its
complications, which are associated with high rates of morbidity and mortality. This disease
interferes with various aspects of the daily lives of the individuals affected and imposes various
lifestyle restrictions. Some of its chronic complications are the most common causes of non-
traumatic lower-limb amputations. In most cases, amputation is initially preceded by an ulcer
on the foot. The diabetic foot, as defined by the World Health Organization (WHO), is a foot
with an infection, ulceration, and/or destruction of deep tissue associated with neurological
abnormalities and various degrees of peripheral vascular disease in the lower limbs. The
various socioeconomic impacts of this disease in its more advanced stages, which result from
prolonged hospitalization, rehabilitation, and the great needs for home care and social
assistance, provide motivation for public health policies and research for new ways to prevent
and treat the diabetic foot from a multidisciplinary perspective [1, 4]. In this chapter, we present
the results of a study on factors that contribute to the prevention and treatment of diabetic foot
ulcers using natural latex biomaterials made from Hevea brasiliensis, in the form of biomaterials
applied to humans (in this case, in direct contact with the human skin). The chapter is organized
in the following way: in section 2, it is defined what a diabetic foot is, to provide the context
for addressing the problem. The use of natural latex biomaterials made from Hevea brasilien-
sis is discussed in the context of biotechnology, wherein Hevea brasiliensis is used as a raw

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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material in the prevention and treatment of diabetic foot. In section 3, the diabetic foot is
described by a mathematical model and it is presented how the use of biomaterial latex acts
as modifier of the dynamics of the system to believe this application as a minor theory and/or
auxiliary hypothesis in the biotechnological process as it applies to humans. In section 4 and
5 the chapter closes with a presentation of a "natural latex insole" prototype capable of
preventing and treating diabetic foot ulcers.

2. International consensus on the diabetic foot

Among the consequences of DM are the increased incidences of amputation of the lower limbs
and mortality. Many scientific studies have been conducted to increase understanding of
diabetes and established a general framework for its treatment, prevention, and assistance. In
light of these and other needs, the Brazilian Federal Government launched on December 17,
2011 a major public health policy, which is the National Plan on the Rights of the Disabled
Person, or as it is more commonly known, the VIVER SEM LIMITES (living without limits). The
main objective of this initiative was to establish new fronts and intensify actions that were
already being developed by the Government and/or the private sector for the benefit of persons
with disabilities. This initiative established a set of public policies that were articulated along
four axes: (1) access to education, (2) social inclusion, (3) health care, and (4) accessibility. These
public policies were established by means of a plan of action that articulated and organized
innovative initiatives in multiple subject areas designed to make it possible to achieve
improvements in the quality of life, dignity, and rights of persons with disabilities. The
research presented in this chapter fits into the context of this policy, as it is being conducted
within the Center for Research, Development, and Innovation in Assistive Technology and
Accessibility at the University of Brasilia (UnB), in partnership with the Engineering and
Biomaterials Laboratory —BioEngLab®, Faculdade Gama (FGA), University of Brasilia (UnB),
which gives priority to the multidisciplinary asymmetry upon which this study is based.
Diabetes mellitus is classified among the chronic diseases that are mostly asymptomatic or
almost asymptomatic. These are diseases that do not endanger the life of a person in the short
term. Shown by many researchers to be very costly, not only to the affected individuals and
their families but also to national governments, it is the sixth most common cause of primary
diagnosis in hospitalizations [1-6]. In Brazil, the prevalence of DM is approximately 15% in the
age group above 35 years, according to [5]. In a perspective analyses, some studies [7-11] have
reported that approximately 50% of patients are unaware of the diagnostics and that 24% of
patients known to be diabetic make use of no treatment. This causes a variety of complications,
among which the diabetic foot is notable, as it is considered a serious problem with often
devastating consequences (the related ulceration, which can involve amputation of the toes,
feet, or legs). Diabetes has been associated with several structural and functional alterations
of the feet that can resultin higher plantar pressures, anatomical deformities (claw toes, charcot
neuro-osteoarthropathy), limited joint mobility, and skin changes (callus formation) [12]. The
diabetic foot exhibits morphological alterations, and its distribution of the various tissues
influences its functioning, resulting in a set of changes in the patient. This study focuses on
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biomechanical changes, with emphasis on the vertical ground reaction force involved. In [13],
that is a major study of the biomechanics of gait analysis, the vertical ground reaction force
was measured and the movement of the ankle joint was filmed in patients with diabetic
neuropathy. That study showed that the values of the 1** and 2" vertical ground reaction force
peaks are greater in patients with diabetic peripheral neuropathy. The vertical ground reaction
force was found to have different characteristics among the different groups studied; thus,
methods to reduce the vertical ground reaction force are required to decrease the likelihood
of developing plantar ulcers. In Brazil, because of the tropical climate and cultural norms,
walking barefoot and using inappropriate or insufficient diabetic foot care (lack of good
hygienic habits, hydration, transport type, etc.) are common [14]. According to the literature
[15-17], the causes of foot injuries are strongly related to increased pressure in certain areas
and deformities of the feet and toes. This is because of diabetic neuropathy (DN), which is
considered to be the main permissive factor for developing foot ulcerations in diabetic patients.
Lesions are generally caused by unanticipated and undesirable events that are complicated by
possible gangrene and infection, because of deficiencies in the healing process, which can lead,
in extreme cases, to amputation. It is known that ulcerations may lead to a decrease in the
quality of life, prolonged hospitalization, consequent absenteeism, early retirement, and high
economic costs associated with treatment and reduced working capacity of individuals of
productive age. Recent studies provide information pertaining, in greater quantity and
accuracy, to dramatic changes. In elderly patients affected by the disease, foot abnormalities
can result in loss of stability that can lead to falls and consequently to death. Previous studies
have used various tests, such as capturing a controlled gait, foot anthropomorphic measure-
ments, and clinical examinations, to understand these changes. The results of previous studies
have shown that pressure and shear stress variables are applied at distinct points and affect
the frontal regions of the foot (the forefoot) more than the heel regions [18-22]. Among the
changes that occur are reduced sensitivity to pain, vibration, and temperature; hypotrophy of
small muscles; distention of the dorsal veins in the feet; and decreased postural sensitivity,
which results in changes in gait and contributes to the formation of calluses [23, 24]. As some
studies [4,5, 16, 17-21] have reported, these changes indicate that the feet of diabetic persons
must be well cared for, protected, and accommodated accordingly, because of the risk of ulcers
developing as result of repetitive trauma or, for instance, the presence of foreign objects inside
footwear and/or inadequate accommodations. Another important factor involving the diabetic
foot is that motor neuropathy also leads to muscle weakness and subsequently to intrinsic
muscle atrophy of the feet. These changes result in deformities, such as claw and hammer toes
(dominance of the flexors over the extensors), foot cavus (pronounced curvature of the foot),
and pressure points in some areas of the feet (mainly in the metatarsal head, plantar, and dorsal
regions of the feet), which change the normal gait pattern when walking [25]. Autonomic
neuropathy leads to the reduction or total absence of sweat secretion, making the foot dry and
the skin more susceptible to breakage than normal. Skin dryness favors the formation of
fissures and cracks that, if not treated properly, can develop into ulcers with or without
infection. Natural protection and skin integrity become less efficient, exposing the foot to the
risk of mechanical lesions [26, 27]. It is evident that intrinsic and extrinsic factors contribute to
abnormal pressure on the foot and the possible stress of accommodation. This chapter presents
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a new contribution to DM treatment and more specifically the diabetic foot problem. This
contribution was developed by examining some of the extrinsic factors that contribute to the
emergence of injuries that affect the diabetic foot and asking: how can these extrinsic factors
be changed. This is the question that guided this research, which mobilizes a multidisciplinary
group of researchers (in the areas of engineering, health, and human sciences) who believes
that this study will contribute to customized biomechanical and behavioral changes. The
following changes can be made with the proposed approach: decreasing the ground reaction
force, increasing foot moisture, protecting against foreign objects, and modifying the DM gait
performance index. Studies conducted in [28-34] to assess high-risk diabetic individuals have
reported lower recurrence of ulcerations in groups given specially made shoes. These studies
have also reported that special footwear can be beneficial to patients without expert foot care
assistance and to those with severe foot deformities [28-34]. For this reason, to devise a
treatment for ulcerated diabetic feet, it is vital to identify the worst-affected areas of the foot
before pressure ulcers develop, using pressure gauges to establish the likelihood of preventing
foot injuries through the use of customized insoles that redistribute pressure in high-pressure
plantar regions during patient gait. The use of latex biomaterials in customized shock-
absorbing insoles that are intended to prevent the emergence of diabetic foot ulcers constitutes
a potential new contribution to diabetic foot treatment, as described in this chapter. The authors
have questioned the usefulness of high foot plantar pressure in identifying neuropathy and
consequent ulceration, because of the high coefficient of variation of plantar pressure. How-
ever, several other studies [35-33] have confirmed the role of mechanical stress on the devel-
opment of ulceration, as well as the importance of relief of mechanical stress in the treatment
of the neuropathic diabetic foot. Once patients are affected by DM, the ulcers and subsequent
infection are its main complications [36]. Unless diabetic foot ulcers are properly diagnosed
and treated, amputation is a frequent outcome. Other predisposing factors that have been
identified as being related to increased plantar pressure include body mass, sensory deficit,
and the presence of foot deformities [37]. Although diabetic patients are usually obese, body
mass is a factor that can be related to the appearance of high plantar pressures and ulcers even
if not combined with other factors (neuropathy, deformity). Diabetic foot treatment depends
on the degree of commitment of the limbs, taking into consideration the presence and/or
severity of ischemia and/or infection. Currently, there are a few options for the treatment of
lesions, such as wound dressings (for which various types of bandages are available on the
market), debridement of devitalized tissue, revascularization, local application of growth
factors, oxygen therapy, human dermis (Dermagraft®), and amputation of extremities, the last
of these being the option most frequently adopted [38-42]. Considering that diabetic foot
patients are affected by serious shortcomings in scar healing, this process has been widely
investigated [43-45]. Optimization of the tissue regeneration process has been studied and
discussed in various lines of research, covering aspects such as pathophysiology, risk factors,
anti-inflammatory drugs, and chemical substances that may influence the healing process
[46-50]. Among the resources that have been proposed, low-intensity light-emitting diode
(LED) therapy and the use of natural latex derived from the Hevea brasiliensis [50] rubber tree
are noteworthy. The authors believe that this biotechnology association offers the potential for
anew treatment approach, involving the use of a latex insole with LED light emission, through
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which healing can be induced. This treatment approach was developed by making use of the
results obtained in the construction phase of the first shock-absorbing insole.

3. Participants, experimental set-up, and definitions

To ensure the suitability of the assumptions and methodological procedures pursued by the
developers of the aforementioned treatment approach, the approval of the Research Ethics
Committee of the State Secretariat for Health of the Federal District — Brazil (SES/DF/BR) was
requested. This request was approved under Protocol 428/11. To carry out the data collection
for testing and treatment in humans, two DM patients were selected, one of whom presented
foot ulcerations and the other of whom did not. Both signed an Informed Consent Form (ICF),
supported by a correlational descriptive and qualitative study of the relationship between the
systematic collection of data and the immersion of the researcher in the context being studied
[51]. The two individuals were personally contacted and invited to participate in the research.
The instrument for obtaining data was a structured questionnaire with closed-ended questions
and history taking (date of birth, sex, date of diagnosis, type of medicine, DM type, among
other items) and application of the Michigan Neuropathy Screening Instrument questionnaire
(a tool to assess symptoms related to diabetic neuropathy). The research group enrolled a
patient without ulcers (who had never exhibited any ulceration) but who had pressure peaks,
to test the first proposed method for correcting the performance indexes through the use of a
shock-absorbing insole. We also enrolled a patient with an established ulcer who had not
received prior treatment, to test for wound healing (scarring) through the use of a healing
insole with red LED light.

3.1. Patient in need of plantar pressure correction

The first stage of the research was performed with the patient without any diabetic foot
ulceration in the lower limbs. The focus of this stage of the research was on evaluating the
effectiveness of the insole padding material in reducing plantar pressure. The patient was a
33-year-old female with Type 1 diabetes who had been diagnosed 24 years ago. She was
married, had no children, had completed higher education and was a graduate student. She
was a resident of the central region of the Federal District — Brazil, had a Class B license, was
able to communicate and get around, and was an insulin pump user. Initially, an interview
was conducted for data collection to characterize her gait condition, taking into consideration
any gait change the patient exhibited while walking. Measurements were taken of the patient’s
height, body weight, glycemic index (using an Accu-Chek active lancing device, with meas-
uring strips and lancets), basal temporal dose, heartbeat, percentage of oxygen and anthropo-
morphic foot dimensions (via calipers). Subsequently, a questionnaire was administered to
assess the patient’s quality of life, the patient’s mechanical activities (such as walking, climbing
stairs, driving, and performing household chores), items related to financial considerations,
side effects of medications, and lifestyle (overall dimensions). This patient was advised not to
consume alcohol or any sort of medication for 24 h prior to the beginning of the experiment.
The subject was informed about the experiment, and a trial run was conducted before the
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readings were taken. To determine where the latex shock absorbers should be placed in the
insole that would be made for her, a pedographic test analysis was conducted. The equipment
used was the emed®-n50 Novel platform (4 sensors/cm? resolution, frame rate of 50 Hz,
dimensions of 700 x 403 x 15.5 mm, 6080 sensors, sensor resolution (sensors/cm?) of 1 or 4/4/4,
frequency of 50 Hz, pressure range of 10-1270 kPa, accuracy of + 5% ZAS, temperature range
of 10-40°C, maximum total force of 193,000 N) (emed® HMFT-novel-projects v23.3.44, © 2013
by Novel GmbH), which collects plantar pressure distribution data using sensors, data
collection circuits, and appropriated software. The initial phase of the orthostatic recording
was a "break-in" phase that began with the patient adopting a stable standing position in bare
feet. The individual responsible for data collection then instructed the patient to remain in a
standing position for 30 seconds with her eyes open for each dual-foot acquisition. She was
asked to maintain the standing position and balance her body weight evenly on the right foot
and left foot. This protocol was repeated three times to check whether the blood glucose
checked at the time of testing (acute assessment) interfered with the results. Just before the
plantar pressure assessment portion of each test, the patient’s capillary glycemia was measured
using a digital pulp puncture glucose meter (Accu-Chek System Active Glucose Meter, lancing
device, measuring strips, lancet, and cotton). Figure 1 shows the equipment and system for
the testing carried out to identify the highest pressure peak locations.

Figure 1. Photo image of the test carried out to measure foot pressure, taken by the authors with the patient’s consent.
The plantar pressure distribution image was produced by the emed®-n50 Novel software. The photo image highlights
the frontal region of the foot as exhibiting the highest concentration of pressure. Image provided for data sample of
plantar pressure: metatarsal head=MTH, hallux=toes, midfoot, and heel.

The second type of test was a static postural balance test conducted using kinetic data obtained
with the AccuSway Plus force platform manufactured by AMTI. The sampling frequency was
100 Hz, and each data collection cycle lasted 30 seconds. For each cycle, four attempts were
made with the patient’s eyes open. The patient was asked to keep her eyes fixed on a point
that was highlighted on the wall at the patient’s eye level at a distance of 2.0 meters. The patient
was also asked to extend her arms parallel to her body. Adhesive tape was used to mark the
position where the patient should step on the platform for the four attempts. It should be noted
that previous attempts were made and eliminated because of errors, such as variation of
support, imbalance, arm movement, and noise in the room. To correct these errors, testing and
data collection were conducted during hours with less activity/noise in the lab (saturday
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nights). The variables of interest that were measured were the magnitudes of the anterior—
posterior (shift in y (cm)) and medial-lateral (shift in x (cm)) force centers and the average
velocity of the shift from the force center (Vm in cm/s). These measurements were obtained
for use in a comparative analysis with and without the patient foot insole. It should be noted
that the insole selected was the one that promoted the largest plantar pressure reduction. Eight
different latex insole models were made with different shock-absorbing formats, different
associations, and protocols. These eight models were tested to identify the one that provided
the patient with acceptable comfort, usability, and reduced pressure. The repeatability
criterion was applied in the research, and the same insole model was made several times so
that one from the lot that yielded the highest scores in the patient evaluation could be identi-
fied. For each insole, she completed a questionnaire, video was captured, and an evaluation
was conducted by the authors. Figure 2 shows details of the test.

Figure 2. Pictures taken by the authors with details of the test conducted on the AccuSway Plus force platform manu-
factured by AMTI, with a sampling rate of 100 Hz and each collection cycle lasting 30 seconds. This platform was used
to record static pressure and postural balance data, in compliance with the Nyquist criterion, with a postural static fre-
quency value of 5 Hz.

Light Emitting Diodes (or LEDs) are semiconductor diodes that emit light when there is
electrical current across them. They are manufactured in several wavelength bands (from 405
nm blue till 940 nm infrared) and in different emission patterns, that is, normal or LASER (Light
Amplification by Stimulated Emission of Radiation). The LASER LED emit coherent light with
a very narrow wavelength band (single color) while the ordinary LED emits in a wider band
(several wavelengths). Both types of LEDs have different therapeutic purposes [49]. The blue
light has renewing and anti-bacteria effects in the skin, and the red light has anti-inflammatory
and scarring effect. The light intensity (emitted by the LEDs) necessary to obtain the desired
therapeutic effects are lesser than LASER diodes, due to good interaction between the human
skin and incoherent light (Rigau, 1996). Specifically, the blue light LED (470nm) has anti-

219



220 Topics in Public Health

bacteria action against propionibacterium acnes, by a process known as photo-inactivation (that
is, the remotion of electrons from the bacteria’s external citoplasmatical membrane by oxygen
molecules) and the 660 nm red light also has anti-inflammatory effect and stimulate cellular
multiplication. The LASER LED light has a directional effect while the ordinary LED is more
spread in the area. The equipment consists of LED arrays (or cells) mounted outside and below
the latex insole and they are placed only in the ulcerative regions in the feet, after a clinical
examination. The light intensity is 25 J/cm? and the scarring effect is then expected. An
electronic circuit controlling the LED array has a timer that terminates the process after a
programmed time interval and a buzz to indicate the end.

3.2. Patient in need of established ulceration correction

In this chapter, it is presented two cases, but reference in [52], a study conducted previously
have been all reported cases. The second stage of the research was conducted with the
participation of the patient that had diabetic foot ulcers. This stage focused on correcting the
established ulcer through the use of a healing insole associated with a red LED light. After the
initial assessment, the subjects were divided into two study groups: control group (CG) and
experimental group (GE). In GC: Treatment with foam dressing with silver and GE: treatment
with the inducer tissue formation system.

The GC was made up of four patients and a total of five diabetic foot ulcers. These patients
underwent conventional treatment for a minimum of 30 days and monitored weekly by the
responsible team. A few of these patients were followed until complete healing of the ulcer.
Before applying the foam dressing with silver, a nurse performed the wound debridement of
devitalized tissue and hygiene with 0.9% saline and gauze. After cleaning, the ulcer had its
bed dry with gauze and was found ready to receive the healing. After placing the foam with
silver on the wound, gauze was placed over it and the closing was done by bandages. The
exchange of this dressing was performed every 5 days at home by the patient or by its own
family (except in the clinical evaluation days, where the curative was made by ambulatory
nurse). Is worth mentioning that even when the dressing change was performed at home, it
was necessary for the patient to carry out cleaning of the wound with 0.9% saline and gauze.
The silver foam is foam made of antibacterial wound dressing impregnated with silver ions
that are released continuously, to the extent that the exudate (fluid) is absorbed. The foam half
silvered promotes moist environment for healing important factor.

The GE was made up of six patients and a total of nine diabetic foot ulcers. These patients
underwent treatment with the healing inducer system for varying periods of tissue neofor-
mation, and monitored weekly by the responsible team. Some of these patients used the system
inducing tissue formation until complete ulcer healing. It is noteworthy that the inducing tissue
formation system consists of a healing insole and an electronic circuit for tissue regeneration.
After clinical evaluation to characterize the sample, it was taken the mold of the patient's foot
for making the healing insole, since it is customized to each individual patient. Individuals
from GE group were also monitored weekly by the responsible staff. At each time, the nurse
performed the procedure debridement of devitalized tissue and cleaning the ulcer with 0.9%
saline and gauze. The clinical and demographic characteristics such as age, sex, occupation,
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height, weight and the associated diseases in six patients belonging to the study, illnesses are

listed in Table 1:

Patients and Group age (years) sex height (m) weight occupation Associated diseases
(kg)

Patients 1 - GCe GE 46 F 1.59 98 homemaker hypertension
Patients 2 - GE 53 M 1.75 72 Brazil server hypertension
Patients 3 - GCe GE 57 F 1.72 87 homemaker Nothing

Patients 4 - GE 64 M 1.78 82 businessman hypertension
Patients 5- GCe GE 68 M 1.60 68 retired hypertension
Patients 6 - GCe GE 62 F 1.57 60 homemaker hypertension

Table 1. Clinical and demographic characterization of patients with diabetic foot ulcer.

Patients Group Typeof

Time of Diagnosis

Number of ulcers

Number of ulcers Amputation (quantity

DM DM already presented treated in the and area)
from the diagnosis  study
Patients 1 - GC e2 17 5 2 Off
GE
Patients 2 - GE 2 12 anos 2 1 Off
Patients 3 - GC e2 24 anos 6 4 two - 2™ toe (right foot)
GE and 5™ toe (left foot)
Patients 4 - GE 2 18 anos 4 1 Off
Patients 5- GC e 2 29 anos 3 1 two - 1¢ toe (hallux) and
GE the 2 to 5th toes (left
foot)
Patients 6 - GC e2 8 anos 3 2 two - the 2" to the 5"

GE

toe, hallux and part of

the foot (right foot)

Table 2. Data from patients relating to DM and diabetic foot ulcers.

Exploring the data in Table 1, it appears that patients in both groups have an average age of

58.3 years, with a minimum age of 46 years and maximum of 68 years; 50% of patients are
female and 50% male; the average height of patients is 1,66m; 50% of patients have weight
above average weight (77.8 kg). Regarding occupation, it was predominant householding,
comprising two patients (33.3%). And 83.3% of patients, in addition to DM, also have hyper-
tension. Is worth mentioning that, according to Table 1, among the 6 patients included in the

study, 4 patients were part of both groups: experimental and control; only 2 patients were part

only in the experimental group and no patients were part only in the GC. Below is the division

of the total number of ulcers (11) by group: i) GC: 5 ulcers and ii) GE: 9 ulcers. In GE, among
9 ulcers, 3 were part of both groups: GC and GE. Such an occurrence is because after these 3
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ulcers were accompanied by a month in the GC, they were transferred to GE, in an attempt to
accelerate the healing process through the use of the inductor system tissue formation. In Table
2 it is shows the other data collected from patients regarding DM and diabetic foot ulcers.

In accordance with the Table 2, 100% of the patients show type 2 DM (the most common form
of the disease); 3 patients (50%) have had a minimum of 4 ulcers since diagnosis of diabetes
mellitus. The highest number of ulcers was recorded by the patient 3, who during all the time
of diagnosis of DM, has recorded six ulcers. The most alarming observed data in this table is
the number of amputations, as 50% of patients have two amputations caused by diabetic foot
ulcers. The patient was 46 years of age, had been diagnosed with DM 15 years previously, and
was a homemaker. The ulcer, which was present since two months ago, was located in region
2 (1st metatarsal head) of the right foot. This injury arose through a callus caused by mechanical
stress due to the use of inadequate footwear. This patient was also more susceptible than the
first patient to cracks, dry skin, fissures, and calluses, which influence the appearance of ulcers.
This patient has presented five ulcers since the DM diagnosis. She is 1.59 m in height and
weighs 98 kg, with illnesses associated with hypertension. This stage of the research was
conducted on the premises of the Regional Hospital of Taguatinga (HRT), located in Tagua-
tinga — Federal District-Brazil. This hospital was chosen to conduct all the steps in this stage
of the study, because the medical staff included a diabetes physician who was a representative
member in Brazil of the International Working Group on the Diabetic Foot, which provided
support for this research and saw the potential that this study had to provide benefits to human
health. Dr. Hermelinda Cordeiro Pedrosa participated in this experimental study as the main
medical contributor. After the clinical evaluation conducted to characterize the patient’s ulcer,
the patient's diabetic foot was prepared so that a cast mold could be taken for the production
of the healing insole, which is customized and personalized for each patient. The process of
taking and making the mold is explained in the sections that follow. It should be noted that
the patient’s foot was cleaned and sanitized prior to being wrapped in plastic to obtain a copy
of the mold. A home-use-only procedure was conducted to treat the ulcer using the tissue-
healing insole. The patient first cleaned the ulcer with a 0.9% saline solution and gauze. After
the cleaning procedure, the diabetic foot was ready for the insole. The patient then wore the
latex insole, which was sterilized and sealed in its own packaging, and put it on by securing
it with Velcro at the top. The next step was to secure the LED cell on the outside of the insole
in the region of the wound, so that the light would reach the insole and the wound. In addition,
the patient was advised to put a piece of plastic wrap on the LED cell to avoid contamination.
The patient turned on the tissue regeneration electronic circuit using its on/off switch button
and started the LED light emission in the direction of the wound, aided by the natural latex
insole. During the treatment, the patient was required to stay at rest and not move the LED
cell. The circuit emitted light for approximately 35 minutes. At the end of this time interval,
the circuit automatically triggered an alarm. When the alarm went off, the patient had to turn
off the circuit with the on/off button and remove the LED cell. After the patient removed the
LED cell, gauze was placed on the outside of the insole at the wound site, using a bandage to
hold the gauze in place. The gauze and bandage absorbed the discharge from the wound. The
patient was advised to wear the healing insole all day or at least for a period of approximately
10 hours. The patient was also advised to make use of resting footwear along with the healing
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insole. Once a day, the patient repeated the entire process of cleaning the wound, replacing
the insole and using the tissue regeneration electronic circuit. It should be noted that the insole
was disposable and had to be replaced every day. Three times a week, the patient charged the
tissue regeneration electronic circuit for a period of eight hours. It was tested for a period of
two months. The patient performed the treatment with the insole and was monitored weekly
by the research team. The clinical evaluation conducted by the medical team complied with
the standard used in traditional methods. Figure 3 illustrates part of the procedure described
above.

Figure 3. Photo images made by the authors of the established untreated ulcer on the patient, the system applied to the
patient’s foot as described for home care, and the complete system, with emphasis on the tissue regeneration electronic
circuit.

3.3. Mathematical model

With the realization that injuries that occur in the diabetic foot have a mechanical etiology,
many efforts have been made to achieve the stabilization and correction of these physical
phenomena and correlate them to the occurrence of ulceration and the plantar pressure
distribution. The pressure and shear stress variables in people with diabetes are applied at
different points and produce effects in the frontal regions of the foot (forefoot) that are more
pronounced than in the heel regions. The results show that the peak pressures do not all occur
at the same shear stress point, a fact that underscores the need for a thorough analysis of the
diabetic foot using a simple mechanical approach. To obtain a mathematical model for the
system presented, we used the Bond Graph (BG) tool, which is an alternative to traditional
modeling practices. The central idea of the behavioral study of the diabetic foot stance was to
implement a custom-made insole derived from natural latex biomaterials to perform plantar
pressure control. To accomplish this objective, the variables associated with the insole (or
controller) customized design needed to be represented by the model. The use of the mathe-
matical modeling as a biological system function representation and the use of its essential
aspects to understand how it functions, based on some variables and conditions, is consistent
with the production and standardization process for the technologies applied to these systems
in actuality. The scenario involving biological variables and modern control systems, such as
the manufacturing of latex-based shock-absorbing insoles for the prevention and cure of
diabetic foot ulcers, naturally leads us to reflect upon control systems application in the area
of biotechnology, in particular its use directly to control biological variables, like the plantar
pressure. In this study, we suggest a control systems approach hypothesis, in which Latex
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materials should be used as the modifier factor of feet’s system dynamics. The biotechnology
revolution is based on massive scientific advances that have been made over the last sixty
years. These advances have given scientists an extremely detailed understanding of life
processes, have allowed life forms to be deliberately manipulated at the geneticlevel, and have
enabled the creation of novel organisms containing genes from other species. To understand
the history of the biotechnology revolution, it is useful to look at the development of the science
that helped to create it. There was a significant merging of chemistry and biology (still seen
by many as two distinct fields of science) in the early 1950s, as connections were made between
the molecular structure of deoxyribonucleic acid (DNA) and its role in inheritance. The
revolutionary techniques of genetic engineering and genome sequencing stem from this
convergence [53]. Nevertheless, in the context of biotechnology, i.e., applications of science
and engineering principles, materials processing, biological agents, biomaterials, mathematics,
and obtaining supplies of goods and services, this study seeks to initiate discussions about
derived biomaterial devices used as controllers or actuators (in the electrical engineering point
of view) in the dynamics of biological systems, aiming to forge a system that best suits the
linkage among engineering, biomaterials, and biological systems. For the research in question,
taking into consideration that control engineering addresses the analysis and design for goal-
oriented systems, in which modern control theory addresses systems that possess the qualities
of self-organization, adaptability, robustness, learning, and optimality [55], use of biomaterials
as a controller and / or actuator dynamics in the system presents itself as a minor theory and/
or auxiliary hypothesis possibility within the context of the paradigm [54]. From this perspec-
tive, the basic principle of mathematical modeling a physiological system is to simulate its
action and thus be able to assess the parameters that may affect the system. Because of the
natural aspects of the human body, which consist of many complex interactions, mathemati-
cally modeling a physiological systems allows for the development of diagnostic procedures
that may be more effective in terms of the techniques applied, thus creating safer results,
according to [52]. Simple mathematical models can generate complex patterns, and nature’s
complicated phenomena can be modeled using simple rules for generating a model for the
system to assess, in this case, the insole’s influence on the system parameters [56]. The
challenges inherent to our proposal led us to develop various mathematical models to
represent the foot dynamics. We employed the BG tool, which is an alternative to traditional
modeling techniques and provides state space mathematical representations of nonlinear
systems. By providing a graphical representation of a dynamic physical system, the BG tool
facilitates the understanding of the influence of each element and visualization of the energy
flow (gain and loss) throughout the system under study. In this respect, the BG tool differs
from traditional modeling techniques. The concept on which the BG tool is based is unified
representation of a dynamic system in which the elements interact with one another through
ports within the system at which exchanges of energy occurs [57-58].

3.4. Static model

The first modeling procedure performed by the authors was to propose a mechanical model
analogous to the diabetic foot that is capable of representing its behavior in terms of pressure
variables. In formulating this analogous model, viscous and elastic elements were used in an
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attempt to express the structural characteristics of the pressure variables in physiomechanical
terms. There are two basic component arrangements for physiological representations that are
described in the literature: the Maxwell model and the Kelvin or Voight model [59]. These are
viscoelastic models that represent approximations of actual material’'s behavior and that are
sometimes combined to roughly and qualitatively represent the behavior of complex materials.
The Kelvin or Voight model consists of a spring with elasticity k placed parallel to a viscous
shock absorber (or damper) B. If a stress is applied at time t=0, the elongation of the spring
may not be instantaneous because it may be slowed down by the shock absorber. The stress is
distributed between the two components, the deformation occurs at a variable rate, and after
a certain amount of time that depends on the shock absorber’s viscosity, the spring approaches
its maximum elongation. When the cause of the deformation is removed, the reverse process
occurs: the deformation decreases over time, and the initial length tends to be restored. The
Maxwell model consists of a spring and a shock absorber (damper) in series. According to this
model, the material continues to deform as a constant stress is applied. The objective of the
modeling is to represent important aspects of the system so that a design for a shock-absorbing
insole can be developed that can govern or change the foot system response by reducing peak
pressure. If we make an analogy with mathematical models, a classic example in the literature
is the motorcycle and the rider; we follow the same strategy to propose a suspension derived
from biomaterials, with a load distribution based on the construction of shock absorbers, i.e.,
generating energy loss (pressure) applied to the ground by the diabetic foot to decrease energy
transfer. The representation of the diabetic foot is presented in Figure 4.
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Figure 4. Photo of the foot in static position and proposal for a simple translational mechanical model.

The masses (M, and M,) are the foot masses. The M, mass, which represents the forefoot, is
connected in series with a spring (K,) and a shock absorber (B,). This representation shows
that the force applied in passive diabetic walking has a greater impact in this region. The use
of the shock absorber (B;), which is responsible for reduced angulation and the low torque that
this promotes in the system dynamics, is justified to represent the delay in activating the
muscles that directly influence the pressure center (PC). Finally, for the heel region, which is
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responsible for driving the movement, a spring (K,) was used. During both the compression
of the spring and the movement back to equilibrium length, the force is always in the opposite
direction of the displacement. Figure 5 illustrates the shock-absorbing insole system made from
latex and a new model with a greater number of degrees of freedom (three in this case) and
energy-damping shock absorbers that generate heat. This heat increases moisture and
consequently hydration, as visually verified by the authors.

input

WO Ul joog
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Figure 5. Photo of the foot in the static position with the insole and a proposed simple translational mechanical model
with the insole element incorporated into its structure.

As explained by [60], the methodology for obtaining a model using the BG tool consists of
three steps: i) specifying the analogous system based on the actual physiological model, ii)
determining the energy areas, and iii) defining the simplification of the hypotheses and the
input and output system variables. Following these steps to transform the analogous system
into a graph of links, the following procedures were followed: 1) identification of the physical
domain represented by the system and identification of the capacitive (C), resistive (R), inertial
(I), sources of flow (SF) and effort (SE) elements present in the system; 2) identification of other
energy variables, such as mass element velocities, and naming and assigning them type 1
junctions; 3) identification of the differences in efforts—in this case, differences in velocity, and
assignment of type O junctions to these differences in velocity; and 4) connection of the elements
identified in step 1 with their respective efforts or differences in effort, as represented by the
type 1 junctions. Assignment of the causalities, automatically performed by the 20-Sim
simulation software (a modeling and simulation program for mechatronic systems developed
by Controllab Products). The motion equations for the systems presented in Figure 4, which
represent the diabetic foot, are given by the following equations:
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Mx, + By - Bk, + Kyxp - Kyx#Kopxy - Kyx,=P(t)

o))

Mx,- Bjx{+ Byx,- Kyx; + Kyx, - Kyxg + Kyx,=0

The parameters of the system are M, the foot mass; M,, the forefoot mass; K;, human skin
elasticity in the frontal region; and K,, human skin elasticity in the heel region. The displace-
ments are represented by the variables x; and x,. The system input is the force P(t), that is equal
to the person’s weight when the foot touches the ground. The motion equations for the system
presented in Figure 5, which represents the diabetic foot in interaction with the insole, are the
following:

Mgx, + By(%, - &) + Ky (x; - 1,0+ K (x; - x,)=P(t)
Mliéz'31(5‘1'iz)'Kl(xrxz)'Kz(xl' x2)= Bz("fz'x3)+33(5“2'5‘3) 2)

M25é3 +B(¥5- &y) + By(¥;-1,)=0

The parameters of the above system are M,, the insole mass; and B, and B;, the viscous shock
absorbers made of latex. The displacements are x;, X,, and x;. The system input is again the
force P(t). In analyzing this system, the eigenvalues of the characteristic equation were
determined. Based on the consideration that a system is stable if all eigenvalues have anegative
real part, the systems are asymptotically stable if and only if all eigenvalues have negative real
parts, or equivalently, if all the A (characteristic polynomial) roots have negative real parts.
Note that for systems without the insole, there is a null coefficient, and the system is critically
stable, that is, may present undamped oscilattions. For systems with the insole inserted,
according to the Hurwitz criterion, M, > M;, which produces equation [3]:

(B B (B KR B K 6)
S M, T M, /S MM, T M S5 T M, S Mg

Afoot (S) =

The terms K; and K, are spring constants that have positive values and units of N/m. The
inclusion of an insole element with two shock absorbers for the proposed system changes the
characteristic equation and renders the system marginally stable, a condition that is necessary
and sufficient for ensuring stability in theory, according to equation [4]:

( 5 ( B, B, B,B, B,B, ) 4
Afooif+insole (s)=\s"+ M, + M, + (B,+B;)M, + (B B)M, /3 +
B, [ B, B,B, B, B,B, B,B, B, B,B, 3
+(E(W + (BZ+B3)M2)+ ﬁo( (BZ+133)1\/13)+ ( (BZ+B3)M3). (W * BrBM, ))S + )

( B ( B,B, ) ( B, B,B; )) 2 K,(B,By)? )
* M, \(B;+B M, ¢ M_1+ (B,+B;)M, s+ ((Bz+B3)2M0M]Mz)S =0

Making use of the mathematical and static models presented, this study seeks to evaluate
whether the use of latex insole shock absorbers is able to act in the areas of major diabetic foot
plantar pressure to avoid the eruption of ulcers.
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3.5. Hevea brasiliensis latex biomaterials

In the process of developing the insole, only materials found in the market were considered.
The most commonly used materials are silicone, polyurethane, ethylene vinyl acetate (EVA),
and viscoelastic foam. Based on this review, the raw material chosen for use in this study was
latex biomaterial. This biomaterial is made from the natural latex of the Hevea brasiliensis rubber
tree, which is low cost, high in quality, highly durable, and has biocompatible physical and
chemical characteristics of antigenicity, hypoallergenicity, resistance, elasticity, softness,
flexibility, and strength. Recent scientific studies have shown that the materials used in insoles
must have these characteristics to ensure the patient’s comfort, control foot temperature, and
minimize the risk of developing allergies. It is noteworthy that latex has been used to make
esophageal prostheses, biomembranes, and esophageal flow controller modules. The use of
latex to make insoles is extremely advantageous for the foot because it is a material that is
easily moldable and has beneficial properties for the healing of wounds. The material prop-
erties of latex, which is a milky sap and a living organism prior to vulcanization, vary with
temperature and so will be altered by the temperature of the foot when used in a shock-
absorbing insole. At the same time, the shock absorbers are responsible for reducing pressure,
which is the basis of the bioinspired system. Because the insole is a biomaterial and because
of the properties of latex, it is possible to obtain a variable density through the manufacturing
process, the handling, and the sourcing of the latex. Another important fact is that the viscous
damping coefficient is closely related to the viscosity of the fluid, which implies that it is
influenced by temperature: a temperature increase results in a decrease in the viscous damping
coefficient. For this reason, we find that the higher the temperature, the “softer" the latex. In
addition, the diabetic foot displays temperature and moisture changes (most often, the feet are
warm and the skin is rather dry). An advantage of latex in this regard is that when vulcanized
at temperatures of 35 to 45°C, it retains moisture and hydrates the patient’s skin. Furthermore,
latex is a non-Newtonian biomaterial, which implies that its viscosity can be controlled by
factors such as geometry and temperature. Latex, which is a whitish secretion extracted from
the rubber tree (Hevea brasiliensis), is used as biomaterial in medical devices [51]. In addition
to its biocompatibility, its tensile characteristics, maximum traction force, ductility, and
toughness influence the ease with which the material can be molded into complicated shapes.
Latex is also being tested in humans as tissue neoformation induction material, and has been
used for patients with chronic ulcers of the lower limbs and myringoplasty. Insoles are another
application of latex for the treatment of diabetic foot, with or without ulceration. Research has
begun into its healing effects and its suitability for use in the treatment of burns and other
types of wounds.

There are several products made from biomaterials on the market for the treatment of pressure
ulcers. Typically, these products come in the form of films, foams, gels, or membranes. Their
fundamental characteristics are light weight, odorless application and removal, sealing against
microorganisms, oxygen and water vapor permeability, ease of manufacturing, biodegrada-
bility, and biocompatibility. Among these products are the following: i) Latex biomembrane:
this latex component, obtained from the polymerization of polyisoprene, induces angiogenic
formation and scarring and accelerates the regenerative process of chronic wounds via
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chemical debridement action; ii) Aloe vera biomembrane: this product induces the formation
of new blood vessels and tissue repair; iii) Hyaluronic acid: this is obtained from fermentation
of gram-negative bacteria or by isolation of animal structures, such as synovial fluid, skin, and
cockscomb and is used for soft tissue filling and healing functions; iv) Collagen and alginate
membrane: this product, which is 90% type I and III collagen, is obtained from bovine skin or
tendon and 10% alginate. From these products, a gel can be produced that provides moisture
and slow dispersion of collagen in injured tissue, thereby inducing chemotaxis for granulo-
cytes, macrophages, and fibroblasts. The raw material used in this study in the preparation of
latex devices was natural latex extracted from the Hevea brasiliensis rubber tree, purchased on
the domestic market. Some standard features, such as a low sulfur content and high viscosity,
were needed for this material. A high concentration of sulfur gives latex a sticky consistency
and low viscosity after vulcanization, which turns the production process into a time-
consuming manufacturing process. A raw material that could met these criteria was identified:
a latex extracted from rubber plantations in Florianopolis, Santa Catarina, Brazil. This latex
was bi-centrifuged at 8000 xg in an a-Laval A-4.100 centrifuge with a water-cooled continuous
passage. From the natural latex, the final product was prepared by mixing and resting it for
two hours to produce prototypes with essential features such as elasticity, softness, strength,
good texture, impermeability, absence of bubbles, and hypoallergenicity.

4. Devices developeded for diabetic foot treatment

4.1. Compound preparation— Mold-making

The development process for the insole padding material consisted of two steps: i) mold-
making and ii) product preparation. The mold-making process consisted of the following
steps. The mold of one foot (of average size) required 800 g of alginate and 1200 ml of water.
The alginate and water were mixed well with a spoon for approximately 60 seconds until a
homogeneous and creamy mixture was obtained. The mixture had to be stirred quickly to
avoid consolidation (clotting) or hardening of the mixture. As soon as the mixture was ready,
a foot was dipped into the container holding the material, and a setting time of approximately
3 minutes was allowed to pass. The mixture changes color when it set. After setting, the foot
was removed from the container slowly and carefully. A plaster cast of the foot was then made
by pouring a mixture of special plaster and water into the void where the foot had been located.
This plaster mixture had to be moderately consistent. The plaster took approximately 2 to 3
hours to harden. After the plaster hardened, the mold was removed, and wet sandpaper was
used to make the mold surface smoother. In the case of a patient with foot ulcers, the foot had
to be wrapped with plastic wrap. This mold-making process for the insole for the diabetic foot
is completely individualized and customized: the shape and proportions of the insole are
dictated by the characteristics of the patient's feet. This makes it possible to provide customized
comfort, softness, and well-being. It should be noted that it is a simple and quick procedure
that does no harm and does not cause discomfort to the patient. This mold-making process
permits molding of the entire foot or the plantar region only.
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4.2. Insole preparation process

This stage of the insole preparation process consists of two main steps: preparation and
characterization of the product. In this stage of the process, indispensable product require-
ments, such as softness, comfort, hygiene, and shock absorption, were taken into account. The
mold was washed with soapy water, dried with hot air, sterilized through autoclaving,
removed, and dipped into the latex and remained in the compound for 1 minute. This point
represents the beginning of the polymerization that determines the final preparation of the
product. The mold was then slowly and gradually removed and placed in an oven and was
heated at a temperature of 70°C (for vulcanization) at intervals of 10 minutes. The mold then
cooled outside the oven for at least 20 minutes. It is noteworthy that the dipping and heating
steps were repeated until the healing insole was approximately 1.5 mm thick. After the
vulcanization period, the insole was kept at room temperature for 24 hours to complete the
preparation process. At the end of the process, the mold was removed under running water.
The function of the insole is to redistribute pressure uniformly across the plantar surface of
the foot by reducing excess pressure in regions that are at risk of injury and transferring this
excess pressure to no-risk areas. This is recommended to prevent the onset of foot injuries and
also to help in the treatment of wounds in the final stages of healing. Other features are related
to the support surface elevation up to the sole of the feet and the ability of the insole to provide
custom comfort, as it is formed according to the anatomical shape of the foot to provide a
sensation of softness and well-being. Taking into consideration the correct distribution of
plantar support between the feet, the insole is designed to improve the support base and
improve stability between the feet. The fully individualized and customized preparation of
this insole based on the anatomy and characteristics of the patient's feet permits the shock
absorbers to be positioned at the exact and ideal points, which is necessary for deep absorption
of shock impacts while walking and an exact plantar pressure distribution. In addition, this
customized preparation process perfectly accommodates any foot deformities present (feet
cavus or flat foot, bunions, claw toes, and hammer toes, among others). In contrast, in the
fabrication of insoles with cushioning systems that are not made in a personalized and
individualized manner with respect to size, shape, and proportions, with only the standard
model of the shoe-size system considered, it is impossible to accommodate any foot deformities
that may be present. In this preliminary study, in addition to the above specifications, the
degree of plantar pressure and its distribution, which consequently influences its amount,
location, and size, were considered in the customization and individualization of the shock
absorbers. For other insoles described in the technical and market literature, only one standard
model is considered in the preparation of the shock absorbers and in their positioning. The
dimensions of this standard model are practically the same, regardless of the location on the
insole. This is an important fact: if shock absorbers must be made according to the size, shape,
and proportions of the wearer's foot, mainly in relation to the pressure exerted on that position,
the required dimensions of the shock absorbers determined during the preparation process
may vary widely from one wearer to another. When you have a custom-designed and
individualized insole, the control over the degree of pressure and specifically the position and
size of the shock absorbers are highly controllable, which was among the aims of this prelimi-
nary study. Lack of customization and individualization in insole and shock absorber devel-
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opment does not allow for such control in quantity, position, and size. Other insoles with
cushioning systems that do not present such differentiation as a way to compensate for such
control are made with numerous shock absorbers (which increases the cost) or have shock
absorbers only in the calcaneus and forefoot regions. In the first case, the shock absorbers cover
all or nearly all of the top surface of the insole, which may bring have disadvantages for
wearers, such as pain and discomfort, until they become accustomed to the insole, which might
take a long time. In the second case, the cushioning of impact typically occurs in the heel and
sometimes also in the forefoot, first and foremost, leaving other regions exposed to impact.
Doctors and specialists claim that the area’s most prone to plantar pressure peaks and future
plantar ulcers are the hallux, toes, metatarsal heads, middle of the foot, and heel. With a simple
examination using adequate equipment, plantar pressure peaks, which occur at locations that
are highly susceptible to the formation of plantar ulcers, can be identified on the foot. Each of
these peaks should then receive treatment with shock absorbers. The shock-absorbing insole
proposed in this preliminary study may be an essential addition to therapies to fight diabetes
if applied in a preventative manner before the appearance of wounds or if applied after
resolution of the case with the objective of assisting in specific treatment and avoiding the
recurrence of the wound. Figure 6 shows the prototype of this shock-absorbing insole.

Figure 6. Photo of the shock-absorbing insole prototype with the shock-absorbers highlighted.

Figure 7 shows the pressure capture results, including the locations of pressure peaks, for
patient 1 while wearing the insole shown in the previous figure. This new pressure distribution
was captured under the same capturing conditions described previously.

Based on the results of previous studies, the authors adopted the strategy in this study of
seeking to provide support through qualitative and quantitative changes in the forces applied
to the foot by the ground, by means of an interaction passively controlled by the insole in the
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Figure 7. Results of using the insole to reduce plantar pressure.

foot-to-floor interface. This strategy has two main aspects: “control” which in essence is simply
the regulation of a given element, and “organic,” which pertains fundamentally to the
organism controlled. The insole is intended to support the patient’s walking and have the
potential to change plantar pressure by controlling the parameters that affect it, as shown in
this study. The regions with greater force concentrations can thereby be enhanced, leaving
those with lesser force concentrations with greater loads than they usually bear. Removing the
load or its redistribution is an attempt at a method that directly interacts with the system
response to minimize overload and turn it into offload. Body balance was evaluated using
stabilometry, which is a method of analyzing balance through the quantification of body
oscillations. For this purpose, we used the AccuSway Plus® force platform, connected to a
computer that recorded the movements of the pressure center (PC) on the platform plane (X,
Y) in the anteroposterior (Y) and lateral (X) directions, by means of the force exerted on the
platform by the soles of the feet, captured by the software. Assessing how the shock-absorbing
insole can interfere with the control of a diabetic patient’s semi-static posture can open up
possibilities for developing a passive insole system with biofeedback, to compensate for
neuromuscular deficits in DM patients. These muscular responses delimit an area within a
base to indicate body stability. Associated with this support base concept is a stability limit
that has been shown in many studies to be considerably reduced in cases of some diseases,
such as Parkinson’s disease and diabetes. In this context, based on the stability evaluation
results, one question was asked: is it possible to maintain stability limits with the introduction
of the shock-absorbing insole? That is, can performance indexes be changed to demonstrate a
response that promotes better balance than without the insole? The results of qualitative
assessments by observation show that the introduction of the insole helps to reduce passive
stiffness of the muscle-to-tendon structure. This fact was verified in tests of time remaining in
balance showing that the tendency of the body to fall forward was reduced, i.e., the momentum
magnitude of the gravitational force was reduced. With the introduction of two shock
absorbers and a mass, the conservation principle of mechanical equilibrium, as presented in
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equations [1] and [2], is verified, focusing only on external forces more common while
maintaining an upright posture. In future studies, we intend to include the analysis and direct
assessment of internal forces, such as disturbances generated by the delayed activation of the
muscles, which can be evaluated as hysteresis or looseness, by analogy to translational/
rotational mechanics. In addition, the insole can be classified as an anticipatory postural
adjustment element that causes an underestimation of the magnitude of the ground reaction
force in maintaining a postural orientation. The data collected from the force platform tests
with and without the insole were captured 5 times for 30 seconds apiece. The following
stabilometric parameters, suggested by [51] were also analyzed: i) average displacement and
standard deviation (SD) of the pressure center in the anteroposterior (YAvg) and latero-lateral
(XAvg) directions, with XAvg (cm) and YAvg (cm); ii) displacement average velocity (VAvg,
cm/s); iii) the circular area (Area) that corresponds to the area that best fits the trajectory of the
pressure center. As an initial hypothesis, for a single-foot analysis, it was believed that without
the insole, a DM patient would present greater imbalance than with the insole, because of the
motor deficit developed. It is known that there is a relationship between the static balance
deficit and the number of falls. Thus, the lower the patient’s ability is to maintain his balance,
the greater the probability is of the patient having a fall. In a state of dynamic equilibrium,
both the center of mass and the support base move, and the center of mass will never align
with the support base during the movement’s single-foot stance phase. Ankle mobility
influences balance in that the more the ankle moves, the greater the capacity of the individual
to maintain balance. In Figure 8, the change in amplitude as defined by item i) above is plotted
to illustrate the amplitude variation attributable to the introduction of the insole.
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Figure 8. Comparisons between the displacement variations in X and Y with and without the insole.

In related studies, the authors confirmed that the introduction of the insole to the feet of DM
patients using appropriately made (customized) shock-absorbers has shown that the effec-
tiveness of the postural control insole is directly related to the pressure center displacement
amplitude. Large amplitude variations in movement indicate poor-quality balance control,
whereas acceptable control is indicated by small amplitudes of displacement in the Y and X
directions. Increases in oscillation in the single-foot static upright posture were also verified.
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These oscillation increases can occur because of a decrease in the corrective torque generated
by the insole to control the oscillations and body velocity and because of an increase in the
time required to feel the presence of the insole, transmit and process a response, and activate
the muscles. Figure 9 illustrates the velocity amplitude changes caused.
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Figure 9. Comparison of average single-foot velocity with and without the insole.

A correlation exists between the displacement average velocity values VAvg (cm/s): an
increased displacement velocity —that is, a higher speed in perceiving imbalance and attempt-
ing to stabilize the pressure center—decreases the imbalance. This may be because wearing
the insole: i) reduces the ground reaction force; ii) reduces the resulting vector amplitude, and
iii) generates greater body stability through greater velocity to control these oscillations. Figure
10 shows the velocity variation for each collection captured.

The circular area that corresponds to the area that best fits the trajectory of the pressure center
is shown in Figure 11.

When we analyze the response variation data in the time domain, we obtain useful informa-
tion, but to supplement the analysis. For a system without shock absorbers, the antiresonance
corresponds to the absence of movement in all coordinates where the response is considered.
Peaks in this frequency response occur in the time part of the diagram where the maximum
response was observed because of entry excitation represented by the ground reaction force
on the foot. We note that the vibration amplitude changes when we modify the oscillation
frequency of the applied force. This result also shows that by varying the oscillation frequency
of the force, both increases and decreases in vibration amplitude occur at different points on
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Figure 11. A graph generated in radar format to show that the stability region with the insole was increased by increas-
ing the limits. The red line indicates the area with the insole, and the blue line indicates the area without the insole.
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the time scale. In the time domain, there are natural frequencies and respective modal forms
associated with these frequencies, which are inherent in each insole structure designed. These
are basically characteristics that depend on inertia and rigidity. The introduction of shock
absorbers with viscosity and mass characteristics and softness and flexibility features affect
the response of the foot structure when it is excited by a force of some type.

5. Healing insole

The healing insole is disposable and sterile. The same preparation process used for the latex
biomaterial centrifuged to 60% was used for the insole. In the process of preparing the insole,
latex was placed in acrylic molds that were previously cleaned and dried. The latex biomaterial
was spread out until it formed a thin layer covering the surface. Rather than resting the latex
in the oven horizontally, it was rested completely upright so that all excess latex drained. This
contributed to the insole becoming clearer. An oven was not used for the insole polymerization;
it was polymerized at room temperature, which also promoted transparency. This process was
repeated 6 times to reach a final insole thickness of 0.5 mm. The latex insoles were sterilized
in ethylene oxide. Some small holes, approximately 2 mm in diameter, were made in the insoles
so that during use, exudation (secretion) could be eliminated from the wound. This research
examined an innovative method of tissue regeneration for diabetic ulcers consisting of the
combined and simultaneous action of the latex biomaterial and low-intensity red LED light.
The tissue regeneration electronic circuit is formed by a signal-emitting cell that is based on
the tissue neoformation principle involving the use of LEDs. The LED cells are placed only on
ulcerated regions of the foot. The cells are placed outside the insole and are covered with a
sheet of latex. They emit radiation with a fluency of 25 J/cm?. Figures 12 and 13 refer to patient
6. This patient is 62 years old and 8 years of diagnosis of DM, her profession is housework.
The ulcer 1 (Figure 12) is situated in the region 7 (instep) the existence of time to approximately
7 months already told before amputation. The ulcer appeared through a bruised evolving
dramatically with infection coming to osteomyelitis, not to provide answers to antibiotic
treatment was necessary amputation of the second to the fifth toe. Then his picture of infection
and osteomyelitis have not healed completely and reached the 1st toe (hallux), which was
necessary to perform a further amputation. Thus, the present research, to heal these surgeries
amputations, applied the treatment with silver foam during the patient's stay in the GC and
then the inductor system tissue formation while in the GE.

The ulcer 2 (Figure 13) due to complications arose from the first, and also by mechanical
trauma, caused by lack of rest. The wound is situated in area 3, the existence of time to
approximately 5 months. As already mentioned, ulcers 1 and 2 (Figures 12 and 13) were
followed for 1 month in the GC. Then, in an attempt to accelerate the healing process, the
wounds were also accompanied in GE using the inductor system tissue formation. Figures 14
and 15 show the results. This patient already had three ulcers from diagnosis of DM and two
amputations.
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Figure 12. Clinical photo follow-up Patient 6 (1 ulcer)-GC: a) the ulcerated foot region; b) pre-treatment (initial); c)
post-treatment (1 week); d) two weeks; and) 3 weeks; f) 4 weeks.

The two figures (Figure 14 and Figure 15) pertain to the patient 6, pictured in the preceding
Figure 12 and Figure 13. In each ulcer in this patient, it was evaluated the behavior of two
different methods of healing: foam with silver (GC) and system inducing tissue formation (GE).
Because of the location of the ulcer 1 this patient, ulcers on both 1 and 2 were applied only to
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Figure 13. Clinical photo follow-up. Patient 6 (2 ulcer)-GC: a) region of the ulcerated foot; b) pre-treatment (initial); c)
post-treatment (1 week); d) two weeks; and) 3 weeks; f) 4 weeks.

slide latex and electronic circuitry for tissue regeneration. Again being demonstrated that
within the inductor tissue formation system can be used only blade latex and LED light to
induce healing. Comparing the images in Figure 12 (GC) and Figure 14 (GE), one observes a
faster ulcer healing 1 while in the GE. It is also noticed that the GE ulcer 1 showed better color,
higher and more debridement of granulation tissue and reepithelialization. The same assess-
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Figure 14. Clinical photo follow-up. Patient 6 (1 ulcer)-Experimental Group: a) early (before the inductor system tissue
formation); b) post-treatment (after using the inductor system tissue formation)-1 week; c) two weeks; d) 3 weeks; e) 4
weeks f) 6 weeks g) 8 weeks.

ment can be made between Figures 13 and 14, which displays the ulcer healing was also second
fastest while in the GE. Both this patient's ulcers were followed up at 6 GE for 8 weeks. Figures
14 and 15, it was observed that after 8 weeks of treatment with the inducer system for tissue
formation, both ulcer decreased significantly in size.

An analysis of the progression of healing of ulcers, conducted by the patient’s medical staff,
showed full reepithelialization in eight weeks, as illustrated in Figure 16.
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Figure 15. Clinical photo follow-up. Patient 6 (2 ulcer)-Experimental Group: a) early (before the inductor system tissue
formation); b) post-treatment (after using the inductor system tissue formation)-1 week; c) two weeks; d) 3 weeks; e) 4
weeks f) 6 weeks g) 8 weeks.

The wounds were photographed on a weekly basis using a digital Sony DSC-H70 camera
with 16.1-megapixel resolution. The images were taken with the patient positioned lying
down in a chair, with the camera mounted on a tripod parallel to the wounds, and with a
focal length of 15 centimeters. A metric ruler was placed alongside the wound for subse-
quent computational analysis. The digital images obtained were analyzed using the Image]®
software to quantify the total area of the ulcers. The latex and LED light action gradually
favored contraction around the edge of the wound. The coloring of the wound also
improved considerably over the course of the 9 weeks. After a week of treatment, the wound
appeared more reddish in color. Furthermore, there was a significant increase in granula-
tion tissue. At the beginning of treatment, the wound had a slight depth, and over the
course of the 9 weeks of treatment, new tissue gradually formed, making the lesion appear
to be filling and healing. In order for low-intensity LED therapy to have positive effects, a
protocol of application is essential. The biological effects of this type of therapy depend on
the irradiation parameters, such as the wavelength, fluence, irradiation time, and emis-
sion mode. A rating of this study was to compare the behavior of two different methods
of healing in the same patient. This fact refers to the patient 1, in which the silver foam
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(GC) of the right foot ulcer (metatarsal area) and tissue formation-inducing system (GE) to
the ulcer of the left foot (the heel area) was applied. Comparing the ICU in both cases in
the 2nd, 4th, 6th and 8th week, patient 1 showed better results in GE. This means that the
system inducing tissue formation favoring the evolution of healing better than the foam
with silver.

Figure 16. Clinical photo follow-up. Patient 1 — a) ulcerated foot region, b) pre-treatment (initial treatment), c) post-
treatment (1 week), d) 2 weeks, e) 3 weeks, f) 4 weeks, g) 5 weeks, h) 6 weeks, i) 7 weeks, j) 8 weeks, 1) 9 weeks.
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6. Conclusions and contributions

Diabetes mellitus is a chronic disease and is characterized by a variety of complications,
including diabetic foot stands, considered a serious and often devastating consequences on
the results of ulcerations problem. The formation of sores that become infected and poorly
healing can lead to gangrene and even amputation of toes, feet or legs. The essence of this
study is intended, under the etiological-mechanical approach, to the intersection of an
external element (latex-derived insole — the passive control) with diabetic passive stride.
There is impact on the variation of some key variables such as change in mass and contact
with soil. Then, we also analyze the parameter sensibility/robustness of the dynamical model
obtained, and the effect of the addition of the insole controller in this sensibility. This study
showed that the modeling of the diabetic gait is a challenging task, having previous
researches already presented contributions which must be added to those brought up by
this study. This parametric study’s results provide the first steps towards the discovery of
tendencies, aiming to obtain new perspectives with regard to this complex disease. Thus
this research considers the disease’s main etiology and parameters related to the patient’s
gait, anthropometry and social reality, for he/she might perform certain roles that require
their feet to bear different loads — for instance, hairdressers and teachers. This must influence
the design process of future insoles, which will function as controllers derived biomateri-
als acting directly on the dynamics of the gait. The center of pressure of the human foot is
displaced in carriers of diabetes, which attests the necessity of a study of the patient’s gait
prior to the manufacturing of the insole. Second, presented in this study will be an
intellectual preparation for the emergence of a new concept, proposed with the idea of
controllers derived biomaterials. This methodology will be critical to the creation of a
“bioinspired” theory in the field of Biomedical Engineering, which will further assist in the
construction of the concept (which says what the thing is) called controlling derived
biomaterial (this study insole latex). Based on the literature, it was observed that the
introduction of assistive devices is common for changing the stride. But this study
presented, that element was characterized and analyzed as a controller that, through
qualitative and quantitative changes in the charges applied to the foot, proved possible to
correct the diabetic stride. Finally, a search for a new possibility for the treatment of diabetic
foot. Accordingly, an inductor system for new tissue formation novel diabetic foot with
light emitting circuit LEDs and use of natural latex has been developed. This system consists
of a healing insole and an electronic circuit for tissue regeneration. Cicatrizing insole is
derived from the rubber tree latex brasiliensis and made a personalized and individual-
ized. This innovative method of healing diabetic foot ulcers consists of the joint and
simultaneous action of biomaterial latex and light irradiation of low intensity LEDs. The
clinical findings were analyzed qualitatively and quantitatively, which showed that the
results obtained by the experimental test suggests that the inducing tissue neoformation
system is characterizing.
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1. Introduction

The interest of migratory health displaced population and the impact on global disease
epidemics has generated a lot of public health interest within the framework of movement in
search for greener pastures. Many studies conducted to show a link between disease, travel and
migration show some indications of historical connections that continue to have an impact on
current medical programmes and daily activities [1]. The perspective of traditional medical
services that concerns migrant health considers the recognition, identification and manage-
ment of specific diseases, and health issues in displaced populations at the time and location
of their destination [2]. In this paper we consider migrants population to be a group of people
moving from one geographical location or environment to another for many reasons such as
political instability, outbreak natural disaster, war, epidemic outbreak, for better life, search
for fertile grazing field for livestock, asylum seeking and religious intolerance [2], The various
sovereign states are making more effort to put in place measures that protects immigrants
population. The process of restricting migratory population in isolation for some period before
liberation for health control is still adopted in developed countries. This quarantine operation

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
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is intended to screen immigrants for potential diseases of public health concern and possible
free transmission within the community. [3] The adoption of border control and restriction
migrants into host countries has significantly reduced some those potential indicators that
public health concerns and the constraints of increasing disease burden that in most cases are
difficult to implement a developed health management system, due to inadequate health
personnel and service providers.

The study of the disease epidemics, disease mapping and monitoring, and the platform of
health information system reporting and analysis of researched report of diseases in the
migratory community is always considered in several ways in those countries where pro-
grammes and planning are developed to handle the cohort of migratory or mass displaced
population. One of the main concern of the mass movement of immigrants is the screening
process to profile their state of health before the population are received in the host countries.
There is also the problem to develop a programme or platform to monitor the evolution of
diseases and the quality of life of the displaced population at any given time, and building a
health record data base [4].

1.1. Quarantine strategies associated to migratory health

The quarantine-strategies in migration health practices has ensured that much of the interest
in health and migration is directed towards communicable diseases [5]. Generally, migrant
medical screening is focused on conditions that prevails in different magnitudes between the
migrant and host population, such as tuberculosis, and other poverty related diseases in the
case of low income economies [6 Incidence of the Hansen diseases [7], and those suffering from
syphilis infection [8]. In cases where medical screening are adopted and has been applied to
evaluate and report public health and disease situation in the migrant population, in some
cases to give an insight into the national and global health statistics. At the moment disease
evaluation studies has shown some known health problems in the short and long run within
the displaced migrant populations. The increasing interest in study on international migration
has shown new areas and information on the migration health particularly studies in the
Central African sub regions where, political instability has increased migration of displaced
population within and the concentration in border countries.[9]. In addition to communicable
diseases, attention is now focused on pre-existing non-infectious diseases [9] and other health
domains, including behaviour [1, 10], morality [3, 11] and genetic diversity or ethnic profiles
[4, 12]. Studies on displaced population concerning their behavioural pattern and psycho-
social analysis has shown a public health concern especially in the sub-sahran African regions
where regulation on drug and substance of abuse are difficult to put into action and the
population are not under any restriction to possess and consume substances of abuse alcohol
and other narcotics. Studies on genetic diversity and ethnicity within the mapped populations
hasindicated that genotype by environment interactions is correlated to linkage factors to non-
infectious and other common diseases among the communities. This study has led to the strong
consideration of implementing a health counselling programmes to manage the migrant
population ethnicity and health issues [8, 12].

Epidemiological studies is currently inclusive of chronic diseases [13] like cancer malignancies
[14], kidney renal failure [15] and severe cardiovascular diseases [8, 16], mental and psycho-
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social health [17] maternal and child health [12, 18]. Lifestyle diseases and associated health
issues (metabolic diseases), frequent tobacco use, alcohol use and substance of abuse, are
critically being studied and considered in relation to the process of migration in some migrant
receiving countries [19]. Due to variations in migrant demographics between receiving nations,
international comparisons involving the pooled analysis of several host nations can be very
challenging for interpretation and unreliable for use.

The global and national popularity in research towards thepotential epidemics in migrant
population has been on the increased [20]. The strategies to provide and develop health
information systems on migrant population is also on the increase although the outcome of
study is limited by other constraints such as ethnic diversity that is reported in most current
displaced migrant communities. The displaced populations usually are made up of mixed
cohorts that unevenly distributed within the displaced population receiving nations. The
displaced population usually in most cases are asylum applicants, refugees, and temporary
migrants like the potential students, economic migrants, and other more complex to define
categories of migrants, [20]. Migratory population becomes difficult to manage in increased
volume and pressure and in some situation the receiving countries have limited logistical
facilities in place to cope with the influx of the uncontrolled population, especially cases with
health concerns. To reduce the population pressure measures are put in place to develop
strategies that uses health population principles in studying migration process which involves
observations geared towards immigration health policy management programme potentially
developed for the developing economies [21].

1.2. Population based approach

In migratory population the health-based approach in migratory health gives consideration
into the factor of migration and health as a closely linked process that can be affected by short
term and other local factors. [7, 20]. It has been shown by many indications that the population
based approach are possibly less associated with the administrative principles of population
displacement [22] and very closely linked to those important factors or characteristics that
drives or motivate migration at national and global level. The population based consideration
makes it possible for for the study of the long term effect that migration have between the
different health communities and the effect on the different cohorts under consideration. This
approach can enhance the consideration of many factors at a more global view point and many
countries are making efforts to integrate the population based approach in the national and
global health programmes and also address some poverty related diseases like TB, HIV/AIDS
and malaria. [5, 23].

Following the information in table 1 below, the major problem of the different health milieu
and the evolution of the migration of displaced population considers problems of disease
associated with migratory related diseases within the framework of population-based risk that
could add more value to the disease control programs during the period-of-entry screening
for individual conditions [3, 11, and 24]. The study on migration and history of displaced
populations supports the quantitative and analytic investigation on health variables important
for study of disease burden in migratory population [24, 25].
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General Trends

Outcome indicators

Point of exit and extend of medical need identified and the state

of detected disease

State of disease progression
- Care provision facilities

- Access to basic health care

Migrant population in host community needing health

attention and service:

Disease severity and epidemic survey assessment
Sensitization of health care services and providers

¢ Disease diagnosis facilities, treatment and monitoring

Potential health problems among migratory population

Potential health factors-depression
- trauma, stress
- vulnerable exposure

- tribal and religious conflicts, disease stigmatization

Migratory population exposure and predisposition to ill-

health cause by change in environment.

Migration cohorts of war victims, civil unrest, asylum
claimant

Child trafficking

Health problems acquired in host communities by socio

cultural interaction

Health factors linked to poverty, starvation, famine and

hunger

- linguistic and cultural problems

- Unemployment constraints

Sensitization on access and health care facilities Groups of migrant services include farm and factory jobs

and service providers in the displace community * Prostitution
* Housemaids

* Drug trafficking and abuse

Table 1. The influence of immigrant health environments evolution of migratory community [25]

1.3. Population health approach

The population health approach to migration health is focused on the issue on standardized
examination of two key factors that are: (1) sustained stable and disparate health environments
and (2) the movement of mixed populations between regions or environment of varied
prevalence of key health indicators and potential outcomes [2, 14,24].

1.3.1. The main trends in migratory health variability

It is important to note that a number of migratory related diseases results from some genotype
by environmental interactions [25], The variation in health problems in migratory population
identified in most cases, and some the determinants of health impacts can be attributed to
frequent population socio-cultural cross fertilization [26], also economic and social, genotypic
variations, and psycho social behaviours.

These variables greatly affects the population and evaluation of the evolution of disease within
the cohort population. Some examples of endemic disease are in most cases caused by in
hygienic conditions, water borne and vector transmitted diseases. With no frontier control
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some vector transmitted diseases like malaria, yellow fever can rapidly spread across countries
[9]. Environmentally-related non-communicable disease epidemiological variations are
caused by some deficiencies micronutrients [27] and geographically-defined exposure risks,
such as health outcomes related to extreme weather or altitude, climate change [28].

.Social and economic influences can be important contributing factors in the development and
maintenance of disparity in health and disease outbreaks between populations. Problems
related to poverty, low education, housing and nutrition are shown to be closely associated to
disease or illness prevalence and illness outcomes in low income countries [29]. The capacities
and technical knowhow of medical and health sectors can influence health through the
availability, accessibility of health facilities and state of the art medical equipment [30] and
accessibility and ability to afford health promotion, disease prevention and treatment services
[31,32]. Some of the major hindrance to manage disease burden in migratory population and
slow response health delivery system include the problem of language barrier [33], socio-
cultural cross fertilization and integration [34, 35], drug abuse, food tolerance and adoption of
new menu and conformity to the norms and practice of host community, social interaction [36].
The displace populations in the case of massive displacement can have a great influence on
the host countries and can drastically cause a hospitality problem by indigenes as a result of
the pressure to deal with their new inhabitants who are considered as of great threats [37, 38].
Most displaced population are under the influence of micro environmental factors that are
linked to disease burden.

These micro factors could be caused by the process of migration, during the travel period
between origin and destination. These factors are usually observed within the refugees’
communities, displaced populations and disadvantaged migrant communities such as the
trafficked or smuggled groups of the migrant population, groups with psycho-social behav-
iours like depression, trauma and torture victims [39-41]. Other migration-specific health
issues have been recorded in the groups of migrant worker [44, 45], the population of migrants’
children [46] and some groups of returning migrant returning from family visits and or
attending major ceremonies outside the immigration zones [47].

1.3.2. The impact of genetic diversity and biological interaction

The impact of genetic diversity and biological interactions of health and disease may be a
contributing factor to migrant adaptation and sustainability. However, in non-endemic
regions these influences, and their association to mobility of population, can be poorly
appreciated during the early stages of migration mainly due to inadequate of awareness,
sensitization, knowledge or experience in the healthcare delivery sector [47]. The changes in
disease progression and disease burden are dynamic and in most cases evolving at a steady
rate in developing countries. This disease dynamism pattern expression is an indication of the
complex nature of data base record analysis and management [24]. Socio -economic environ-
ments can rapidly change in our current global world especially if those changes have influence
on health determinants, consequential changes in health outcomes observed over relatively
short periods of time [2, 15], In case where there are basic health improvement facilities such
as putting in place modern facilities for the provision of good source of portable drinking

255



256 Topics in Public Health

water, proper housing conditions, food and basic clothing facilities in more ways can have a
greatimpact on reducing disease burden and greatly address public health problems resulting
from disease epidemics. [20]. Conflict, environmental change, natural disasters and population
growth are known to result in new risk exposures and acquisition of adverse health outcomes
over a short period of time [5]. Investigation at the global and national level of genotype by
environment interactions on disease progression, psycho social behavioural patterns of the
migratory population that may have a negative influence on the health of the population. [11,
17]. The aspect of climatic oscillation has the potential to influence disease epidemic as the
migrant population are predisposed to diseases resulting from the climate changes and the
slow process of human adaptation [28, 40]. The future of the health situation of displaced
communities usually differs from the population of the host countries in many ways within
the same community due to the genotypic variation of these two cohort coexisting in same
environment.

The changes in the health indicators of displaced population are linked to complex individual
health status at the time of migration which makes the health management programmes at the
host countries difficult to implement [33, 44],.

2. Modern migration and population mobility

Migration phenomenon has generally been considered as a fluid process that is constantly
undergoing changes, that needs to be assessed in terms of rate of change and global magnitude
of population movement. In the last decades, the process of migration and movement of other
mobile populations has been greatly influenced by the following factors:

1. The decolonialization of many nations and post-independence adaptation in Africa, the
Middle East, Asia, Latin America and the Caribbean [3, 8, 41];

2. Largerefugee displacement following conflicts and civil disturbances in Africa, South East
Asia, the Balkans, Central America and Central Africa; and

3. The fall of the former Soviet Union has caused some socio-political, and economic
problems to the extent that the institution for the legal and administrative restrictions on
the ability of migrants to travel, work and move internationally have undergone a
significant change at the global and national. One of the contributing factors has been
linked to a complete shift in the demography of migrant population [17, 21]. In most
traditional migrant-receiving regions such as Australia and North America where huge
influx of migration has been recorded in the past, there has been a shift in the patterns of
migration from Central Europe to new exploratory countries in Asia, South Africa, Central
and South America and the Middle East countries [20, 33]

2.1. The Grazer displaced population and Trans-humans

In the sub Saharan African countries facing a long period of dry season, the grazer population
are faced with problem of extreme shortage of vegetation for their animals and therefore have
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to travel for long distances and away from home for months in search of greener pastures and
water for their herds [25, 46], in an activity termed trans-humans. During the trans-humans
period the grazer population generally from the Fulanis and Masai population are vulnerable
to many forms of disease attack[8, 47], There is poor medical care, poor nutritional intake
leading to mineral deficiencies and disease epidemic outbreak. This period of trans-humans
has led to significant loss of grazer herds, and human life [45].The grazer population are
general nomads and are constantly involved in gazer land disputes with the local indigenous
population [45].

2.2. Concern to expanding immigrant foreign born population

There is a global and national concern with the expanding immigrant population due to the
fact that these group of people have been shown to reproduce at a rate that is difficult for host
countries to managed. The long term implication response to growing immigrant born
population has been summarized in table 2.

Critical Issues Implications

Increased demands for health service and access Increased in Health Budget spending of host countries

Provide adequate diagnostic and treatment services

Implementation of training programs for health Adequate translation and interpretation services

providers and personnels Set up information and communication systems (health
information)

Increased in the migration of health professionals Address Issues of unemployment and job competition with

from migrant source regions indigenes,

Social issues of labour exploitation of immigrants.

Training/certification of professional migrants who  Sensitization in cultural awareness and sensitivity programs

have linguistic skills and training expensive to be introduced

Table 2. Long Term implication Response to Growing Immigrant -Foreign Born Population Component

2.3. Health environments and displaced population

In low income economies the health environments are limiting to manage the immigrant
population mobility. In the Central African regions for example the lack of health environ-
mental settings has been a health concerns in conflict areas to cope with the increasing
displaced population. This problem has not been limited to regulated, traditional immigration
and emigration. It also involves refugee and humanitarian movements and an increase in
irregular arrivals (refugee claimants, asylum seeking, smuggling and trafficking in humans).

The different support structures at global and national level involved in supporting and
addressing the problems of displaced population work with a common vision of reducing
environmental crisis, prevent or control disease outbreaks and maintaining peace and mutual
coexistence of the interacting population. Great efforts have been made at the international
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and national levels enhance international mass displacement of migrant population during
period of crisis, civil riot, natural disaster or political instability in a region. The role of
international bodies involved in conflict management has been very important in managing
massive population influx. These organizations directly implicated in peace and conflict
management and health intervention include medicine without borders (medicine sans
frontier) the United Nations High Commission for Refugees (UNHR), UNICEF, and the AU in
the African sub regions [26]. Other bodies like the International Organization for Migration
has played an important role in managing the problems of global displaced population [37].
New approach put in place globally through the improvement of health facilities and capacity
building of health personnel and delivery systems can enhance the management of displaced
population at point of entry [15]. With worldwide fluctuations in socio-political landscape,
terrorist attacks dynamics, civil societal change, the nature, speed and access to international
travel has also undergone marked changes in regulation and evolution of travel trends. The
global travel patterns have been affected by changes in information and communication
technology, transportation technology, accessibility, and affordability [5, 24]. Growth in air
travel has functionally reduced previous limits on the rapid international movement of large
numbers of individuals. The high volume of international travel supports greater population
exchange and return flows between migrant origin and destination locations. Increased
international travel has also been an integral component to support the growing process of
globalization [2, 9, and 41], the progressive integration of global economic and communica-
tions sectors has been achieved by, a corresponding growth in the international demand and
flow of labour and manpower. Recent report by the International Labour Organization (ILO)
show an increasing global trend in foreign-born migrant labour market [22]. The trend of
occupational mobility among migrant population from one location to another is on the
increase leading to the slogan too many skilled migrants chasing few. In most cases occupa-
tional mobility is well structured managed by job agencies and outsourcing contract houses
in most cases targeting illegal migrants workforce for exploitation [14, 39].

2.4. Geopolitical changes

One of the major factor affecting population mobility and migration is geo-political changes
such as the collapse of the former Soviet Union, the fall of the Berlin wall, independence of
smaller countries like Southern Sudan, Eritrea etc [41]. The implication of socio-economic and
political factors of migration have other consequences on the population trends and dynamics
of displaced mass population globally. [19].

2.5. The epidemiological implications of mobility across differentials in disease prevalence

Contrary to the developed countries, where infections that were historically considered as
major causes of illness and death are decreasing in incidence and prevalence or have been
eliminated, sub-Saharan Africa is still suffers from poverty related diseases and new diseases
emerging like Ebola, konzo, buruli ulcer especially in west and central Africa.[38. 40]. Well-
developed health facilities and sensitization programmes for healthy living and clean envi-
ronmental, the adoption of environmental protection agency programmes on a global basis
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has significantly reduced disease burden in most developed nations. In the last decade diseases
of global economic importance has attained a level that can be managed within the different
sub regions [3.11] and large improvement of immunization programmes and vaccine devel-
opment initiatives has significantly reduced infectious diseases under a manageable scale [32,
35], and some of these diseases like polio, measles, mumps etc. are in the process of complete
eradication.

The level of public health sensitization programs towards disease eradication also varies from
regions to region and this disparity has led to problems in understanding the disease burden
in the different migrant communities. Where there is mass movement of displaced population
across borders the outbreak of disease can become a national or international public health
concern. [17].The disparity in epidemic outbreaks of diseases that are not usually predictable
is not restricted to communicable disease pressure but also cut across non communicable
diseases. The issue of developed framework geared towards the control of non-infectious
diseases in migrant communities has been properly developed in advance countries than in
the poor resource nation, due to the priorities given to strategic health development process
This developed health structures enhance the process and potential to diagnose, treat and
control non infection diseases in well developed countries when compared with the cases
shown in sub Saharan Africa. Availability and services for complex and expensive medical
interventions like heart bypass, chemotheraphy, organ transplant etc and other health delivery
services varies based on the health priorities and logistics implementation between one
country to another [1, 6, 23].

The variation in public health spending are linked to social and economic attributions, health
service delivery facilities and access of the displaced population to health care and medical
insurance [27]. In areas where there is limited international migration and national massive
population occupational mobility the variation in disease epidemics is less significance and
disease survey data base is easy to develop. On a global scale there is a concerted effort in the
different regions to improve on health programmes, policies and infrastructures and delivery
systems that can enhance the reduction of disease burden in the displaced population. In the
last two decades there has been a general global increase in disease epidemics with potential
health implication on disease burden of some poverty related disease like tuberculosis (TB),
sexually transmitted infection (STIs), HIV/AIDs, Ebola Konzo, buruli ulcer and Chagas'
disease. Within the migrant communities problems of disease co-infections are common and
mostly observed from displaced population where the diseases are endemic [21, 33, and 42].
The trends in disease epidemic progression in developed countries has been shown for long
un sustainable infections such as HIV/AIDS, hepatitis B and C. This trends are significantly
different for developing countries of the Middle East, Asia and Africa where the diseases are
very common and mostly recorded in foreign born migrant population [11, 44]. Disease
epidemics linked to mass displaced population can influence local and community disease
trends for the host migrant countries for both communicable and non-communicable diseases
[20]. Displaced migrant population from resource poor countries have limited access to health
facilities, disease diagnostics, health insurance, health promotion programmes, and therapeu-
tic interventions for disease. The migrants have the potential of disease predisposition in an
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advanced stage than is normally seen by health personnel and service providers in the migrants
host countries [16, 20]. An overview of health problems within the migratory population gives
an indication that all epidemic situation linked to migration is correlated with the situation
where the migrant population are less privileged than the migrant host population. Many
migrants population base on life style related non communicable and non-infectious disease
tend to show health indicators that are far superior than those of host population [21, 25, 41].A
number of factor such as nutrition, psycho social behavior changes with time tends to change
within the migrant population. In some cases the displaced migrants may show some adverse
health effects closely related to those of host population. [1, 6]. In most cases some of the
benefits and privileges derived from immigrant communities may be short lived and may be
lost with time when the host country can no longer cope with the massive influx of population.

2.6. Short term impact of migration on health and disease epidemic

Migration has been closely linked to the influences on the potential disease epidemics with
some short and long term implications on host country and there are significant disparity in
disease health indicators. The disparity in disease indicators has led to the obligation of the
international and national communities to develop health policies and programmes to address
international population mobility as shown in table 3 below.

Critical Issues Implications

Main entry point of monitoring and checks Practice of immigrant health screens for defined diseases at

entry points very difficult and time consuming

Migratory health intervention integrated Programmes are likely to be user friendly and more adopted
programmes in migrant nations than the nationwide intervention programmese
General movement of displaced population May become a more important determination factor influencing

many health outcomes, with age, sex, genetic diversity factor,

behavior, educational, ethno-religious issues, and wealth

attainment
Mobile population health policy frameworks may significantly need integration and harmonization at all
(Mobile health, e-health) jurisdictional levels with international economic, trade and

security strategies.

Table 3. Health policy issues resulting from international population mobility

Where diseases of rare occurrence, has been reduced to very low levels, the occurrence of a
few cases may have significant health impact at local and international scale [3]. This health
impact canlead to a public health concern at the local necessitating an increase health response.

There are cases of global public health control strategies developed from the 2003 SARS
events [22, 30, and 42], the case of zoonotic avian-to-human influenza transmission [4],
and the records on spontaneous outbreaks of viral haemorrhagic fevers [1. 20. 43] and the
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health impact of HIV/AIDS incidences recorded in developed countries [27, 35] transmit-
ted by overseas visitors or migrant population. Regular mass displacement of new mi-
grants from high disease endemic zones contribute significantly to the existing diseases
due to low incidence of migrant host population. There is a need for long term health
care programme to put in place policies and strategic plan to manage disease burden in
host migrant communities for a more effective international and global integration. Coun-
tries that rely on historical, and local disease epidemics data for health policy, legislation
and implementation may have less impact in the case where the disease burden develops
above a manageable dimension at national and global level within the different control
programmes [4, 21, and 27]. Concerning non-infectious diseases, migration-associated
pressures result from the need to provide service delivery in culturally or linguistically
sensitive programmes for the prevention or treatment of illness in migrant communities.
There has been increase public health concern cause by introduction of new diseases
through mass displaced populations into areas where there has been no known incidence
of the disease. This situation can be worsen by the rapid growth of the new migrant pop-
ulations with a gap in linguistic, socio- cultural cross fertilization, psycho social behav-
iours that may potentially cause problems in disease recognition, diagnosis and possible
therapy [2, 31].In some recorded cases of the delay in diagnosis and possible treatment
can lead to important health implications affecting the population [8.34], difficulties in the
management of health programmes. With the increasing growth and freedom of migra-
tion coupled with increased number of occupational mobility there is a potential danger
of increasing global and national health disease burden in situations of mass displace-
ment of migrant population [11].

2.7. The public health problems associated with complex emergencies and refugee
situations in developing countries

In many displaced migrant populations caused by war, natural disasters, civil disobedi-
ence and other macro environmental problems, there are always public health problems
caused by disease burden that are either communicable or non-communicable in nature
in the affected area. Other consequences of massive displaced population include food in-
security, famine, lack of basic access to health care, and the difficulties in developing a
standard health programme, policies for a good standard of care [5, 13, 31].The impact of
mass displacement of population on public health disease management programmes has
had a significant impact in low income economies The other drawback caused by mass
displaced population includes increasing death and morbidity ratios. In most low re-
source countries like in sub-Saharan Africa, there is high mortality rates due to signifi-
cant increase in disease burden, extreme poverty, unemployment and the most common
causes of death within the displaced population are associated with water borne diseases
like diarrheal and dysentery, measles, acute respiratory infections, malaria and most re-
cent in sub Saharan Africa, ebola virus disease [9, 14, 37]. High prevalence of acute mal-
nutrition have contributed to high case fatality rates. In conflict-affected African countries,
such as Sudan, the Central African Republic, Mali, Chad etc., war-related injuries have
been the most common cause of death among civilian populations; however, increased in-
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cidence of communicable diseases, neonatal health problems, and nutritional deficiencies
(especially among the elderly) have been reported [35, 39, 45]. Studies have shown that in
massive displaced communities some of the standard procedures put in place to manage
and control high mortality and morbidity includes a sustainable food security, improve-
ment in hygiene and sanitation, portable good source of drinking water supply, shelter
and clothing,; reduction in water borne related diseases, well developed immunization
programmes; good mother and child health care, neonatal health monitoring systems,
and strategic management and control of communicable and non-communicable endemic
diseases; and the implementation of enhanced special feeding programs where migrants
of special dietary needs are put under selected or special diet and follow up for the im-
provement of their nutritional status.

2.8. Migration of displaced population from farmers’ grazier conflicts in sub-Saharan Africa

The movement of population of grazers from one locally to another over a wide area in
search of greener pastures has led to tribal conflicts and problem of human coexistence.
Studies have been conducted on the conflict problems arising from grazer activities and
in an attempt to appreciate some of the main causes of conflict and also to give an in-
sight into the implication on local and national migration, and how they can be managed
within the framework of effective and sustainable community development [46, 47]. In a
global scale conflict results from a serious misunderstanding, communication problems,
dispute, difference of opinions among individual and groups of people in a community.
In most cases conflicts leads to threats that can be directed to an individual or groups re-
striction to some privileged, or access to some properties or resources [46]. Within the
grazer population conflicts are usually linked to land disputes between crop farmers and
grazers in areas where both parties compete for a limited space of land for their main ac-
tivities of farming and grazing (Normadic herds” men and farmers’ population). The con-
flict has caused in some cases the grazier population to adapt a persistent nomadic
lifestyle which predispose them to disease attack and little access to medical care. The
long period of trans humans requires that grazer population travel long distance in
search for green vegetation or pastures and water for their livestock. During the long pe-
riod of transhumans there is less access to medical protection and the livestock suffer se-
vere disease infection due to little veterinary visits [45]. Access to proper food is limited
and the herders go for long period of poor feeding, under feeding, lack of balance diet.
The health consequences are tissue wasting, diarrheal, cholera attack from poor water
source [23].

3. Future impact of population mobility on global health

Some of the drawbacks resulting from increased migration and population mobility is the
constant increased pressure in developing in the migrant receiving countries a structured
health planning programmes Population migration is an essential part of the current
process of globalization. Studies have shown that migration trends, forecast on the move-
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ment or the migration of workforce may stay stable or take a steady rise with time. The
variation in health indicators at the global and regional scale are likely to expand despite
the mobilization effort at the international level to develop control strategies for popula-
tion displacement.International efforts and prgrammes have been developed to reduce
disparities and impacts of disease and ill health, such as attempts to achieve the Millenni-
um Development Goals [14, 31, 40], are in progress in many health friendly societies. Ef-
forts to put in place sustainable initiatives is still in progress, resources and extensive
financial mobilization is needed for effective implementation of programmes. The varia-
tion in health and health indicator analysis at the global and regional levels has a contin-
uous influence on the health of the migratory population. There is an added challenge of
financial cost towards the initiation of the sustainable control strategies of migrated dis-
placed population. It has been shown that in the early studies, most of the health issues
linked to migratory health were initiated at the national level. In recent times this health
initiatives programmes has been achieved through immigration health actions, as a vital
aspects of some local health programmes put in place. The importance of effective migra-
tory health service needs to be put in place in most regions due to defined issues linked
to displaced population [1, 13, 29, and 47]. The evolution of travel and migration has re-
duced the effectiveness of many national, point-of-arrival activities. New patterns of pop-
ulation mobility needs to reconsider the practicality and viability of border-health
inspection for exclusion or containment strategies [42],.In most nations where large immi-
gration medical programs are effective, there is a maintenance of specific screening or in-
tervention programs for targeted diseases such as tuberculosis, syphilis and HIV/AIDS.
Studies have also shown that in some situations a more effective screening outcomes
could be obtained through interventions focused on disease control efforts in source na-
tions rather than reliance on arrival screening alone [21, 28].

Studies on anxiety, depression and post-traumatic stress disorder (PTSD) in asylum-seek-
ers are known to be linked to pre-migration trauma and post-migration stress. The num-
ber of documented mental health issues of refugees has increased in recent times, but
there is a gap in the studies focusing specifically on the factors associated with psychiat-
ric distress in asylum-seekers who have not been given residency status [11, 17, and 33].
Such studies associated anxiety scores with female gender, poverty, and conflict with im-
migration officials, while loneliness and boredom were linked with both anxiety and de-
pression. A diagnosis of PTSD has also been linked with greater exposure to pre-
migration trauma, delays in processing refugee applications, difficulties in dealing with
immigration officials, obstacles to employment, racial discrimination, and loneliness and
boredom of asylum seekers who find it difficult to socio-culturally cross fertilize, due to lan-
guage barriers [24].

4. Conclusions

The global issue of migratory health has stimulated much interest in the public health
sector in most developed and developing nation to the extent that policies towards ad-
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dressing the problems is on the agenda of public health debates and putting in place
strategy policy plan by stakeholders and states decision makers. There is a need to ad-
dress migration problems at national and international levels especially as there are in-
creasing displaced population under war, civil disorder, disease outbreak, political
instability, natural disaster, credit crunch, or in search of better life and migration by the
displaced population in developing countries. Population under refugee status needs a
more advanced psychosocial service and procedures for dealing with asylum-seekers to
reduce the high levels of stress and psychiatric symptoms in those who have been previ-
ously traumatized. Government in developing countries with displaced immigrant popu-
lation and those in areas with intensive grazer migration, there is the need for the
ministry of health and health actors to develop a system of global and national disease
management in crisis.

The epidemiological issues that is linked to migration at the global and regional level
have been shown to result from the movement of population flows across regional boun-
daries and frontiers and variation in disease prevalence outcome. The increasing trends of
various types of migratory population has led to the gaps in health indicators. The
changes in the trends of migration has also cause a rapid change in the implementation
of health policy for the existing health programmes to meet up with these new challeng-
es. The new action plan to deal with the new trends of migration has resulted in an in-
creasing globalization that has a direct impact on health programmes and the indicators
that is necessary for disease epidemics mapping.

The health effect of epidemics resulting from the mass displacement of migrants haa been
demonstrated by the level of infectious disease health information that is available in the
developing regions and there is also interest to develop information on non-infectious
diseases in immigration receiving nations. The global health disparities and disease epi-
demics and prevalence will continue to exist in the national health programs and policies
in migrant receiving nations and will continue to be challenged by illness and disease
arising beyond their frontiers. A more holistic approach at the global and national level is
needed to address migration of population irrespective of the circumstance predisposing
the population to such migration, and strategic policy towards controlling migratory
health issues within the framework of globalization.
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1. Introduction

Both natural and man-made disasters affect the public health of impacted populations. This
simple truth has been recognized for many years and several reviews and treatments of this
topic have been written to provide perspective on how to prepare and respond to the impacts
of disaster. One of the most complete of these treatments is the 1997 book edited by Erik Noji
titled "The Public Health Consequences of Disasters." This comprehensive book compiled
many of the lessons learned from disasters and conflicts that occurred in the latter part of the
20th century and then constructed some essential theory for public health workers who must
contend with the post-disaster environment. Since the publication of that book, several
noteworthy disasters have struck in various parts of the world: the Fukushima tsunami and
subsequent nuclear power plant disaster, the Haiti earthquake of 2010, Hurricane Katrina, the
Kashmir earthquake of 2005, Hurricane Sandy, the Indonesian tsunami, and many others.
These and other disasters have added more insight into the field of public health as applied to
preparedness for and response to disasters. More nuanced understanding has become
available for how infectious diseases and mental health issues impact affected populations in
the post-disaster environment. This chapter will attempt to update some of the information
gained from these disasters.

2. Generalizations about Public Health and Disasters during the 20th
Century

The rarity, unpredictability and suddenness of disaster occurrence historically led to a degree
of neglect regarding the study of public health consequences of those disasters [1]. However,

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and eproduction in any medium, provided the original work is properly cited.



270 Topics in Public Health

the sheer magnitude of the number of people affected by disasters eventually demanded a
systematic analysis of public health issues. The number of people killed, injured, or displaced
by disasters was estimated to be 311 million in 1991, a tripling of the population since 1980.
This increase was due to multiple factors including population growth, but was also due to
denser urban populations, especially along coastal areas, and to a large migration of popula-
tions from rural areas to the urban setting. Further complicating issues was an increasing
reliance on a sophisticated, but vulnerable, infrastructure to provide power, transportation,
and daily essentials to the densely packed urban populations. All of these factors contributed
to increases in the amount of damage caused by natural and man-made disasters. Concurrent
with this reliance on an increasingly vulnerable infrastructure was an increase in the number
of complex humanitarian emergencies, a special category of emergency defined as humani-
tarian crises in which there is a breakdown of authority as a result of internal or external conflict
[2]. The complex humanitarian emergency by definition requires an international response
that is beyond the capability of any ongoing country program. All, of these factors led to the
realization that a systematic study of public health and disasters was warranted.

One consistent finding from these studies was that displaced populations were particularly
vulnerable to disease and other impacts of disaster. Population movements after disasters may
move people into regions where health services cannot provide adequate support, with the
result being increased morbidity and mortality [1]. Increases in infectious disease have also
been noted in these displaced populations, often due to increasingly unsanitary conditions
and the lack of potable water. Epidemics of infectious disease after rapid onset disasters are
considered uncommon, but this is not the case for complex humanitarian emergencies [3]. In
Africa, there have been epidemics of shigellosis, hepatitis and meningitis directly associated
with complex emergencies. Displaced populations have also experienced outbreaks of cholera,
bacillary dysentery, measles, malaria, schistosomiasis, and leishmaniasis. For example, a
significant epidemic of leishmaniasis in southern Sudan was associated with a population that
was displaced by civil war [4].

The assumption that epidemics inevitably follow disasters has been described as one of several
myths about disasters [1]. Other erroneous assumptions include perceptions that medical
volunteers of all medical backgrounds are necessary, all types of international assistance are
needed immediately, disasters elicit criminal human behavior, affected populations are too
shocked to help themselves, moving affected persons into temporary settlements is desirable,
food supplements are always required, and that clothing is always needed to support the
affected population. These and other myths may misdirect efforts or lead to a large degree of
inefficiency during relief operations. For instance, one of the most frequently donated items is
used clothing, most of which is not needed. Unnecessary supplies clog up the logistics and
supply system, preventing the rapid arrival of truly necessary supplies. Piles of extraneous
clothing and other unnecessary supplies often have to be burned simply to obtain necessary
warehouse space.

Myths aside, several consistent recommendations regarding the practice of public health after
disasters have been described. Perhaps the most important of these is the requirement for
potable water. A sufficient amount of water is the most important commodity for a recovering
population. This was most graphically demonstrated when a cholera epidemic occurred
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amongst the Rwandan refugees inside Zaire in 1994. The estimated death toll was more than
50,000 people [1]. Second to the provision of adequate food and water is the need for shelter,
especially for displaced populations. However, communal shelters can present special
problems, especially with regard to infectious disease and at times, security. In communal
shelters it is particularly important to institute surveillance for diarrheal illnesses, upper
respiratory infections and vaccine-preventable diseases. In 1997, a group of non-governmental
organizations and the Red Cross movement collaborated on a project to identify minimum
standards for disaster assistance in the fields of water supply, sanitation, nutrition, shelter and
health services. This process eventually led to the publication of the first Sphere handbook in
2000. This book, which has been used extensively to guide disaster relief and humanitarian
assistance in many situations, is currently in the third edition and is free for download at
sphereproject.org [5].

3. Disasters and public health in the early 21st century

Asmentioned earlier, one of the basic understandings concerning public health in post-disaster
environments is that rapid onset disasters rarely lead to epidemics of infectious disease,
especially among the healthy. As with almost all assumptions involving biology, there are
exceptions to this rule and some have occurred in the 21st century. Post-disaster communicable
diseases have been categorized into four groups: (1) those due to contaminated water, (2)
respiratory infections (3) vector-borne diseases and (4) infections due to wounds and injuries
[6]. The top five causes of death due to infectious disease after disasters are diarrhea, acute
respiratory infections, measles, severe malnutrition and, in regions where it occurs, malaria.
Between 1999 and 2008, over 7,100 natural disasters occurred causing approximately 1,243,000
deaths. Most of these deaths, especially those linked to communicable disease, occurred in
Asia. However, increases in infectious disease rates after disasters also occurred in developed
countries. For instance, the rates of West Nile virus neuroinvasive disease, one form of which
is a paralytic disease reminiscent of polio, increased more than two-fold after Hurricane
Katrina in portions of Louisiana and Mississippi that were affected by that storm [7]. Re-
searchers speculated that the increased number of cases was due to increased human exposure
to vector mosquitoes caused by the necessity of living in damaged houses without proper
windows or screens. There was also an increase in the mosquito population due to increases
in larval habitat as a result of the storm. In that instance, there was a sharp decrease in cases
of the disease soon after aerial application of insecticides, suggesting that such vector-borne
diseases are subject to effective control.

Another example of a post-disaster outbreak is provided by a fatal fungal disease that appeared
after the 2011 tornado in Joplin, Missouri. The storm itself directly caused approximately 160
deaths, but in the aftermath, an outbreak of necrotizing cutaneous mucormycosis occurred,
with thirteen confirmed cases. Five of the cases were fatal. Each of the cases had suffered from
significant deep-penetrating trauma during the tornado and thus were examples of "infections
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following wounds and injuries." At least some of the victims were already in poor health prior
to the storm; however, deaths were attributed to the infection.

Such fungal infections are not unique to the United States. Invasive fungal infections have been
detected following eight different disasters including hurricanes, tsunami, an earthquake, a
dust storm and a volcano. Other skin diseases are relatively common after disasters and have
especially been associated with floods [9]. Prolonged immersion leads to keratinocyte damage
and inflammation even without a typical immune cascade response [10]. This inflammation is
often followed by a bacterial or fungal infections of the skin. Skin diseases as a result of flood
exposure, can be categorized into four groups: inflammatory skin disease or irritant dermatitis,
skin infections (usually bacterial or fungal), traumatic skin conditions, and miscellaneous. The
latter includes insect bite reactions and psycho-emotion aggravation of existing primary skin
diseases. The 2004 Indian Ocean tsunami led to many fungal skin infections, but also to several
non-skin associated conditions. In one, an anesthetic was contaminated with a fungus, leading
to infection of several delivering mothers receiving spinal anesthesia [9].

Although perhaps not as deadly as the example just mentioned and not caused by infectious
disease, adverse birth outcomes have been repeatedly and consistently documented after
disasters. Increases in rates of hypertension, anemia, pregnancy loss, birth defects, low birth
weight, pre-term birth, intra-uterine growth restriction and decreases in head circumference
have been attributed to trauma or exposures during or after disasters [11]. Also of importance
to women's health, after Hurricane Katrina there was a documented increase in the rate of
intimate partner abuse among displaced women, nearly three times that of pre-storm rates.

Due to the terrorist attacks of 2001 in the USA and subsequent attacks in Spain and London,
public health agencies have had to assess what roles they must plan in preparing and re-
sponding to violent attacks on the civilian population, especially those associated with
terrorism. Though this threat was not really new, the scope of the disasters mentioned above
clearly required a public health response beyond that most agencies were capable of providing
at the time. One significant challenge associated with terrorism is that terrorism's impacts go
beyond the very obvious ones of illness and injury to cause significant increases in rates of
anxiety and other psychological reactions. It is not surprising that the terrorists' actions cause
such issues given that the goal is often to bring attention to the terrorists' causes through
violence and terror. Such actions, by definition, are aimed at the mental well-being of popu-
lations. As professionals concerned with population health, the public health community often
must become involved in disaster response following terrorist attacks and other violent events.
Unfortunately, the success that developed countries have had in controlling disease may have
led to a degree of complacency. In many ways, the public health infrastructure had somewhat
deteriorated by the early years of the 21st century, leaving populations vulnerable to the
repercussions of terrorism and other disasters. Laurie Garret discussed this issue at length in
her book "Betrayal of Trust: The Collapse of Global Public Health" which was published just
one year prior to the 2001 terrorist attacks. The threat of bioterrorism in particular suggested
a need for improved epidemiology and disease surveillance, as well as more public health
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laboratories. Specific vaccines and anti-toxins were also needed, and several authors noted a
need for improvements in mental health care capacity [18].

At the same time, the public health community expressed a concern that increased attention
on responses to terrorism might take needed resources away from struggling but needed
public health programs. The increasing likelihood that public health workers might have to
work closely with law enforcement following bioterrorism events also raised fears that the
public's trust in the public health community might be compromised. Nevertheless, the public
health community demonstrated a needed capacity to respond to the needs of impacted
populations after the attacks of September 11, 2001 [19]. Initial actions to assess health care
availability and threats to those facilities were soon followed by environmental health
sampling and public health education on re-entry and clean-up techniques for returning
residents. Long-term efforts were initiated to establish surveillance programs on workers
injuries and health. Also, environmental health actions after the building collapse were
performed to ensure food and water quality, as well as adequate rodent and vector control.

Bioterrorism preparedness took on added importance after the anthrax attacks of 2001. There
had been several hoaxes using powders to mimic an anthrax weapon previously, but the 2001
attacks were real and they utilized a weapons-grade formulation of the agent. The attacks led
to 18 definite cases of anthrax disease, of which five were fatal. The attacks also contaminated
portions of the mail delivery system, apparently causing infections in non-targeted persons
far from the initial attacks. The anthrax attacks demonstrated the vulnerability of American
society to bioterrorism and they stimulated much discussion about the need for a comprehen-
sive bioterrorism plan. Discussions focused on the need for rapid detection and diagnosis,
improved investigations and therapy, and effective communication. This latter was considered
to be one of the larger extant problems due to unidentified lines of authority between the public
health and law enforcement communities.

In the USA, the establishment of the Department of Homeland Security was a direct action to
address many of the vulnerabilities to terrorism; however, officials noted that terrorism was
still a rare event and that infrastructure built to address only the threat of terrorism would
probably be unused for years at a time. The "all-hazards" concept of planning and response to
disasters and threats to the homeland was developed to allow public health, public safety, law
enforcement and other organizations with disaster response capabilities to be used on a variety
of hazards whether related to terrorism or not. The concept stated that assets appropriate for
a bioterrorist attack would also be appropriate for detecting and addressing other threats, such
as natural outbreaks of a highly infectious disease (ex. avian influenza). In recent years, many
investments in public health infrastructure have been related to the "all-hazards" approach
that includes a homeland security focus.

4. The Haiti earthquake as an exception to many of the rules

Disaster events sometimes serve as turning points with regard to how organizations think
about preparedness and response. For instance, the San Francisco earthquake of 1906 changed
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the way public assets, especially the military, were used in disaster relief efforts [12]. Hurricane
Katrina and the 9-11 attacks caused responders to focus on improved communication in post-
disaster response [13]. The 2010 earthquake in Haiti may serve as another of those turning
points, particularly with regard to the risk of infectious disease in the post-disaster environ-
ment. Public health authorities have maintained that outbreaks of infectious disease are rare
after many disasters, including earthquakes. Experience with many previous such disasters
supported this claim, but post-earthquake Haiti proved to be an exception---with caveats.

The 7.0-magnitude earthquake struck the island nation on January 12, 2010 just west of the
capital city of Port-au-Prince. Government estimates placed the number of dead at 217,000,
with many more injured or rendered homeless. The recovery process has been long and
incomplete. Reports of some infectious diseases, like malaria, did go up in the native popula-
tion, though the degree to which increased surveillance played a part in those increases is
unclear.

Several countries provided substantial aid to the stricken population and many relief workers,
including UN peacekeepers, arrived to provide a variety of essential services, from engineering
to medicine. This was the population in which the rate of infectious disease was specifically
noted. There were documented outbreaks of dengue and Plasmodium falciparum malaria
amongst international travelers, as well as acute diarrhea and upper respiratory infections.
The latter was specifically noted to occur at higher rates in post-earthquake travelers than in
the population of pre-earthquake travelers [14]. In one group of American missionaries, 25%
were infected with the dengue virus [15].

The above-mentioned diseases, however, had been endemic to Haiti for many years. After the
earthquake, a new disease emerged, one that had not occurred on the island previously. That
disease was cholera. The first cases of cholera in Haiti were detected in October 2010. Within
two months, cases were occurring throughout much of the island. By mid-December, the daily
death rate was estimated to be 100. By 2012, over half a million people had suspected infections
and over 7,000 had died [16]. The earthquake-damaged infrastructures for providing water
and other necessities exacerbated the disease situation, but a real mystery developed as to
where the causative organism, Vibrio cholarae, had originated. Haiti had no real history of
cholera outbreaks and had even avoided the 1991 pandemic [17]. Initial conjectures were that
V. cholerae is a normal but dormant part of many coastal waters and that an event that causes
significant disruption to the environment, such as an earthquake, can stimulate an outbreak
of the disease [16]. Others thought that humans must have brought the agent from another
endemicregion and this appeared to be corroborated by sanitation issues occurring at a United
Nation camp in which soldiers from endemic regions were encamped. Some even linked the
initial outbreak to one event in which a septic tank was dumped directly into a tributary of the
Artibonite River. Microbial studies provided strong evidence that the bacterium was a recent
import from the region of Northern India or Nepal. The obvious conclusion was that the
Nepalese UN peacekeepers were the source of the agent and the epidemic.

Through late 2012, 604,634 cases of cholera had been reported by the government, along with
329,697 hospitalizations and 7,436 deaths. Though still too high, the relatively low death rate
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reflects a remarkable success given that untreated cholera may result in nearly 50% death rates
in affected populations. International workers were also infected and sickened.

Thus, the perception that infectious disease outbreaks are not common after earthquakes was
not accurate for the Haitian situation. Of course, Haiti presents a variety of complicating factors
that affected the post-earthquake disease risk. Haiti is a tropical island with the accompanying
risk of tropical diseases; malaria and dengue, though not strictly tropical, are certainly more
common in tropical regions. Also, Haiti is the poorest country in the Western Hemisphere.
Many diseases, including cholera, have long been associated with poverty, so it is not that
surprising that these diseases emerged in post-earthquake Haiti. Nevertheless, Haiti demon-
strates that there are exceptions to most rules. It is still true that large outbreaks are rare after
earthquakes and some other disasters, especially if those disasters occur in developed
countries. That conclusion is not as easily accepted in developing countries, especially those
in tropical regions.

5. Conclusion

The disasters mentioned here and others have added knowledge and insight to provide a better
understanding of the preparation needed to prevent adverse outcomes in the post-disaster
environment. With the increase in the number of people affected by disasters, whether being
killed, injured, sickened or displaced, a need for a public health response was warranted in
each instance.

There have been many myths and assumptions stating the needs of persons after disasters;
these have often proved false and have actually caused confusion and great wastage. Numer-
ous disasters have demonstrated that the main need after disasters is potable water, often
followed by food and shelter. In addition, the most at-risk population for adverse health
outcomes is that of persons who have been displaced in the post-disaster environment. The
health outcomes of these disasters can include the rapid spread of infectious diseases. Al-
though uncommon after disasters, they do occur on occasion. The highest risk of infectious
diseases exists outside the developed world; however, recent events have shown several
instances of infectious diseases after disasters in developed countries as well, including West
Nile virus after Hurricane Katerina and a fungal infection that appeared after the Joplin
Tornado. Other outcomes that have come to be of concern are adverse birth outcomes and
mental health issues. In addition, with the recent surge in terrorist actions, public health has
had to develop the ability to respond to these events as well.

Preparedness for disasters is essential for a fast and effective response, but an important
question that plagues public health is to what degree funding is allocated for these programs.
It is important to avoid reducing funding for already struggling but necessary programs. The
challenge public health professionals must address is the need to find a balance between
allocating the proper funds to ensure essential preparedness programs are prepared for future
disasters while not hindering other critically important public health programs.
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1. Introduction

Risk management has become a dominant concern in public policy. In particular, health risks
require delicate handling because of the scientific uncertainty surrounding them. In addition
to performing a technical assessment of risk, an analysis of the social implications associated
with health risks is indispensable. That is, one must consider that a society's coping with risk
management leads to an understanding and strategy of each country. Furthermore, consider-
ation of various stakeholders, such as professionals, citizens, and mass media, and how they
are positioned is also a key issue in risk communication. Among these stakeholders, mass
media are the most important source of information for most people and thus they influence
how people understand particular health risks [1]. Specifically, news reports help shape the
public definition of health risks and risk-related events, and politicians often interpret such
reports as examples of public opinion [2]. Thus, news reports can set the public agenda, prime
audiences to ascribe differing degrees of salience to available information, and provide frames
for understanding risk events [3]. Therefore, examination of media reports on health risks will
help in understanding how health risks emerge and are managed in society.

Bovine spongiform encephalitis (BSE) is a cattle disease that first emerged in the UK in 1985.
BSE is caused by prion that is an infectious agent composed of protein in a misfolded form,
and enter the food chain through the practice of feeding sheep remains to cattle. In 1996, when
eating meat from infected cattle was associated with the human disease variant Creutzfeldt-
Jakob disease (vC]D), the general public became extremely concerned about the safety of beef.
The US Center for Disease Control and Prevention (CDC) announced that, by January 2007,
200 vCJD patients had been reported from 11 countries since the first patient was reported in
1996. The BSE crisis occurred mainly as a result of indefinite fears and categorization of BSE
in the same light as other prion diseases even though the studies were still in process and no
clear mechanism for developing and transferring BSE had been identified. In addition, it is
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difficult to identify infected animals because biopsies are not possible and ordinary steriliza-
tion cannot eliminate the pathogen. A similar crisis also occurred in South Korea despite no
BSE being reported in South Korea. According to the South Korea Centers for Disease Control
and Prevention (KCDC), 5 CJD cases were reported in 2001, 9 in 2002, 19 in 2003, 13 in 2004,
15 in 2005, 19 in 2006, and 18 in 2007, while no vCJD was reported. In South Korea, a large
percentage of consumed beef is imported from other countries, such as the US and Canada.
When BSE was reported in those countries, the importation of their beef products was
immediately suspended, and soon thereafter negotiations over the necessary risk control
measures began between South Korea and its trade partners.

The aims of this chapter are to examine the visibility and faces of BSE issues as they appeared
in newspaper articles in South Korea and to compare how the BSE issue was presented to the
public during this period. We will first present a short history of the BSE issue and then examine
related newspaper reports in South Korea. We will also illustrate the states of affairs and
changes in policies and social awareness of BSE in South Korea. An analysis of the quantity
and content of the newspaper articles will disclose how BSE incidents, the related health risks,
and social effects were portrayed and what policy choices (e.g., aversion versus acceptance of
risks, with regard to rationale) were considered appropriate. The results are discussed by
comparison of US and Japanese cases, which we have previously explored [4]. The paper then
discusses the roles the mass media played in appraising BSE-related safety standards and
regulations and harmonizing them among countries. Additionally, implications for future
health risk management are also considered.

1.1. Newspaper articles in South Korea

Three national dailies of South Korea, Dong-a, Chosun, and JoongAng, were selected for this
study. At the time, these national dailies had the top three circulations in South Korea.
According to the survey of 139 daily newspapers by the South Korea Audit Bureau of Circu-
lation, which tracks the circulation of newspapers and magazines, domestic newspapers in
South Korea had circulations of 1.84 million for Chosun Ilbo, 1.31 million for JoongAng Ilbo,
and 1.29 million for Dong-a Ilbo from February through December 2010 [5]. The Chosun Ilbo
was established in 1920 and is regarded as representing rightists, along with JoongAng Ilbo
and Dong-a Ilbo. JoongAng Ilbo is a daily newspaper and a key product of JoongAng Media
Network, which has 1,000 service centers in South Korea and additional branches in the US.
The paper also publishes an English version, the JoongAng Daily, in alliance with the Inter-
national Herald Tribune. The Dong-a Ilbo was founded in 1920 by Kim Sung-soo, who
established Korea University during the Japanese occupation of Korea and later served as
second vice president of South Korea in 1951.

1.2. History of BSE issue in South Korea

1.2.1. Period I: January 2002 through April 2003 and earlier

In June 1992, the first discussion of beef trade between South Korea and the US occurred, and
the US claimed full opening for the beef trade [6]. On June 26, 1993, the countries agreed to
postpone the full opening of the beef market until July 1997 [7]. In December 1995, the US
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initiated re-discussion of five items, including beef, and full opening for the beef trade was
accepted with the condition of a tariff [8]. On March 26, 1996, due to the BSE problem, South
Korea prohibited the importation of livestock products from countries in which BSE had
occurred, including the UK and adjacent countries. In 1997, the government of South Korea
modified the livestock infectious disease prevention law to cover BSE and scrapie. According
to the Ministry of Strategy and Finance, the volume of beef imports increased constantly until
May 1995 but after the BSE shock in the UK in 1996, beef imports began to drop (21% from
May 1996 to May 1997). Then, by December 1997, imports had again increased and were 19%
higher than imports in June 1997 [9].

In 2000, the Food Standards Agency (FSA) was established to evaluate food safety, to control
hazardous food, and to exchange information about hazardous food. Being independent from
government, the FSA made its own decisions, established its own strategy, and operated on a
customer-oriented, open-door, independent, science-and evidence-oriented policy. In addi-
tion, the FSA performed its role in supporting local government’s food safety tasks, evaluating
food-related tasks and outcomes and supervising [10]. In February 2000, the government of
South Korea established and ran the “Special Committee for Cow BSE” through the Ministry
of Agriculture and Fisheries [11]. The government of South Korea banned importation of beef
and related products from countries in which BSE has occurred since 1996. In addition, they
also banned feeding meat or bone meal to ruminants such as cattle and sheep [12].

Starting in December 2000, the government gradually banned feeding ruminants meat or
bone meal and leftover food; it also took action to prevent cross-contamination in cattle
fodder. However, banning the feeding of meat and bone meal to ruminant animals in South
Korea started much later than such bans in the UK and USA. Since BSE occurred in Japan,
which is adjacent to South Korea, in September 2001 and since the US beef issue was
considered one of four pre-conditions for the Free Trade Agreement (FTA) in 2006, the
inspection and safety assurance system became a main concern. BSE was the main issue
among parties who opposed the FTA: livestock farmers who worried about a decrease in
beef prices, consumers who were concerned about a BSE outbreak, veterinarians, health
professionals, and environmentalists. In 2003, a periodic audit by the Ministry of Health and
Welfare and the Red Cross found that medicine made from the blood of patients who died
of vCJD in the UK in 1998 was distributed and administered to 1,492 patients in South Korea,
resulting in a hotly contested social issue [13].

1.2.2. Period 1I: May 2003 through August 2006

In December 2003, as BSE cases were confirmed in the US, the government of South Korea
banned beef imported from the US. US beef’s market share was 46% in the beef market of South
Korea. Being relatively safer, demand for domestic beef was predicted to increase. However,
due to customers’ increasing concerns, demand for domestic beef also decreased significantly
even though BSE had never occurred in South Korea. The decrease in beef consumption
seemed to have originated from emotional factors such as fear and worry regarding BSE risk.
As a result, even though BSE did not break out in South Korea, the information about BSE
breaking out in the US resulted in a significant decrease in demand for domestic beef and thus
prices for domestic beef as well.
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1.2.3. Period 11I: September 2006 through October 2007

Importation of beef from the US resumed in 2006 with the condition that the beef must be from
less-than-30-month-old cattle and be boneless. The mad cow disease outbreak in the US
resulted in an increase in coverage; thus, importing US beef became a hot issue. On November
24, 2006, beef imports partially stopped because bone pieces were found in some imported
beef [14]. However, on March 28, 2007, the South Korea and US governments entered “Korean-
US technical agreements for livestock inspection,” which stated that South Korea acknowl-
edges the US livestock inspection system. On April 2, 2007, the South Korea and US
governments reached a settlement in FTA negotiations [15]. On May 22, 2007, the World
Organization for Animal Health (OIE) assessed the US as safely controlling for BSE [16]. This
meant that the US could export any part of a cattle at any age without restriction if particular
risky material was removed [17]. The OIE established guidelines for countries with less than
a million cattle over the age of 24 months to perform tests on 20%~30% of them in seven years
and countries with more than a million to test 450,000 head in seven years. Therefore, with
about 40,000,000 head, the US performed tests per the second criterion and the percentage of
tested individuals was less than 1%.

On August 2, 2007, spinal bones were found in beef from the US, and its importation was
suspended [18]. At that time, the Grand National Party (Hannara), as the opposition party,
strongly insisted on suspending imports [19]. However, after it became the ruling party, its
members supported the resumption of imports and that created doubt in the public’s mind.
Despite the situation, restrictions on US beef imports were lifted on August 24, 2007 [20]. In
2007, the Ministry of Agriculture and Forestry reported to the government that the US was not
conducting proper inspections, increasing vulnerability of South Korea to vC]JD. This was
disclosed by legislator Jang, Ki Kap (Democratic Labor Party) [21]. Some people believe this
agreement was made in haste because it was settled just before the summit talks between South
Korean President Lee and US President Bush.

1.2.4. Period 1V: November 2007 through April 2008

In the beef negotiations in April 2008, South Korea and the US agreed to resume imports with
drastic cuts in quarantine conditions [22]. Originally, South Korea was to open for importation
of every part of a cattle under 30 months of age, excluding tonsils and the end part of the small
intestine plus specified risk material (SRM) such as skull, brain, third ganglion, eye, backbone,
and spinal cord, and every part of a cattle over the age of 30 months, excluding SRM. However,
through additional negotiation, the parties agreed to remove SRM such as eye and brain from
cattle under the age of 30 months. The government of South Korea announced that the
agreement was in accordance with OIE criteria [23].

On April 29, 2008, MBC TV aired the first report regarding the risk associated with US beef in
a program called PD’s Notebook. The program resulted in great social shock and triggered a
protest against US beef imports in South Korea [24]. In the program “Is US beef safe?” PD’s
Notebook insisted that 94% of South Koreans have BSE infectable genes and the possibility is 2
to 3 times higher than that of the British and Americans [25]. The program also quoted a US
consumer association members’ words: “People who eat US beef are like experimental
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animals.” Many parody pictures became popular on the internet after airing of the PD’s
Notebook’s video [26].

1.2.5. Period V: May 2008 through April 2009

Kookmin Ilbo (a newspaper) reported on May 2, 2008, that BSE transferable SRM would be
brought into South Korea according to the Korea-US beef agreement. The paper introduced
specialists’ opinions stating that certain SRM (e.g., brain, spinal cord, eye, head bone, tongue,
tip of small intestine) from cattle 30 months or older had to be removed. However, since
quarantine authority had no way to confirm the history of beef, SRM could be brought in. The
Ministry of Food, Agriculture, Forestry, and Fisheries explained that SMR from cattle 30
months or older would be completely removed in the slaughter and manufacturing process
and dental examiners determined the age of cattle in the slaughter house under a veterinarian’s
supervision. Right after the agreement, the government of South Korea announced that
consumers could buy and eat quality beef at low price and the choice was a matter for the
consumer. The government did not respond to the argument, calling it a “ghost story” at first.
The government did hold a press conference to announce that US beef is very safe on May 2,
2008 [27].

The contents of the agreement of May 5, 2008, were said not to reflect the people’s opinion [28].
Many parties debated the issue and political parties, the press, and specialist groups amplified
the debate. Since most BSE cases were found in cattle older than 30 months, countries through-
out the world started to import only beef under 30 months but, by the agreement, South Korea
also was to import beef over 30 months. The OIE recommended not importing seven parts,
including the brain, skull, spinal cord, eye, and backbone, from cattle 30 months or older [29].
However, if under 30 months, only the tonsils and end part of the small intestine were to be
excluded. South Korea requested an indication of age, but the US declined. The countries only
agreed to indicate under 30 months for T-bone steak, which has backbone — one of the SRMs
— for 180 days. For other SRMs, people of South Korea could only hope that the US respected
the age guidelines [30]. The government of South Korea could not stop importing or impose
a quarantine even though BSE had broken out in the US. Before that agreement, if the US
quarantine system was suspected of having a significant problem, the government of South
Korea could stop importing based on its own judgment [31]. However, under the hygiene
conditions of the new agreement, the only requirement for the US was to conduct epidemio-
logical research and report the results. For that reason, the government’s beef negotiation of
South Korea was criticized as abandoning the people’s right to health and to quarantine.

On May 2-3, large demonstrations were held in front of the Chung-gea Square. Celebrities
participated in the demonstrations or wrote comments on their mini internet home page
criticizing President Lee and US beef imports [32]. President Lee’s mini home page was filled
with critical comments from netizens and this led to the home page being closed out. On May
5, 2008, the government started advertising at the bottom of the front page of the main
newspapers. On May 6, the departments in charge started public announcements through the
internet. Cheongwadae (the presidential residence), the Ministry for Food, Agriculture,
Forestry, and Fisheries, and the Ministry of Health and Welfare posted articles such as “BSE,
10 questions and 10 answers” on their web sites and tried to put out the fire by advertising on
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the main internet portal sites [33]. On May 12, responding for the US federal official gazette
easing the regulation for animal fodder, the government announced that there was a working-
level error in the process of the agreement. On May 22, President Lee released a statement to
the public [34]. Despite the government’s explanation, the argument did not subside. From
May 2 to May 6, candlelight rallies gathered 10,000 to 20,000 people. After that, demonstrations
criticizing the agreement continued through the weekend. As the official notification date
approached, starting May 18, 2008, the Alliance for President Lee’s Impeachment held the
rallies every day [35].

After May 5, 2008, debate regarding distortion of the agreement came up. The Ministry of Food,
Agriculture, Forestry, and Fisheries had a history of declining private organizations’ requests
for disclosure of original agreements [36]. In addition, the ministry disclosed the information
only after it learned that the English-language agreement was posted on the internet. People
suspected that the government had hidden factors in translating the original [37]. Indeed, there
were more than 20 delicate differences between the original agreement and the agreement in
the official announcement of May 5, 2008, as discussed below.

Due to the continuing controversy, South Korea and the US passed an epistolary-style
agreement on May 19, 2008. On May 22, 2008, the president released a public announcement
indicating an apology for the US beef issue and urging the National Assembly to ratify the
agreement [38]. In the public announcement, President Lee acknowledged the lack of effort to
get the people’s understanding and gather opinions. Despite the government’s effort, the street
demonstrations spread. From that time, the slogans went beyond the US beef issue and some
participants started to turn to anti-government stances [39]. The police’s hold-back became
active accordingly. On May 29, 2008, Minister of Food, Agriculture, Forestry, and Fisheries
Jung, Woon Chan disclosed the sanitary conditions for importing US beef and concluded from
surveying 30 slaughter facilities in the US that there was no sanitary management problem
such as SRM removal [40]. From June 5 to June 8, the people staged a 72-hour demonstration
in Seoul Square, and some protesters stayed all night in tents [41]. On June 6, the first day of
long non-working days, the number of participants was estimated at 56,000 by police, but
200,000 by the hosts [42]. On June 7, a candle rally was held in New York, criticizing the
government of South Korea. On June 10, the participants numbered 100,000 (police estimate)
or 500,000 (host estimate) and in Seoul, 1,000,000 (host estimate) [43].

On July 8, 2008, the government of South Korea began to indicate the country of origin on beef
and rice based on the food sanitation law’s articles 21 and 69. In December 2008, the products
covered extended to pork, chicken, and kim chi [44]. From August 1 to September 5, 2008, the
National Assembly’s US beef investigation committee was initiated. The Grand National Party
insisted that resuming imports of US beef had been agreed upon in the former government
and the current government just signed on, while the opposition parties insisted that the
negotiation was pushed ahead with haste just for the Korea-US summit talk. Minister Dong
Suk, chief officer for agriculture and trade strategy, who led the negotiation, said that the beef
negotiation was not South Korea’s present to the US but rather it was a present from the US,
and he asked for an apology from the opposition parties [45]. Starting on November 25, 2008,
large retailers such as E-mart, Home Plus, and Lotte Mart started to sell US beef to customers
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[46]. However, by June 2009, the sales proportion of US beef in large retailers had dropped
significantly, to 1%, and US beef sales were being considered for elimination [47].

The BSE controversy in South Korea became a main social issue through the writings of
netizens who transferred concerns and rumor with their opinions. According to JoongAng
Daily’s statistics, the issue was very active in internet communities such as the Daum Agora
economy forum, free bulletin boards, politics forums and social forums, and many discussions,
items of news, and opinions were exchanged. In addition, the issue was dealt with seriously
in DC inside, Naver, Yahoo, and Hankyorea Hantoma [48]. Many internet media broadcast
the candle rallies, and the videos spread through media such as YouTube, making internet
media more influential than conventional news media [49,50]. People boycotted media such
as Chosun, JoongAng, and Dong-a and posted a list of the companies that advertised in those
newspapers so that netizens could pressure the companies by taking actions such as posting
criticism on the companies” web sites. Meanwhile, a controversy about PD’s Notebook became
the trigger for candle rallies. The translator Jung, Ji Min’s whistle-blowing caused the contro-
versy to check whether the coverage was exaggerated. The PD personnel who planned and
produced the program were arrested with warrants [51]. On June 17, 2009, the Seoul high court
decided in favor of the plaintiff, partially in the case the Ministry of Food, Agriculture, Forestry,
and Fisheries litigated against PD’s Notebook claiming an objection and correction coverage.
However, MBC PD’s Notebook appealed to the Supreme Court [52]. On January 20, 2010, the
Seoul central district court found that the PD personnel were not guilty [53]. On January 26,
2010, the court decided in favor of the defendant in the civil case of groups against PD’s
Notebook, ordering an apology and correction coverage, plus compensation for damages [54].

Restarting after the hardship, US beef sales did not reach even half of Australian beef sales in
the second half of 2009, which is much less than the sales before the imports stopped [55]. The
import increased when the quarantine resumed in June 2008 after the BSE shock, but before
long, sales dropped. The remaining negative notions about US beef are regarded as the reason.
One of the reasons for the distrust is that the disqualifying rate of US beef is the highest among
all imported beef. According to the data Kang, Ki Kap, a member of the National Assembly,
received from the Ministry of Food, Agriculture, Forestry, and Fisheries on August 13, 2009,
the amount of US beef disqualified in the quarantine process reached 20 cases, 59 tons in the
first half of 2009, which is 56.1% of the total of disqualified imported beef (105 tons) [56].

2. Study methods

2.1. Collecting and coding of articles

Our study targeted the period from January 2002 through April 2009, when BSE-infected cattle
were discovered in the US and the import ban was introduced and later lifted in South Korea.
Articles were searched and collected from the three mentioned papers, using the keywords
BSE and mad cow disease. In addition, articles with related keywords, such as vCJD, safety of
beef (products), and ban on beef trade, were searched and checked individually to determine
whether they reported or discussed BSE-related events; those that did were included for
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analysis. We categorized each article as follows: First, we focused our analysis on the number
of articles, ignoring their word counts, placement, and font size. Second, all included articles
were coded and counted for article content/frame. Here, a frame denotes a way of packaging
and positioning an issue so that it conveys a certain meaning [57,58]. Coders in both countries
used a coding system based on a framework similar to those previously employed [59,60].
Issues framed elements for coding and were derived from the preliminary qualitative inter-
pretation of articles/policy documents, comprising geographic focus (South Korea, US, and
other countries) and topic categories (BSE incidents, biomedical effects and risks to humans,
vC]D, effects on commerce and related policies, agricultural effects and related policies, and
effects on international trade and related policies). As there could be multiple categories for
each article, more than one frame category could be coded per article. Third, the tone or slant
(i.e., advocacy orientation) of the articles was analyzed in terms of their advocacy attributes.
An article was assessed as positive when it argued for stronger safety measures/policies and
negative when it contained arguments for weaker measures/policies. Articles were designated
neutral if they did not clearly argue for either stronger or weaker policies, were ambiguous,
or had relatively equal coverage of both orientations. Finally, the argumentative bases (policy
discussion contexts) of articles, if any, were coded using the categories of health, economy,
balance of different policy objectives, and (rational) acceptance of health risks. All the coding
was done independently by two pre-trained coders, yielding a reliability rate of 83%, which
was considered within the acceptance levels for study [61].

2.2. Statistical analysis

The overall study period was divided into five distinct sub-periods: period I (from January
2002 through April 2003, when BSE problems were reported in the UK through mass media),
period II (from May 2003 through August 2006, when the first BSE cases were discovered in
Canada and the US, and the import ban was imposed in South Korea), period III (from
September 2006 through October 2007, when the trade ban was partly lifted), period IV (from
November 2007 through April 2008, when the FTA was negotiated and adopted between South
Korea and the US), and period V (from May 2008 through April 2009, when media of South
Korea reported US beef risks, the candle protests took place, and afterward). Trends in the
numbers, topics, and tones were analyzed over these sub-periods. After obtaining descriptive
statistics (numbers, means, and standard deviations), adjacent periods in the given study
period were compared. Relationships of advocacy orientation with rationale were examined
using multi-nominal logistic regression analysis. In the model, aneutral orientation was chosen
as the base outcome, and the coefficients (relative risk ratios) of the presence of each rationale
for the article orientation (positive or negative) were estimated [62]. Statistical analyses were
conducted using Stata/SE 12.1 for Windows (StataCorp LP, College Station, TX).

3. Results of newspaper reports in South Korea

Table 1 shows the monthly average number of newspaper articles with their geographic focus
and topic categories on BSE of three dailies in South Korea. During the study period, the



number of BSE-related newspaper articles prominently increased in period III when beef
imports partially stopped because bone pieces were found in some US imported beef and in
period V, in which liberalization of the beef market in South Korea became a political agenda,
invoking a public protest movement (4.7, 4.4, 8.6, 4.1, 60.9, monthly average of articles per
period, respectively). We also draw a scatter plot showing time series trend of weekly average
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number of newspaper articles in Figure 1.

Period I Period IT Period 11T Period IV Period V
Jan2002-Apr2003 May2003-Aug2006 Sep2006-Oct2007 Nov2007-Apr2008 May2008-Apr2009
mean + sd mean + sd P mean sd P mean sd mean + sd P
Number of articles’ 4.7 £ 95 4.4 + 62 8.6 5.6 4.1 5.9 609 £ 821 o
Geographic focus (%)
Korea Topic 324 + 325 643 £ 230 899 1.6 ** 828 17.6 943 + 62
US topic 10.8 19.6 10.1 + 156 6.2 7.7 11.0 16.9 1.5 + 1.9
Other country's topic 569 + 389 255 & 222 MR 4] 10.5 * 5.6 13.6 27 = 30
Topic categories (%)
Incidents 199 + 230 21.1 + 232 35 5.6 * 2.4 5.8 2.8 + 37
Biomedical effects 189 + 205 16.8 + 190 17.6 12.6 20.0 18.3 12.1 + 90
Commerce 279 + 225 443 + 227 55.4 13.3 31.8 17.2 29.9 + 108
Agriculture 9.3 + 123 372 + 212 *RE425 13.4 329 245 19.7 + 91
Trade 154 + 201 48.6 + 262 wkE 73] 14.8 ** 734 15.8 19.1 + 126 ok
Tests were performed for before period by Bonferroni method. *p < 0.05, **p < 0.01, ***p < 0.001
The numbers are shown as monthly mean per paper.
Table 1. Numbers and Topics of BSE articles in South Korea
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Figure 1. Number of newspaper articles in South Korea
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Geographically, in the early phase in period I, more than half of the articles had a foreign focus
(56.9%). This period covered the BSE problems reported in the UK through the mass media.
In period I, articles with a domestic focus increased in accordance with negotiation of the US-
Korea Free Trade Agreement. After this period, the numbers of articles with a domestic focus
were high (period III, 89.9%; period 1V, 82.8%; period V, 94.3%), while articles with a foreign
focus were few. With regard to the topics reported, biomedical effects were reported constantly
but with a small proportion throughout the study periods. However, the frequency of reports
on trade issues changed remarkably over time. That is, from period III through period IV, trade
issue coverage jumped up to a peak (73.1% and 73.4%, respectively) and sharply decreased in
period V (19.1%). Articles containing arguments based on commerce and agriculture displayed
similar trends but with different peaks in period III (e.g., commerce: 27.9%, 44.3%, 55.4%,
31.8%, and 29.9%, for periods I through V, respectively). These trends and contrasts of
geographic focus and topic categories are also shown in Figures 2.
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Figure 2. Geographic focus and Topic categories of newspaper articles in South Korea

The policy advocacy observed in newspaper articles in each period is shown in Table 2. Calls
for stronger domestic policy peaked in period III (14.2%), which was after the beef trade ban
was partly lifted, but in period IV, calls for weaker domestic policy gradually increased and
became more visible (12.1%). In period V, when a trade issue became a conspicuous political
agenda, calls for both stronger and weaker domestic policies appeared less frequently and
none of them was dominant. Throughout the study period, the major rationale for policy
advocacy was the economy (65.1%, 73.7%, 73.6%, 74.4%, 34.5%, for periods I through V,
respectively). Gradually, advocacy articles based on health concerns decreased (e.g., from
period I at 42.9% and period II at 39.5% to period IV at 29.5%) and the arguments for balance
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in different policy objectives increased (e.g., from period I at 6.0% and period II at 6.6% to
period IV at 19.0%). In period V, arguments for rational acceptance of BSE risks became more
visible compared to other periods, while the economy, health, and balance were less frequently
argued. Graphical charts about policy advocacy and rational for policy advocacy are shown
in Figures 3.

Perlod | Period 11 Period 111 Period IV Period V
J2a2000-Ape 2003 May 2005 Aug2006 Sepd006-Oct2007 Nov2007-Apr20s May2008.Apr2009
mean 4 o P meam & s | P mean & sd P mean & sd P mean & sd »
Polcy sdvecacy (W)
Domestic  Positve 65 + 82 a6 T4 42 =+ 52 45 = 65 RO T I ¥ |
Negative oo v 00 a6 L K 24 S B 121 189 s £ 29
Forogn  Postne 1.8 * 48 1.7 + 36 11 = 22 00 = Q0 o0 = 04
Negative oo + 00 40 r 53 9% t 72 “ 39 66 0% t L3
Ratweale for pobcy advocacy (%)
Heath 429 + WS ¥s + 220 27 o+ 154 205 =+ 23 00 + W3
Econoeny 65 £ 327 7 &2 08 Bo & K5 a4 £ R4 345 £ 13 o
Ralnce a0 + M6 LY £ 1ol 236 = WK1 s 190 = 1$ 109 £ 74
Acceptance o & 22 1.3 36 LR & A7 10 £ 26 38 & 25
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Table 2. Policy advocacy and its rationale for BSE articles in South Korea
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Figure 3. Policy advocacy and Rationale for policy advocacy of newspaper articles in South Korea

The results of the examination of individual articles using a multinomial logistic regression
analysis are shown in Table 3. The citation of health concerns indicated a greater likelihood
that a given article carried advocacy for a stronger domestic policy rather than no advocacy
(RRR=2.62). A discussion of the economy indicated a 2.25 times greater likelihood of stronger
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domestic policy advocacy. The discussion on policy balance and risk acceptance is less
associated with stronger advocacy (RRR=0.90, 0.61, respectively) and with weaker advocacy
(RRR=7.24, 4.06, respectively). Additionally, health concerns was more associated with
stronger foreign advocacy (RRR=4.06), and economic discussion was more associated with
weaker foreign advocacy (RRR=1.92) with statistical significance, while other advocacy
(balance, acceptance) were less associated with stronger/weaker foreign policies.

Domestic Policy Foreign Policy
Positive Negative Positive Negative
Variables RRR + SD P RRR + SD P RRR + SD P RRR + SD P
Health 2.62 + 028  wkx 1.55 + 0.24 ok 4.06 + 1.43 ok 1.27 + 0.20
Economy 225 + 024 e 0.98 + 0.15 1.90 + 0.69 1.92 + 029  wxk
Balance 0.90 + 013 7.24 + 1.14 ok 0.90 + 0.45 4.99 + 0.78  *x*
Acceptance 0.61 + 0.19 4.06 + 0.87 ok 1.05 + 0.80 111 + 0.33

Results of multinominal logistic regression analysis: Relative risk ratios (RRR) and their standard deviations for a given article {o carry positive/negative advocacy (neutral orientation as baselinc).
*p <0.03, **p <001, ***p <0.001

Table 3. Relationship of advocacy orientation with rationale of South Korea newspaper articles

4. Discussion

In South Korea, the number of BSE-related newspaper articles increased with trade disputes
and, throughout the study period, the major rationale for policy advocacy was the economy.
In the early periods of our analysis, advocacy articles based on health concerns gradually
decreased, and the arguments for a balance among different policy objectives increased. At
the same time, calls for both stronger domestic policies and weaker domestic policies appeared
less frequently and none of them was dominant. Calls for stronger domestic policy peaked
immediately after the beef trade ban was lifted, but thereafter calls for weaker domestic policy
gradually increased and became more visible. When a trade issue became a conspicuous
political agenda, arguments for the rational acceptance of BSE risks became more visible, while
the economy, health, and balance were less frequently argued. However, even when trade
liberalization became a political agenda, newspapers of South Korea did not disproportion-
ately call for stronger/weaker policies. The media did not focus on any single aspect as the base
for their reporting and discussion, but rather argued for the rational acceptance of BSE risks.

4.1. Issue prominence and geographic focuses of newspaper reports on BSE

The framing of the issue, coupled with its visibility, helped set the agenda in the media and
society. Characteristics of events/issues and the social configuration around them are the
determinants of their social impact and associated news coverage. Therefore, tabulation of the
domains of issue reporting reveals the social importance of each domain. Considering the
dynamicnature of the relationships, media framing affects and reflects how people understand
an issue and how society responds to the issue [63]. The case would be expected to be the same
for BSE reporting, and media reports on health risks reflect the social implications of those
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risks and the configuration of social interests and powers in which they operate [64]. Discussion
in the media of acceptance or aversion of health risks and what policy measures are desirable
are also associated with these reports. The media are thus a key arena in which policy choices
and responsibilities with regard to food system governance are negotiated [65]. With a focus
on topic categories for articles, trade and agriculture topics drastically increased with Korean-
US technical agreements for livestock inspection. Trade issues started to jump up in period II,
when BSE cases were confirmed in the US in December 2003 and the government of South
Korea banned importing beef from the US. In 2006, beef imports from US resumed with
conditions (younger than 30-month-old cattle and boneless), but thereafter beef imports
partially stopped because bone pieces were found in some parts of imported beef in November
2006. For South Korea, the BSE issue became an important international economic issue rather
than a health issue for domestic consumers.

The number of BSE-related newspaper articles first increased when beef importation was
partially suspended because bone pieces were found in some beef imported from the US in
November 2006. On the other hand, period V could be treated as an atypical period because
liberalization of the beef market in South Korea became a political agenda. Large demonstra-
tions were held in front of the Chung-gea Square and media articles increased with the candle
protests. Such visibility meant that the total number of articles increased about 15 times
compared to the previous period. Under a social crisis such as the BSE issue, "social amplifi-
cation" can be observed and Renn et al. conceptualized social amplification in their examina-
tion of risk-related social processes over time [66]. Events pertaining to hazards interact with
psychological, social, institutional, and cultural processes, and they can increase or decrease
the public’s perception of risk and shape the public’s behavior, which in turn can have
secondary socio-economic and political consequences. When the initial influence of a risk
dissipates and the secondary consequences grow, the risk is said to be socially amplified.
However, Chung et al. noticed that risk amplification of media was not reported in South Korea
[67]. They analyzed the role and framing of media with the BSE and HIN1 cases and reported
that the effect of media was limited in the BSE issue. Rather, the media reduced the voice
amplifying BSE risk while public unrest was building in South Korea. That is, the number of
articles increased in period V, but those articles may simply have covered the candle protest
and issued daily reports that the movement and contents were relatively rational. This is
observed in South Korean newspapers that did not focus on any single aspect as the base for
reporting and discussion, but rather argued for the rational acceptance of BSE risks.

4.2. Comparison with other countries: Cases of US and Japan

Acceptance of BSE-related risks was argued differently in each country, and those differences
reflected and affected the public's perception of BSE issues, the related safety policies of the
governments, and the configuration of social interests. Previously, we compared the newspa-
per reports on BSE-related events in major national dailies in Japan and the US around the
period when BSE-infected cattle were discovered in the US and the import of US beef products
was banned (between December 2002 and November 2006) and reported elsewhere [4]. After
the discovery of BSE cattle in the US, articles of commerce and trade issues were dominant in
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Japan, while the incidence of BSE, agriculture, and trade dominated in the US. From these
results, the trend in South Korean newspapers about BSE was similar to the US rather than
Japan because the BSE issue continued to be an issue of agriculture and trade in South Korea.
BSE remained largely an issue of human health and trade, so news articles in the commerce
category comprised a large part of the related articles in Japan. In the US, even after the
detection of BSE in Canada and the US, confidence in the safety of beef products remained
high. US newspapers carried significantly fewer articles on BSE than Japanese papers. This
could be explained by the cattle-raising agricultural sector being relatively larger in the US
and also the beef trade and commercial relationship between the two countries [68,69]. In many
countries, a set of major frames provided by the preceding reports in the initial period of BSE
dominated media reporting of the issue over time [70,71]. The differences evident in the media
could serve as a vehicle for reappraising the existing policies as well as the possible interna-
tional harmonization of risk management policies.

Beginning in the late 1990s, South Korea became a growing and important market for major
beef exporters in the US. In 2003, beef imports accounted for nearly 75% of beef consumption
of South Korea and South Korea was the third-largest market for US beef exports before the
ban its government imposed after the first US BSE case was discovered. With regard to the
trend in beef consumption in South Korea, in 2008, the quantity of US beef exports to South
Korea decreased to about 57 thousand metric tons, about one quarter of its former total, and
the slide continued to 2009. The falling value of the won and the candle protests evoked a
negative attitude toward the government of South Korea and its agreement about US beef [72].
Beef exports to South Korea in 2010 totaled $518 million, about two-thirds of the record 2003
level. This shows that, in South Korea, although the news media were objective or rational, the
reaction of people did not equal that of the media. That is, consumer behavior was typically
characterized by panic or reaction to social crisis. A crisis is usually driven by a focus on
particular events or one event that surprises people, limited time to develop a response, and
threats to high-priority goals [73-75]. These focusing events highlight certain adverse condi-
tions, increase public concern, trigger political mobilization, define the issues as serious, and
propel them to a high priority on the political agenda [76,77].

4.3. Policy advocacy and international partnership for risk management

Closely related to aversion and acceptance of a risk is the media advocacy of policy, referring
to judgmental statements on the policies already in place and/or calls for stronger or weaker
alternatives. Such statements help shape public perceptions of what is left to be done and who
is responsible. Therefore, the slant of newspaper articles (advocacy) can also be interpreted as
the media’s policy appraisal. Our study showed that calls for stronger domestic policy peaked
when the beef trade ban was partly lifted (period III), but thereafter calls for weaker domestic
policy gradually increased and became more visible (period IV). When a trade issue became
a conspicuous political agenda (period V), calls for both stronger domestic policies and weaker
domestic policies appeared less frequently and none of them was dominant. Throughout the
study period, the major rationale for policy advocacy was the economy in South Korea.
Gradually, advocacy articles based on health concerns decreased and arguments for a balance
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of different policy objectives increased. In period V, arguments for the rational acceptance of
BSE risks became more visible, while the economy, health, and balance were argued less
frequently. In summary, the media appraised domestic policy as positive based on health and
economic viewpoints in South Korea.

The media play a pivotal role in setting goals, assigning responsibility, and assessing the efforts
of governments [78]. For example, the public might be perfectly content with ongoing policies
if people are persuaded to accept certain levels of risk or if they regard the policy efforts to be
well in place and the incidents beyond the control capacity of the government. On the other
hand, when the policy target is zero risk (i.e., the total elimination of risk), the discovery of
BSE cattle can easily be interpreted as a policy failure, which might invoke calls for stronger
(more effective) policies [4]. In the case of BSE, scientific uncertainty was always a key
component of the environment in which the policies were made [79]. The handling of the
uncertainty brought about by inconclusive scientific evidence has thus become an important
aspect of policy management [80]. Furthermore, mishandling of health risks would undermine
public trust in their governments. Therefore, the artificial introduction or the enlarged threat
of such risks might be employed as a tool for political maneuvering. This aspect should be
deliberately considered in the planning of public management for every government [81,82].
Although scientific information is shared among countries, information about the perception
and management of risk is not. Policies are not always in concert and many remain to be
internationally disputed, as exemplified by the South Korean import ban on US beef. Analyz-
ing media reports helps in examining the process of policy making and offers an analytic
framework for observing how issues are treated.

5. Conclusion and policy implication

We examined the visibility and faces of BSE-related issues in newspapers in South Korea. The
media play a role in setting the agenda and assessing governmental efforts. Media reports on
health risks and their management can serve as vehicles for the judgment of existing policies.
The slant of newspaper articles can be interpreted as a call for stronger or weaker policy
alternatives. Even when the trade liberalization became a political agenda, newspapers of
South Korea did not disproportionately call for stronger/weaker policies. The media did not
focus on any single aspect as the base for their reporting and discussion, but rather argued for
the rational acceptance of BSE risks. Based on our findings, the utility of monitoring the mass
media as an indicator of public policy appraisal is discussed, along with its use in planning
health risk management. Health and safety regulations can be understood as expressions of a
nation's political and social values; they are associated with the social configurations around
the issue. Reports and discussions in the media reveal which policy measures are considered
desirable by the public. Especially during trade disputes, which are sometimes triggered by
the introduction of policies for health and safety purposes, the examination of media reports
helps in reconsidering the existing domestic safety measures and facilitates international
harmonization of health risk management, in addition to helping resolve trade conflicts.
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